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Acronyms Used in PMWWQa L wt

Figurel: Acronyms

AAEE Additional Achievable Energy Efficiency

AAFS Additional Achievable Fuel Substitution

AATE Additional Achievable Transportation Electrification

AB Assembly Bill

ACES Alliance for Cooperative Energy Services Power Marketing LLC
AMI Advanced Metering Infrastructure

APPLE Project Assisting Pasadena People with Limited Emergencies
ATB bwo[ Qa !yydat ¢SOKyz2f23& .| aStAays
BEV Battery Electric Vehicle

BRP Business Rebate Program

Btu British thermal units

C&S Codes and Standards

CAISO California Independent System Operator

CalEnvironScreen / | £ 9t ! Q& / | f A TEAVNGfirkental Heakh Bdaéding Xodla
CalEPA California Environmental Protection Agency

CAP /I AGe 2F tlalrRSylrQa /fAYFGS ' OlGA2y tfly
CARB California Air Resources Board

CARES CaliforniaAlternate Rates for Energy

CEC California EnergZommission

CED California Energy Demand Forecast

CES Clean Energy Standard

CIP Customized Incentive Program

CMUA California Municipal Utilities Association

CO2e Carbon dioxide equivalent

CPM Capacity Procurement Mechanism

CPUC California Public Utilities Commission

CRAT Capacity Resource Accounting Table

CS&R Codes, Standards, and Regulations

D&C Distribution & Customer Charge

DAC Disadvantaged Area Communities

DC Direct Current

DER Distributed Energy Resource

DOE U.S. Department of Energy

DOT Department of Transportation

DR Demand Response

E3 Energy and Environmental Economics, Inc

EAC Environmental Advisory Commission

EBT Energy Balance Table
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EEI
EIA
ELCC
ESAP
EUAP
EV
FERC
FY
GDS
GEAT
GHG
GPP
GRI
GT
GWh
HE
HELP
HER
HIP
HVAC
IEPR
IPP
IRA
IRS
ISO
ITC
kA
kv
kWh
LADWP
LCA
LCFS
LCOE
LCR
LDV
LIHEAP
LIHWAP
LRA
LSE
MASH
MDHD

Edison Electric Institute

Energy Information Administration
Effective Load Carrying Capability
Energy Savings Assistance Program
Electric Utility Assistance Program
Electric Vehicle

Federal Energy Regulatory Commission
Fiscalvear

GDSAssociates, Inc

GHG Emissions Accounting Table
Greenhouse Gas

Green Power Program

Global Reporting Initiative

Glenarm

Gigawatthours

Hour Ending

Home Enhancement Loan Program
Home Energy Reports
Homelmprovement Program
HeatingMentilation/Air Conditioning
Integrated Energy Policy Report
Intermountain Power Project

Inflation Reduction Act

Internal Revenue Service

Independent System Operator
Investment TaxCredit

Kiloampere

Kilovolt

Kilowatt-hours

Los Angeles Department of Water and Power
Local Capacity Areas

Low Carbon Fuel Standard

Levelized Cost of Energy

Local Capacity Requirements

LightDuty Vehicles

LowIncome Household Energy Assistance
LowIncome Household Water Assistance Program
Local Regulatory Authority

Load Serving Entity

/I AGeQa adzy AOALI f !aaAraidl yoSs

Medium Duty, Heaviputy

{2t ddiAz2yas
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MIP
MISO
MMBtu
MSC
MVA
MW
MWh
NBT
NEM
NERC
NREL
Oo&M
PBC
PCC
PCL
PDMP
PG&E
PHEV
POU
PPA
PRM
PSI
PTC
PTO
PUC
PV
PWP
RA
REC
RFP
RMR
RPS
RPT
SAIDI
SAIFI
SASB
SB
SCC
SCE
SCPPA
SDG&E

Mixed Integer Programming

Midcontinent Independent System Operator
Metric Million British Thermal Unit
Municipal Services Committee
Megavoltampere

Megawattg a unit of capacitysimilar tothe amount of water a hose can push on demand
Megawatthour ¢ a unit of energy(similar tothe amount of water flowing out of a hoke

Net Billing Tariff

Net Energy Metering

North American Electric Reliability Council
National Renewable Energy Laboratory
Operations and Maintenance

Public Benefit Charge

Portfolio Content Category

Power Content Label

Power Delivery Master Plan

Pacific Gas and Electric

Plugin HybridElectricVehicle
PubliclyOwned Utility

Power Purchase Agreement

Planning Reserve Margin

Pasadena Solar Initiative

Production Tax Credit

Participating Transmission Owner

Public Utilities Commission

Photovoltaic

Pasadena Water and Power

Resource Adequacy

Renewable Energy Certificate

Request for Proposals

Reliability MustRun Resources

Renewable Portfolio Standard

RPS Procurement Table

System Average Interruption Duration Index
System Average Interruption Frequency Index
Sustainability Accounting Standards Board
Senate Bill

SocialCost of Carbon

Southern California Edison

Southern California Public Power Authority
San Diego Gas & Electric
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SMUD Sacramento Municipal Utility District
SoCalGas Southern California Gas Company

SPP Southwest Power Pool

STAG Stakeholder Technical Advisory Group
TAC Transmission Access Charge Area
TCFD Task Force on ClimaRelated Financial Disclosures
TOU Timeof Use (Rates)

TSC Transmission Service Charge

V2G Vehicleto-Grid Charging

WECC Western Electricity Coordinating Council
WeDIP Water and EnergRirect Install Program
ZEV ZeroEmission Vehicle

1. Disclaimer

t2tQa HAnHOo Lwt gl a O2y®uOSINRY /FINRA IWF YW yNd2 NEK NBdeFoks  t 2
9977, which stated that the City Council declares that climate changedmargency and sets a policy goal to source
MnmE: 2F tFal RSyl Qa-fred sodc2s bydh©dnd af 20F0NTherRe€dlutldid direfts theMBihager to

use the 2023 IRP process to plan multiple approaches to transition to this goal and to optimize affordability, rate equity
stability, and reliability of electricity while achieving the goal. The 2023 IRPtheasfore designed to meet CEC
requirements under thePublicly Owned Utility Integrated Resource Plan Submission and Review Guidebnesed
Second Editioand begin investigation into carberee pathways.

The 2023 IRBeets the requirements of Resolution 997, planning multiple approaches to transition to the go#l
100% carbofiree sources by the end d&#030 while optimizing affordability, rate equity, stabilitgnd reliability of
electricity, while satisfying CEC requirementsits daily busines®WPprovides its customers with electric service, in a
reliable,affordable,and environmentally responsible manner

2. Executive Summary

On January 30, 2023afadenaCity Council passed Resolution 9977, which states that climate change is an emergency
City@dzy OAf aSid I LRtAOe A2+t (2 &2 dzNBSsoukcessby:thezid oft 2038 ang S y
direct the City Manager to utilize the 2023 IRP process to plan multiple approaches to transition and to optimiz
affordability, rate equitystability, and reliability of electricity while achieving this goal.

PWP conducted its 2023 IRP to meet Resolution 9977 objectives. PWP is also under a regulatory directive to file its 2
Lwt Ay [ OO2 NBRublighdBvned BitilitKintégrated®@urce Plan Submission and Review GuideliRevised
Second Edition

PWP began the process in earnagsearly 2023 and spenhost ofthe year working on its analysis. PWP engagét
individualsacross its organization, as well as with City CounciG NEAC, STAG, the public, amd ¢xternal consultants.
PWP is grateful to all that contributed.
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PWP modeled five scenaridbree investigated the potential for carbefinee resources to meet load by the end of 2030
one met California requirementand another met California state requirements and added a carbon tax based on the
SCCPWP stressed the five resulting scenarios to four sensitivities: a rhmmghheat wave in summer 2030, a loss of
Goodrich in 2030, high cost of new resources, and low cbsew resources. PWP also studied the potential of two
different types of emerging technologies: an energy efficiency proxy resource and a demand response proxy resource.

PWP faces upcoming energy, capacity, and renewable nke2l325, the 108 MW IPP cloeontract will be replaced with
50 MW ofnaturalgas, which will then terminate migear in 2027. By 2031, the carbénee scenarios showed that PWP
needsbetween 375 MWand 690 MW of solarpetween0 MW and 60 MW of wind,between35 MW and 55 MW of
geothermal,between35 MWand 115 MW of fuel cellsand between305 MWand 685 MW of storage. PWas a peak
of approximately\351 MW in the load forecast b031.

Carbonfree represents a portfolio transformation. Such a transformation must berapanied by considerations of cost,
equity, and reliability A multitude of factorscreate uncertainty including but not limited to, resource costs, resource
availability, resource performance under different weather conditiarg] load shifts,among dhers. Cost changes will

lead to rate, or rate structure, changes. Such changes must be considered in the context of all PWP ratepayers, includ
those most at risk.

The scenarios were designed to meet reliability requirements as designed by CAISCerHmgeirements may change
2OSN) GAYS® DESYFNY YR D22RNAOKX t2tQa f20Ff yI GdzNI €
in meeting load under various conditions, but will require major modifications, both physically and opelgtida
support a 100% carbeftee model. PWP found that it must further consider these implications in a cdrberfuture.

After thorough discussion and vettirgf the IRP modeling results and analydising the October 102023, Municipal
Services Committee (MS@geting,the Committee directed PWP to return with @aypoint frameworkas a more valued
methodology for identifying specifinearterm actions and longeterm IRP assessmentsThe Waypoint framework
provides alignment with the policy goals of the GifyPasadena, aswalsY SSG Ay 3 (GKS / 9/ Q& NBJ
providing for adefinedre-evaluation point to allow for reassessmesftnew and emerging technologies that arédely
industryacceptedo bevital enablers fordeeper and broadeelectric griddecarbonization.

The2028 Waypoint frameworks informedby the modeling results of th&€arbonFreeScenarios 1, 2 and 3; and from a
planning perspective is identical taéhario 2, ugto the 2028 Waypoint. $sentially, the IRP 2028 Waypoint can be loosely
attributed to acritical path Carboiirree pathvay oranalysis as informed by the IRP modeling reswss Scenario 2
represents the most ambitious of the CarbBree Scearios.

Resource procurement and implementation plannifay the 2023 IRRre defined bythe 2028 Waypoint framework.
Which among other key value adds, represenpoat in time whereportfolio planningre-evaluation occurs, and next
steps are informed by a variety of considerations, iniclganaturity and feasibility of new and emerging technologies
such as carboifree hydrogerAbased generation dongterm battery storage.

The IRP 2028 Waypoint framework and associateghlementation planalign with CarbonFee Scenario 2and its
associatedmodeling results Scenario 2 modelingr implementationresults emphatically affirm resource quantity,
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resource type, and timeline alongth other attributes neededor optimization. The detailedmplementationprovisions
are provided irgreaterdetail in Section 2, but broadly include resource procurements of utility scale solar, utility scale
wind, utility scale storage amorggher resource types.

When comparing to State mandates and the clean energy plans of other utilitieRe3ityution 997 Tepresents one of
the most ambitious decarbonization targets in the USAe 2023 IRP identified resource needs, reliability implications,
cost, and equity considerations involved in a transiti®wWP looks forward to continuing to builgon effective planning

in the transition to 100%arbonfree electricity.

3. Introduction

The 2023PWP IRPis a strategic guidance documerdompliance reportand initial action plan for developing and
maintaining a diverse portfolio of power supply resourdesi A& | o6f dzZSLINAY G F2NJ YSSGAy3
requirements in a business environment with significant uncertainties and risks. I £ a2 NBIF FFTANX &
(Pasadena or the Citgpmmitment to providing reliablegffordable,and environmentally responsible electricifthe IRP
alsoplans multiple @aproachesgo transition tothe City Council policy gotl sourcel00%2 ¥ t I al RSy I Q& St
carbonfree sourcesby the end 0f2030and to optimize affordability, rate equity, stability, and reliability of electricity
while achieving this goahspassed in January 2023 through Resolution 9912 IRP is a living document subject to
frequent revisions and updates to addrefise CityQ @&volving priorities, technological developments, regulatory
requirements and market changes.

t 2t Q& fin-2a18, waswiév&oped through an extensive community stakeholder probesdinal report and plan
identified resource planning options that would best balance system reliability, fiscal responsilpititgnvironmental
stewardship. The 2018 IRP recommded carborfree, longterm resource commitments, elimination of cefided
generation, and aggressive RPS targets and GHG emission reduction targets that exceed state nideda@23 IRP
builds on the clean energy goalstbé 2018 and earlier IRPEhe 2023 IRFs designed to be flexible and adaptable as it
FYGAOALI 0S&a AAIYATFTAOFIY(H OKFry3aSa Ay GKS St SOGNRO AYyRdz
Future power supply portfolio optimization and regulatory compliance will fefl5 F NS 1j dzSy 4 NBI & a
electric load, power supply and demand side options, and energy market changes.

The 2023 IRP was created through a collaborative effort under the guidance of the Md&asadenaCity Council, PWP
management and staffasadena residents and businesses, and California laws and regulations.

A reference guidshowing the locations of where the CEC guidelines are satisfgtbwnin Figure 2

Figure2: California Energy CommissiGuidelines and.ocation

CEC Guidelines and Location

Chapterof CEC :
Guidelines Descriptionof Guideline ALz PR Rejpet Szl
Chapter 2 A Planning horizon

PlanningHorizon POUS)
Chapter 2 B Scenarios and sensitivity analysis Defining Scenarig®efining Sensitivities
Scenarios and Sensitivities Results
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Descriptions Defining Scenarig®efining Sensitivities
Results Scenarios and Sensitivities Results
Chapter 2 C Standardized Tables Filed separatelyAppendix- RequiredTables
Chapter 2 D Supporting information Information relevant to IRP creation is included
this document and its Appendices
Chapter 2 E Demand forecast LoadForecast

Requirements IntegratedEnergyPolicy Report
and @liforniaEnergyDemand Forecast

Chapter2E 1 Reporting requirements LoadForecast
Chapter2 E 1 2 Demand forecast methodology and L oadForecast
assumptions
Chapter2 E 13 Demand forecastother regions LoadForecast
Chapter 2 F Resource procurement plan Scenarios and Sensitivities Results
ImplementationStepsc CarbonFree Pathways
Chapter2 F 1 Diversified procurement portfolio Scenarios and Sensitivities Results
Chapter 2 F 2 RPS planning requirements RPS (SB 1)0Renewable and ZerGarbon (SB
1020

Chapter2 F 2 a Forecasted RP&ocurement Targets In RPT (filed separately)
Chapter2F 2Db Renewable Procurement In RPT (filed separately)
Chapter2 F 2 c RPS Procurement Plan Appended as separate document
Chapter2 F2d Recommended Information GreenhousdésasEmissions
Chapter 2 F 3 Energy efficiency and demand response EnergyEfficiency DemandResponsg Integrated

resources ResourcePlan Method; Scenario 6: Emerging

Technologystudy Scenario 6: Emerging
Technologies Studycenario
Chapter 2 F 3a Recommendations for Energy Efficiency a EnergyEfficiency DemandResponsg Integrated
Demand Response Analysis ResourcePlan Method; Scenario 6: Emerging
Technologystudy, Scenario 6: Emerging
Technologies Studycenario

Chapter 2 F 3b Calculati dR ting E Effici :
apter alculating and reporting Energy EHicien In CRAT and EBT (filed separately)

Impacts
Chapter 2 F 3 ¢ Calculating and Reporting Demand Respol i
P 9 P g P In CRAT (filegeparately)
Impacts
Chapter2 F 4 Energy storage New ResourcesBattery Storage
Chapter2 F 4 a Recommendations for Energy Storage
P . 2t L Battery Storage
Analysis
Chapter 2 F 5 Transportation electrification In EBT (filed separatel\B\WPis investigating
options concerningommunity solar, which woulc
allow customers unable to install a personal
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system to participate i solargenerationproject.
In a community solar program, the utilihas a
solar system andellsa portion of the system
generation to customers.A constructive
complement to community solar, while deliverin
similar benefitsis the Green Power Program
whichsupports the purchase of renewable

energy
ElectricVehicles Vehicle Electrification
Chapter2 F 5 a Recommendations for Transportation Electric VehiclesVehicle Electrification
Electrification Analysis
Chapter 2 F5b Calculating and Reporting Transportation In CRAT and EBT (filed separately)
Electrification Impacts
Chapter 2 G System and local reliability Resource Adequacy
Chapter2G 1 Reliability criteria
System Resource Adequacy and Resktagin
Battery Storagein CRAT (filed separately);
Chapter 2 G 2 Localreliability area LocalResource Adequadcyapacity
Chapter 2 G 3 Addressing net demand in peak hours Battery Storage
Chapter 2 H Greenhouse gas emissions GreenhousdsasEmissionsin GEAT (filed
separately)
Chapter 2 | Retail rates Retail Rates
Chapter 2 J Transmission and distribution system Transmission and Distribution
Chapter2J 1 Bulk transmission system
Bulk Transmissio8ystem Bulk Transmission
Planning
Chapter 2 J 2 Distribution system Distribution SystenPlanning
Chapter 2 K Localized air pollutants and disadvantage Localized Pollutants and Disadvantaged
communities Communities
Chapter 2K 1 Reporting Requirements Localized Pollutants and Disadvantaged
Communities
Chapter 2K 2 Other Recommended Topics Localized Pollutants and Disadvantaged

Communities

3.2. Pasadena Water and Power Department

PWP,a department ofthe Cityof Pasadenahas provided itgesidents and businessesith reliable, affordable, and
environmentallyresponsibleelectricity since the early 20 century. As PWP continues this tradition, it must plan for the
increasing electricity needs of its customers in a dynamic industry environment, while migetprgprities of City Council
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for significant emission reductions and complying with current and proposed federal and state regulations. This ensure
that PWP can continue to provide reliable, affordaldad environmentally responsible electricity and energlated
services for its customers.

Currently, PWP delivers about 1.1 million MWh of energy annuakyppooximately65,000 retail customerPWPhasa
historical peak load ofpproximately 320 MW. PWPhas a portfolio of diverse resourcesincluding natural gas,
hydroelectric coal, nuclear, solar, wind, geothermal, and landfill &8P ownsatural gasfired units at theGlenarm a

share of the Magnolimatural gasfired unit in Burbank through an agreement with SCPPA, and the Azusa Hydroelectric
Plant PWPcontracts with otheresourcego benefit from economie®f-scale and to share risklBWPalsohas ownership

and contract rights on various transmission lines, which were operationally transferred to the W@A¢S8®@WHMecame

a PTOn 2004.

The City Council, PWéhd the Pasadena community share a strong commitment to environmental responsitdiBVEP
has a history of meeting its custonde@lectricity needs with affordable and increasingigvironmentally friendly
resourcesOver thepast 10 years, the Pasadena City Courasbemonstratedan ongoingcommitment toenvironmental
stewardship by dopting internal goals forenewableenergy andcarbon emission reduction targets that exceed state
mandatesThe City also adopted a Climate Action Plan and is a leader in promoting energy effidenagproval of City
Council Resolution 9977 declaricjimate change an emergency and establishingolicy goal to source 100% of
tlalkRSYIl Qa Séri®téeasbudsiydhe entl@vnon O2y GAydzSa GKS /AleQa
current mandates and remain a leader in protecting the environter future generations.

PWP currently offers several energy efficiency rebate programs for both residential and commercial cusidraers.
F dSNF 3AS FyydzZaZt SySNHE& altg@giayaa 2F t2tQa LI aBWPSBHES S
rebates forEVchargers and has installed several hundred public charging stations in Pasadena.

PWP has historically prioritized providing reliable electricity to its ratepayargstandard measures of reliabilitySAIFI

and SAIDIshown inFigure3¢A f f dzZA G NI 0SS K26 t 2t Qa &eé ai SeaghbdBOvarkhe pasia G &
years (20l nHHO X t2t Q& {!LCL I y Ronfelflthe besiKthe@egion\NRil kedogsBtiringlitsy 2 v
electricity resource portfolio in accordance with this IRP, PWP maintains its commitment to this high level of reliabilit
performance.

Figure3: Comparison oSystem Average Interruption Frequency Indexl System Average Interruption Duration Index

SAIFI

Year SCE Pasadena GWP Burbank Anaheim LADWP
2013 0.85 0.09 0.72 0.19 0.68 0.45
2014 0.84 0.33 0.96 0.24 0.80 0.65
2015 0.83 0.30 0.72 0.17 0.36 0.74
2016 0.95 0.18 1.20 0.39 0.69 0.82
2017 0.84 0.25 1.34 0.52 0.57 0.97
2018 0.71 0.17 1.12 0.33 0.50 0.73
2019 0.85 0.09 1.41 0.32 0.57 0.78
2020 0.85 0.42 1.07 0.38 0.39 0.69
2021 0.96 0.27 0.75 0.31 0.86 0.76
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2022

2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

92.5
91.5
98.3
106.3
90.0
70.8
89.3
89.3
102.1
131.0

32.6
21.4
154
30.6
20.0
14.3
35.9
29.5
26.0

22.7
37.0
41.7
42.5
65.4
60.6
75.1
54.0
55.9
76.2

16.5
10.0
4.8
19.2
12.6
11.3
4.6
8.6
16.4
4.5

53.0
48.5
35.0
27.1
35.0
27.4
42.1
26.4
70.9
25.5

64.6
77.7
92.4
82,8
120.9
105.4
112.8
114.1
140.2
108.9

PWR) dlectric rates are established by the Pasadena City Council after review and inptihéMSCThe tablen Figure
4 was created by the CMUA and shows average ita@tes for residential customers who consume K%¢h (or 1/1,000
of a MWh)per month.PWR @sidential rates are about 45% lower than SG@kes.

Figured: AverageResidentiaBills Measured at 750 kWiMonth

60

Average Residential Bills - 5/2023
(Cents/kWh, Measured at 750 kWh/month)
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PWPcommercial rates are also considerably lower than SCE rates.
Figure5 (also created by CMUA) shows average rates for commercial customers whb08&k'B/h per monthPWR a
commercial customer ratis about 20% lower than SCE for similar customers.

Figure5: Average Commercial Billsleasured at 3,500 kWh/MonttMay 2023)
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Average Commercial Bills - 5/2023
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PWP offers two optional rate plans to residential as@wmmercial customerdlat seasonal rates an@iOUrates. Each
customer may choose which plan makes best economic denghem. PWP also has economic assistance programs for
low-income residents and medical device users.

3.2.1. PasadenaExecutive Management and Governing Bodies

Pasadena has a Couddianager form of government that includes seven City Council districts, each with an elected
Councilmember serving a foyear term. The Mayor ian elected position that represents the enti@ty and serves a
four-year term. The City Council is responsible for setting policies, passing ordinances, adoptidiythridget,
appointing committee members, and hiring the City Manager, City AttorneyReagecutor, and City Clerk.

As a department of the City of Pasadena, PWP is subject to the authority and oversight of the City Mé®&ge City
Council. The City Council determines how PWP provides services in the community, intladas¢ablishmeat of
priorities, policies, rates, and services.

Development of the 2023 IRP was guided by members of the PWP Executive Managememdeamgthe following

General Manager
Assistant General ManagePower Supply

Assistant General ManagePower Dévery

=A =2 =4 =4

Assistant General ManagefFinanceand Administration

During the development process for the 2023 IRP, PWP held regular staff meetings to discuss city policy, guiding princiy
and key IRP components. PWP Executive Management directed and subgtaiffeon all aspects of production
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PWPfirst presentedthe 2023 IRP to the MSC for consideration and recommendation. The MSC is a standing committe
2F F2dzNJ / AGe [/ 2dzyOAf YSYOSNAR FLILRAYISR 0@ tnepartatod shd Q&
sanitation services. Following MSC, the WRRB presentedo the City Council for approval and adoption.

3.2.2. Regulatory Agencies

The electricity landscape in California is a complex interaction of many enfitiele the Pasadena City Counci A & t 2 -
governing bodyother state and federal agencies also have regulatory authority.

FERC is an independent agency within the DCHEthat regulates the interstate transmission of electricity, natural,gas
and dl, andapproves licensefor hydroelectric projectsFER®@versees related environmental matterds addition, FERC
administers financial reporting regulations and conduct of jurisdictional entities.

NERC is a ndor-profit international regulatory authority whose mission iseiesurethe effective and efficient reduction

of risks to the reliability and security of the grid. NERC develops and enforces reliability standards, and annually asses
aSlrazyrt FyYyR £2y3aniSNY NBfAlFIOAf AGeE @, ahdRBusated, Rajns, &ntl éedified 9 \
industrypersonnel.

CAISGs a nonprofit public benefit corporation that manages the flow of electricity across the-hidgtage, lonedistance
power lines that make up 802 F / F ft AT2NY Al Q& L2 ¢ SN rNds&iminatoty hocdss td N O
transmission gricind supportsa competitive energy market faggregatedesources of ondW or greater.

The CEC & stateenergy policy and planning agency, charged with ensuring a reliable and affordable energy supply. Trf
CEC hathe followingfive major responsibilities

9 Forecasting future energy needs and maintaining historical energy data
Siting and licensing power its
Promoting energy efficiency through appliance and building standards

Developing energy technologies and supporting renewable energy

= = =4 =4

Planning for and directing state response to energy emergencies

The CPUC reguks privatelyowned companies that supply telecommunications, electricity, natural gas, water, railroad,
rail transit, and passenger transportation. The CPUC is responsilglesiaringthat California utility customers have safe
andreliable utility servies at reasonable rates and are protected from fraR@WP is not subject to CPUC oversight.
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/T w. Q& isrd gr@ambtd §nhd protect public health, welfare, and ecological resources through the effective and
efficient reduction of air pollutants, while recognizing and considering the effects on the state ecoQ#RB is
responsible for, among other things,¥d Y A & 4§ SNA y 3 [/ lahdATldeRifdgramQa DI D / | LJ

The CEC creatgsidelinesor IRP creation and submissionforPOU§R G KS / 9/ Qa MNB/BiksStg2023T
IRPunder thePublicly Owned Uity Integrated Resource Plan Submission and Review GuideRes$sed Second Edition
from 2018! As of January 2023, there were proposed guidelines tibeaft Commission GuidelinesPublicly Owned
Utility Integrated Resource Plan Submission andeéRedatedAugust20222 Given that the current guidelines are from
2018 and that PWP began its process prior to rule modification, PWP complied with these rules.

According to the CEARPs are electricity system planning documents that describe hétiestplan to meet their energy

and capacity resource needs, policy goals, physical and operational constraints, and other utility priorities (such
NBRdzZOAY 3 NI GS A Y LIS Ointher Boylls)RRizaré@onplidnbeEasstraielyf dbcaindedts thagvaluatea

range of risks and opportunities to help a utility pleanext stepsUnder PUC Section 9622, the CEC can adopt guidelines
to govern the submission of IRP datatsman review the IRR consistency with the requiremesnbf PUC Section 96Zhe
requirements from the CEC ensure that IRP analysis is rahdstompleswith state regulations and directives

PWP is requiredtofilean IRRh i KS / 9/ S @S NE 20F3iRE8opitoS & dNdhydyeat end2@2d PWPneeds

G2 FTAES G YAYAYdzy 2yS &aO0OSyFNAR2I 2N al asd 27F I aadzy
LISNF2NYSR (2 &dzlll2 NI 3 Sy Swith the\CEY in & dbuihatiiatyilsoNsts dssumighskeyt | y
considerationsandoutputs. The IRRiling shouldincludeany additionamateriali K I & dzLJLJ2 NI & RasuttsS /
must be filed ifour standardtables inMicrosoft Excel templates.

PWP considered multiple scenariagjich are includedh this IRP for stakeholder consideratiétequirementgrom the
CEGreshownin Figure 6.

Figure6: California Energy CommissiBequirements

1 https://efiling.energy.ca.gov/GetDocument.aspx?tn=224889&DocumentContentld=55481

2 hitps://www.energy.ca.gov/publications/2022/publiclgwned-utility -integrated-resourceplansubmissiorand-review-quidelines
3 https://efiling.energy.ca.gov/GetDocument.aspx?tn=224889&DocumentContentld=55481
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PWPis a notfor-profit organization owned and operated by the City of Pasadena, prithrities that includereliability,
customer responsivenesscompetitive rates, and environmental stewardshi@ngoing engagement with residents,
businesses, and civic partners is instrumemdalinderstanding evolving community needs and PWP conducts regular
outreach to gauge public opinion on customer satisfaction and expectations.

Stakeholder and community involvement is also fundamental to IRP development; therefore, PWP has implemented «
outreach strategy using a muttiedia marketing campaig@ommunication radiums for the 2023 IRP included website
postings, social media, bill inserts, priativertising,digital advertising, Citdirect mail newsletters, PWP electronic
newsletters, infornational videos, press releases, and flyers. PWP also worked closely with the City Manager and the M
to develop STAG, a diverse crasstion of the Pasadena community that provided input into the 20231éRBlopment.

PWP hosted@STAG meetings to raf the 2023 IRP analysitevelop energgcenarioand addressed interim comments
and questionsPWPalso held three Power IRP Community Meetings to ensure that community priorities were also
represented in the process. PWP has an extensive history ohgrarg with the community and appreciates the
participationand support of local citizens and businesses indénelopmentof Pasaden®a Sy SNH& NB & 2 dzN

The 2023 IRPsoughtto optimize PWR2 &esource mixto achieve a sustainable balance of system reliability, fiscal
responsibility, environmental stewardshipnd compliance with Council Resolution 9977, SB 350, SBat80other
applicable legislation and regulatory mandates. Metrics ameckists for these objectiveswere developed and
implemented in this IRAhe following are theamponents of each objective

1 System Reliability
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Maintain aresource adequacseserve margin of at least 15%

Maintain CAIS®Arequirements in compliance with th€AISQariff (including SystenRA LocalRA and
FlexibleRArequirements)

Preserve, optimize, and enhance local generation to reduce risk ofreli@nce on a single transmission
tie at the TM. Goodrich Receiving Station (Goodriclsubstation and integrate variable generatign
demandside management and distributed generation

1 Fiscal Responsibility
Maintain stable, competitiveand affordable rates
Minimize the impact of market and price volatilitydanst factordike fueland resource procurement
Minimize generatiorrelated direct costs, includingHGcompliancecosts
Provide transparency in expected powetated rates for the average ratepayer

1 Environmental Stewardship
Plan multiple approaches taansition to sourcind00%carbonfree electricity supply byhe end 0f2030
as a policy goal of Resolution 9977
aAyYAYATS GKS SYyo@ANRYyYSyGlEt AYLIOG 2F YSSiAy3a tl|
Comply with all federal, statfand local laws and regulations
Meet or exceed required standards for renewables (REt8eniage)as defined by state laws (SB 100)

PWP identifiedhe followingfour categoriedor scenario evaluation

1. Cost

2. Stability

3. Reliability

4. Environment

PWPworkedon the IRRrom January 2023 througbecembe2023 Overall, PWP focused on tf@lowingtwo key action
items:

1. File an IR®vith the CEC to meetate regulatory requirements and guidelines, as mandated by the statute every
five years

2. Planydzf GALX S | LILINRPF OKS& (2 YSSG (GKS [/ Aéeetardy fradgdrdo©e 3
free sources by the end &030 optimizingfor affordability, rate equity, stabilityand reliability

While PWHiles thisIRP by the end of 2023 temain in compliance with state regulations, PWP anticipates continuously
working on its plans to decarbonize its system

SB350 (De Ledn, 2015) requires tHROUswith load greater than 70G6Wh,such as PWP, develop an IRP by January 1,
2019, and provide updates every five years thereaf@mpliance is regulated by the CEC.

To assist with the development and preparation of the 2023 IRP, PWP issued a combined RFP in April 2022 for mode
and consulting servicesroposers were given the option of responding to either or both scopes of work. Of the six firms
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that responded, three offered proposals for both scopes of work. Proposals for each scope of work were separately scor
based on criteri@escribed in the RFP. ACES received the highest evaluated score for each of the individual scopes of wc
based on a combination of relevant experience, quality of technical proposal, and price prbposal.

To ensure transparency in the IRP study results, PWP also contracteeinvitbnmental and Energy Economics I&§ (

to review the IRP analysi& recognized leader in clean energy policy implementation, E3 provides technical, policy, anc
market analysi, and has worked with clients that include CEC, CPUC, CARB, and a variety of public and private utilit
throughout the nation and the worldE3 has also explored higher RPS standards for SMUD, experience that was especial
@t dzt 6t S F 2 Mhsidérihg@hé gohENGE RBSolhtion IDA7summary of involved consultarasd their roless

in the Appendix¢ Integrated Resource Pla@ontract and Resource Roles

t2tQa Lwt LINBo® SWR carbs8rivefitsizustoinars given uncertaiRiyP must consider differetmpics,
such as electrity market price forecastingesource and contract valuatippower flow modelingincluding transmission
constraints modeling regulatory mandatemcluding RPS and GHG emissions requiremarisng others

The 2023RP process starts with developing and collecting assumptions and baseline data for existing resources and Ic
trends. The next step refines éhanalysis and develops energy portfolio plans through robust stakeholder input and
O2YYdzyAde Sy3arasSySyid G2 o0Sad NBLINBaSyid tl al RS gohdudes RA ¢
with providing technical analysis and informing policykara to aid them in determining the best path forward to meeting
electricity demands and City objectives over the next 25 years.

PWP began the 2023 IRP process in January 2023s fimpgeneration, modeling, analysis, stakeholder engagement, and
result documentatiorcontinuedthrough Octaber. Approval and filingeganin the fallof 2023 The 2023 IRP process, by
regulatory requirementywas completedn DecemberSe Figure 7.

Figure7: PWP's 202htegratedResourcePlan Timeline

Input Assumption creation January through Ma2023
Input Inputs Finalized June2023
Output Modeling July2023

Output Report Drafted August2023
Output Report Finalized by PWP Octadber 2023
Output IRP Approved by City Council December 112023
Output IRP Submitted to CEC December3l, 2023

4 https://ww2.cityofpasadena.net/2022%20Agendas/Sep_19_22/Agenda.asp

Pasadena Wateand Power 300f 257


https://ww2.cityofpasadena.net/2022%20Agendas/Sep_19_22/Agenda.asp

4.  Previous Integrated Resource Plans

Integrated resource planning is a continuous process that requegglar updates and adjustments to address changes

in electricity needs, regulationand the business environment. K S HAnanHo Lwt A& GKS fFGSal

planning effort and the 2023 results build upon previous IRP goals, where appliwhiike meeting or exceeding the
requirements of SB 350, SB 100, atikr regulations

The most recent plans are the 2018 IRP and the 2021 update to the 2019 péme can baccesse@ y t 2t QF 6 S

Previous IRPs (prior to 2018) aleoavailabled t 2t Qa® ¢So60aAiS®

Figure8 summarizes progress towatd? t ZD&8 IRP goals.

Figure8: 2018 htegratedResourcePlan Progress

RP Goa

Increase in Renewable and  Ensure all new lonterm energy supply  No newlongterm fossitfuel contracts

ZeroCarbon Resources in contracts are renewable and/or zero  have been added since thslicy was
Portfolio carbon emitting resources adopted in 2018
Reducdossilfuels in the Exit the IPP no later than 2027 The IPP contract terminates effective
portfolio 6/15/2027, PWP will not participate in

the IPP Renewal Project (natural gas a
hydrogen blend)

Reduce GH@missions Achieve GHG emissions reduction of  Current estimate* is 68% below 199

(specificallycarbon) relative tfSFad Ttp» 0St26 t Ilevelsfor2022, anthore than90%**

G2 t2tQa wmddn 2030 (reduce to approximately 226,00 belowby 2030

(approximately 198,600 metric tons)

metric tons)

RPS Achieve at least 60% RPS by 2030 p Estimated* at 41.25% RPS for 2022 ar
requirements of SB 100 on track to meet the 2030 state mandat

of 60%**

*Current estimateto be updatel in the 2022 power content label
**Resolution 9977100ks forl00% carbotiree by 2030

In the 2021 IRP Update the 2018 planPWP reevaluated its portfolio to address changesRéstandardsSuch changes
affect ELCQOwhichlj dzI Yy G A FA S & lity toddhiuezIgril @efiabilitydHe 2021 IRPpdate also more closely
examined the need and potential for energy storageagsower supply resourceBased on these considerations, PWP
revised the 2018 IRP implementation plan in terms of resounge, tyize, and timindzigured summarizes PWPgErogress
toward the 2021 IRP Update recommendations.

Figure9: 2021 htegratedResourcePlan Update Progress

5 https://pwp.cityofpasadena.net/powerirp/
8 https://pwp.cityofpasadena.netpowerirparchive/
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RP Goal

Resource Procurement Procure at least 70 MW aiccredited Executed a 1§ear 25 MW geothermal
capacity by 202%or RA and 20year solar plus battery energy
storage systencontracts starting in 2027
Energy Storage Study Investigate storage options to meet 5(  Issued an RFP for construction of a 2!
MW of installed battery energy storage MW utility-owned system at th&lenarm
by 2025
RPS Continue efforts to achieve 60% RPS  The 2023 IRP optimizes to comply witt
2030 and netzero carbon by 2045 RPS regulations arstteksto exceed
requirements based on Cifgesolution
9977
Fuel Substitution Study Examine alternative fuel sourcesich Biogas and green hydrogen were
as biogas or green hydrogen g the  considered in the 2023 IRBee Section
Glenarm local generating stations 9.4)
EVStudy Refine forecasted growth of EV chargii  The 2023 IRPicludesthe impact of
in Pasadena current and expected market penetratio

rates in the updated.oadForecast

5.  Existing Policies and Programs

PWP has developed multiple customer programs to encouragewable energy generation, increase energy efficiency,
provide lowincome assistancand facilitate electrificationt KS LINRP ANJ Ya | NB | NB&adzZ G 27F
/| AGe / 2dzyOAf Qa @GAaA2y T2NJ RSY2y aifand rashoyisible pl&hhirigS NBAR KA LI A

5.1.1. Current Programs

Pasadenahas customerinstalled PV solar electrigeneration which is primarily rooftop solar The PSincentivizes
customerPV generatiothrough NEM rates

5.1.2. Net Energy Metering

NEMis a ate and billing structure that allows customers with qualifying PV systems to receive credit for excess generatiol
I FEAF2NYALFI Q& FANRG b9a LINEINI YS NIHSHMNIBregram fequired Califoraia m
electric utilities, including POUs, to provide customers with PV systethe full retail value okexcesgyeneration. A net

of total annualPVgeneration and customer usage resulted in either egeneration or uility-supplied energy andas
credited or billed accordingly on an annual ba3ike NEM 1.0 program was designed to stimulate the market for
renewable energy and help diversify the resource mix in California.

The California NEM prograraquirement for OUswas replaced in 2017 with NEM 2.0 and again in April 2023 with NEM
3.0.Both program revisions were intended to address cost inequities. The full retail rate for electricity includes more thal
just the cost for energy it includesthe costs of capacity, fees, wires, and mdferpaying customers the full retail rate

is, in effect, a subsidy.
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NEM 2.0, also known as the Successor Tariff, was implemented by the CPUC in 2017 to replace NEM 1.0 and applit
IOUs. Primary features inclaca mandatory ondime interconnection fee, TOtate requirements, and bypass charges
such as a grid access fee. The program changes were designed to reduce the system cost impacts of large amounts c
generation on nofPV customers.

In 2023, Califor@aiimplemented NEM 3.0, also known as the NIBiE. new tariff was created to further help reduce service
inequities between customers with and without distributed generation, and to promote grid reliability, incentivize solar
and battery storage, and imprevequitable customer electricity costccording to the CPUC, which regulates I0Us, NEM
3.0 has no impact on existing rooftop solar customers who continue to retain current compensatiorvvhits POUs

are not under CPUC jurisdiction, the topic of ratgity and evolution of ratesplays an important rolént 2 t Qa F dzi
NEM policies.

The goal of the CPUC NEM 3.0 tariff is to promote rate equity by revising rates paid to new solar customers according
the value of the excess energy at the time itesitsto the grid. Typically, when solar is producing midday and there is
surplus energy on the grid, the value of solar generation is\Wlen the distributed solar is not producing (e.g., at night),
the value of generation is much high&ihis value diffeence has the effect of incentivizing batteries that can store excess
solar energy during the dayhen discharge that energy at night when it has more value to the utMNgM 3.0 was
designed to promote this incentive.

Potential revisionso PWR2 AEMprogram to update compensation credits should also include a review of other options
and program additions such as virtual or aggreg®i&dM Both options allow shared PV systewithin customer groups.

All California electric utilities were required togwide NEM 1.0 programs until each met 5% of its total peak demand by
solar installations. Once achievadtjlities couldtransition to a replacement progrant this time, PWP still provides
benefits to its customers under the NEM 1.0 construct, but hasthe5% installation cap (specifically, 14.8 MW based
on a peak load of 296 MWVith 21 MW of distributed solaf7% of peak demandh) its service territory as of 202RPWP

now has the option of remaining at NEM 1.0 or transitioning to a successorthaiftouldinclude some or all of the
provisions of NEM 2.0 or 3.0.

t 2t Qa OdzNNEB y (NEN ROpffetsiNebiNdg Wptions to customers with PV systerasnual billingmonthly
billingand btmonthly. Under the annual option, the customer is billed orecgear for electric servicé. more electricity

is generated than usedthe customer may elect to receive compensation for the excess PV generation energy or a credi
against future billings.

Under themonthly or bimonthly option PWP calculatesnergy producean amonthly or bimonthly basis A customer
that produces more energy than consumed during biiengperiod is credited for the excessthe energy servicesharge
rate plus$0.@5 kWh for the associatedRECs Additionally, because it is less costly tnanister, PWP incentivizes the
monthly/bi-monthly option witha bonus of an addition&0.066/ kWh.

PWP does naturrentlyhavea mechanisnto trackcustomergeneratedRECand, therefore, does not consider residential
or commercial generated RECs for RPS compliance purptsgever,t is expected that AMI will be implemented within
the next five years, at which point PWP could use the RECs to leelpRPS requirementg.urther investigation into
compliance with regulatiors in progress
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5.1.3. Community Solar

PWPis investigating options concernirmpmmunity solar, which would allow customers unable to install a personal
system to participate im solargenerationproject. In a community solar program, the utilltigs asolar system andells
aportion of the system generation to customer# constructive complement to community solar, while delivering similar
benefits is the Green Power Program whistipports the purchase of renewable energy

¢CNF YALRNIIFGAZ2Y | OO02dzyia F2NJ Y2NB GKIFYy pm: 2F [ FfAF2NY
Understanding that transportation electrification helps reduce emissi@aifornia recently set a mandate requiring
100% of new car and passenger truck sales in the state to ebyE035.

CPUC Section 9621 requires IRPs to discuss how utility rate design and incentives support transportation electrificatic
Since thes efforts have positive community benefits, such as reduced local air pollution, IBOKPE to align its
transportation electrification programs witstate initiatives, laws, and regulations, as well as community priorities. PWP
endeavors tostudy the impat of potential programs on lovincome and disadvantaged communitiesremluce PWR2 &
system and individual driver costs

5.2.1. Current Electric Vehicle Incentives

PWP offerghe followingthree EVrelated incentives:

1 TheCommercial EV Charger RebBtegramprovides a $3,000 rebate for installed, smart level 2 (240 V) chargers.
For Drect CdzZNNEB y (ifasbchabgers, the rebate ranges up to $6,000 per chaifjgrstalling DC fast chargers
accessible to students and patrons of accredited schoatspart of incomequalified housing, or in a
disadvantaged community. Total incentives are limited & $00per commercial electric customer. For ron
network charging stations (not interneonnected), PWP offers a $1,500 rebate per station, up to $15600
site/account/customer’

1 TheResidential EV Rebate Programvides eligible customers rebates of $250 each for the purchase or lease of
up to two plugin EVs per address every three yerSustomers can also receive an additional $250 bonus rebate
(up to $500) for purchasing or leasing from a Pasadena auto d€alstomers enrolled in PWP's incompealified
Bill Payment Assistance program atigible for an additional $1,000 rebate. A customer meeting all requirements
could receive a total benefif up to $1,500 per EV.

1 TheResidential EV Charging Rebatiers customers $600 for installing a-¥&kenabled EV charger, or $200 for a
standard (noAWi-Fi/norrinternet connected) charger.

As of August 2023, PWP has expended ali$2520,000 on EV ¢entives.

7 https://www.energy.ca.gov/about/coreesponsibilityfact-sheets/transforminetransportation
8 https://openstates.org/ca/bills/20212022/SB437/

° https://pwp.cityofpasadena.net/commercialchargerrebate/

10 https://ww5.cityofpasadena.net/waterand-power/ev/
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5.2.2. Current Electric Vehicle Outreach

PWR) @ebsite includes a robust menu of ¥fated educational material for consumers, including a description of EV
features, air quality benefits, home charging tips, potential savings, and tips to enhance the driver expérdsae.
included are links todditional resources that provide information for potential EV buyers, including a cost comparison
calculation for EVs and gasolieeled vehicles created bthe University of CaliforniaDavis and information about
available rebate$? In addition to onine EV promotion, PWP provides ongoing outreach throtagiousmediums such

as print and digital advertisements, newsletters, press releases, billboards, bus shelter adverting, public servic
announcements, flyers, events, bill inserts;losid messagesnd social media.

5.2.3. Current Electric Vehicle Fleet

As of 2022, thé&ty of Pasadena had 9,254 ligtiity ZEVs, 98% of which were BEWPHEY¥reqgistered by citizens'he
remainder use hydrogenightduty ZEVs represent about 6.8% of cars on Pasadena.ioaaddition, 2,572 new light
duty EVs were sold in 2022, representing 18.8% of the-tigtyt vehicles sold locally. Overall, EV adoption is steadily
increasing which experts predict will continue across the industry.

Figure 1GandFigurellshow the composition of the zeremission vehicles by type by yeard the composition of annual
sales

11 https://pwp.cityofpasadena.net/electrification/ https://pwp.cityofpasadena.net/ev/
2 https://qgis.its.ucdavis.du/evexplorer/#!/locations/start
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FigurelO: Total LightDuty Hectric Vehicles on Grid
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Figurell: Annual Sales of LigBtuty Hectric Vehicles

Annual Sales of Ligituty EVs
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Medium- and heavyduty vehicles, by definitiod, weigh more than 10,000 pounds and include vans, buses, and trucks.
By spring 2022, thereere more than 1,900 mediunand heavyduty ZEVs on the road in California, 70% of which were
buses!*In 2023, the City arranged to purchase one electric bus in 2@24will provide an opportunity to learn more
about the benefits and challenges to owgiand operating electric busse&s part of its Fleet Replacement Program, the
CityQBOT is planning a complete conversion to ZEV buses for local sesuesis Pasadena DRRide and Pasadena
Transit by 2033 and 2040, respectivély.

5.2.4. EV Charging Staions

In addition to incentives for custome&wned charging stations, Pasadena is committed to developing pubticigd EV
charging infrastructure throughout th@ty. * Below is a list of charger types, by level.

1 Level 1 Charger
A 120volt (standard house outlet) charger using trickle charging, providing roughly three to five miles of
range for every hour charged. A Level 1 charger is typically included in every EV purchase.

1 Level 2 Charge
A 240volt charger (using a typical hseioutlet for dryers, ovens, tieating, ventilation, and coolingThese
chargerscancharge anywhere from 5.5 miles of range to 60 miles of range per hour of charging, depending
on the specific car make and model.

1 DC Fast Charger (Level 3 Charger)
A Dast charger differs from the other two levels as it does not need to convert the electricity from AC to
DC.Since the battery charges directly from a DC outlet, this results in the fastest charging speed of an
chargers on the market today, an estimate@d rhiles of range per minute charged. Currently, the only DC
charging stations available are those installed by utilities and equipped to convert the distribution grid AC
electricity into DC.

The City owns 234 charging stations, of which 203 are Level 3laare DC Fast Chargers. A map of current and
plannedchargingstations is shown iffigure 12t 2t Q&4 ©6S6aA (S I f 42 LINE GeP&Eed' RSO A

8 Medium and Heawputy Vehicles (ca.gov)

M https://www.energy.ca.gov/datareports/energyalmanac/zereemissionvehicleand-infrastructurestatistics/mediumand-heavy
Bhttps://ww?2.cityofpasadena.net/2023%20Agendas/Jan_30_ 23/AR%204%20Attachment%20A Pasadena%20ICT%20Report_Fin
v.pdf

16 hitps://ww5.cityofpasadena.net/watetfand-power/ev/

17 https://pwp.cityofpasadena.net/ev/
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DOT plans to convert its entire fleet t@ro-emission by 2040, although additional funding opportunities may accelerate
the timeline. Converting the DOT bus fleet to zernission will have a large impact on P&/Ruture load and
infrastructure and thedepartmentsshould collaborate planning meet this need?®

5.2.6. Vehicle-to-Grid Charging

In addition to receiving energy through charging, an EV could deliver energy stored in its battery back to the grid. This
calledvV2Gcharging, a form of distributed energy storage that could potentially sesve @source to a utility. This would
requirethe following

1 Sensors and communication infrastructure to alert the utility when the EV is connected to a charger, as well &
0KS @SKAOEt SQa aidliS 2% OKI NAS OAPSPY K2¢g TFdA f Ada

1 Separate metering othe charger

Bnttps://ww?2.cityofpasadena.net/2023%20Agendas/Jan_30 23/AR%204%20Attachment%20A Pasadena%20ICT%20Report_Fin
v.pdf
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Minor internal modifications to the EV and charger to allow bidirectional energy flow
Remote V2G control from the utility to EV via the charger

An agreement between the utility and EV owner detailing the conditions for the battery energyongeensation
rate, payment method, etc.

PWPcoulduseV2G as a potential distributed energy storage option in Pasadena, possibly beginning with electric trans
and school buses, due to the relatively large concentration of battery storage in one loaatiamder a single owner.
These conditions would enable PWP to better predict when the vehicles would be connected to chargers and levera
economiesf scale when installing associated infrastructure.

5.3.1.

Current Program Incentives

PWP catomers pay a PB&state-mandated charge that is included on all electric service ilis.charge isurrentlyset
at $0.00685/kWh'° On average, PWP collects approximately $6.9 million annually through the PBC, which Californi
requires to be allocatd to a separate fund and used for the following specific purposes:

1

=A =4 =4 =9

Energyefficiency/demandresponse programs
Renewable resources

Research, development, and demonstration projects
Lowincome rate assistance

z

Beneficiatf SOG NRA FA Ol G A2y IReoDOMONIRA Y I (2 GKS / AGe&Qa

PBC funds suppothe commercial and residential progranesitlined in the following sectionsas well as the three EV
programs discusseid CurrentHectric Vehiclelncentives

|l

The BRProvides rebates for energy efficient equipment installationsluding LED lighting, certain commercial
restaurant equipment, motor controls;ommercial appliances, and HVAC systétiihie program is limited to
$24,000 per account, with a cap of 25% of total project cost. For each device installed, PWP can claim
predetermined amount of energy efficiency savings.

The Clprovides savings faustomized and/or complicated efficiency projects and covers technology not listed
in the BRP! Limited to $50,000 per account, with a cap of 25% of total project cost, customers are provided a
$0.05/kWh rebate on energy savings tlaae higher tharCalibrnia Green Building Standards Cagdeart 11, Title

19 https://ww5.cityofpasadena.net/waterand-power/rates/

20 hitps://ww5.cityofpasadena.net/waterand-power/businessrebateprogram/

2 https://pwp.cityofpasadena.net/customizedincentiveprogram/
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)l

5.3.2.

24, California Code of Regulatio@a(Greehcodes for lighting, nofighting, and other new construction projects.
For fuel switching projects, there is an additional incentive of $0.15/pound pfed0ction.

WeDlIPapplies to smallto mediumsized commercial customers using B& or les$?Eligible customers can
receive up to $7,500 of water and energy savings equipment installed at no cost.

Residential Programs

PWP hashe followingresidential programs:

)l

The Home Energy Rebate Program provides numerous rebates for equipptdntas ENERGY ST#&Bd
refrigerators, dishwashers, ceiling faasd room air conditioners.

The HIP is a direct installation prograinat provides up to $4,00 in water and energy savings equipmenhe
program also includes a rapst, expert water and energy use evaluation and potential installation of devices such
as LED light bulbs, advanced power strips, attic insulation, ordpre central ACGS

HER provide customers with a monthly snapshot of personal energy use as it compares to comparable homes |
the area. Recipients also receive tfpslower energy usagé'

ESAP is a collaboration with SoCalGas and provides direct installation servicgsifioblne consumers.

The Residential Electric Panel Upgrade Program provides a rebate for an upgrade tanap2€6ctric panet®
This program is intended to assist customers requiring a panel upgrade to support a home EV charger.

PWP plans to raunchthe Refrigerator Recycling and Exchange Program, which will apply to irqatifed
customers only, and will provide a free new replacement refrigerator in exchange for a working refrigerator

With help from the energy efficiency programs, PWP custorsaved approximately 174 GWh per year frBiy2011
through FY 2026° This represents a load reduction of approximately 17.9% Figure 13.

22 hitps://ww5.cityofpasadena.net/waterand-power/wedip/

23 hitps://ww5.cityofpasadena.net/waterand-power/homeimprovement/

24 hitps://ww5.cityofpasadena.net/waterand-power/homereports/

25 hitps://pwp.cityofpasadena.net/electricpanelrebate/

®May 17,2021 AgY Rl wSLI2 NI ¢ A K -YearEnaigyzff@iendyiandiDeraad RigdudtiéyGoals for Fiscal Years

HJ/THH

G§KNRdzZAK HAOnowméE
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Figurel3: PWP's Actual Cumulative Energy Efficiency Savings

Figure 2 - PWP’s Actual Cumulative Energy Efficiency Savings (MWh)
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5.3.3. Energy Efficiency Regulations

SB1037 (2005)requires POUs to acquire cesffective, reliable, and feasible energy efficiency and demand response
resourcesbefore acquiringother resources’’ The law also requires annual reporting of savings, expenditures, and
cumulative processes to the CEXBMUAuUses economiesf scale to help its 4fnember POUs submit these repotts t 2 t Q32
reportsare posted by year oits website?,

'YRSNJ!. HAHM OHANcO YR ! . HHHT 0 HPasadedaXitylCounidithiSrasy 32 O ¢
must adopt 16year energy efficiency and demand reduction goals every four years. These requirements are codified in
PUC Section 950%hePasadena City Council adoptedntest recentenergy efficiencygoals in ¥F2021.Specificallythe

City Council adoptedn annuaboalof 11,720 MWh per year in savings and 1.8 MW per year in demand reductiBi for
2022 through 2031This goal represents a 133.4 GWh reduction in sales cumulatively by Fiscal Year 2031, or 11.3% of
forecasted sales. Based on model results and historical data, PWP estimates achieving these goals will cost
approximately $3 million per year, or about 1.6% of electric rate revenues, which is consistent with recent spending. As
result, PWP anticipates th#te $0.00685/kWh PBC charge is currently sufficient.

Figure 14ncludesa summary of past PBC budgets.

Zal @ MTX HnAnumMI ! 3SyY Rl  wS LI¥e&lEnagy BfficiericykaBd DierdanBRedctiondGbals Zot Fiscalt Yeafs
20220 KNR dzZ3K Hnowmé
28 hitps://pwp.cityofpasadena.net/eereports/
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Figurel4: PastPublic BenefiChargeBudges

Residential Programs $782 $854 $1,727 $1,935 $1,664
Non-Residential $2,008 $3,766 $1,267 $1,099 $1,080
Total Program Cost $2,790 $4,620 $2,994 $3,034 $2,744

The City also refers to energy efficiency in its GGdecifically Strategy 2: Energgfficiency and Conservatidiscusses
prioritization of energy use reduction in existing buildings and new construé®part ofthis strategy, CAPMeasure E
2.1sets a target to reducenergy use for existing homes and busineg40% (below 2013 levelby 2035

The adoptecenergy efficiencygoals achieve less than 3%&auction but this comes from electricity onlgot from both
electricity and natural gas, as in the CAP glodhct, the goal was predicted to save 65% more GHG emissions than the
CAP goal foreseesee

Figurel5®. Overall, PWP is focused on net GHG reduction.

Figurel5: EstimatedGreenhouse Gasmissions fronkexisting Homes and Businesses
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In August 2022, the City Council adopted a building electrification ordin®¥ntke ordinancenoted that 47% of
t I &k RSyl Q&awidd sNQmuzgidngdane from residential and commercial occupanciBise ordinanceequires
that existing multifamily buildings, mixaedse buildings, commercial buildings, and largeale commercial retrofitbe
electrified.Exceptions include certain types of food service establishments and essential facilities.

5.3.4. Energy Efficiency Forecast and Goals

In 2021, GDS conducted anergy efficiency potential forecasting stufby CMUA which investigated market potential
for residential and nonresidential customers.

GDS performed a study specific to POW\@rvice territory. Apreviouslystatedabove, the Pasadena City Council adopted

an annual energy efficiency goalldf.72GWh from 2022 to 2031, whiadguatesto an average annual target of 1.06% of
total energy use avoided per yedrthis goal was based @5 {sttdy. These goals appear OKA S@I 6t S 3IA GBS
current programs and after assuming a GHG adder on avoided \¢dsiteenergy savingassociated witlCS&Rconstitute

about 40% of these total savings, the CEC no longer allows utilities to report on energy efficiency stfeomstatewide
adoption of newcodes and standardg.herefore, CS&R 2 Y i NA o dziA2ya 6SNB y20 ORoyaAF
purposes of the IRP, PWP adopted the resultk@GD3narket potential study, including the GHG adder butinctuding

the potential gains from &Radvocacy.

t2tQa SYySNHE& STFAOASyOe 3A2F+f AYy HamTt AYyOfdzRSR /{3w I
STFTAOASYOe YR Hdo a2 2F RSYFYR NBRdzOGA 2y LISchidert GoaldNJp |
are 19,524 MWh of savings and 3.5 MW of demand reduction per &P remains committed to the cesffective
promotion and adoption of energy efficiency. Programs have become more stringent over time to meet increasingl
ambitious goalsasshown inFigurel6 and Figurel?.

Figurel6: Incremental Energy Efficiency Savings (MWh)

Applicable Years Fiscal Years 20132027 Fiscal Years 20222031
PWP Program Savings 11,338 11,720
CS&Rsavings 2,111 7,804
TotalAnnual Savings 13,500 19,524
Adopted Goal: Total Savings 13,500 11,720

Figurel7: Incremental Energy Efficiency Savings (MW)

Applicable Years Fiscal Years 20182027 Fiscal Years 20222031
PWP Program Savings 1.6 1.8
CS&Rsavings 0.7 1.7

30 Building Electrification Ordinance
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Total Annual Savings 2.3 3.5
Adopted Goal: Total Savings 2.3 1.8

Reduced electricity usage means that fixed costs need to be recofreradesssales,whichmay put upward pressure

on rates. PWP experienced a net 22% decline in actual retail electricity sale$¥R2@@8 ¢ a decreaseattributed to
energy efficiencyCS&R, distributed generation investments, and other factdreluding weather and economic activity
See Figurel8. Allocating fixed utility costs those that do not vary with the volume of sales, such as costs for wires or
reliability componentg; is a question of rate design.

Figurel8: Impact of Energy Efficieneyd CustomerOwned Genertion on Electric Sales

Pasadena Retail Sales and Sources of Reductions (MWh)
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5.4. Demand Response

5.4.1. Current Demand Response Programs

PWP has on®R pogram currently active voluntary load curtailment with others under development. The current
program includes large commercial customers who agree to redackldy a predetermined amount upon requeseWP
hasalreadyidentified, tested and secured mor¢han 2.5 MWof on-call load reduction from 20 of its largest electricity
customers.

5.4.2. Future Demand Response Programs

PWPcould explorethe potential for addtional DR programd-uture programs may be feasiblhen PWP upgradeto
AMlin the next few years
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The GPP is a voluntary rate structure that offers customers renewable or green electricity produced by technologies su
assolar, wind, geothermal, small hydro, and biomass for a price. Thea@&®Bntsfor 5% of total load supplied to PWP
customers®

5.5.1. Residential Green Power Program 32
As of 2023, nder the Residential GPP, customers hineefollowingthree purchase optionfor green power:

1 200 kwWh block for $3.60 a month
1 400 kWh block for $7.30 a month
1 100% of electricity consumadrenewablefor $0.018/kWh

PWPcurrentlyhas393residential GPP accounts, which represe®®s of all PWP customers.

5.5.2. Commercial Green Power Program 33
Commercial customers hatiee followingtwo options when signing up for th@PP

1 1,000 kWh blocks (any number) for $18 each per month
1 100% of electricity consumed esnewableat $0.018/kWh

PWP currently hat94 commercial GPP accountshich represents.30% of all PWP customers.

PWP offers several programs to help customers use energy more efficientlsednce their utility bills, particularly
financially vulnerable households. The assistance programsilisted following sectioneepresentthe majority2 ¥ t 2t Q
available benefits.

5.6.1. Income -Qualified Programs

Lowincome customers between the ages18 and & who qualify according to the tabla Figure 1%an receive a $10
bill creditper month3*

31 hitps://pwp.cityofpasadena.net/greenpoweroption/

32 hitps://pwp.cityofpasadena.net/wgecontent/uploads/2017/08/ResidentiaGreenPowerOption-Fillable8.2020.pdf
33 hitps://pwp.cityofpasadena.net/wgcontent/uploads/2020/08/GreerPowerCommercialApp-Fillable8.2020.pdf
34 hitps://pwp.cityofpasadena.net/billassistance/
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Figurel9: LowIncome (Electric Utility Assistance Program)

EUARNncome level  $41,700 $47,650 $53,600 $59,550 $64,940 $74,380 +$9,440

Lowincome seniors (ages 62 and over) or customers with a permanent disability who qualify accofe€igré20 are
eligible to receive a $10 bill cregier month and awaiver of their monthly PBC charée.

Figure20: California Alternate Rates for Ener@ge or Disability Qualification)

CARES income leve $41,700 $47,650 $53,600 $59,550 $64,940 $74,380 +$9,440

Lowincome seniors (ages 62 and over), and customers with a permanent disabilityiattineeshownin Figure21 are
eligible to receive a $10 bill cregier monthandawaiver of their monthly PBC and Utility Users Tax.

Figure21: California Alternate Rates for Ene@us(Age or Disability Qualification)

CARES plus i
(vl PIUS INCOME 612,000 $16,000 $20,000 $24,000 $28,000 $32,000 +$4,000

Quialifying residential account holders may apply online at any time, or in persappbyntment, and must provide proof
of income for all persons living in the househ#ld.

5.6.1.2. Other IncomeBased Assistance Programs
¢ KS TF2ff 2 ¢ Athedincomehsetadsistinderarams:

1 Payment Arrangements
£ PWP offers paymerdrrangements for customers experiencing financial hardship. For more information,
or to enroll, customers are invited to call PWP Customer Service at 182@0053

1 LIHEAP
E Thisis a federalfunded program administered locally by the Maravilla FouimtatLIHEAP is designed to
help lowincome households with a or@éme payment to help pay heating and cooling bills. This-long
standing federal program has helped kincome families nationwide for more than 40 years. More
information is available on the &avilla Foundation websitevivw.maravilla.ord.*

1 LIHWAP

35 hitps://pwp.cityofpasadena.net/billassistance/
36 hitps://pwp.cityofpasadena.net/billassistance/
37 hitps://pwp.cityofpasadena.net/billassistance/
38 hitps://pwp.cityofpasadena.net/paymentarramment/

% https://pwp.cityofpasadena.net/liheap/
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This is o a federallffunded program administered locally by the Maravilla Foundatitms islesigned

to help lowincome households with ane-time payment for outstanding residential water or wastewater
bills. The federal government established LIHWAP as part of legislation to ease the financial impacts of tt
COVIEL9 pandemic. LIHWAP expired in August 2023.

5.6.2. General Bill Assistance

PWP &o offers noAncomebased bill assistance.

Residential electric customers with qualifying eleefrosvered medical equipment can receive a $10 bill crpditmonth

under the Medical Equipment Assistance progra@ualifying equipment includes aerosol tents, apnea monitors,
compressors or concentrators, electrostatic or ultrasonic nebulizers, electric nerve stimulators, hemodialysis machine
kidney dialysis machinestermittent positive pressure breathing machines, iron lungs, pressure pads, pressure pumps,
respirators or ventilators, suction machines, motorized wheelchairs, and electri¢beds.

The Water Leak Assistance Prograssists customers with certain prape-related water leaks that result in excessive
water waste and high utility bills. The program provides a patrtial bill adjustment to qualifying customers, in order receivec
until the $50,000annual fundingcap is reachedt

6. Public Participation

A key treme in the development df 2 t ZDZ3 IRP is extensive outreacbprdination,and collaboration between PWP,
a0l 1SK2t RSNJ INRdzZLJas FyR GKS tlFalkRSYyl O2YYdzyAdGed t dzof .
efforts and proved especiallyaluable to the formulation of data assumptions and simulation model inputs for the IRP
study.

The Pasadena City Council will utilize the IRP as an information resource to help determine the best policy path forwa
With this goal in mind, PWP workedasély with the Pasadena City Manager, City CouM&[; and EAChroughout the

IRP process to ensure that stakeholder and community input were included. PWP provided periodic updates to the:
governing bodies, which facilitated direct feedback from patigkers and the Pasadena community.

While developing the 2023 IRP, PWP engaged a variety of stakeholders through a comprehensive outreach process to ¢
input from customers, communities, and policymakers. The outreach process included the folkmtiiriges listed in
Figure 22.

40 hitps://pwp.cityofpasadena.net/medical/
41 https://pwp.cityofpasadena.net/wateileak-assistanceprogram/
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Figure22: IRP Stakeholders Outreach

STAG #1 December 14, 2022 Introductions
STAG #2 January 18, 2023 Introduction of ACES and IRP Process
STAG #3 February 15, 2023 Decarbonization Pathways
Community Meeting #1 February 22, 2023 Start of IRP Process awhere is PWmRow?
STAG #4 March 1, 2023 Proposed Scenarios and Sensitivity Tests
Municipal Services Committee March 14, 2023 Informational Update
Envi tal Advi .
nV|rohm§ tal AdvIsory March 14, 2023 Informational Update
Commission
STAG #5 March 15, 2023 Assumption Data Discussion
STAG #6 April 12, 2023 Cost of New Resources
STAG #7 April 19, 2023 Final Scenarios and Sensitivity Tests
. . ) What will be studied in the 2023 IRP (Scenarios,
Community Meeting #2 April 27, 2023 e
Y g P Sensitivity Tests, and Study)

Municipal Services Committee May 9, 2023 Informational Update
Environmental Advisor .

. y May 9, 2023 Informational Update
Commission
STAG #8 May 17,2023 LoadForecast
STAG #9 August 16, 2023 Results of 2023 IRP Scenarios
Environmental Advisor

. y September 12, 2023 Informational Update
Commission
STAG #10 September 20, 2023 Wrap-up
Virtual Community Meeting #3 September 21, 2023 Results of 2023 IRP and St&usng Forward

October 10, 2023
Municipal Services Committee November 14, 2023 Recommend Approval and Adoption
December 5, 2023

City Council December 112023 Approval and Adoption

Numerous Frequently Asked
Questions and Email
Communications

December 2022,
October 2023

Public input and transparency are important aspects of the IRP development prBdgBsworked closely with the City
Manager and the MSC to assembiie STAG for the 2023 IRP with the goal of recruiting a diverse group of community
representatives that could provide input on crucial aspects of the plan including energy supply and pawemsixes.

Following the March 4, 2022 website announcement, extensive public outreach was conducted by PWP and City lead
to recruit participation from ratepayers throughout Pasadena.
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The 2023 STAG, which was established by the City Manager in ben2022, included 13 residents and four City officials
representing different interests, sectors, and districithe STAG includedesidential customers, small and large
businesses, low income/disadvantaged/senior communities, environmental advocacy sgreuma educational
institutions. Sincethe IRPisaletigS N LX Iy GKFG FF¥FSOGa Ftf tl &l RSyl N
entire customer base would be represented in the groBpeFigure23.

Figure23: Comparison of th&mposition of the 2018 STAG and the 2023 STAG

2018 and 2023 STAG Composition Comparison

m 2018 m 2023
5
&
o 4
£
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=
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<
N
0
Church/Low Residential Business City Educational Environmental
Income/Senior Institution Advocacy
Sector

Using input from the 2023 STAG, PWP developed a variety of IRP data assumptions and model inmlitgy inclu
environmental assumptions, fuel prices, resource types, new resource costs, load forecast, scenarios, and sensitivity te:
IRP modeling approaches were also discussed with the STAG.

The D STAG meetings that were held frobecember 2022 through September 2023 were instrumental in the IRP
development process and analysisgeneral outline of discussion topics include:

1 The IRP background, goasd schedule
t2tQad OdzNNBy(d 3ISYSNI A2y L2 NIeJoarded 2> Odzad 2 YSNI LINE 3
The electric industry business and regulatory environment and markets
¢KS LINPOSadaa F2NJ dzLJRFGAY3 t2tQa t2FR F2NBOFad F2NJ
The use of modeling in IRP analysis including scenario development and sensitivity analysis, and resource opti
andcosts
1 Approaches and pathways to decarbonization of the electric portfolio

=A = =4 =4

PWP hostedthree virtual community meetings for residential customers, business custgnmamd community
organizations to introduce the 2023 IRP and collect liee#t. The virtual meetings were promoted through a ruédia
marketing campaign, including website postings, social media, bill inserts, print and digital advertising, PWP electror
newsletters, press releases, and flyéFhe meetings were held on Felary 22, April 27and September 212023 In the
first two meetings PWP presented an overview of the IRP process and discussed the use of scenario analysis in resou
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planning.In the last meeting, PWP presented the preliminary analysis resudtgotential resource addition and program
change recommendations.

In April 2022, PWP updated its website to focus on the 2023 IRP process and added electronic links to all past IRPs
gauge commurty interest, PWP utilizegdocial mediaand community events requesting participation in the IRP protess.

PWP staff provided updates to the MSC and EAC from November 2022 through November 2023, includingrstéitus of
performed and next steps. Additionally, PWP received guidance from the MSC on desired direction of the 2023 IRP,
well as public comments. The sentiments and ideas expressed in these meetings helped shape the scope and the ana
of the 2023 IRP.

7.  Environmental Regulations and Priorities

PWP is committed to reducinGHGemissionsthrough abalanced and sustainableombinationof energy sources
planning, and community outreacin 2018, the City Council approvecetPasaden&limate Action PlanCAR, which
strives for a 52reduction (compared to 1990 levels) in citywide GHG emissions associated with energy, transportation
water, and solid waste by 2035By the end of 2021, PWP reduced energhated emissionsp50% (compared to 1990
levels) and anticipatreaching a 90% reduction by 208@n January 30, 2023, the City Council adopted Resolution
9977 which declares a climate emergency in Pasadena and sets a policy goal to so®c2 T00t | & RSyl Qa
from carbonfree sources by 2038.

More than onehalf of U.S. states have an RPS in ptatel f A T RPSdAd dstéblished in 2002 by SB 1078 (Sher) and
sparkedmore thantwo decades of increasingly aggressive regulatory mandates that incr&@s@equiredpercentage

2T StAIAOGES NBYySgloftS NBa2 dzNDS KostOetentlySB 1D0\ (3018) dety theSRPS 10 ieN.J
60% by 2030The CEC oversees the RPS program, publisheRRSEligibility Guidebook and certifies qualifying
resources.

SB 100 alsstated that 100%should bemet with renewable and zeroarbon resources by 204% 2022, SB 1020
expanded the 10®by 2045 zerecarbon goal of SB 100 by adding interim targat2021 joint agency report titleA021
SB 100 Joint Agency Report: Chartifrgth to a 100% Clean Energy Futussued by the CEC, CPUC, and CARB, identifies

42 https://pwp.cityofpasadena.net/powerirp/

43 hitps://www. cityofpasadena.net/planning/plannindivision/communityplanning/climateaction-plan/

4 hitps://pwp.cityofpasadena.net/pcl/

45 hitps://ww?2.cityofpasadena.net/2023%20Agendas/Jan_30_23/Agenda.asp

46 hitps://www.cpuc.ca.gov/industriesind-topics/electricalenergy/electriepower-procurement/rps/rpsprogramoverview
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zero-carbon resources as energy resources that qualify as renewable according to the most RE®nEligibility
Guidebook and/or that generate zer@&sHG on sité’ The report acknowledges that even though certain renewable
resources (such as geothermal andlfill gas) may produce de minimis carbon emissions, the joint agency study treats
them as zerecarbon resource®

Figure24illustrateskey policies drivingaliforni& @énvironmental efforts.

Figure24: Renewable Portfolio Standarley Legislative Actions in California

Seljate Title Author | Enacted Percentage ofoad That Must be Met by
Bill Renewables

1078 Renewable Energ@alifornia Sher 2002 20%by eligible renewable resourcéy
Renewables Standard Program 2017

350 Clean Energy and Pollution Reductic De Lén 2015 50%hby eligible renewable resourséy

Act of 2015 2030; 65% must be in lortigrm contracts

100 California Renewables Portfolio  De Lén 2018 60%by eligible renewable resourcéy

Standard Program: emissions of 2030; 100%y renewable andzero-
greenhouse gasses carbon resourceby 2045
1020 Clean Energy, Jobs, and Affordabili  Laird 2022 90%by renewableand zero-carbon

Act of 2022

resourcedy 2035; 95%y renewable and
zero-carbonby 2040; 100%y renewable
andzero-carbonby 2045

PWP has set more aggressive environmental targ@ésolution 997%et a policy goal to source 100%tof- & | RSy |
electricity from carborree sources by 203%5. Carbonfree resources araot defined by California. Further discussion on
how PWP refaed to carbonfree resources in the 2023 IRRrisludedin Section14.90f the IRP

7.2.1. State Compliance

California has both RPS arelo-carboncompliance requirements. The CEC identifies and investig@R@&giolations and

may refer suspected incidents @ARBor enforcanent.

RPS compliance is monitored wRECs. RE@re tradeable instruments representing the environmental attributes of 1
MWh of energy. A REC represents only the environmental quality of the energy, not the energy. As a result, a REC car

sold with eéctricity (bundled) or sold alone (unbundled).

RPS ampliance is evaluated over the span of compliance periods, which are-yleaeor fouryearevaluation periods
Under SB 350,ral later updated by SB 100, PWP must supply 44% of its retail sales with eligible renewable resources &

47 https://www.energy.ca.gov/publications/2021/2024b-100joint-agencyreport-achievingl00-percentcleanelectricity

48 https://www.energy.ca.gov/publications/2021/2024b-100joint-agencyreport-achievingl00-percentcleanelectricity

“9 https://ww2.cityofpasadena.net/2023%20Agendas/Jan_30A2enda.asp
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the end of 2024, 52% bthe endof 2027, and 60% ke end of 2030, with progressively increasing targets in the interim
years.

RPS compliance requiremeratee included irFigure25and are reflected in the IRP models.

Figure25: SenateBill 100 and 8SnateBill 1020Fiequirement§O

Compliance Period (PUC Vear SB 100 REE SB 1020 RPS + Zero
399.30) Carbor?o

Compliance Period 4 2021 35.75
2022 38.50
2023 41.25
2024 44.00
Compliance Period 5 2025 46.00
2026 50.00
2027 52.00
Compliance Period 6 2028 54.67
2029 57.33
2030 60.00
Beyond Current Complianc 2035 90.00
Periods 2040 95.00
2045 100.00

Pasadena must procure a balangqeattfolio of eligible renewable energy resourdbat covers different classifications of
REC products. These aederred to asPCCs. PCC descriptiansincluded inFigure26.

Figure26: Portfolio Content Categories

N : _ Share of Overall
Type Definition Example (Generic) PWP Portfolio _
Requirement

PCCO0 Historical carryover (i.e, A 2009 wind agreement  Chiquita Canyon Landfill
grandfathered) contracts that is still delivering REC: PPM (also called Avangric

or ownership agreement: or High Winds Project, or
executedbefore Iberdrola) and Milford
6/1/2010 Wind
PCC1 BundledRECs A project located in Puente Hills Landfill, At least 75%
the first point of California, or in Washingtol Windsor Reservoir Solar,
interconnection is in if delivered into California  Antelope Solar, Kingbird
California, or within a Solar, Columbia Two Sola

50 https://www.energy.ca.gov/publications/2022/renewablgmrtfolio-standardverificationand-compliancemethodologyreport
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— : : Share of Overall
Type Definition Example (Generic) PWP Portfolio
Requirement

CaliforniaElectric without any substitute Summer Solar, COSO
Balancing Authority Arec enemgy Geothermal
and transmitted directly
into California

PCC 2 Firmed andshaped A project in Washington AvangridPowerex No more than
outside California and without transmission to 25%
substituted with energy ~ California generation is
scheduled within firmed and shaped with
California substitute energy that is

scheduled inta California
ElectricBalancing Authority

Area
PCC 3 Unbundled (no A renewable energy various shorterm No more than
associated energy) certificate/ownership of contracts 10%

environmental attributes
from an RP@ligible facility

Renewable electricity products acquired affeme 12010 are classified by their environmental quality (highest to lowest value)

While the 2023 IRP assumes that PWP will meet all future RPS requirements with Cajdaarated PCC 1 products,
the actual PCC 1 supply may be limited, which would result in the need to seitimeREC productMoreover, variations
Ay f2FR FYR 3SYSNIGAZ2Y YIe& |faz2 NBIldzAi NE LINE OdzNBoys$ v (i
effectively.

For the compliance period beginning January 1, 2021, and for each compliance period thereafter, at%eastéb
electricity products applied toward RPS compliance must be fromtkmng contracts(10 yearsor morein duration).

Beginning in 2035, PWP must supply 90% of its electricity from eligibésvable orzero-carbonresourcesin 2022,
t2tQa LERNIF2fA2 02 y%renewabldenddy, as repbite@ s ks\WRavEdbtent Labely(PCL)Note

that the PCL reflects a 2019 CEC calculation modification that excludes unbundled/PCC3 RECs. Under the RPS comp
YSiK2R2t 2383 G6KAOK Ay@2ft 3Sa RAFFSNBY(I RAALRAAGMBeS NEB
portfolio increases to approximately %0

51 https://ww5.cityofpasadena.net/watetand-power/pcl/
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To help avoid significant environmental performance gaps and to support a smooth transitz@nctoarbonsources,
PWP modeled an increasipgrcentige of load that must be met with renewable arero-carlbon sources prior to the
2030goal. These interim goadse shown irFigure27. Values in kack boldtext indicate the requirements, whikealues in
grey italicrepresent themodeled interimvalues

Figure27: RPS anderoCarbonModeled Requirements

2022 38.50 37.07
2023 41.25 41.14
2024 44.00 45.21
2025 46.00 49.29
2026 50.00 53.36
2027 52.00 57.43
2028 54.67 61.50
2029 57.33 65.57
2030 60.00 69.64
2031 60.00 73.71
2032 60.00 77.79
2033 60.00 81.86
2034 60.00 85.93
2035 60.00 90.0

2036 60.00 91.00
2037 60.00 92.00
2038 60.00 93.00
2039 60.00 94.00
2040 60.00 95.0

2041 60.00 96.00
2042 60.00 97.00
2043 60.00 98.00
2044 60.00 99.00
2045 60.00 100.0

7.3. Cap-and-Trade Regulation

/It AF 2 NdhdTra@3prodrdmldvhich CARB administers, was established in 2006 AlB82rand phased in from

2013through2015?! YSY RSR a4S@Sy GAYS&a aAyoOS FIR2LIIA2yzX GKS LINR3
emissions by 40% below 1990 levels by 203GRB8&2 (2016NB lj dZA NS & / 2 SNAY I Y2NBd G K|
over 450 different entities, the program establishes an annual cap of allowable emissions which declines over tim

52 hitps://ww?2.arb.ca.gov/resouces/documents/fagcap-andtrade-program
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Covered entities include electric generators, large industrial facilities, transportation providers, and distributorsalf natu
gas or oher fuels. Entities that annually produce at least one metric ton (1,000 kilograms, or 2,200 pounds) of carbol
dioxide equivalent emissions must acquire an allowance, or a permit to emit. Than@dpade program measures
compliance over distinct time iatvals, or compliance period&ach year, an entity must surrender allowances that
represent 3000f its prior year emissions, with the full remainder due at the end of the compliance pEi@ARB allots

a certain number of free, tradeable allowances fesific entities, including electric distribution utilities such as PWP.
Other entities can purchase allowances or offsets in auctions that CARB periodically conducts. These auctions are desig
to establish stable prices for allowances over time and étp hncentivize general investment and movement toward
lower-polluting sources.

LY LN} OQGAOSET 46 NBySaa 2F GKS OdzNNByid Ffft26l yOS LINAC
decision about how to price its generation outpdiisis how carbon is priced into the electricity sector in California.
Future cost estimatefor allowanced NB LJdzo f AOf & | @ Af FofS 2y GKS /t!/ Qa

However, for the purposes of the IRP, the @ap-Trade program functions as it sounglas a cap. Eagrear, PWP may
emit from IPP, Glenarm, and Magnolia the amount of carbon corresponding ¢aritsnt allowances, as prescribed by
regulation, without penalty or additional co¥tWhile the Cagand-Trade program is currently slated to expire in 2030,
this IRP assumes that PWP would continue to adhere to the principle of the progren2023 IRP therefore ramps down

allowed emissions taeroby the mid2040s PWP elected to use this modeling methoecausetf A YA G & t 2t Q&
during simulated operations.

7.4.1. Power Source Disclosure Program

PWP reports it®Clevery yearas required The PCL &detailed summary of its power mix and carbon emissions intensity.
PCLs aremilar in concept and appearance to food nutrition labels, as they provide product health data to the consumer.
The PCL is a requirement of the e€E@inistered Power Source Disclosure program, which providesteasyderstand
information to consumers ahd local power source¥.Utilities are required to report PCLs annually to the CEC and to
make these reports available to customers? t Q& t /[ Aa LIRAaAGSR 2y 020K G4KS [/ 9/

t2t Q& HAHH LRGESNI YAE Ileyety: smciBatly, 5B tbmlcilar, NytSab Wirddf a8d 8.%6
biomass/biowasteThe balance was comprised of 2h8oal, 4.26large hydroelectric, 13%natural gas, 8 %nuclear,
and 22.36unspecified powep! Also, as previouslyoted, unbundled/PCC 3 RECs areinotuded in the PCL calculation,

53 Chapter 1: How Does The GApd¢ NI RS t NP INI Y 2 2 NJ Ké | iworKpragradasitapandt@aed | ND ¢ O d
program/about

5 https://files.cpuc.ca.gov/energy/modeling/EmissionForecast asvttps://www.cpuc.ca.gov/industriesind-topics/electrical
energy/electriepower-procurement/longterm-procurementplanning/2022irp-cycleeventsand-materials/unifiedra-and-irp-
modelingdatasets2022

55 https://ww?2.arb.ca.gov/sites/default/files/202202/ct_req_unofficial.pdat https://ww?2.arb.ca.gov/ourwork/programs/capand-
trade-program/allowanceallocation/edungs

56 https://www.energy.ca.gov/programsand-topics/programs/powersourcedisclosure

57 https://ww5.cityofpasadena.net/wateiand-power/pcl/
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which, along with different disposition rules, results in a variance from the RPS Compliance, vépiott shows 4%
renewables for the same yeaPWR gower mixis impacted by the carbon intensity attributed with the Il contract,
which will expire in 2027After that time, the IPP contract will be fully terminategliminating its carbon emitting GHG
contribution from the PWP portfolio

7.4.2. The Cost Impacts of 100% by 2045

Under SB 100, the CEC, CPUC, and @ARBequired to issua joint report by January 2, 2021, and every four years
thereafter, to provide policy implementation informatidfi The initial report, which analyzed the required statewide
resources and their costs, found that the 200y 2045 zerecarbon goal would increase system cost$%yas compared

to earlier RPS goaiFurthermore, to reach the target, Califormausttriple its power capacity? Specifically, solar and
wind would need to benstalled atthree timesthe 2021 pace and battees at eight times the 2021 pace.

7.4.3. Social Cost of Carbon

For environmental policies that might increase or decrease carbon, government agencies and policymskerssider
the Social Cost of Carbo8B8CE The SCC is astimated monetary value of the evall downstream impact of emitting an
additional metric ton of carbon dioxid@he U.SEPAestablished the most recent SCC values in September 2022.

Pasadena considered the SCC in its 2018 IRP and 2021 IRP Dpdatg simulations, this effectivefyrevented some
generation that would otherwise have been economical. For the 2023PWRP, studied and allocated a scenario specific
to modelimpacts.

It is important to note that carbon is already priced in the electricity generation sector via tharfdafrade and RPS
programs. If the SCC were applied as an extra charge tdMi&¥holia or Glenarm the followingcould occur in the
simulation:

1 Economicalfossl fuel generation would be deployed lebgcause iis now more expensive

1 More renewable resouresor otherresourcesvould be selected
Althought KS / 9/ 3dzA RSt AySa R2 y2i NBIjdzA NB | y@inalsgefari@ T (0 KS
8. Resource Adequacy
RAis a regulatory construct that helps quantiBsource® | 6 At AG& G2 YSSG SySNH@& ySSR

PWP is subject to regulatory requirements related RA.PWP must, at a minimum, meet the planning reserve
requirement and reliability criteria assigned itoby the WEC®oard of TrusteesSince PWP is a municipal utility, with
ultimate governing authority held by its City Council, PWP is its own LRA. An LRA has authority to dictate some

58 https://www. energy.ca.gov/publications/2021/2024b-100-joint-agencyreport-achievingl 00-percentcleanelectricity
59 https://www.energy.ca.gov/sb100

60 hitps://www.energy.ca.gov/publications/2021/2024b-100joint-agencyreport-achievingl 00-percentcleanelectricity
51 hitps://www.epa.gov/environmentaleconomics/scghg
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requirements that must be met by its jurisdictional ESBNP is abhSE because it provides electricity to end users and is
regulated accordingly. In short, PWP is both an LRA and an LSE.

Because it participates in the CAISO market, PWP has obligations regéelifglowing three types of resource
adequacy:

1 System
Ability to meet load, plus an added PRM to cover forecast uncertainty amdftages

1 Local
Ability to meet regional load and prevent system overlo@dlSO identifies local areas of concern

1 Flexible or Flex
Ramping capabilities to meet loadspecially during the evening hours
Since California is now operating a grid with leiglevels of renewable resource generation, CAfia@s
that flexible resources that can ramp up or down on short notice to meet fluctuation in load and
intermittent energy help support reliability

Additional details on how PWP plans to meet System, LandlFlexible RA capacity requirements during the 2023 IRP
study period are described in the following sections.

PWPhas deferred to #RM of 15%ollowing the CAIS@uriff. The PRM is required monthiging a 1in-2 peak demand
forecast, which assumes a %Oprobability that forecasted peak will be either greater or less than actual peak.
Accordinglyt 2 t Qa RAohligalori is equal to its monthly peak load plus the 15%. PRI? needs to meet thigith

I O2YO0AYlF A2y 2F t2tQa 26YSR YR O2yiNI OGSR NBa&a2dzNDS:

Due to increases in renewable resources and the intermittent nature of renewables, reserve marginsdts raariss

the U.S. are increasing. For example, in 202&0released information showing higher seasonal reserve margins, and
SPRnoved from a reserve margin of 12% to 15%or 2022, CAISO recommended that the CPUC adopt a 17.5% PRM fo
its jurisdictonal entities.The CPUC adopted a 16% PRM for 2023 and a 17% PRM for 2024, and requested jurisdictiol
LSEs procure additional resources to meet an effective PRM of 20% to 22.5% for summer 2022 &0/A&Z3 has not

yet proposed an increase to the 15386iff default, but it is presumed to increase in the near fut§pé=or the 2023 IRP,
PWP elected to model a 15% reserve margin through 2025, increasing to 17.5% for the remainder of the\gfdy.
believes this reflects market trends.

62 hitps://www.caiso.com/Documents/ResouregdequacyFactSheet.pdf

63 https://cdn.misoenergy.org/20220906%20LOLEWG%201t20032620PY %202023

24%20Preliminary%20L OLE%20Study%20Results6262 hitpsti/www.spp.org/sppdocumentsfilings/?id=21069
84 https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M488/K540/488540633.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Published/G00428/K821/428821475.PDF

85 hitps://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M371/K105/371105687.PDF
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Theinstalledcapacity of a generating resource is not indicative of its ability to support system reliability. For example,
solar resource may be hindered on a cloudy day, or a natural gas plant may expeedunoed output due tewonstraints

on natural gas pipelines during cold days.da | NXB & dzf tebability coliBbatdrdzdes tequivalent to its
installedcapacity RA accreditation for resourcésa function of technology type and the atyilof the resource to deliver

its full capacityonto the grid giverfuel, transmissionand other constraintsPWP uses the CAISO net default qualifying
capacity for its resourceBor the 2023 IRP, PWP assumes that the ELCC of solar specifically, mdsdiagad on month,

will decline over time.

In the IRP modeling, PWP assumed monthly accreditation patterns for its resources. This information is based on CA
data and some of the underlying CPUC déta.

Figure28 shows the annual capacity accreditations for solar in CAISO for selectIlyetues.instance of solar, the more
resources online, the later in the day the net peak (actual demand minus renewable respaocurs. As a result, the
hour of operational concern shifts to later in the day when soleds available.

Figure28: Solar RsourceAdequacyAccreditation

2025 12.0
2030 9.8
2035 8.7
2040 8.0
2045 7.5

8.2. Local Resource Adequacy Capacity

I'FEAF2NY Al Q& LCANThése ddergas With yfansmission constraints that lingbwer imports, so local
generation is requiredior system reliability. Every year, CAISO performs a Local Capacity Technical Study that evaluat
localresource needfor a 1-in-10 peak forecast scenarfélt then delegates CR$0 entitieswithin the constrained areas.
Based on CAIS@riff Sectionn n ®o dHX t 2t QA 206fAIFGAZYINRA A Nieh InMRGiER NI
GAYS 2F GKS /1 L{hQa I yYyWydzZat O2AYyOARSyd LISI1 RSYlIYyRO®

The local capacity of each resource is calculated using the same methods as system dédblacify.capacitys system
capacity, but not all system capacity is local capacity.

86 https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M452/K750/45275085%.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/ 845 40/488540633.PDF
https://www.caiso.com/planning/Pages/ReliabilityRequirements/Default.aspx
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M496/K666/496666765.PDF
67 Calculation includes the impact of storage charging.

68 https://www.caiso.com/Documents/Final2023LocalCapacity TechnicalReport.pdf
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PWPneeds theseesources to be located in the STACarea According tdection 40.3.2 of the CAIS&iff: "An LSE or
CPE may meet its MW responsibility, as assigned under this Sdnyigmocuring Local Capacity Area Resources in any
Local Capacity Area in the TAC Ardae SCEansmission access chargesa includes two sulareas: L.A. Basin and Big
Creek/VenturaPWP meets its local RA requirement with Glenarm, Puente Efiliguita Canyon, Antelope Solar, Kingbird
Solar, and Summer Solar resources.

t2tQa f2FR A& Aaea di theSSCE TACArea. Glénany! and Bz@nte Hills are in the L.A. Basgasub
Chiquita Canyon, Antelope Solar, Kingbird Solar, and Sui®af&r are in the Big Creek/Ventura satea. There may be
regulatory risk if the location of load and resources in-auas diverge, should CAISO decide to pursue a more granular
approach to local RA in the future.

Glenarm (with nameplate capacity of 186W) that can provide quick ramping support fulfills the need for local and
flexible RA requirementsAdditionally, it is anticipated that local requirements will likely increase over. timeal RA
capacity is currently a scarce product in the market vhiiijh prices and less liquidity than SystB apacity. This trend

is anticipated to continue as foshilel resources in California are decommissioned or reach the end of their natural lives.

The Flexiblé&RA apacityrequirement is based on the largest threeur net load ramp in a month and was implemented

in 2015 to address the increased need for grid flexibility given greater renewable resource pene€#ti80© uses load
and renewable resource data to determindet overall Flex RA&apacity needed for each month, then allocates
NEIljdzZA NSYSyida oFaSR 2y SIFOK [w! Qa 02 yXdRWPandsiia guffiieht Figxk S
RA from owned and contracted resources to cateobligations.

CAISQariff Section 40.10.3 detaithe followingthree types of Flexible Capacit{:

1 Category 1 (Base Flexibility)
Availablesevendays per week, all days per month
Must be capable of bidding into the dayhead and realime markets from 30 a.m. to 10:00 p.m. Pacific
Prevailing Time
Must be capable of providing energy for a minimunsisthours atcapacity
Must be able to provide the minimum of two staups per day for every day of the month or 60 starts per
month, or the number of startips allowed by its operational limits, including minimum up and minimum
down times
No monthly or annual limitations on number of starts or energy limits that translate to less than the daily
requirements

1 Category 2 (Peak Flexibility)
Availablesevendays er week, all days per month
Must be capable of bidding into the dajpead and realime markets for a fivédhour block that is
determined seasonally

59 hitp://www.caiso.com/InitiativeDocuments/Final2023FlexibleCapacityNeedsAssessmdént.p
0 https://bpmcm.caiso.com/Pages/BPMDetails.aspx?BPM=Reliability%20Requirements
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Must be capable of providing energy for a minimum of three housaphacity

Must be capable of at least orstart-up per day

No monthly or annual limitations on number of starts or energy limits that translate to less than the daily
requirements

Base ramping counts for peak ramping

1 Category 3 (Supdreak Flexibility)
Available all nofholiday weekdays penonth
Must be capable of bidding into the dajpead and realime markets for a fivéhour block that is
determined seasonally
Must be capable of providing energy for a minimum of three houis @pacity
Must be capable of at least one starp per day
Must be capable of responding to at least five dispatches per month during théadiveperiod of the
must-offer obligation
Base ramping and peak ramping counts for super peak ramping

FlexibleRA apacity is distinct from SysteRAand LocaRA apacity It has its own accreditation methods. Generally,
FlexibleRA apacity is bundled with SysteRA(or LocalRA capacity at a slight premium. It is not generally tradedaas
stand-alone product since the CPUC requires all Flexible RA to be bundled with 8fsfemCPU{Tirisdictional entites

and most of the loadis served byCPjurisdictional entities Given that CAISO allows Flexible RA and System RA to be
scheduled separately, it is possible that these prodaotdd tradeseparately for nogurisdictional entities, although that

is not currenly the common practice.

Glenarmwith its unique capabilities such as quick start, ramping ability, minimum run time, and other ecoyisrhighly
desirable in supporting forecast dependent resources such ad amil solar and their inherent variabilitgslenarm
cdZNNB y (i f 8 LINE JA R SRAcapatity requifemearg2 t Q&4 Cf SEAO6f S

The Slice of Day proposal was adopted by CPUC in the 20g&béd&dingand is currently applicable only to CRUC
jurisdictional LSE4.Under the Slice of Day construct, an LSE must show that it has sufficient capacity and reserve marg
in each hour of th dworst day of every month. This includes having sufficient energy available to charge energy storage
resources. The test year for this construct is 2024, and 2025 will be binding with associated penalties for deficiencies.
of February 2023, the CPW@d stakeholdersvere still developing the mechanicgVhile PWP is not directly affected,
there may be some aspects that CAISO adopts, though there are no current discussions. The Slice of Day construct
ultimately affect RA trading in the future.

8.4.1. Reliability Must -Run Resources

Some generation is crucial in maintaining system reliability and may not be allowed to retire without a detailed anc
stringent backup plan. These units are designated as RMR resources. According to CAISO; RMRs are

"1 https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M488/K540/488540633.PDF
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"Generation hat the CAISO determines is required to bdirmto meet Applicable Reliability Criteria
requirements. This includes i) Generation constrainetinernto meet NERC and WECC reliability criteria

for interconnected systems operation; ii) Generation ne¢dedeet Load demand in constrained areas;

and iii) Generation needed to be operated to provide voltage or security support of the CAISO or a local
area."

RMRs arecovered in Section 41 of the CAIG@ff.”2

The Glenarm resource is on the PWP load side of a 280 MW interconnection into CAISCBdadtehintertie line.
Operations are criticahs PWP is a transmissiaonstrained electric systenDA @Sy Df Sy I N¥Qa ad NI
preventing load shed, any decisions regardiagperations would be subject to CAISO analydisch is basedh parton
NERC reliability standards.

The following are the circumstances that cause Glenarm to camfige:

Glenarm helps serve loabove the Goodrich intertie limit

Glenarm is economienough to provide reliability benefits to the grid

Goodrich is unavailabldue tounexpected failure or neextoutine maintenance

Glenarm alleviates constires on thedistribution system

One or both 220kV transmission lines from SCE experience unexpected failure or need routine maintenance

= =2 =4 =/ =4 =

Glenarm provideadditional reliability benefits, such &eactive Power (VAR) support to maintain CAISO
required voltage bandwidth

1 Glenarm supports renewable resources and can compensate for their output variability attributed to the
uncertainty of wind speeds and solar illuminatidie CAISO makes Glenarm unit commitment decisions in
these cases where required

PWP is part of CAIS®us Glenarm is part of CAISO. If Glenarm is online, it is not in complete control of its operations, a
it must follow instructions from CAISO. CAISO is similar to a financial clearinghouse; it identifies the reffdaos
sources of power and giatches them based on physical constraints. Optimizing multiple resources over a wider territory
can produce savings for the larger system. CAISO may find that Glenarm is one of the meffecihat sources of power

and call on it to provide energy. @ivthe lower dispatch of the Glenarm units, it is unlikely that Glenarm will be called on
frequently because of economics. It is more likely that CAISO instructs Glenarm to come online to help with grid reliabilit

Glenarm helps provide reliability benisfto the grid,asincluded inits RAcharacteristics. Under CAISO rules, resources
that qualify forRAK | @S (2 2 T F Saldad ryfarkétd. This is GeerreR to &s a mofer obligation.There are
limits to what price a resource can offer in GalFhese rules exist to prevent market manipulation or an abuse of market

72 https://www.caiso.com/Documents/Section4Rrocuremeniof-ReliabilityMustRunResourceasofAug152022.pdf
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power. Given that Glenarm isneRAresource, it has to offer into the CAISO markets at a reasonable rate, as determined
by the CAISO tariff.

9. Model Assumptions

In accordance with CEC guidelines, the planning horizon of an IRP must begin no later than January 1 of the yea
FR2LIGAZ2Y o0& |t h3TEeR023 RPWINI prgséhtedtd@ theNdBs@dena City Council for approval in late
2023 and will therefore be considered in effect on January 1 of that Waitle current regulations require the planning
horizon to run through 2030, the CEC 2022 draft IRP guidelines extend this timeline to 2045, suggesting an attempt
align with evoling clean energy laws and regulatipmeludingthe following:

T 1. MHT®HPE 6KAOK SELIYRaA 2y {. onQa &aildS6ARS nm:
carbon neutrality no later than 2045 and reduce anthropogenic GHG by 85% compared tieves.

T {. Mnuns 6KAOK | OOSft SNI G S &carpan resonrecefily 2045iratuirerhkBtyoSfasted
adoption by adding interim targets that go beyond 2030.

Also, since resources in the modeled portfolios will likely continue to be dpeedtbeyond 2045, the 2023 IRP usesa 27
year planning horizon that starts in 2023 and ends in 2050 (Study Period). While not required by the CEC, it is expec
that the longer Study Period will be useful for evaluating capacity and resource performance.

t2tQa Lwt f S@SNIEASmpassoffviaie Nenie? acamditidexpansion and production cost modeling
software developed and maintained by Anchor Power Soluti®hEnCompass is a statdé-the-art power planning
simulation software degned for modeling evolving power markets, decarbonization, and sustainability. Encompass wa
created with enhanced capabilities to evaluate new technologies, assess renewable resources and storage, moc
reductions in GHG emissions, and optimize decarlatioiz strategies, andthe industrymodel of choice foa variety of
entities, includingnunicipal utilitiesjnvestorowned utilities, electric cooperatives, and consultants. It has been the basis
for regulatory filings in 17 states.

EnCompass providesmpacity expansion, nodal and zonal hourly chronological production cost modeling, risk analysis
scenario analysis, and financial revenue requirement modedfimgire @ provides a summary of the model options. The
2023 PWP IRP was modeled using the kooastruct.

73 https://www.energy.ca.gov/rulesand-regulations/energysuppliersreporting/cleanenergy-and-pollution-reduction-act-sb-350-0
"4 https://lanchor-power.com/encompasgower-planningsoftware/
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Figure29: EnCompass Power Planning Software

EnCompass Power Planning Software

Capital Projects
Multiple annual plans with capital costs and constraints

Capacity

Regional reserve margin reguirements with demand curves

Environmental Programs
Renewable portfolio standards, mass and rate-based emissions

Unit Commitment
Full commitment costs and constraints with sub-hourly capability

Energy Ancillary Services
Dispatch Blocks Spinning Reserve
Fuel Blending Non-Spinning
Ramp Rates Regulation Up / Down
Nodal / Zonal Transmission Region Sharing

Ovutage Schedule
Maintenance optimization to minimize regional reliability risk

Source: , developer of EnCompass

EnCompass minimigéotal costs and maximizdotal revenue of electricity systems, subjéctconstraints. The model
selects and operates the leasbst, bestfit resource mixes giveassumptionsin the IRP modeling results, dollars are
nominal, unless otherwise noted. The model uses a nominal discount rate of 5% and an annual inflation.&&e of 2

with results reflected in calendar yeas K S G KNBES ONRGAOF f Y2 R Sate sho@nyi BigumBOA v (1 &
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Figure30: PWPrtegrated Resource Pla@ritical Model Constraints

PWP is a transmissiaronstrained Resource selection is optimized to California RPS regulations require 6(

system with limited ability to import meet RArequirements.RA ignonthly of retail sales to be met with
energy from outside its service peak load plus RM. The PRM is renewable resources by 30,
territory. The model considered modeled atl5%and increases to increasing to 100% renewable and
transmission import constraints 17.5% in 2025 zero-cabonresources by 2045. Carbc
when selecting new resources ant emissions must also decline over tim
their preferred locations. A resource’s ability to meet the RA i accordance with the Cagnd-Trade
requirements is dependent on Regulation.
resource typeMore informationis
includedin Figure40and41. Pasadena City Council Resolution 9¢

declares a climate emergency and se
a policy goal to source 100% of
tlhal RSyl Qa S tb&ndréed
resources by the end of 2030 while
optimizing for affordability, rate
equity, stability, and reliability

9.3. Model Topology
t2tQa aeadsSy g+a Y2RSt SR | Bdghe3lRhisygelup miticsithi §/stembh Rtiardraigsion K
level.

Figure31: Model Topology

Energy Export Capabilities (per
hour) - 100 MW

« Existing Contracts _ + Glenarm Units

External Internal

« Potential New Resources « Potential New Resources

Energy Import Capabilities (per

hour) - 280 MW through June

2031, increasing to 336 MW by
July 2032

PWP serves load within its service territory with internal resoufGsnarmor distributed resourcesand by importing
energy fromCAISO aBoodrich.

PWP is a transmissiaronstrained electric system. Currently, Goodrich can import up to 280 MW under normal operating
system conditions. This is expected to increase to 336 MW\r2032 with the completion of system upgrades described
in Transmission and DistributioRWP has also executed contractsf@sources located ouide its service territory. The
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energy from these external resources moves through the CAISO controlled system and is delivered to the Goodri
substation.

The external areés CAISOCAIS®@perates financial markets for electricity@ helps ensure reliable power delivery by
monitoring and controlling the operation of power plants and transmission lI[R&@\SO, which PWP joined in 2004, also
helpsplan withrigorous studies and requirements.

The IRP model uses forecasted power aatiliral gas prices for the CAISO area surrounding. HWBccounsfor trends
in the larger California arederice trends are based on forecasted resource mixes and include financial and emissior
factors.

The power prices for SP15 (the CAISO Zonehich PWP prefers to price contracts)d the natural gas prices for the
Southern California City Gate location come from the Horizons Energy, LLC (Horizons Energy) Fall 2022 Advisory.

Horizons Energy generates fundamental forecasts for 78 Northridameelectricity markets across nine scenarios for
energy, fuel, capacity, renewable energy, emissions pricing, and ancillary séfliaeses the EnCompass database to
create price curveACES also uses Horizons Energy data to assist in the managemewaluation of more than 50,000
MW of load and generation fats clients.

For 2023 through 2027, the 2023 IRP uses power and natural gas prices based on market quotes with a trade date
December 30, 2022 his is the latest trade date that allovier full-year 2023 data. Beginning 2028, ACES blended the
prices into Horizons Energy price forecast curves at 10% per year, such that prices reflect 100% Horizons Energy dat
2037.This blending process ensures price forecasts in the early yearsréhas alose to actual and executable pricing as
possible, with later years mimicking the letegm fundamental price forecasRower and natural gas priciage included

in Figure32 and Figure33, respectively? Prices are normally subject to confidentiality agreements, but Horizons Energy
graciously allowed for release.

Figure32: SP15 7x24 Power Prices

7S https://www.caiso.com/Pages/default.aspx

76 https://www.horizonsenergy.com/

7 https://www.horizonsenergy.com/advisorgervices/advisorgervice/

Be¢KS 2LAYAZ2YyE SELINB&aaSR Ay G(KAA&A NBLRNI FINB olFlaSR 2y IteNRI 2
outcomes of electric power markets. However, the actual operation and results of power markets may differ fronpribiested

herein. Horizons Energy makes no warranty or guarantee regarding the accuracy of any projections, estimates, or andlgses, or
such work products will be accepted by any legal, financial, or regulatory body.
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SP15 7x24 Power Prices
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Figure33: Fuel Prices

Fuel Prices
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Source for Natural Gas: Horizons Energy Fall 2022 Advisory
Figure 34ncludes additional estimates of fuel pricing for green hydrogen and biofuel, which wer&tedfrom publicly

available sources.
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Fuel Pricing Assumed in? t ZDA3 IRP

Timeframe Power Natural Gas Biogas Green Hydrogen
Starting Point 2023 through 2027 2023 through 2027 Assume an initial Start at $5.80/kg’
based on market based on market price of
quotes with a trade guotes with a trade $25/MMBtu’® Convert from uBglallons
date of December 30 date ofDecember 30, to MMBt
2022
2022

Intermediate Years Horizons Energy Horizons Energy Price declines linearl Price declines linearl

forecast blended at  forecast blended at through 2040 through 2050

an additional 1005  @n additional 10%

per year peryear

Ending Point 100% Horizons 100% Horizons  Assume $24/MMBtu Assume a final price

Energy forecastin ~ Energy forecastin  (in real 2019 $)in  of $1.15/kg (in real
2037 and beyond 2037 andbeyond 5040 maintain a 2019 $) in 2059
linear decline
afterwards?

*Last trade date that allows for full 2023 data

Biofuel and hydrogen may benefit from tax credits under lRA Because of the forecast dependency on public source
data pre-IRA such benefits are not directly included. PWP wilaluatethe market, public and private sources of
information, to investigte these fuels if needed’he IRA is discussedlifh.2.40f the IRP

9.4.1. More About Horizons Energy, LLGS Eorecasting Method

HorizonsEnergyuses a fundamentalsased methodology to forecastnergy, capacity, environmental and ancillary
servicepricesfor 78 North Americamarket areasBasedon Y OK2 NJ t 2 SNRa 9y / 2YLJ aa LR g
Energysimulates the operation of each region of North AmerEaCompasis recognized in the industry for its flexibility

and breadth of technical capabilitypcorporating extensive details in generating unit operating characteristics and
constraints, transmission constraints, generation analysis, unit commitment/operating conditions, and market systen
operations.This fundamental approach utilizes the opengticharacteristics ahore than16,000 generating assets, fuel
prices, hourly demand, transmission transfer capabilities, market rules of ISOs and other factors.

The EnCompass power planning model utilizes this database of market information and sirhatatesnual capital
decisions as well as the operational commitment and dispatch of resources. The model simultaneously determines ener

" https://gasfoundation.org/2019/12/18/renewablsourcesof-naturakgas/

80 https://www.utilitydive.com/news/greenrhydrogenpricesglobalreport/627776/

81 hitps://www.altenergymag.com/story/2020/03%E 2%80%98hydrogewonomyoffers-promisingpath-to-
decarbonization/32929/

82 hitps://gasfoundation.org/2019/12/18/renewableourcesof-naturalgas/

83 https://data.bloomberglp.com/professional/sites/24/BNEFydrogerEconomyOutlookKeyMessages30-Mar-2020. pdf
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capacity, environmental and ancillary service prices with hourly resolution and across scenarios. IHoezgyisrecasts
market prices throughout North America through the 2050 forecast horizon.

HorizonsEnergyutilizes a variety of sourcdike Natural Gas Intelligence (NGI) to obtain forwards and histoewstls the
U.S.Energy InformationAdministration (EIAANnual Energy Outlogland other published sourcem the base scenario,
HorizonsEnergyassumes future market prices from NGI fdryears then applies a trend thereafter based on internal
research and other published sources.

HorizonsEnergydeveloped the wind and solar profiles from NREL data. The wind is based on the class of wind and turbir
height, whereassolar is based on radiancexdd or tilt axisand number of axes.

When PWRcontractsfor new resources, costs associated with congestion and transmission access are generally nc
included in the contract price.

Electric grids are similar to road systegthere are busy roads and costs associated with that congestion. PWP must pay
to transport power from where it is generated to where it is needed. Congestion costs are not included in the IRP modelin
However, congestion could be a significant cost inftiiere, and should be considered when PWP is evaluating contracts.

TheTAGs a feethat CAISO charges participants for use of the transmission system. These are general infrastructure
usage feesTAC iseparate and distinct from congestion costs. The IRP assumeh¢ehdACwhich appksto external
resources ands estimated by CAI3, escalate by 2.1% (the average annual growth rate) after 2036 when the CAISO
forecast ends$?

Figure 3%hows a forecast of TAC fees.

84 hitp://www.caiso.com/Pages/DocumentsByGroup.aspx?Groupl D=7A2 3432 D468F3933398E100AE7
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Figure35: Transmission Access Charge Forecast
TAC Forecast
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Electric grids are complex, interconnectsgstems. Power is injected and consumed across the grid, and transmission
lines transport electricity from where it is produced to where it is needed. Additionally, electricity must be produced (or
released from storage) the moment it is needed. There @rgsical (and many other) constraints that underline this
system, making lonterm planning a multifaceted optimization that considers various factors, such as location, cost,
resource type, timing, and environmental impact. Transmission consideratiotesms of availability and cost, are made

at the implementation stage, when the relative merits and challenges of specific candidate projects are assessed.

The followingwo sections2 dzii f A y f@sourdes afloadExisting ResourcgSection10.1)LINE A RS& RSO A
existing resource fleetvhile New ResourcefSection10.2) provides information on new resource options.

A 2 4 A x

Overall, resourcesire locatedA Y G SNY I f f &8 002yySOGSR St SOUNAROLFHffe lFyeég
(located outsi® t 2t Q& & SNIPMGK St SHgBkpRGHEtNEEe ddeind) Snd external resources used in the
model, as well ashe distributedresources included inthe load forecastAdditional details regarding electric load and
what isincludedis shownin the LoadForecas(Sectionll) of the IRPFigure37 classifies resource size.

Figure36: Resources by Location

External Resource Options _ Included in Load Forecast

1 Onshore wind Community (utilityscale) solar 1 Energy efficiency
f Onshore wind paired with-4 4-hour storage T Distributed solar
hour batteries 6-hour storage 1 Residential storage

8-hour storage f Commercial storage

10-hour storage
Commercial batteries
Fuel cells
Residential solar

i Offshore wind

Utility-scale solar

i Utility-scale solar paired with-4
hour batteries

1 Geothermal

=
= =4 4 4 a8 a2 -2 -2

Pasadena Wateand Power 69 of 257



1 4-hour storage 1 Residential batteries

1 8-hour storage 1 Commercial solar

1 10-hour storage 1 Commercial batteries

1 Fuel cells 1 Biogas (defined as renewable

Figure37: Resource Category by Size

Utility-Scale Large (~1 MW or largerowest costs per unit due to economies of scale. Utditgle
resources are usually large projects located in open asash as fields.

Community Large (often utilityscale) and usually owned/contracted by the utilifylows consumers with

limited roof space to opin and get a share of the solar output.

Distributed Medium (=714 kW); usually owned/contracted by consufiéixamples: panels on a parkin

(Commercial) garage or on a larger industrial building.

Distributed Small (~6 kW); usually owned/contracted by consuffi&xample: panels oa house.

(Residential)

10. Resources

10.1. Existing Resources

PWP has accumulated a diverse mix of resources to reduce its overall portfolip tisk. Qa OdzNNBy & NI a
consists of Citpwned natural gas generation dravariety of contracted energy, capacity, and renewable resoulces.
HAHOS t2tQ& LRNITF2fA2 AyOf deSdRnatlirdliydslBeBekaion arl 247 MW ofiother 2
contracted resourcesA summary of resources is providedHigure38.

Figure38: Owned and Contracted Resourfés

IPP Coal Contracted 6/30/2025 Coal System, None
Flexible
IPPNatural Contracted 6/30/2027 Natural Gas 54 System, None
Gas Combined Flexible
Cycle
Glenarm Owned Not Applicable Natural Gag 197 System, Local None
132 MW Flexible

85 hitps://atb.nrel.gov/electricity/2022/commercial_pv

86 hitps://atb.nrel.gov/electricity/2022/residential pv

81 7T dzal | @8RNRX | mp a2 O2y iGN} OGSR NB&2dzNOS> A& OdNNByite 2dz
Pasadena Wateand Power 700f 257

2023 Integrated Resource Plan



https://protect-us.mimecast.com/s/HSlWC0RPvAF1Nx1tDsmFl?domain=atb.nrel.gov
https://protect-us.mimecast.com/s/YhqTCgJN17hME3Mf2aoTi?domain=atb.nrel.gov

Facility : Fuel Type RACIlass
Contracted Exit Date (MW) Class
Combustion
Turbineand
65 MW
Combined
Cycle
Magnolia Contracted 7/1/2036 Natural Gas 14 System, Local None
Combined Flexible
Cycle
Hoover Hydro  Contracted (Beyond 2050) Hydroelectric 14 System None
Palo Verde Contracted 20452047 (3 Nuclear 10 System None
Nuclear units)
Milford Wind Contracted 11/14/2029 Wind 5 System PCCO
PPM (also Contracted 12/31/2023 Wind 2 System PCCO
called
Avangrid, or
High Winds
Project, or
Iberdrola)
Wind
Chiquita Contracted 11/22/2030 Landfill Gas 6 System, Local PCCO
Landfill Flexible
Puente Hills Contracted 12/31/2030 Landfill Gas 10 System, Local PCC1
Landfill Flexible
Coso Contracted 12/31/2046 Geothermal 10-20 System PCC1
Geothermal
Geysers Contracted 12/31/2041 Geothermal 25 System PCC1
Geothermal
Antelope Solar Contracted 12/31/2041 Solar 7 System, Local Solar
Columbia Two Contracted 12/18/2034 Solar 2 System PCC1
Solar
Kingbird Solar  Contracted 12/31/2036 Solar 20 System PCC1
Summer Solar  Contracted 12/31/2041 Solar 7 System, Local PCC1
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- Owned or Retirement or PWP Share Renewable
Facility Fuel Type RAClIass
Contracted Exit Date (MW) Class

Windsor Contracted 5/30/2031 Solar None PCC1
Reservoir
Solar
Sapphire Solar  Contracted 12/31/2046 Solar, with 39 (Solar); 20 System PCC1
+ Battery Battery Energy  (Battery)

Storage

System

The renewable energy Figure39A & A RSY GAFASR OF G S32NE ¥ ZudbeQrforalion | y (

e
is available ithe IRPF YR 2y t 2t8Qa ¢So0aAriSo

U)) o

Figure39: Contracts for Renewable Energy

Renewable Category Quantity (MWh)

PCC1 Bundled Renewable Enemgy RECs (Powerex PCC1) 70,000 (Annually) 20202030
PCC1 Bundledenewable Energy and RECs (Avangrid) 10,000 2023
PCC1 Bundled Renewable Energy and RECs (Avangrid) 120,000 2024
PCC2 Bundled Renewable Energy and RECs (Avangrid) 70,000 2023
PCC2 Bundled Renewable Energy and RECs (Powerex) 70,000 2024
PCC3 RE(CSTX) 30,000 2023
PCC3 RECs (STX) 35,000 2024

Additional information on owned or contracted resourcesuglined in the following sections

10.1.1. Coal

PWP has a longrm contract for 108 MW of coafired power generation from thdPPfacility in Utah. Thirtyfive
participants in six states, including neighboring cities of Los Angeles, Anaheim, BRivardideand Glendale, contract

for power and capacity from the twanit, 1,800 MW coafired steam plantt 2 t Qa | Yy y dzI fgeneratidn 6B 2
modeled a#t50 GWhofmusti  { S Sy SNH& 6KAOK Aad | LIWINRPEAYIFGSte od: 2

IPP will transition from codired generation to natural gasombined cycle in July 2025 and PWP has contracted for 54
MW of the combined cycle outpuhrough the end of June 202The repowered facility will provide approximately 375
D2 K 2F SYySNH@&zZ 2N) Fo2dzi oo 2F t2tQa Fyyddt f2FIRd t2
t2tQa LI NIAOALI GA2y A wil nottparticigate infplanS fgr fhe fagifity to mamsfornl-to/aRenéwaltle
energy and hydrogen huf®

88 hitps://ww5. cityofpasadena.net/wateiand-power/pwppowersources/
8 https://www. ipautah.com/ipprenewed/
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10.1.2.  Natural Gas
PWP both owns and contracts for a combined total of 264 MW of natural gas energy and capacity.

Like coal resources, natural gas resourhase resourcespecific carboremission factorsThe corresponding carbon
output for these resourceare 02 S NB R dzy RS Nand-Tradeh pFogrdil A F MR O 2 ddy (i entisSidnA v &
allowance.Despite this carbon content, the trajectomas been ina@asing percentages of clean and renewable energy in
PWR @ortfolio as incremental renewable procurements have and will occur.

PWP owns 197 MW of natural gas capacity fromGhenarmin Pasadena, which is comprised of four combustion turbines
and ane combineecycle unit. These resources are located on the RBWE of the Goodrich. Goodricth &a t 2t Q
interconnection facility with the CAISO transmission system.

Glenarm provides key reliability benefits when PWP system loads exceed the GoodricB tddnsf A YA (& 2 NJ
distribution system reaches internal transfer limits

The Glenarm units also provide significant resource adequacy caphatthélp meet reliability requirements under
CAISQ tariff.

As mentioned above, PWP will begeceiving 54 MW of natural gdised generation output from IPP after its conversion
from coal in 2025.

PWP has also contracted for up to 14 MW of energy and capacity frofulaigaocliain Burbank, Californjeof which6
MW ismodeled asnusttake energyAny early termination of the Magnolia contract, which currently runs through June
2036, would be subject to the terms and conditions as stated in the contract.

10.1.3. Wind
PWP has contracted for 7 MW of wind capacity from the Milford WirdiRRM Wind Projects

10.1.4.  Landfill Gas
PWP has contracted for 16 MW of landfill gas from the Puente Hills and Chiquita facilities.

10.1.5. Solar

PWP has contracts for73VIW of solar from five facilities and recently executed an agreement for the Sapphire Solar +
Storage Project (Sapphir&apphire is slated to begin commercial operations by the end of 2026 and will add 39 MW of
contractedinstalledO | LJ- OA G & (2 t 2t Dstallef &ldradapakiy.3 o1 a2 27F

10.1.6.  Hydro

PWP purchases up to 14 MW of the output of Baulder Canyon Project at the Hoover Ddine daily and hourly capacity
and energy from Boulder Canyon varies due to river flow requirem&htsannual output varies due to hydrology, storage
conditions and environmental constraints.
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10.1.7. Nuclear

PWP has ahgterm contract for 10 MW of the Palo Verde Nuclear facility in Arizona. Palo Vembeleded as daseload
musttake resource. Itexpected output is based on historic generation patterns and its maintenance schedule.

10.1.8. Geothermal

Prior to 2023, PWPoantracted for 10 MW of the Coso geothermal facility that is planned to bdeiivering to PWHn
2027 and expected to increase to 20 MiVinstalled capacityn 2037.In 2023 PWP executed an agreement for 25 MW
of the Geysers Geothermal Project (Geysem)ich will begindelivering to PWHn 2027. Both Coso and Geysers are
modeled asnusttake baseload resources.

10.2.1. New Resource Options

The IRP simulation model (EnCompaietailed inModel of the IRP selects from a variety of resources to provide future
energy, capacityenewable, and zergarbonenergy based onaed, location, and economidsor the 2023 IRP, resources
are generally modeled in increments®MW or greater This isonsidered utilityscale and the ncrementat whichPWP

is currently willing to transact. However, PWP would consider smaller increments of distributed respaoremercial
and residential solar and batteriese modeled as 1 MW increments. This represents aggregations of smaller projects.

The following arehie resource options available in the model are:

i Utility-scale wind
Onshore &nd-based
Onshore lanebasedpaired with 4hour lithiumrion battery storage
Offshore

Utility-scale

Commercial

Residential

Utility-scale paired with 4our lithium-ion battery storage

9 Lithiumion battery storage
4-hour utility-scale
6-hour utility-scale
8-hour utility-scale
10-hour utility-scale
4-hour commercial
2.5-hour residential

i Utility-scale t@iel cells using renewably derived hydrogen

i Utility-scale gothermal

The load forecast includes the impacts of existing matdirallyexpectedforecastedenergy efficiencydemard response,
distributed solar, distributed storage, electric vehicles, and fuel substitutionL&ae Forecadbr more details.
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Distributedresourcesjn addition to thosencluded in the load forecast, amptimized aswew resource installationsThe
2023 IRP assumes, for study purposes, that PWP would finance, control, and register the adtigichatedresources
assome form of CAISO resource that can provide energy, capacity, and/or renewable benefits.

10.2.2.

Resources are modeled with a-28ar contract termandthe parameters shown iRigure40. All resourcesexceptpossibly
stand-alone batteries, provide renewable awdrbonfree energy.

New Resource Parameters

Figure40: New Resource Parameters

Landbased 10 MW 35% External

(onshore) wind

Landbased 10 MW windand 5  35% for wind;17% External 85% roundtrip

(onshore) wind MW storage; for storage efficiency for lithium

paired with 4hour interconnection ion storage; limited to

lithium-ion battery limited at 10 MW 365 cycles per ye#r

storage

Offshore Wind 10 MW 46% External

Utility-scale 10 MW 32% External

photovoltaic solar

Commercial 1 MW 19% Internal 1 MWrepresents an

photovoltaic solar aggregation of smaller
resources

Residential 1 MW 19% Internal 1 MW represents an

photovoltaic solar aggregation of smaller
resources

Utility scale 10 MW solarand 5  32% for solar; 17% External 85% roundtrip

photovoltaic solar MW storage; for storage efficiency for lithium

paired with 4hour interconnection ion storage; limited to

lithium-ion battery
storage
4-hour utility scale
lithium-ion battery
storage

limited at 10 MW

10 MW

17%

External and internal

365 cycles per yea

85%roundtrip
efficiency for lithium
ion storage; limited to
365 cycles per year

90 https://atb.nrel.gov/electricity/2022/utility-scale_battery storage
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6-hour utility scale 10 MW 25% External 85% roundtrip
lithium-ion battery efficiency for lithium
storage ion storage; limited to
365 cycles per year
8-hour utility scale 10 MW 33% External 85% roundtrip
lithium-ion battery efficiency for lithium
storage ion storage; limited to
365 cycles per year
10-hour utility scale 10 MW 42% External 85% roundtrip
lithium-ion battery efficiency for lithium
storage ion storagejimited to
365 cycles per year
4-hour commercial 1 MW 17% Internal 85% roundtrip
lithium-ion battery efficiency for lithium
storage ion storage; limited to
365 cycles per yeat
MW represents an
aggregation of smaller
resources
2.5-hourresidential 1 MW 10% Internal 85% roundtrip
lithium-ion battery efficiency for lithium
storage ion storage; limited to
365 cycles per yeat
MW represents an
aggregation of smaller
resources
Renewable 10 MW Fueldependent External 6,469British thermal
HydrogenPowered units Btu)kWh heat
Fuel Cells rate®!
Burns greerhydrogen
Geothermal 10 MW 9096 External

Monthly capacity accreditation values for different resource types in 2080shownin Figure41l. PWP assumed the
accreditation for solar was consistent across size. PWP also assumed 100% accreditation for storage

91 hitps://www.eia.gov/outlooks/aeo/assumptions/pdf/table 8.2.pdf
92 https://atb.nrel.gov/electricity/2022/geothermal
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Figure41: Resource Adequacy Accreditation for New Resources

Landbased 21.90 23.40 21.80 13.80 14.20
(onshore) wind

Offshore Wind 35.00 39.00 31.00 53.00 43.00
Utility-scale 0.27 2.04 4.36 8.44 7.56
photovoltaic solar

Commercial 0.27 2.04 4.36 8.44 7.56
photovoltaic solar

Residential 0.27 2.04 4.36 8.44 7.56
photovoltaic solar

Renewable 99 99 99 99 99
Hydrogen

Powered Fuel

Cell$®

Geothermal 98.30 95.98 92.75 95.09 92.77
4- Hour (or 100.00 100.00 100.00 100.00 100.00
greater) storage

2.5-Hour Storage 62.5 62.5 62.5 62.5 62.5

10.2.3.  Availability of New Resources

The IRP model can add up to 1 GW of each of the resources listegliie40to the PWP portfolieach calendayear. At
any one pointthe model allows a maximum of 2 GW of each new resource type online simultaneously.

All new resource options are available in 2@&ept offshore wind and fuel celBWP assumes that offshore wind and
fuel cells are available for deployment as soon as 2030, which allows additional time for technology maturation.

Given that PWasa peak 0f320 MWin 2023 these build limits in the wdel are larger than what PWP may be willing

to pursue. ThisurrentlyLINE @Sy 1a (GKS Y2RSt FNRBY O2MaketadvaildoyiyvilHeterntine Q &
when and how much of each different resource type is available. PWP anticipates participating in the market frequentl
and will adjust procurement based on market intelligence.

PWP assumethat the followingresources could beJK @ 3 A OF f t @ f 20F GSR Ay t2t Q& aSN]

1 200 MW of 4hour batteries or any one of the following
E 150 MW of 6hour batteries
E 100 MW of 8hour batteries

% This is the weighted average value from Glenarm. Glenarm is a proxy for a dispatchatziepkrdent resource.
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50 MW of 16hour batteries
1 5 MW of utility scale solar
T 5 MW of fuel cells

9 Distributed resourcegresidential solar, commercial solar, residential storage, commercial storage)
Other resources would be locateditsidePWR2 a a SNIIA OS (G SNNR G 2 NB

10.2.4. Inflation Reduction Act and Tax Credits

ThelRA which was enacted in 2022, provides for significant investments to promote decarbonization in the U.S. Currer
assessments of the impact of the IRAicateup to a 10% decrease in net emissions by 2030 (compared to 2005 fvels).
The IRA includes $368lton over the next decade for energy and climate initiatigéise largest investment in climate to
date > The majority of this investment witle inthe form of tax credits.

The IRA extends and modifies the previously available investment and piadtiaki credits. With thdTC the credit
received is gercentage of the cost of a project. TIRT ds similar, but the amount compensated depends on anticipated
energy production versus project cost.

The ITC and PTC have been in place for decades id.fheand have helped encourage development of renewable
generation. While eligibility hasistoricallybeen limited to certain technologies, under the IR#e ITC and PTC become
new technologyneutral incentives starting in 202%his is also the first ye for addition of new resources in the 2023 IRP;
therefore, the technologyneutral incentives will be included in resource costs.

To qualify for the technologgeutral PTC under the new Section 45Y of the Internal Revenue Code, resources must em
zero enssions based on a lifecycle assessment. The 2023 IRP assumes that onshore wind and geothermal projects
incorporate the PTC.

Energy storage now qualifies under the technologytral ITC according to the new Internal Revenue Code Section 48D.
Previotsly, storage eligibility required that associated charging be from a renewable resource. That no longer applies. T
2023 IRP assumes that storage, offshore wind, solar, and fuel cells will use the ITC.

The Federal Government revamped the ITC and PT@ppod U.S. labor and supply chains. Generally, there is both a
base ITC and PTC which are multiplied by a factor of five if developers meet prevailing wage and apprenticest
requirements. There are additional 10% adders if domestic content requirementaet, or if the project is in an energy
community. Details on these multipliers appear in Figur€4Rigure 43 shows the general tax credits. The IRP cost inputs
assume that prevailing wage and apprenticeship requirements have been met.

9 https://rhg.com/research/climatecleanenergyinflation-reduction-act/

9 https://www.cohnreznick.com/insights/inflatioieduction-act-renewableenergytax-incentives

% Jenkins, Jesse D.; Farbesnillalones, Ryan; and Mayfield, Erin N. (2022), "REPEAT Project-Bg&#rtion Summary of Energy
and Climate Policies in the 117th Congress," B23 REPEAT Project, http://bit.ly/FeR&AS. doi: 10.5281/zenodo0.6993118;
https://docs.google.com/spreadsheets/d/1X2PORZp5JzP2yWbdUSbXphEIIGRE24INMh1s/edit#gid=1108881515
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There are alsgrants, loans, and loan financing available under the TRwsemay provideopportunities for PWP to
reduce or offset future costsPWP igpursuinggrant opportunities while also considering skitfild IRA criteria

Figure42: Bonus Tax Credits for Renewable Resources

Prevailing Wage/Apprenticeship . . : SRR
Domestic Content Requirements Energy Community Qualifications

* Prevailing wage requirements apply * 100% of steel/iron that are not part of « Applies to one or more of the

to all workers and sub-contractors the manufactured product must be following:

produced in the US . .
. . * Brownfield sites

* During construction and » Percentages of cost of manufactured

malntgnance time aﬂ?mards (5 product must be made in the US * Some tax/employment

years if ITC, 10 years if PTC) percentage thresholds related

= 40% (if construction begins before coal/oil/natural gas industry

« Apprentices need to work 5% (if 2025) to 55% (after 2026) and national unemployment

construction begins in 2022) to 15% « Offshore wind percentages are met

- vary .
:gu2r[]24 and beyond) of total labor « Near closed coal mine (after
« Treasury Secretary can provide 1999) or closed coal plant
« Good faith ti exemptions if requirement increases (after 2009)
(e e/ PN e costs by more than 25%, or if the

. products are not available
* Projects less than 1 MW exempt

= Applies to direct pay provisions
(reductions in 2024 and 2025, must be
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Figure43: IRA Tax Credits for ProjeatsService After December 2024

Clean Electricity ITC, Section 48D Clean Electricity PTC, Section 45Y

If GHG emissions are zero Does not apply to storage
Meet prevailing wage for prevailing wage for
5 construction + 15t 5 years construction +
of operation 15t 10 years of operation

$5.52/MWh (in

Base Credit 6% ITC

2025 $) PTC
AND Meet domestic content
requirements, or located in 8% ITC ) $6.07/MWh
an energy community (in 2025 $) PTC
OR Meet both 10% ITC $6.62/MWh

(in 2025 $) PTC

Credits phase out (100%, 75%, 50%) in following three years when annual greenhouse gas emissions from electricity are 25% of 2022 values,
or 2032 (whichever year is later)

Figure44 summarizes th IRA tax credits applied to new resources in the 2023 PWP IRP study and modeling process.

Figure44: PWP 202Mtegrated Resource Plarax Credit Assumptions

100% 100% 75% 50% 0% Apply to onshore wind
Sectlon 45Y (Clean geothermal
Electricity
Production Tax
Credit)
ITC 30% 30% 22.5% 15% 0% Apply to solarstorage fuel cells
Section 48E (Clean offshore wind
Electricity
Investment Tax
Credit)
Section 25D 30% 26% 22% 0% 0% 1 Residential solar and residentia
storage
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TCIETE 202510 2034 2035 2036+ Notes
Component VAORY

9 For homeowners that own solat
FyR xo 12K a% 2
9 This assumes that homeowners
will purchase the solar and
storage, and that PWP will

compensate them

There are various factors that may change tax credit selection and utilization. For example, PWP understands that t
credits may be extended. PWP also may find that solar may elect to use the PTC instead of the ITC. PWP will endeav
stayabreast of meket developments and may study the impacts of various tax credit assumptions.

10.2.5.  Contract vs. Ownership and Tax Credits

In the 2023 IRP, modeled resource costs are the estimated price that can be obtaihedmartket for aPPAIn actual
practice PWPwill pursue the most economic optiorelativei 2 t t | Q& @a ® -bdild yhd R Kéntifles2hblJ &
best fit resources, without regard for ownership structure. The process for acquiring additional specific resources fc
PWR @source portfolio includes evaluation of cost, availability, risk prdaditel othe factors relevant at the time.

Under the IRA, tarxempt entities, including government agencies, can receive direct payments from the Treasury
Department fortechnologies such as carbon capture, energy storage, and traditional renewables. Direct pay applies t
the new ITC and PTC and includes domestic content requirements. Specifically, for a project to meet the domestic conte
requirements, iron or steel thas not part of manufactured productaust be made in the U.S., and a certp@rcentage

of the total cost of the manufactured products must be made in th&.Se Figure 4% . For projects that begin
construction in 2024 or 2025 that do not medgdmestic content requirements, the direct pay credit is reduced by 10%
and 15%, respectivelfrhe credit is eliminated altogether for namonforming projects that begin in 2026 or later. Since
meeting domestic content requirements adds 10% to the basedP@iQTC, direct pay implies a minimum 40% ITC. The
Treasury Secretary can provide exemptions if these requirements increase the overall cost of construction by more th:
25% or if the requisite quantity and quality of U.S. products are unavaileblef erly 2022, he IRSs expected to provide
additional clarification and guidance on the domestic content requirement of the IRA and Congress has implied it w
attempt to address issues that have been identified with implementation of this provision.

97 https://www.seia.org/initiatives/solasinvestmenttax-credit-itc; https://www.mcguirewoods.com/client
resources/Alerts/2022/12/inflatiorreductionact-createsnew-tax-creditopportunitiesfor-energystorageprojects

98 https://docs.google.com/spreadsheets/d/1X2PORZp5JzP2yWbdUSbXphEIIGHE}3Nh 1s/edit#qid=313301748
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Figure 45: Domestic Content Requirements

% of the Total Cost of the Manufactured Products That Must Be Made in the U.S.

Construction Start Date Offshore Wind All Other Technologies
Begin construction before 2025 20% 40%
Beginconstruction in 2025 27.5% 45%

Begin construction in 2026 35% 50%
Begin construction after 2026 45% 55%
Begin construction in 2027 45% 55%
Begin construction after 2027 55% 55%

10.2.6. Cost of New Resources: The General Market

Estimateal resource costs available from public sources are different than actual PPA pricing and project costs. Individu
projects have location and technology specific factors, and timelines that influence itiegs.has also been exceptional
market pressure o costs in the past few years.

Over the past three years, supply chain issues caused by the @QQ@ygHndemic have dramatically increased costs in the
short term. Additionally, solar has been impacted by theghur Forced Labor Prevention Acthe U.S.which requires
verification that there is no forced labor in supply chains. Since most of the solar supply chain is in China, thisnregulati
has reduced U.S. domestic supplies from China. According to a®itg S | EXkIredriar&eX coniditions 2021 and

the early months of 2022 may have added somelh%6 in costs to solar prices beyond what lbeign trends would have
LINBRAOG SR I Opice hidalysig @poibithe liirst uartedof 2022, released Nov. &

LevelTen Energa firm that provides a central, standardized service for renewable developers to submit project cost data
for buyers interestedh projects and pricingpublishesa@ t t | L y R BvEry qu&tedgVNlE the full report is available

only with a paid subsription, the freeversionprovides insightsnto solar and wind pricintrends® The25" percenile

of CAISO solar bidsein the mid$40/MWh rangean increase of betweeh0%and 15% fromthe previousguarter and

an increase ofapproximately 50% fronone year ago.These bidsare for future delivery of solar, meaning that the
commercial date of operationf®r the projects is in the 2022027 range.

Supply issues caused by COVEand regulatory concerns have also been exacerbated by other markatsfaR&sources
across the grid are retiring. Additionally, natilities, such as financial corporations, have entered the market, all
contributing to the great demand for projects.

Furthermore,to connect additional renewable energy supply, the grid mijuire significant transmission upgrades. A
study by Princeton Universityitled NetZero Americdound that reaching nerero GHG emissions by 2050 will require a

99 https://www. utilitydive.com/news/nretbenchmarksolarpricing-costreport/637919/

100 https://www.leveltenenergy.com/post/qi2023north-americappa-price-index

Pasadena Wateand Power 82 of 257


https://www.nrel.gov/news/program/2022/nrel-tracks-pv-and-energy-storage-prices-in-volatile-market.html
https://www.utilitydive.com/news/nrel-benchmark-solar-pricing-cost-report/637919/
https://www.leveltenenergy.com/post/q1-2023-north-america-ppa-price-index

cm: SELIyaarzy 2F (KS w2030 anf00ebyR0E0SF Enachsis dok teagsmissidraailditivhs
would be paid by grid users.

10.2.7. Pasadena in the Market

PWP is an active market participant and evaluates new resource offers both independently and through its relationsh
with SCPPA. SCPPA ot Powes Authority comprised of11 municipalities andne irrigation district SCPPfealizes
operational efficiencies and cost savings through joint procurement and financing of projects and s@Wi€esecently
executed agreements for additional resources tlsitowed price impacts of market forces such as supply chain
constraints, IRAelated tax credits, and other factors. The new agreements are for solar energy paired with storage anc
geothermal energy from the Geysers in northern California. PWP also evaluated a potantiahargy PPA.he price of

these resources is shown igure46.

Figure46: Reference Market Prices

Market Prices for NewResources

Type YearOnline Price
Landbasedonshorewind 2025 $45.00/MWh¢ $70.00/MWh
Utility-scale photovoltaic solar (EDF Sapphire) 2027 $28.00/MWh¢ $35.36/MWh
4-hour utility-scale lithiumion battery storage (ED 2027 $7.00/kWMonth ¢ $11.70/kW
Sapphire) Month
Geothermal (Calpine Geysers) 2027 $70.00/MWh¢ $110.00/MWh

Another resource cost reference available for use in the 2023 IRP comesIR&M®a national laboratory under the U.S.
DOEEvery year, NREL releasesdii®Breport, a public source for current and future costs according to technology types
and locationsNREL provides cost estimates for generic projects.

PWP has observed thaurrentY I NJ S LINRA OS& I NB -t&rin BdtirBaies. DrielreasorbisviBet MREL Y
provides broad bottom-up pricing for theU.S.that is not equivalent to actionable project pricing for specific areas.
Different ways of quantifying pricirgfor example, using theCORs a proxy for available pasc come with assumptions

on financing, resource performance, and more. Also, NREL has stated in multiple forums, publications, and webinars tl
its ATB report does not account for nearm market changes-urthermore, NREL explains, in the contexsalfr, the
purpose of the ATB report and how it may vary from market price®llows 12

GLG A& AYLRNIFYyG (2 dzyRSNROGFYR ¢KIG GKS bw9[ o6SyC
should be used. The benchmarks are bottgmtost estimates of lainajor inputs to typical PV and energy

storage system configurations and installation practices. Bottipneosts are based on national averages
and do not necessarily represent typical costs in all local markets.

The primary purpose of the NREL benchsako provide insight into the losigrm trajectories of PV
and storage system costs, including which system components may be driving installed prices and where

101 https://netzeroamerica.princeton.edu/?explorer=year&statetimmal&table=2020&limit=200
102 hittps://www.nrel.gov/news/program/2022/nreftrackspv-and-energystoragepricesin-volatile-market. html!
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there are opportunities for price reductions. The benchmarks are also used to projecsystera prices,
provide transparency, and facilitate engagement with industry stakeholders.

bwo9[ Qa O0SYOKYIFINJa FNB 2FGSy O2YLI NBR 6AGK 20KSNJI t :
prices and other modeled benchmarks. However, there idisarti variation within and between these

metrics because of the various methods and assumptions used to develop them, and different benchmarks
FNE dzaSFdzZ F2NJ RAFFSNBY (G LlzN1J2 aSa dé

DAGSY GKA& O2yGSEGI bwo[ Q& S a lokmatiodiSthe nBagi SWa > NIRE2 LJidl fy &
estimates today may drastically understate the actual cost of procuring a resource such as solar in this market
environment.Figure47 and Figure 4&how a detailed example of solar pricing. The pricing is provided in nominal dollars
andin real 2023 dollars.

Figure47: Utility-Scale Solar Nominal Pricing
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Figure48: Utility-Scale Solar Pricing Real 2023 $

Utility-Scale Solar (Real 2023 $/MWh)
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Evaluating nominal versus real values can often lead to confuSeekigure 4%or an examplef how real versus
nominal valueg based on the same datacan appearNominal dollas reflectthe present valueof goods and services
exchanged in the marketplace. Howevesjngreal dollarggivesthe true value of goods and services produced or sold
because it stps out the effects of inflationJsing nominal costs and discountingla nominal discount rate is the
equivalent of using real costs and discounting at the real discount rate. Using nominal costs and discounting at the
nominal discount rate is standard industry practice for IRPs. Market prices for natural gas and glectggnerally
guoted in nominal terms. Using nominal dollars is not an artificial impact on,casgierit showsthe cost in a specific
future year. NREprovidesadditional information on reatersusnominal dollars® This IRRusuallypresents thecost of
new resources in nominal dolgnsingthe nominal discount rate.

103 https://youtu.be/v-0bjUKg3tA?t= 1338ttps://www.nrel.gov/docs/legosti/old/5173.pdf
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Figure49: Realvs.NominalValues

Real Versus Nominal
e Solar PPA, Nominal $/MWk=Solar, Real 2023 $/MWh

20272028 202920302031 20322033 2034 2035 2036 2037 2038 2039 20402041 2042 2043 2044 2045 2046

It is important to note that nominal values in real dollars are not equivalent to real values in leakdge Figure50.
NREL calculates real values in real dollars. The IRP calculates nominal values in nominal dollars and translates them
real dollars.

t 2 t ZD3A3 IRRuses the best available information to develop nearm benchmarks for longerm projections for the

cost of new technologiesiow prices will change in the future is unknown. For example, there couleldesdfinancial
pressures induced by IRA incentivessconversely, constraining pressures induced by transmission costs. Because of this
uncertainty, once the resource mixes were identified, PWPBvauated the costs of new resources using sensitivity tests
to quantify potential cost variation.

Figure50: Realvs.NominalLevelized Cost of Energy

GDP Deflator for Nominal to Real 1.280
Inflation Rate 2.5% 2.5%
Tax RatéFederal and State) 25.7% 25.7%
Present Value Depreciation (PADEP) 0.875 0.875
Interest During Construction 4.5% 4.5%
WACC 2.44% 5.0%
Recovery Live (years) 30 30
Capital Recovery Factor (CRF) 4.7% 6.5%
ITC (Model Schedule) 30% 30%
Overnight Capital Cost ($/KAC) $734.33 $940.01
Fixed O&M ($/kWyearAC) $15.22 $19.48
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Capacity Factor 32% 32%

Project Finance Factor (No ITC) 1.043 1.043
Project Finance Factor (with ITC) 0.685 0.685
Construction Finance Factor 1.022 1.017
~ [COECaluatons
No ITC $18.67 $30.09
ITC (Model) $14.12 $22.14
No ITC (2020 Actual Amount) $23.51
ITC (2020 Actual Amount) $17.30

The IRP uses available market cost data and initial project production date to reflect thavadable information of
current market conditions. These prices were then blended into NREL estimates over a period of several years. By 20
these prices fly merge into the moderate cost estimates from NREL. NREL cost estimates have been updated to inclu
the impacts of the IRA. Under the IRA, tax credits will expire when elecBazitgr related annual greenhouse gas
emissions are lessthanorequali@2 2F HAHH QA SYAAAA2YyAaAI 2N Ay tO&ES Lawg I NI
that tax credits will substantially decrease in 2032 and fully expire by.2036

PWP provided th&xcelfileswith raw data, citations, and the blending methodology te tARTAG in April 2023. The
discussion of these costs, ahdw they were derivedextended over at least two STAG meetings. These meetings
generatedapproximately20 questions on this topic, and PWirovidedthe answers to all STAG membédxew
resources cds are in theAppendixg Cost of New Resources

However, there remains a great deal of uncertainty on future pricinthdfleDFSapphire ProjecfSapphire)the project
developerincluded a floor and a ceiling price for the solar and storage componew® provided details on this to the
Pasadena City Counoit November 14, 2022 The final contract price itill subject to change as the project advances
toward completion. The IRBseslow and highcostcurves by blending low and high market pricet® INRE® advanced
and conservative scenarios. This allows the IRP to run sensigigison portfolios to test how muclspecific resource
mixes could cost if priceshange

10.2.8.  Spotlight Technologies
The following subsections provide spotlight informat@mmsometechnologies.

10.2.8.1. Spotlight on Fuel Cells

Like across between aatural gas turbine andh battery, a fuel cell consumes hydrogen as fuel and electrochemically
transforms that hydrogen fuel intelectricity, water, and heatuel cells do not produce carbon emissions or air pollutants

104 https://ww2.cityofpasadena.net/2022%20Agendas/Nov_14 22/Agenda.asp
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that cause smod¢f® If the hydrogen is generated using renewable energy, then fuel cells count as renewable resources i
Californiat®

According to theElA as of Oatber 2021, there were 166 fuel cell plants with total capacity of 260 MW, the largest of
which is 16 MWAII but six use natural gas for the hydrogen sout€eFuel cells are an earlier stage generation
technology.

NREL does notreportonfueld®lR aia Ay GKS !'¢. d® C2NJtz2t Qa3 Lwtx FdzSt O

Calpin€ Geysergproject, ageothermal project thaPWPcontracted for will begindelivery to PWkh 2027andis located

north of San Francisct.is the singt largest geothermal operation in the world and was the first commercial geothermal
plant to operate in the Western hemisphet® According to Calpine, the plants extract hot steam to turn turbines that
generate electricityX° This appears to matchthe hg@d¥ f  a K IS2 G KSNXY It (SOKy2t23& R
uses that benchmark for future projectiofs.

Offshore wind may be a key resource to assist with decarbonization. Approximately 80% of the U.S. population lives
coastal areasOffshore wind also has a generation pattern that may camgint that of solar.

Offshore wind is a nascent but growing global industry. According to the DOE, the global installed capacity of offsho
wind was more than 50 GW in 2024 For canparison, the size of the entire U.S. grid is 1,144 ‘@&Where are two
operational offshore wind farms in the U.S.: the 30 MW Block Island Wind Farm and the 12 MW CoasialQfigiiore

Wind pilot project!!# Offshore wind deploymenin the U.Shas beerspurred by state decarbonization policy. As of May
2022 the pipeline for offshore wind projects in the U.S. was more than 40 GW by 2040 and concentrated across eig
states on the Eaoasf’®¢ KA a4 R2Sa y28 AyOfdzRS /FtAF2NYAlIQa 3I21f 2
The Biden Administratiohas set a 30 GW offshore wind goal by 2030.

When sea depths exceed 60 meters, offshore wind technology changes fronbfikedh to floating. The Atlantic Coast
has shallower waters than the Pacific Coast, which allows for-br&éidm versus floating tdenology.As of 2021, more

105 hitps://www.energy.gov/eere/fuelcells/fuetells

106 hitps://www.energy.ca.gov/programsand-topics/programs/renewableportfolio-standard

107 https://www.eia.gov/energyexplained/hydrogen/usef-hydrogen.php

108 https://www.eia.gov/outlookgaeo/supplement/excel/suptab_55.xIsfixed O&M was assumed to be 2.5% of capital costs, which
YIGOKSa bw9[ Qa hsgsa lFaadzYLliaAzy F2NI olFGGiSNRSaD

109 hitps://www.calpine.can/operations/poweroperations/technologies/geothermahttps://geysers.com/

10 https://player.vimeo.com/video/58388368

1 hitps://player.vimeo.com/video/58388368

112 hitps://www.energy.gov/eere/wind/articles/offshorewind-market-report-2022-edition

113 https://www.eia.gov/energyexplained/electricity/electricitin-the-us-generatiorcapacityand-sales.php

14 https://www.energy.gov/eere/wind/articles/offshorewvind-marketreport-2022-edition

115 https://www.energy.gov/eere/wind/articles/offshorevind-marketreport-2022-edition; https://cnee.colostate.edu/wp

content/uploads/2021/07/OffshoreWindluly2021.pptx.pdf
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than 99% of the global operational offshore wind farms had fizsetiom foundations Floating technologies are in earlier
development stages. Globally, theisea total 0f123.4 MW of installed floating offshore wind capacit§The West Coast

must rely on floating technologies due to the depth of the Pacific Ocean in favorable wind resourc& ‘@rbasBiden
Administration is targeting an additional 15 GW of offshore wind in floating technology by 2035 and is looking to suppo
innovation to reduce costs by more than 70% to reach a targeted cost of $45/NAWh.

For fixedbottom technologies online between 2020 and 208%he U.S.prices (in 2021 dollars) range from $149/MWh
(Skipjack and U.S. Wind) to $75/MWh (Mayflower Wighss could decrease to $60/MWh (in 2021 dollars) for fixed
bottom technologies by 2030.

Hoating technologies costs are uncertajiven their limited deploymentThe DOEcurrently cites costs from around
$200/MWh (in 2021) to between $58/MWh and $120/MWh 2i@21 dollars) by 2038° NREL produced cost projections
specific to five offshore areas in California, and assuming PTC eligibility, costs in 2030 are expected to range fr
$79/MWh to $88/MWh (in 2021 dollars¥®In 2022, the U.SBureau of Ocean Enerdyanagement(BOEM) held an
auction for onshore leases for five areathree in Morro Bay and two in Humboldt Coud®y¢ KS / t ! / Q& HAH |
System Plan included 1.7 GW of offshore wind by 26732.

NREL had to make a series of assumptiegsrding the price trajectory of offshore windor example, it was assumed
that port and grid infrastructure is available; therefore, costs for taaded substation or bulk transmission upgrades
were not included in pricing. CAISO estimdietveen $5.8and $8 billion in upgrade costs for 4 GW of offshore wind in
the Humboldt area and $0.11 billion for 6 GW in the Diablo CadWomo Bay areas? California is also investing in the
requisite supply chain and port infrastructutf¢ NREL also assumes aW @stallation for its California cost estimates
and that plants and turbines will get biggerer time which will lead to cost reductions. Future decreases insaustalso
dependent, in part, on lessons learned from fixesttom installations on the Aantic Coast and from other installations
around the world. Overall, offshore wind costi® uncertain.

Different technology types can be located at the same, sitedwhen they are designed to work together as a single
installation,the resultis often called ehybrid resource. Simply siting different technology types togetb&el calledco-
location) can reduce costs associated with site preparation, site acqujssilenpermitting, interconnection upgrades,
installation, and hardware, among other costs. Projects usually share an interconnection point and connect to each othe

116 https://www.energy.gov/eere/wind/articles/offshorewvind-marketreport-2022-edition

17 https://www.nrel.gov/wind/offshore-resource.html

118 hitps://ww w.whitehouse.gov/briefinqroom/statementsreleases/2022/09/15/facisheetbiden-harrisadministration
announcesnew-actionsto-expandu-s-offshorewind-energy/

119 hitps://www.energy.gov/eere/wind/articles/offshorevind-market-report-2022-edition

120 https://www.nrel.gov/docs/fy210osti/77384.pdf

121 hitps://www.boem.gov/renewableenergy/stateactivities/california

122 hitps://www.energy.ca.gov/news/202D8/cecadoptshistoric-californiaoffshorewind-goalsenoughpower-upwards25
123 hitp://www.caiso.com/InitiativeDocuments/28Y earTransmissionOQutlodlay2022. pdf

124 https://lwww.energy.ca.gov/news/202:D3/state-approvesl05-million-prepareport-humboldt-bay-offshore-wind
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However, there could be more value from siting resources apart rather than togetheexaople, storage may unlock
more revenue closer to load, and solar in areas with higher irradiance.

Currently, the most common hybrid resources are storage sited with solar. Prior to the IRA, storage had to charge fromr
renewable resource to be eligible2 NJ 6§ KS L¢/ X FyR &2tFNJ LINEPOSR (2 0S8 (KS

In the 2022 NREL ATB, NREL notes that the dominant architecture for solar and storage pairings is still unknown and c
evolve over time based on grid compositionsfeemance, and incentives. The PWP 2023 IRP assumes-eoupled
system when generation and storage form a hybrid installation. In acoliBled system the grid has a separate interface
with each component (generation and storage). The capital cost @d@cated AGoupled system is 7% lower than if PV
and storage were sited separatelgccording to NREDhe IRP assumes this capital cost reduction, as well as a 2:1
renewable to storage ratid. 2 t IQR includes both wind and solar paired withalr batery storage.

10.2.9.  How Electricity Products Are Priced

Electricity is comprised ofifferent components Defining the differentomponents or attributes, ensures reliabilitgnd
allowsthe componentdo be financially traded. Seeigure51 for examples on the differentomponents of electricity
(definitions in thetable are simplified.

Figure51: DifferentComponentf Electricity

Energy The flow of energy MWh
Resource Adequacy The ability to flow when needed kW-Month
Renewable Green REC
Clean Zero carbon MWh

Some technologies are better than others at providing certain attributes of electricityri§ese52 for examples.

Resources are typically pricednretrics that best reflect their strongest value streaméind and solar are common

energy resources, so they are priced in terms of energy. Storage is a prevalent capacity resource, so it is priced in tern
of capacity Costs for the 2023 IRP kigure53 and Figure 54are pricedat their industrystandard unitsCosts are

presented imominaldollars per unit of installed (neaccredited capacity.

Figure52: DifferentComponentf Electricityby Resourcdype

Wind V V V V V

Geothermal V \ \Y \Y

Solar V V V \Y V

Batteries V \Y \Y \Y
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Figure53: Cost of New Energy Resources

Cost of New Resources
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Figureb4: Cost of New Capacity Resources

Cost of New Resources: Lithidan Battery Storage
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10.2.10. Costvs. Value

There is a difference between cost amdlue. Costs includiactorssuch ascapital expenditures, financing, permitting,
transmission interconnections, operations, and maintenand@OHEs a commonly cited industry metric that spreads all
the costs for a resource ovére lifetime of anticipatel generation.

Value is what the resource earns in the energy, ancillary seR&eenewable, and cleagnergymarkets.Value depends

on factors such as grid composition (efercentage of renewable energy), grid location, and time of day. The IRP model
optimizes betweertost and value. fie lowestcost resources do natlwaysprovide the greatest value. Evaluating both
cost and value helps explain resource decisions.

10.2.11. Transmission Ac cess Charge

The TAGs a rate charged by CAISO for transmission use. In the case of Pasadena, this is charged on any load brought
into CAISO, or any contracted resources in CAISO. In other words, this applies to everything but resources internal to
PWP, icluding Glenarm, storage located within PWP, or distributed resources. CAISO provides estimates of tfeir TAC.

Figure 5%has the TAC applied to external resources in the IRP model.

25htt p://www.caiso.com/Pages/DocumentsByGroup.aspx?GrouplD=7A2¢FHBAD468F3933398E100AE7
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Figure55: Transmission Access Charge
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10.2.12. Exclusions and Other Notes
PWP has excluded the following from consideration i2@23IRP:

1 Newlongterm fossilfueled generation capacity
Newlongterm fossifueledgeneration capacity does natign witht 2 t Q& SY JANRY YSyYy (I f

1 New nuclear capatsi
Small modular reactors or new nuclear builds were excluttlezlto cost, timeline, and location limitations

1 Nortlithium-ion storage
Limited datais available for modelinglternative battery technologieat this time

As projects are piloted or as costs mature in the markets, PWP will consider atbzbom resource alternatives that will
support reliability and reduce costs for consumers.

¢KS Hnamy [/ 9/ 3dzh RS tFling $ast add@assSprocuemnent fail & @ivBrsifiedvarocurement portfolio
consisting of both shorterm and longterm electricity, electricitNGE € | § SRZ ' yR RSYIF yR NBaLRy

As part of the IRP filing, POUs must submit four standardized tablesrapeapacity, energy, RPS, and GHG emissions.
These are filed separately.

PWP considered the following sources of diversity in its portfolio:

1 Resource types
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E  PWP is committed to supporting a portfolio that includes a variety of resource tigse56 illustrates
the different operational profiles of various resourc&esource diversity reduces risk by limiting reliance
on the performance profile a particular reswe.

1 Resource locations
£ Varying resource location is another form of risk reductieor. example, weather events in one area may
not affect resources in another aredifferent resource locations can also help hedge transmission
congestion costs.

9 Durationof contracts
£ Contract terms can vary from monthly to annual. Using varying contract terms provides flexibility,
particularly in tight resource markets.

Figure56: Diversity in Load Consumption and Resource Generation

Diversity in Load Consumption and Resource Generation
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11. LoadForecast

11.1. Requirements

The California Public Utilities Code Section 9621 specifies the process and conRrtofmeet California regulatory
requirements.It requires the development of a load forecast, which is a prediction of energy consumpthditn and

peak load demand (in MW). The load forecast is a necessary and critical IRP input because it is the starting point
determining total energy, renewable energy, clean energy, and capacity requirement€HE@equests that an IRP
explain the méhod and assumptions used to create the load forecastl that the utility submitting it include public
d2dzNOSa Ay G(GKS LwtQa adzZJR2NIAYy3I YIFGSNREFESZ Fa | LILIX AOI ¢

In its 2017, 2018, and proposed 2022 regulatidhe, CECGecommends that POUs leverage t@€Dthat is a part of the
IERRPprocess. The CED is an hourly forecast of electricity demand in the future. Following CEC recommendations, this
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derived its load forecast from the California Energy Demand Update;2022that is part of the 2022 Integtad Energy
Policy Report Updat&®

11.2. Integrated Energy Policy Report and California Energy Demand Forecast
¢KS / 9/ LINRBRdzOSa 'y L9tw S@OSNE &SI NE ¢KAOK RyuadestieA 3|
IEPR process, the CEC must produce forecasts of energy products, including electricity forecasts.

The CEC created the California Energy Demand Forecast Updat€@®as part of its 2022 Integrated Energy Policy
Report Updaté?® The 2022 CE dzLJRF 1Sa SO2y2YAO0X RSY23INI LKAOX | yR NI
methods for scenario design and for modeling the growth of transportation electrific&tion.

The CED has hourly forecasts of electricity demand for four entitieghree investorowned utilities(PG&E, SCE, and
SDG&E) and CAISO. There are two different forecagtanaingforecast used ilRAand IRP planning, with moderate
assumptions for most itemand a Local Reliability Scenatiat includeshigherelectrification and lower energy efficiency
assumptions used for transmission planniffy.

The CED forecasts contain hourly estimates of different components of electricity load fthi20dgh 2035. These
components are shown iRigure57.

Figure57: California Energy Demand Forec@stmponents

UNADJUSTED_CONSUMPTI'  System load without Native Load \Y Vv
pumping and with
distributed solar load
added back in

PUMPING Native Load \%

CLIMATE_CHANGE Climate Change V

LIGHT_EV CEC uses a demand sic LightDuty EVs \% \
model

126 https://www.energy.cagov/datareports/reports/integratedenergypolicy-report/2022-integrated-energypolicy-report-update-

2; https://www. enerqy.ca.gov/dataieports/reports/integratedenergypolicyreport/2022-integratedenergypolicy-report-update

127 hitps://www.energy.ca.gov/dataeports/reports/integratedenergypolicy-report

128 hitps://www.energy.ca.gov/dataeports/reports/integratedenergypolicy-report/2022-integrated-energypolicy-report-update-

2

129 Bailey, Stephanie, Jane Berner, David Erne, Noemi Gallardo, Quentin Gee, Akruti Gupta, Heidi Javanbakht, Hilary Poore, John
Reid, and Kristen Widdifield. 2022. Draft 2022 Integrated Energy Policy Report. California Energy Commission. Pulniidteeion
CEE100-2022001-CMD.

130 hitps://efiling.energy.ca.gov/GetDocument.aspx?tn=247951&DocumentContentld=82234
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Treatment in Subtracts | Modified in

CEDUpdate, 2022 2035 Description PWP IRP from t2tQa
Modeling Load? IRP?
MEDIUM_HEAVY_EV CEC uses a demand sic Medium- \%
model /Heavy-Duty
EVs
TOU_IMPACTS The effect ofTOU ates TOU Rates V \%
OTHER_ADJUSTMENTS Adds to zero over time Native Load
BTM_PV Photovoltaic Solar Distributed V \%
generation located Solar
behind the meter
BTM_STORAGE_RES Energy storage located  Distributed \% \%
behind the meterg Storage
residential
BTM_STORAGE_NONRES Energy storage located  Distributed \% V
behind the meterg Storage
commercialand
Industrial
AAEE AAEE AAEE Vv Y,
AAFS AAFS AAFS \%
AATE_LDV Additional Achievable LightDuty EVs \% \
Transportation
Electrification
Includes supphgide
drivers of adoption3!
AATE_MDHD AATE Medium/Heavy Vv
Duty EVs
MANAGED_NET_LOAD UNADJUSTED_CONSU Metered Load \Y Vv

TION + PUMPING +
CLIMATE_CHANGE-+LI
T EV+
MEDIUM_HEAVY_EV
TOU_IMPACTS +
OTHER_ADJUSTMEN'
+BTM_PV +

BTM_STORAGE_RES
BTM_STORAGE_NONF

131 https://www.energy.ca.gov/event/webinar/2022 1/caenergydemandforecastaaeeand-aateresultsdawgmeeting
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+ AAEE + AAFS
+AATE_LDV +AATE_MI

11.3. Integrated Resource Plan Method

c2fft26Ay3 GKS /9/ Qa NBO2YYSYyRI{A2y>X GKAA Lwt A& o0l &S
California to quantify various drivers of electricity demandluding economic and demographic activity, energy efficiency
and fuel substitution programs, historical electrigityy Ry I 1 dzNJI 31 & O2y adzYLIiA2y I | Y3
containsadditionalinformation on the CEE?

The CED does not inde a specific forecast for PWP since it is smaller than the other entities explicitly mddstedd,
t2t Qa TsdgBded as part ECELE{ A Yy OS (ipkdhingfosebagt & used in other IRP proceedirigg, t Q &
2023 IRP utilizes th@anningsOSy I NA 2 F2NBOF &G F2NJ {/9 ad& GKS NBFSNByYyO

In developing the 2023 IRP, PWP utilizeddaerices of a subcontractor hired by AC&Sexternal vendor, tgenerate
2021 hourlyload data for SCEnd PWP*#t 2t Q& f 2 | R adiapercont fAGdz2lFi SR 9 Q& HAHM
forecast, the resulting hourlgercentages were applied to the hourly CED forecast through 2035. Also, BanGED runs
through20350nly, the IRP forecast extrapolates these trends and applies themeteethainder of the forecast through
2050.

Because the CED differentiates the subcategories that comprise the net electricity demand, this method of loa
forecasting produces estimates for energy efficiency, building electrification, fuel substitutiordliphEVs, heawgluty
EVs, distributed dar, and distributed storage.

However, historical datand consideration of respective land use/availab@itk 2 6 a G KI 0 t 2t Qad &SN
precisely mirror the load growth behavior of the larger SCE service territory. Therefore, whengathegtihe results of
certain components, the IRP made modifications to the following:

AAEE

Distributed storage
Distributed solar
TOUrates
Lightduty EVs

= =2 =2 = =4 =9

Native (remaining) load

132 https://lwww.energy.@.gov/datareports/reports/integratedenergypolicyreport/2021-integrated-energypolicyreport/2021-1
133 https://efiling.energy.ca.gov/GetDocument.aspx?tn=248366
134 https://lwww.yesenergy.com/
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tKSasS OKIlIy3aSa

subsections.

gSNBE ySOSaal Ne
these respective components and the associated impact on the overall load forecast, are detailedfotiotumg

2

NEFf SO

t2tQa

t 2t Qa |pegkyanttlenergy valuese shownin Figure58andFigure 59 ¢ KSaS @I f dzS a
interface withCAISQsothey include the impact of distribution systelossesPWP considers distribution losses at

around4%.

Figure58: PWP Peak Demand

KA&adz2N

FNB YSi

Peak (MW) Reserve Margin (%) Peak + Reserve Margin (MW)

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

330.00
332.63
335.26
337.90
340.53
343.16
345.79
348.42
351.06
353.69
356.32
358.95
361.59
363.39
365.21
367.04
368.87
370.72
372.57
374.43
376.30
378.19
380.08
381.98
383.89
385.81
387.74
389.67

15.0%
15.0%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%
17.5%

379.50
382.52
393.93
397.03
400.12
403.21
406.30
409.39
412.50
415.59
418.68
421.77
424.87
426.98
429.12
431.27
433.42
435.60
437.77
439.96
442.15
444.37
446.59
448.83
451.07
453.33
455.59
457.86
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Figure59: PWP Energy

RetailSales toEnd-
Retail Sales (GWHD | Users (Accounting for

Potential Energy

Behindthe-Meter
Year (GWh)Imported into !

CAISO Generation(GWh) EndUsers AAEBmpacts)
2023 1,156,320 84,240 1,047,923 1,029,197
2024 1,162,535 84,480 1,059,784 1,034,933
2025 1,173,224 240 1,156,277 1,126,064
2026 1,185,899 - 1,173,515 1,138,463
2027 1,201,519 - 1,192,802 1,153,458
2028 1,220,842 - 1,215,253 1,172,009
2029 1,241,853 - 1,239,018 1,192,179
2030 1,265,577 - 1,265,082 1,214,954
2031 1,290,067 - 1,291,633 1,238,464
2032 1,312,076 - 1,315,006 1,259,593
2033 1,333,660 - 1,338,073 1,280,313
2034 1,352,810 - 1,358,607 1,298,697
2035 1,364,639 - 1,371,814 1,310,054
2036 1,375,921 - 1,384,239 1,320,884
2037 1,386,185 - 1,395,351 1,330,738
2038 1,396,148 - 1,405,369 1,340,302
2039 1,405,362 - 1,414,512 1,349,147
2040 1,414,327 - 1,422,988 1,357,754
2041 1,422,855 - 1,430,986 1,365,941
2042 1,430,863 - 1,438,674 1,373,629
2043 1,438,698 - 1,446,195 1,381,150
2044 1,446,483 - 1,453,669 1,388,624
2045 1,454,323 - 1,461,195 1,396,150
2046 1,462,298 - 1,468,851 1,403,806
2047 1,470,471 - 1,476,698 1,411,652
2048 1,478,887 - 1,484,777 1,419,732
2049 1,487,577 - 1,493,119 1,428,074
2050 1,496,556 - 1,501,739 1,436,694

Other loads will include load from storage charging and will vary based on scetNmiamergy for load will vary based

on storage load and is included in filed charts.

11.3.1.  Additional Achievable Energy Efficiency

State minimum requirements arget forth in Title 24 and contains specific regulations for energy efficiency and water
conservatbn. As part of its commitment to environmental stewardship and innovation, PWP is dedicated to expanding its
energy efficiency and demand reduction programs whenever newafbsttive and achievable program elements are
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identified. Details of current PWEBnergy efficiency and demand response programs are includéthargy Efficiencgf
the IRP

PUC Section 9621 requires IR®sPOUsto address the procurement of energy efficiency and demand response as
dictatedin Section 9651, which statés9 I OK f 2 Ol f LJzof A0t & 26y SR St SOGNRO d
its retail enduse customers, shall first acquire all aabié energy efficiency and demand reduction resources that are
O02aid STTSOUAODS I BNnwthek wodds, BrErgyleffidency iS thedrds@ufc&Sobfirst choice.

In 2021, PWP, through its membershifdMUAworked withGDSo identify the levé of energy efficiency that PWP could
costeffectively support in its territory® This study became the foundation for the energy efficiency goals that the
Pasadena City Council adopted in May 2021. For Fiscal Years (Ffylao6B2egan on July, 2021 through F\2031
(whichbeganonJuly1,200 > t 2t Qa SySNH& SFFAOASyOe 3I2Ff A& G2 I OK
year in demand reduction. The annual energy efficiency and demand reduction goals were derived froryéae 10
averageof the forecasted figures developed by GDS, in collaboration with FWWéRe goals were adopted to represent
the AAEE for the 2023 IRP.

The 2021 GDS energy efficiency study quantifiedfollowingthree types of potential penetration of energy efficiency
137

1 Technical (i.efeasiblg: savings without regard to economic or other factors

1 Economic (i.e., cosdffective): savings when benefit is greater than cost

1 Market (both feasible andcosteffective): savings that consider other utikpecific factors, such as existing
penetration, past customer behavior, economic conditions, etc.

PWP adopted its goals based on market potenkajure 6Gshows a comparison of the three potentiafiefencies.

135 hitps://law.justia.com/codes/california/2021/codguc/division4-9/section-9615/
136 https://www.cmua.org/files/ CMUA%202020%20EE%20Potential%20Forecast.pdf
137 hitps://www.cmua.org/sh1037eports
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Figure60: Technical, Economic, and Market Potential for Energy Efficiency

AAEE: Market vs. Economic vs. Technical Potential

= Cumulative Gross Technical Potential mmm Cumulative Gross Economic Potential
mmm Cumulative Gross Market Potential 2023 IRP, Cumulative Net Market Potential
0
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Energy efficiency savings are expressed as either gross (total impact) takinipact minus the impact afustomers

who would have pursued the programs anywalyograms are also quantified by incremental savings (annual values) or
Odzydzt | GADPS &l @Aay3aa oG20l ¢ alk gAy3a adzYYSR 2 @ SwhichiakeY S 0
approximately 96% of gross market potiah savings.

¢KS HnHo Lwt dzaSa t2tQa SySNHeE& STT7 A4 hénS6fnorRgrossmarket pdtential A (
for 2032 through 2041ivhen the goal expiresSince trends are levie out, suggesting saturation of potential efficiency
opportunities, AAEEemainsflat from 2042 through the end of the IRP study period in 205Qure61 shows the IRP
forecast of AAEE. The negative values on thasYirmkicate energy saved.

Figure61: Additional Achievable Energy Efficiedicy” t 2 t {d@grated Resource Plan

AAEE

2023 IRP, Cumulative Net Market Potential == Cumulative Net (Includes C&S) Market Potential
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Thepercentreductionin loadis shown inin Figure62.

Figure62: Additional Achievable Energy EfficiefgrcentReduction in Load
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11.3.2. Additional Achievable Fuel Substit ution

AAFS estimates the impacts of building electrification and fuel substitatiaectricity demand and energy consumption
and is included itthe load forecastFuel substitution occurs when a device or system using a regulated fuel (fossil fuel or
renewable gas) is replaced withsystemusing electricityReplacements under these programs are not yet committed,
but likely to occur in the futurelue to economics or regulatioifhe 2023 IRP assumes the allocation of AAFS from the
CED based on the forasting methodologyutlined in this IRP AAFS is 2% &AISQ &neteredload by the end ofthe

study period Figure63 shows an AAFS projection for PWP.

Figure63dy ! ' C{ AY t2tQa HAHO Lwt
AAFS
40,000
35,000
g 30,000
%25'000
> 20,000
=
chj 15,000
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5,000
T M DO N~N0DO AN®M TN OO RNO AN®MEDON~D DO
NN ANNNNANAOONOODDDODOOOITIT I I T TSI T TS S W
O OO0 OO OO0 0000 OO0 OO O O O
NN NN ANANANACNACANACAACQAACQAACACQAACAAAAAAAAANAANANANANANANAAAQ
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11.3.3. Distributed Solar

PWP had 23 MW of distributed soliar2022 Assuming an averagestallation size of 7 kW per residential rooftop and
pyZHodm NBAARSYGAIf OdzAG2YSNAEZ | LILYNRBowwever, heiCED methowdttribatdd t 2 |
52 MW of solato PWPin 2023. PWP, as a dense urban area, is likely more speastraned than SCE on average
resulting in actual installations to be less than the CED estirbates 2IRPQadlculated thannualrate of change in the
CEDand appliedttot 2t Q& HAHH aGFNIAY3I LRAYGD 9EGNI LR | dldhag T2
a2t FNJAY Hnon FYR H®: g2d R KIFI@S a2t N Ay HnAanpHAIOKA &
study, and, given uncertainties regarding rooftop solar potential, future rate incentives, and other factors, PWP founc
thesevalues reasonable for the 2023 IRPFigure64 shows the estimated solar capacity included in the IRP load forecast.

Figure64: Distributed 8 £ I NJ Ay t 2t Qa HAHO Lwt
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11.3.4.  Distributed Storage

PWP had..4 MW of distributed storagén 2022 The CED suggested 0.5 MW actogst r@sidential and nofresidential
AaSO0G2NE AY HAnHo® ¢2 OFfAONI OGS GKS &l NEGBEDyfdlecasisuitifigiima t 2
starting capacity of 1.9 MW of distributed storage

Itis likely that distributed storage will be paired with distributed solar in the future. In the LA100 study, NREL nigted tha
in 2019,9.6% of residential PV adopters aisstalled storage aa storageto-PV capacityatio of 0.92°NREL projected

that 91% of residentiadolar adopters would also install storage2f45 PWP estimated total storage adoption given its
anticipated solar penetration using thireuristicand applied the rate of change embedded in that resulting penetration

138 https://emp.Ibl.gov/trackingthe-sun
139 https://www.nrel.gov/docs/fy21osti/ 794444 . pdf
140 hitps://www.nrel.gov/docs/fy210sti/794444.pdf
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to its starting point. Overall, this method generated a larger distributed storagecitgithan the CED methabtimated,
and it produced an estimate more in line with expectatidseFigure65.

Figure65: Distributed Storge in 2023 IRP
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l'a I NBYAYRSNE (KS YS(iK2R dzaSR Ay t2tQa Lwt G2 fS@SN

However, this method is just thata method. Modifications such as those made for solar and storage adjust tha$brec
to actual conditions, experience, and expectations specific to PWP.

11.3.5. Time -of-Use Rates

The CED method used in the IRP produced a forecast for the impact of TOU rates. As of 2023, PWP does not have the
Advance Metering InfrastructurglAMI) needed tofully benefit from the implementation of TOU raté8WPmayneed

to developsome form of TOU rate to facilitate a significant expansion of distributed solar and storage resources and
address the resource cost impacts that will occur. PWP currently estineteAMI will come online in its full capacity
FNRPdzy R Hnond® ¢KSNBFT2NBEX ¢h! AYLIOGA F2NIt2tQa F2NBOI ¢
impacts are shown iRigure 6GandFigure67.
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Figure66: Timeof-Usew I (10 S& A Y Integrat€dRespunca Plan
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In addition to the impact of TOU rates, AMI coaldo helpenable additional demand response. AMI would potentially
allow PWP the ability to aggregate and control the consumption profile of various consumer devices to sapipgd s
for all PWP customers.
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11.3.6. Vehicle Electrification

Emissions from transportation constitute the largest sourc&bfGsn California and represent more than double the
GHGsassociated with the electricity sectdf! Electrifying transportation can help reduce emissions. California has
aggressive transportation electrification goals. Executive Ordi3-B3 signed by Governor Brown in 2018 set a target for

5 million zereemisson vehicles and 250,000 public EV charging stations by 29802020, Governor Newsom set a goall
under Executive Order-R9-20 for all instate sales of new passenger and new medium/hedwty vehicles to be zero
emission by 2035 and 2045, respectivélWP is committed to supporting the transportation electrification goals set by

I FEAF2NYALF FYyR FfEA3AYy gAGK GKS DI D GWPAaZaA2ya NBRdAzOUGA 2

As of 2022, PWP had 9,254 elecbiased(battery EVs, PHEV, and fuel cell Bgjcles registered across the eight zip
O2RS& Ay AlGa &ASNBAOS GSNNAG2NEZ 6KAOK A &% AssumingPaiodnd3 G S
MWh per vehicle, per year (based on assumptions &S R Ay t 2 UIQRII (WSieam  tlewtt Q& 9+ f
what the CED would indicat&he IRP load forecast was adjusted to account for the higher initial load in 2822027

CED forecasvas adopted in 202and the forecast moved upccordingly Approximately 36% of lightluty vehicles in

t2t Q& GSNNAG2NE | NB SELISOGSR (2 0SS St SOGNRO AY Hnonz
YIRS (2 (KS / 9ORAA Y IRA EZANBDI @& & h SSNI f f I gedenddyin2E0 y 3
and 28% in 2045, as shownRigure68 and Figure69.

Figure68Y ¢ NI YA LR NI+ GA 2y 9 fIMeyinttidiResodde Blan2y Ay t 2t Q&3 HAHO
Transportation Electrification

= | ight-Duty EVs (GWimmm Medium/Heavy-Duty EVs (GWsay—EVs as % of PWP Leee=EV as % of Drivers

500 70%
=
e
5 350 50% .
- 40% 3
S 250 2
&G 200 30%
150 20%
100 L0
50
_ 0%

2047
2048
2049
2050

141 https://ww?2.arb.ca.gov/gheinventory-data

142 hitps://www.cpuc.ca.gov/industriesind-topics/electricalenergy/infrastructure/transportatiorelectrification

143 hitps://www.energy.ca.gov/dataeports/energyalmanac/zereemissionvehicleand-infrastructurestatistics/lightduty-vehicle
Used the following zip codes: 91001,91101,91103, 9110409, 91106, 91107, 91123
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Figure69: LightDuty Electric Vehicle Sy S NJ (i A 2 vy Infegfatetl RelsaQriée Plam H 0

LightDuty EV Penetration
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Hourly load shapes for the ligltand medium/heavyduty sectors are shown iRigure70andFigure71. These hourly load
shapes come from the CED. EV charging load peaks in hour ending (ld&)f2érage each yeafFhe charging shapes
indicate that EVs are charging mddy and overnight. This could imply, or inform, some form@UTrate. If EVs were
chargedduringt 2t Qa LJSF ] K2dz2NE t2t Q& LISI] O2dzZ R 6S y» KAIKS]I
2023 IRP assumes that education and voluntary behavior will mitigate the potential impacts of EV charging. However, P\
will keep in mind the potential impacts of EV charging and may further investigate the potential to treat EV chargin
behavior as a tool to reduce overall portfolio costs.

Figure70: Average Hourly Shape for Lightity Electric Veldles
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Figure71: Average Hourly Shape for Medium/Heddwty Electric Vehicles
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The average contribution of EV charging to average hourly load in 2030 is shBignre?2. EV charging seeks to take
advantage of midday opportunities, likely when solar generation is at its highest and market prices ard @Weates
can be used to incentivize charging whelasgeneration is abundant ardisincentiveit when market prices are high.

Figure72: Average Hourly Load Profile
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PUC Section 9621 requires IRPs to discuss rate design, incentives, education, and outreach to achieve tieecstdiemi
neutrality goal by at least 2045, as set by the 2018 Executive Oré&r1B.'** PWP does not currently have
transportationspecific rates for electric vehicles. As further detaileBlgctric VehiclePWP offers rebates to residential
customers for both EVs and EV chargeWP also offers rebates on EV charf@rsommercial customes t 2t Q& ¢ S
has additional details on these incentivé3However, gien planned AMI deployment, PWP could consider implementing
rates for the transportation sector. For example, PWP could consider redesigning demand charges, cregiegfieV
TOU rates, or developing targeted EV tariffs.

PWP will likely considerrates, incentives, customer education, and customer outreach to support transportation
St SOUNRTAOFIGAZ2Yd 9f SOUGNRTFEAYI GNIYALRNIFIGAZ2Y Ol Yy eKSTt I
/ A (CARPWP wilkim to design programs that decrease costs for EV customers and the overall grid. PWP is committe
to ensuring that potential impacts on leimcome customers and disadvantaged communities are a primary consideration
when designing such programs.

PWP is alo committed to considering the emission reduction opportunities associated with transportation electrification.
PWP estimates that by 2030, more than 33% of itsdilyhy fleetin Pasadenaould be electric and approximately 65%
could be electric by 2045f the fossiffuel vehicles were to remain on the road, the fleet would emit around 0.75 million
metric tons of carbon in 2030 and 4.2 million metric tons in 2045.

11.3.7.  Climate Change

The CED forecast includes the potential load impacts associated with climate change. Overall |olo&<&I30 years of
history, with recent years selected more often. Per tbEDdocumentation baseline peak and energy forecasts were
weathernormalized and future years were adjusted for anticipated modifications for climate change. Climate change
increases overall load expectations. From 2023 through 2050, the effect of climate change is about 0.3% of annual metel
energy.

11.3.8. Native Load

Native load isffectively all loadhat is not represented in SectiorlB. Figure 73a K2 ga K2 g t 2t Qa VY|
decreased over timelThe CED generally anticipates increases in energy consumption in the future. Pasadena is relative
fully built and, consequentlyexpects little load growth from expansion. In the 2023 IRP load forecasvenload is
adjusted to match PWP's historical and péa#d data, as well aduture expectations for its more densely developed
system PWP has a 10 MW distributed generator atomerowned distributed energyresource) that has reduced its
historical peak load. This facility is anticipated to retire in 2025, so the load forecast was increased by 10 MW in this |l
G2 NBTFt SOG (K S(thafacihiyis rodaieds didtliBuied rdofc® gridr to its retiremept

144 hitps://codes.findlaw.com/ca/publieutilities-code/pucsect9621/: https://www.ca.gov/archive/gov39/wp
content/uploads/2018/09/9.10.1& xecutiveOrder.pdf
15 hitps://pwp.cityofpasadena.net/residentialevrebatge/
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Figure73Y t 2t Qa | A&d02NROLE [ 2R
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11.3.9. CAISOMetered Load

Metered load is the load as metered at the transmission interconnection and is the load brought into theT@Aks14¢
Metered loadis higher than retail sales because it includes the impaldisses.

Metered load is calculated according to the following equation:
0QO0QDONQ0 WO VEDD DO 0Gwi U QQ QD & VQWW 6 6Qwi 60 0 'O°Y
0Qi 01 "D BNTV0 "YH O 'Qd 6 0O00QI 01 "OE6G'Q
Figure74shows a comparisonbe®Sy t 2t Qa T Qs the GER. { / 9

Figure74: Percent oPWP Peak Durifg2 dzi KSNY / | fPed&k2 Ny Al 9 RAA&A2Y Q&

91% 90% 93% 92% 91% 90% 89% 86% 90% 87%

| 99% (100% 98% O7% 96% 97% 86% B87% | 99% 99% 88% B83% 77%

88% 79% 81% 84% 86% 79% 80% T76% T77% 80% 91% 85% 80%
89% 80% 75% 68% 81% T77% 75% 75% 72% 76% 80% 78% 72%

89% 62% 62% 59% 76% 74%  56% 63% 68% 64% 67% 70% 73%
- 100% 61% 65%

85% 84% 78% 79% 68% 73% 74% 70% 67% 63%

o U1 WDN PP

146 This is what the CED refers toraanagednet load.

Pasadena Wateand Power 1100f 257
2023 Integrated Resource Plan



7 82% 89% 85% 72% 73% 73% 62% 68% 65% 66% 62%
8 81% 81% 98% 97% 68% 62% | 53% 62% 64% 68% 64%  54%
9 88% 89% 87% 69% 78% 77% 74% 71% 86% 88% 81% 79%
10 77% 86% 79% 78% 73% 79% 73% 76% 64% 72% 80% 81%
11 94% 96% 91% 87% 90% 81% 90% 91% 82% 83% 81% 68%
12 95% 96% 98% 96% 97% 97% 92% 93% 95% 94% 92% 94%

Figure75showst 2 t dh@dual energy and peak forecast. Positive values for energy refer to consumption and negative
values refer to avoided energy consumptidiigure 76rovides a graphical represettiian of/ | L {ehefgjause. PWP

has a load factor of approximately 43%, on average, across the study period. Load factor measures actual energy as a
fraction of what could occur if PWP experiences peak energy usage every hour.

Figure75: Load Forecast

2023 330.00 1,156,320.00 1,190,015.58 (19,506.21) 2,914.28 406.89 (57,838.32) 657.59 39,427.81 242.38
2024 332.63 17 1,162,534.86 1,193,110.93 (25,886.41) 4,798.36 500.72 (62,350.33) - 993.75 50,945.23 422.60
2025 335.26 16 1,173,223.68 1,195,460.70 (31,471.95) 6,832.52 590.76 (66,608.08) - 1,332.50 64,260.02 2,827.21
2026 337.90 17 1,185,898.62 1,198,668.53 (36,512.71) 8,429.86 694.40 (71,103.10) - 1,676.94 79,439.30 4,605.41
2027 340.53 17 1,201,518.83 1,201,422.94 (40,983.11) 10,124.06 799.01 (75,793.42) - 2,027.71 96,969.56 6,952.10
2028 343.16 15 1,220,842.31 1,206,299.11 (45,045.88) 11,932.07 914.05 (80,664.81) - 2,379.37 115,251.26 9,777.13
2029 345.79 18 1,241,853.21 1,210,557.08 (48,790.91) 13,819.78 1,032.05 (85,713.68) - 2,735.97 135,436.09 12,776.82
2030 348.42 17 1,265,577.17 1,215,678.99 (52,216.66) 15,789.63 1,165.85 (90,950.17) (11.60) 3,095.60 157,144.46 15,881.07
2031 351.06 17 1,290,066.51 1,219,706.54 (55,384.83) 17,831.60 1,318.96 (96,365.78) (12.40) 3,457.98 179,725.54 19,788.91
2032 353.69 17 1,312,076.32 1,226,367.29 (57,721.15) 19,923.91 1,472.71 (101,934.12) (12.56) 3,821.76 196,481.33 23,677.15
2033 356.32 15 1,333,659.83 1,232,249.48 (60,166.46) 21,927.21 1,642.50 (107,616.56) (11.98) 4,189.34 211,388.76 30,057.54
2034 358.95 15 1,352,809.51 1,238,103.03 (62,405.96) 23,779.00 1,811.55 (113,373.76) (11.84) 4,559.49 224,442.33 35,905.66
2035 361.59 15 1,364,639.33 1,238,103.03 (64,333.16) 25,448.24 1,997.00 (119,170.35) (12.35) 4,931.19 235,736.88 41,938.85
2036 363.39 15 1,375,921.35 1,239,341.14 (65,994.23) 26,855.70 2,184.36 (125,152.00) (12.67) 5,220.75 245,423.99 48,054.33
2037 365.21 15 1,386,185.48 1,240,580.48 (67,305.27) 28,108.82 2,377.28 (131,237.21) (12.97) 5,483.60 253,680.04 54,510.72
2038 367.04 15 1,396,148.14 1,241,821.06 (67,777.88) 29,215.40 2,575.85 (137,418.52) (13.25) 5,720.29 260,685.24 61,339.94
2039 368.87 15 1,405,361.54 1,243,062.88 (68,088.44) 30,185.76 2,780.19 (143,688.31) (13.50) 5,931.99 266,611.15 68,579.82
2040 370.72 15 1,414,326.69 1,244,305.94 (67,952.51) 31,031.63 2,990.49 (150,038.91) (13.73) 6,120.21 271,614.17 76,269.39
2041 372.57 15 1,422,855.36 1,245,550.25 (67,755.48) 31,765.27 3,206.93 (156,462.57) (13.93) 6,286.70 275,833.01 84,445.17
2042 374.43 15 1,430,863.42 1,246,795.80 (67,755.48) 32,398.87 3,429.72 (162,951.52) (14.12) 6,433.32 279,388.36 93,138.46
2043 376.30 15 1,438,697.53 1,248,042.59 (67,755.48) 32,944.10 3,659.06 (169,497.99) (14.29) 6,561.97 282,383.89 102,373.67
2044 378.19 15 1,446,483.15 1,249,290.64 (67,755.48) 33,411.83 3,895.15 (176,094.26) (14.44) 6,674.47 284,907.96 112,167.28
2045 380.08 15 1,454,322.83 1,250,539.93 (67,755.48) 33,812.06 4,138.16 (182,732.67) (14.58) 6,772.57 287,035.34 122,527.49
2046 381.98 15 1,462,298.13 1,251,790.47 (67,755.48) 34,153.77 4,388.48 (189,405.66) (14.71) 6,857.92 288,829.13 133,454.20
2047 383.89 18 1,470,471.26 1,253,042.26 (67,755.48) 34,444.98 4,646.28 (196,105.77) (14.82) 6,932.02 290,342.41 144,939.39
2048 385.81 18 1,478,887.37 1,254,295.30 (67,755.48) 34,692.76 4,911.79 (202,825.71) (14.92) 6,996.24 291,619.76 156,967.63
2049 387.74 20 1,487,576.57 1,255,549.59 (67,755.48) 34,903.32 5,185.25 (209,558.30) (15.01) 7,051.80 292,698.60 169,516.80
2050 389.67 20 1,496,555.89 1,256,805.14 (67,755.48) 35,082.04 5,466.86 (216,296.59) (15.09) 7,099.82 293,610.35 182,558.85
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Figure76: CAISO Metered Lody Component
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CAISQ &etered peak load occurs on the dates and hours shoviigare77.

Figure77: Hour of CAISO Peak Metered Load
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2035 9 4 15
2036 9 4 15
2037 9 4 15
2038 9 4 15
2039 9 4 15
2040 9 4 15
2041 9 4 15
2042 9 4 15
2043 9 4 15
2044 9 4 15
2045 9 4 15
2046 9 4 15
2047 8 30 18
2048 8 30 18
2049 9 4 20
2050 9 4 20

t2tQad SYySNH@ T2 Nielousfirecasts irigueYs By ROBMR thdieBergy forecast in the 2023 IRP is 9%
higher than predictedn the 2018 IRP forecast due to increased electrification.

Figure78: PWP Load Comparison
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t2tQa @SN IS K2dzNI & f 2+ R & K Fidui®79. L @&dlincreasasdn thie KadtEndzank ramps p .
in the evening. When evaluating future resource potential, PWP will consider its load profile and what resources can he
meet loadcosteffectively.
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Figure79: Average Hourly Load
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In addition to average shape, PWP is mindful of the breakdown of its distribution of load, which is sHoguré80
andFigure 81

Figure80: Load Duration Curve
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Figure81: Load Duration Curve Inflection Points

185MW 1,318 1,609 1,988 2,418
280 MW 22 44 73 140 164 204 250
330 MW 1 2 5 25 37 46 55
. PercentofHousbyvear |
'Load Equal or Greater Than 2023 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050 |
185 MW 9% 9% 11% 15% 18% 23% 28%
280 MW 0% 1% 1% 2% 2% 2% 3%
330 MW 0% 0% 0% 0% 0% 1% 1%

t2t Qa8 aeadsSy ySSRa (2 0SS Gdinhddrg& Re yéa? carydivé fesofiréelplBnniigyieetist f
12. Transmission and Distribution

12.1. Bulk Transmission System

CAISO was created in 1998 to manage the portions of the regional transmission grid owned and operated by the 10
specificalyPG&ESDG&Eand SCE. Asa CABG NI A FASR { OKSRdzZ Ay3 [/ 22NRAYF (2 NJ
transmission rights havegen delegated to CAISO for operation and planning.

The PWP system interconnects to the CAISO power gttie dt. M.Goodrichsubstation (GoodrichPower is received via

two 220R/transmission line¥ N2 Y Mesa@urd &ould substations, which are located southeast and north of Pasadena,
respectively¢ KS HHNnl + SldZALIYSYyldG i D22RNAOK A& 28ySR 0@ t 2
direction. Contractually, the Goodrich interconnection may impapt to 336 MW. However, the import capacity is
currently limited to 280 MW so that PWP can addreskédntingency operations under its distribution system limitations.
N-1 is an industry planning standard theisurescontinued operation in the eventa&yi SYQa & A y 3t failst | NJ

12.2. Bulk Transmission Planning

/ITL{hQa lyydzadt GNIyavYraairzy LIXIY Aa Ly S@Fftdzd (-t 27
policy goals, and potential projects that could bring economic benefitonsumers. The system reliability assessment
included in the 20222023 plan raises no concerns that would require any new corrective action plans to meet NERC
requirements. Since PWP does not operate any part of the bulk transmission system, theoedeatified transmission
concerns that need to be addressed in the 2023 IRP.

12.3. Distribution System Planning

t2tQa StSOGNRO RAAGNAOdzOAZY &a&daidsSy O2yaraida 27F nin&k NB S
distribution substationsimported power from CAISO is delivered into the PWP system at Goodrich through ttee 1
MVA power transformers that step the voltage down from 220kV to 34.5kV. PWP also has a 40 MW, 34.5k
AYUGSNOD2yySOGUA2yYy 0S06SSy Df Syl NI Reedvidg Stafidnywdich{islidcaiedl &gt of y
t I ak RSYIl © t PoweraPlam {Geyarmidiudes five generating units that connect to Glenarm Receiving
Station. The St. John interconnection is currently not synchronized with the PWP distribution systetinerefore,
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OFyy2G 0SS 2LISNIGSR Ay LINYttSt G2 t2tQa O2yySointatey (2
load curtailment requirementsSe Figure82.

Figure82. Simplified Diagram of PWP's Sthiansmission System
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PWP utilizes an underground 34.5kV $r@amsmission system, and a combinatiof overhead and undground &V and
17kV systems, to deliver electricity to customers through the distribution substations.

The 73circuitmile underground sutransmission network is comprised of 285 miles of 34.5kV calile. network
includes eight 3418V circuits that fam the crossown backbone of the sulransmission system and connect directly
from Goodrich through the Santa Anita Substation to Glenarm Substat@design of the 34.5kV substations are double
bugd double breaker, which provides operating flexibilitydaa high level of reliability.

In coordination with the 2018 IRP, PWP developed a Power Delivery Master Plan (RibMIP)vas approved by the
Pasadena City Council in June 202% PDMP provides a higgvel guide for planning, operating, avdl- A y G F A Y A y 3
St SOGNRAO RA&AGNROdzIiAZY &@adSY 20SNJ G§KS ySEG wn &ShNAO®
and provides an ambitious lorigrm capital improvement plan of projects designed to enhance reliability hysafad
costeffectiveness¢ KS t 5at RSAONAO0Sa t2tQa StSOGNARO RAAGNRAOGdzIA
identifies a few crucial areas that need to be addressed systematically.

The PDMP specifically identifies several improvemdirectly related to the 2023 IRP. As previously stated, PWP has a
contractual ability to import up to 336 MW, but it is limited to 280 MW due to distribution system limitatidresprimary
limitations are Goodrich transformer capacities, 34.5kV-sahamission system power flow constraints, and high short
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circuit duty (~4kA).TKS t 5at 2dzit AySa (GKS F2ff2¢Ay 3 ArghaniissionEystens &
to address these issues

1 Within five years, upgrade the capacity and protectionhaf 34.5kV mintrosstown subtransmission lines that
connect Glenarm and Santa Anita Receiving Stations through the distribution substations to increase overe
system power flow capability. Once the lines are upgraded, they would be reconfigured te arsacond cross
town connection for redundancy and improved capacity. This upgrade is necessary before PWP can perform tl
subtransmission line replacement work between Glenarm and Santa Anita Receiving Station desctiieed
following bullet

1 Replacéupgrade thefour aging 34.5k\trosstown subtransmission lines between Glenarm and Santa Anita
Receiving Stations.

f 'LIANIRS (GKS HHnl+xtkondpl+t D22RNAOK UGNIYaATFT2NX¥SNAR 0
import capacity from 280/W to the contractual 336 MW import limit.

1 Reduce the short circuit duty in the 34.5kV drdnsmission system to ~25 kA. To accomplish this, PWP plans to
split the 34.5kV sufransmission system electrically in coordination with the Goodrich transformer upgraliss.
g2dzf R aA3IYyAFAOL yite NBRdr@Smissipniagoybistibution agsetdshodlfaultsAshart? t
circuits) occur.

Theseprojects would not beompletedsimultaneously, rathethey would be completeéh operational order and/or in a
mannerthat best minimizes community impacts. The collective scope is expected to be completedl®iyieiars.

The upgrades would not only improve system reliability and longevity, but also facilitate the growth of DERcat#ity
energy storage and ility-side renewable energy projectsuch as community solawithin the PWP system. Precise
locations, types, sizes and installation dates of new generation and storage projects connected @adBiABUtion
system have yeto be determined andwill require the PDMP be revisetb address distribution systenmpactsbased
upon incremental engineering evaluations

13. Localized Pollutants and Disadvantaged Communities

PWP recognizes that air pollution represents only one of the possible community impaappbfisg electric service to

its customers. While the remainder of this section focuses on air quality, PWP remains committed to holistic mindfulnes
of the communities it serves, including noise and traffic ramifications of its utility operations. tirgp BWP continually
strives to perform as a good neighbpnot only in the presenbut also in charting and realizingl & | Re®gfdy (utre.

As directed by SB 535, the CalEPA defines and desigbismdvantaged Area Communiti€&XC¥based on geographic,

420A2S802y2YA0s Lzt AO KSIfOGKZ YR SYy@ANRYYSydlt KFTIT
AYRAOIFIG2NB (G2 ARSY(OGATeE O2YYdzyAidASa Yzad | FFSOG Siosto &
environmentallyd dZNRSY SR I NBFax a2 /! w.-abdTrabel abd tHelRGatbdn Vel Siaddéré& |
(LCFgend to concentrate their investments in these communities to improve public health, quality of life, and economic
opportunities in Y RSNESNIWSR I NBFad ! OO2NRAyYy3 G2 /IFf9y@ANRY{ ON
location, showrFigure 8, encompasses 0.6 square miles in northwest Pasadena and includes a populatioredhan

6,000 people.
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13.1. Emissions Reduction

Glenarm, the only utiliyscale generating station in PasaddoaPWR is located outside this DABonetheless, PWP has
been aggressively reducing its emissions footprint and cutting emissions below the limits set by SB 32 and AB 127¢
benefit all area communitie®WP had reduced emissions from its power supply portfolio by 50% compared to 1990 level
by the end of 2021In January 2023, the Pasadena City Council adopted Resolution 9977, which sets a more ambitiol
goal of 100%arbon freeenergy resources by 2030, thereby accelerating the 2045 state target by 15 Reardution

9977 directs PWP tase the 2023 IRP process to define multiple paths to this goal in a way that optimizes stability, servic
reliability, affordability, and rate equity.

Following its core missiorPWPconstructs, operates, and maintains its power system facilities to geostable and
reliable electric service to all its customers, regardless of their respective locations. By also actively promotingtyate equ
PWP provides a benefit of special importance to its DAC Aeaoted in the IRP Executive SummawyP will eglore
additional actions that would support the overall carbon reduction goals of the IRP including:
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1 Perform a rate design study that explores various options working to further address rate equity.
1 Explore expansion of distributed energy resources, lostomer and utility-owned.
9 Evaluate possible changes to customer incentives or subsidies, includiiclmwe assistance

Prioritizing the DAC and rate equity is essential as PWP undergoes planning and implementation of clean energy proje
and prograns. Additionally, this effort will be done in compliance with regulatory requirements under SB 32, SB 585, A
1279, and other applicable statutes.

Formore thana decade, PWP hdmlped supporteV adoption in the community by installing EV supply equipment for
both fleet and public use. PasadenasiBay S 2 F G KS ylI A2y Qa KAIKSAG LISNOSydl

& F LINIAOALIYGE Ay GKS /! w. Qa [/ C{ LEN®RNEpmreitynd Benn n
can sell credits to transportation fuel producers and importers who have met specified average carbon intensit
NBIljdANBYSYy(Ga F2NJ FdzSt | OO02NRAy3I G2 /! w. Qad NBIdzZ | GA2Yy

projects and services that directly benefit qualified DACs and/oritm@me customersin accordance with the LCFS
regulation, PWP allocated 30% of LCFS proceeds to qualifying programs and projects in calendar year 2022. °
requirement increased to 40% in calendar year 2023 andneiéaseto 50% in 2024 and subsequent years.

Although pandemigelated supply chairgid dzS&4 KI @S RSt F @SR t2tQad 20SNYrftt [/ C
progressed in calendar year 2022, including the start of construction of 25 public EV chargers at Robinson Park Recrea
Center in northwest Pasadena. The project, whiclcieduled to be completed and become operational by December
2023, will provide the DAC with convenient, freevamcessible charging to encourage EV adoption in the area. PWP has
also installed three public chargers at the entrance of the City Maintenaaaks,Yalso located in northwest Pasadena,
which is home base for a majority of the healyty and lightduty fleet vehicles that PWP and the Public Works
Department operate. These three public chargers add to the 55 existing employee vehicle and flgetshasated
directly on the facility grounds. Moreover, the Advanced Clean Fleets rule recently developed by CARB requires that 5
of new fleet purchases be qualifyizgro emission vehicldZEY by 2024 This requirement increases to 100% effective
2027 and will contribute significantly toward overall emissions reduction in the DAC and its surrounding neighborhoods

Both budgetarily andperationally PWP is fulfilling itBAC requirements under SB 535 and the LCFS.

13.2.1. EV Rebates and Incentives

To expand interest in EV adoption throughout the community, PWP has long offered incentives for the purchase or lea
of an EV or EV equipment, with rebatesuedin calendar year 2022 more than doelrebates inthe previous year.
Incomequalified custoners are eligible for additional rebates to help improve the affordability of an EV investment.
Likewise, commercial customers that install &wipment in DAC locations and incongpialified structures become
eligible for additional incentives to encouragey R a4 dzLJLJ2 NI 9+ | R2LJiIA2Yy Ay tl &l RSy

In 2023, PWP launeld an eBike rebatepilot program which will further incentivize adoption of affordable clean
transportation options.The program was fully subscribed in fall 202®0kng forward, the City will evaluatiae pilot
program results, benefits and challenges for future discussidhis and similar programs
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13.2.2.  Efficiency and Assistance Programs

PWP offers numerous programsspporting both theDAC and incomqualified customers throughout the community.
Sectiorb of the IRPEXisting Policies and Prograrostlinestheseprograms The descritionsin the following subsections
highlight several key programs available to these customAside from programs exclusively open to incequalified
customers, PWP offers these programs to all customEnst said, the incomgqualified programs partidarly benefit
DACI/LI customers.

The EUAP, together with the CARES and CARES Plus programs, provide monthly bill assistance to residents, senior
disabled customers who meet income requirements based on householdAsiditionally, Project AP.P.LE (Assisting
Pasadena People with Limited Emergengisyides a ondime payment assistance to any incorgaalified residential
customer who faces the risk of power disconnection due to-payment. The Medical Equipment Assistance Program
provides a monthly bill credit to any residential electric customer who operates eligible eleotwiered medical
equipment, regardless of income.

PWP also provides information on other availatigte andfederal assistance programs to expand options for those
experiencing financial hardships.

Residential customers are eligible to receive rebates and services for energy efficient appliances and hovesrieris
that help reduce GHG emissiofihieHome Energy Rebate ProgrdhiP)providesincentives for the purchase of ENERGY
STAR®ertified appliances and other qualifying-alectric equipment, as well as home insulation and air conditioning
measuresThe program also offers additional incentives and benefits to eligible inaprakfied customers.

PWP offers various direct installation programs that help qualifying homeowners improve overall home comfort anc
efficiency.. 2 0 K HIPand)SoCalG&ESAP provide ncost home efficiency evaluations, installations, and upgrades
that include LED lighting, aonditioning tuneups, weatherization, high efficiency toilets, smart thermostats, and smart
irrigation systems.The Under One Raf Programprovides qualifying residents with guidance on program eligibility
requirements and assistance with service coordination on all City efficiency and home improvement programs.

Incomequalified residents are also eligible to receive general homaintanance services such as painting, wheelchair
ramp installationsandbroken window replacement$ K N2 dz3 K (G KS / AdGe@Qa a! {1 tNRPINIY
has also partnered with Neighborhood Housing Services of Los Angeles County to offer {mténest home
rehabilitation loans through HELRaintenance is an important stdp improving home efficiency, and PWP is committed

to providing an array of resource and assistance options to all members of the community.

To help residential electric customers gain a better understanding of how personal energy and water consumptior
compares to that of similar neighborhood residents, PWP provides quarterly home energy and water reports that provid
customerspecific savings tgpand neighborhood comparisons to motivate efficient practices and behaviors.
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WeDIP, available since 2013, providescostwater and energy efficiency upgrades to small business customers who may
y2i KIFI@S GKS GAYS 2NJ FAYIFIYOAILf NBaz2dz2NOSa G2 LI NIAOAL
Through a $1.2 million grant from the California Department at&/ResourcedVeDIPvas expanded in 2018 to include
mediumsized businesses, with 76% of the grant funding directed to saral medium sized businesses within a DAC
census tractAdditional informationort 2 t Qa LINBANEH dhats website!

PWP will continue to tailor education, outreach, and programs to engage and benefitdome customers and its DAC
OSyadza GNJ} OG G2 SyadaNBS Aida Odzald2YSNB Koot G§ KS 2 LILI2 NI

14. Defining Scenarios

PWPis required tdfile a resource plamith the CEC that complies with various state requiremgntduding PUC Section
9621. However, the CEC also encourages POUs like PWP to evaluate scenarios and sensitivities to ebeasileitit,
costeffectiveness, and rate impacts of alternative options.

In its 2018 IRP guidelines, the CEC definesyilscdh 2 | & &l &S0 2F | daadzyLliazya |
aeaidsSY Y2RStAYy3 LISNF2NN¥SR (G2 &dzZlJ2 NI 3ISYSNIGAZ2Y 2NJ G
determines how scenario analysis changes when an assumptioniBRvageA G K £ 20 KSNJ a0Sy | NR
In other words, a scenario produces a combination of resources built over time that aim to optimally meet energy
capacity, and environmental goals. Sensitivities stress scenarios to see how they wowldnparfder different
conditions.

In the 2023 IRP, PWP studied five scenarios and one emerging technology scenario. PWP also elected to model the
scenarios under four sensitivities. S&gure84for a primer on how PWP regarded the five scenarios versus the emerging
technology scenario versus sensitivities.

Figure84: Scenarioss.Emerging Technology Scenavi Sensitivity

1 A mix of resources optimize 1 An avoided cost study 1 A stress of variables applied to
under given conditions 1 Load is shifted, and new scenarios
resource mixes are created
1 The emphasis is not on what is
installed, but on the cost
differences

147 hitps://pwp.cityofpasadena.net/savemoney/
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1 This quantifies a potential
maximumfinancial value to PWF
for a specified load or peak
reduction

On January 30, 2023, the Pasadena City Council approved Resolution 9977, declaring a Climate Emergency and sett
policy goal to reach 100% carbénee electricity by the end of 2030. Resolution 9977 further directs PWP to use the 2023
IRP process to @h multiple pathways to meet this goal while optimizing affordability, rate equity, stability, and reliability.
l'a | NBadzZ G 2F (KA& NBaz2tdziaAz2ys:r GKS HnHo Lwt aSN®BSa
into planning and oerating a carbo#free system.

PWP hashe followingtwo objectives of note for the 2023 IRP:
1 FileanIRPwith the CEC as required by statute every five years

1 Plan multiple approaches to transition to the goal of 10&#®onfree sources by the end of 20, and optimize
affordability, rate equity, stability and reliability

The second objective li&ely one of the most ambitious dedaonization goals in the worlénd far more aggressive than
G§KS | YOAGA 2108% CleanfEReTg? dddfsh ALdimttiin the SB 100 Scoping Plan, the Sapéan relies upon
unprecedented build rates of renewable resources, as well as comprehensive electric grid transmission additions |
accomplish a 2045 target implementation date

PWP acknowledges thatorkingtowardsachiewngsuch a goal will require intensive and concentrated efforts that stretch
acrossCAISO processes, CEC planning and coordination with government agencies across tiéhdaWP must file
an IRP by the end of 2023 to remain in compliandé state regulations, PWP anticipatesntinuing its demonstrated
decarborization trend, as GHG reductions of 68% have been realized as compared to 1990Tesedfore, the 2023 IRP
represents itdnitial planningeffort to contextualize what a carbefnee transition could entail. PWP will conduct further
economic, reliability, rate, environmental, and other studies to help identify risks and opportunities.

There are important definitions to notelated to scenads. The scenarios differentiate between internal and external
NBaz2dz2NODSad t2t Qa & SvNgehsQHe grid SutsiNAnits @Rritdry ishesterrahe Bighind Bol-
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Figure85: Internalvs.External

D22RNAOK A& t2tQa 0O2yyS
markets within California. Goodrich is modeled as a
connection to these larger markets. The larger marke
the grid outside of PWP's service territory and is
referred to as the external area.

PWP is modeled as an area with load and its Glenar
power plant. Load is adjusted to include the impacts
energy efficiency, electric vehicles, distributed solar,
and distributed storage. The IRP will refer to everyth
inthisareaagt A Y G SNY I £ ®¢ ¢ KA A& |
territory.

PWPalsocategorizes resources as utittgale, residential, commercial, distributed, or community. Sgere 86or a
brief description of eachategoryd ! RRAGA2Y | f AYF2NNI GA2Yy FHgureBonDayvaidable H 1 H H
online 48

148 https://atb.nrel.qov/
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Figure86: Utility-Scale or Distributed?

Utility -Scale Distributed

| |
2 2
B It t

Resolution 997Tequestscarbonfree sources by the end of 2030. While renewable and-zarbon are phrases defined

by California, carbofree is a concept developed by PA\Se Figure87. PWP defined carbefiee resources as those that

do not emit any carbon. This excludes some resources that California defines as renewialy #nat distinction, also

as zerecarbon. PWP and its stakeholders also defined the goal as hourly for the purposes of the 2023 IRP. RECs, offs
or other financial tools were not permitted.

Figure87: Renewable & ZeroCarlon \s. CarborFree

Who defines this? California California 2023 IRP
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Includes é¢xamples)

renewablepowered fuel
cells,landfill gas, biogas

Excludesgxamples) Fossil
Measured Annually
Source of Requirement? SB 100

Wind, solar, geothermal,

Wind, solar, geothermal,

renewable powered fuel

cells,landfill gas, biogas,
hydroelectric, nuclear,

Wind, solar, geothermal,
renewablepowered fuel
cells,hydroelectric,
nuclear, storage (if

carboncapture charged by carboifree
energy)
Fossil Fossil
Landfill gas, biogas,
current carbon capture
technology
Annually Hourly
SB 1020 Resolution 9977

Scenario analysis in the 2023 IRP helps PWP identify oigisrtunities, and inflection points. In the 2023 IRP, PWP
assumed dferent waysto achievea carbonfree resource portfolio by 2030. Four of the scenariaslgdingScenario 6)
follow the Resolution 9977 direction to study a cardoge system while ae scenario(Scenario % follows state
requirements. Scenario 5 studies the impact of a carbonRigure88 includes the list of scenarios

Figure88: Scenarios

Scenario 1: 100% Carbon Free by 2030 with No Limit on Internal Resources

Scenario 2: 100% Carbon Free by 2030 with a Limit on Internal Resources

Scenario 3: 100% Carbon Free by 2030 with a Limit on Internal Resources and Doubled Distributed Resource

Scenario 4: Reference Case (SB1020)

Scenario 6Emerging Technologies Study Scenario

Scenario 5: Reference Case + Social Cost of Carbon (SB1020 + SCC)

Each scenario generated a leastst, bestfit resource mix within the constraints of its assumptioiibe IRP used an

industry-standard planning model, EnCompass, by Anchor Power SolutionSe&@9.2 of the IRFor more details on
the model.The scenarios are further describedthe following subsections

Pasadena Wateand Power
2023 Integrated Resource Plan

1250f 257



14.3. Scenario 1: 100% Carbon-Free by 2030 with No Limi t on Internal Resources

In addition to all relevant regulatory requirements, PWP seitkto meet 100% of its hourly energy load with carkfoee
resourcesCarbonfree resources include onshore wind, offshore wind, solar, and renewable hydpmyeeredfuel cells

but do not include natural gas, landfill gas, biofuel, or market purchases. Different durations of battery storage can als
meet capacity needs. Battery storage should be charged by cdrbenmesources pos2030.

PWP has a limited amount gpace available within its service territory to site new generation or storage facilities.
However, this scenario allows for a virtually unlimited number of resources to be located internal to PWP. Thefresults
this scenario demonstrate the types and eggpte sizes of resources needed to meet its load every hour with cdrben
resources. This serves as the foundation for what PWP seekio acquire, in practice. This may also help PWP identify
the number, sizes, and scale of facilities needed.

14.4. Scerario 2: 100% Carbon-Free by 2030 with a Limit on Internal Resources

PWP has a limited amount of space available within its service territory to site new generation or storage facilities. Bas
on bestavailable information and estimates, PWP believes it sisee 200 MW of 4our storage 150 MW of 6hour
storage 100 MW of 8hour storage, or 50 MW of Bour storage in its service territory. PWP also believes it could site
up to 5 MW of hydrogespowered fuel cells and 5 MW of utiligcale (community) solaiThis scenario sets these limits as
the maximum amounts of these internal resources that PWP could choose. In other words, the model could elect to inst:
up to those amounts of resources internally. If those limits bind (i.e., if the results maxinyizmarof those limits), the
model wouldseekii 2 Ayadltf GKS ySEG o08Sai (KAy3ad ¢KAa O2dzZA R o
service territory, or carboffree resources located external to PWP that PWP could import through Goo@rimhd the

space constraints detailed in Scenario 2 arise in practice, PWP could cdwsidtr proceed

14.5. Scenario 3: 100% Carbon-Free by 2030 with a Limit on Internal Resources and
Doubled Distributed Resources

This scenario copies the carbénee goalsand internal resource availability assumptiomgntioned in Scenario But
doubles the amount of distributed solar and storage embedded in the load fore8zesFigure89. The distributed solar
YR adG2Nr3S OF LI OAGE SYOSRRSR Ay (GKS f2FR FT2NBOlFad NB
incentives and state trends. In thisenarig PWP also adds that amount online as resources. The doubling of distributed
solar and storage assumes a decision to prioritize custesiter resources.

Figure89: Distributed Resources in Load Forecast

2023 30 2
2024 32 2
2025 34 3
2026 37 3
2027 39 4
2028 42 4
2029 44 5
2030 47 6
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2031 50 7
2032 53 8
2033 56 9
2034 59 9
2035 62 11
2036 65 12
2037 68 13
2038 71 14
2039 74 15
2040 78 17
2041 81 18
2042 84 20
2043 88 21
2044 91 23
2045 95 25
2046 98 26
2047 102 28
2048 105 30
2049 108 32
2050 112 34

Across all scenarios, all resources have associated costs. The IRP presumesalrab¥ERcluded in the load forecast
puts no incremental cost burden on PWP. Additional DER would come at an additional cost, and the IRP identifies this ¢
component for informational guidance.

14.6. Scenario 4: Reference Case (SBL020)

Thisscenario demonsates PW Q& | 0 Af A (& { ith @Rapplidabie Stat@ rddul&deyOrui&es, including

the following:
f Utlity-a LISOAFAO DI D NBRdAzOUAZ2Y GFNBRSGa SaidlofAakKSR oe@
economywide GHG emissions radtions of 40% lower than 199€velsby 2030

(@]

1 Renewable energy procurement target of 60% by 2030

1 100% renewable resource and zerarbon goal by the end of 2045

Scenario 4 gives PWP a base case against which to comparaagharios.

14.7. Scenario 5: Reference Case + Social Cost of Carbon (SB020 + SCC)

PWP meets all relevant regulatory requiremenfi$sq a hypothetical additional carbon tax based on 8@Gpplies to
all carbongenerating resources. TIBCGs adollar value estimate of the damagedociety caused b§Q emissions. PWP
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referred to an estimat@evelopedoy the EPA in 202&e Figure90**°. PWP used the 1.5% discount ratehis estimate,
which generates the higheSICGor study purposes.

Figure90: Social Cost of Carbon

Social Cost of Carbon
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Carbonproducing resources include natural gas, landfill gas, biogas, and market purchases. The IRP assumed that the
carbonintensity of the market declines over time, as carkmitting resources are replaced by lowemitting
alternatives. PWP adopted$h Y NJ] S SadA Yl (S dza A ¥a@e datey 8dpi€etl iRigureWOB A dzY H J

149 https://www.epa.gov/controllingair-pollution-oil-and-naturalgas-industry/epaissuessupplementalproposaireduce

150 https://scenarioviewer.nrel.gov/
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Figure91l: Carbon Intensity of CAISO
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Scenario 5 allows the capacity associated with caffimalucing resources to help meet overall requirerteerHowever,
the carbon tax would, in theory, encourage additional renewable generation to replace cantting resources.

14.8. Scenario 6: Emerging Technology Study

Emerging technologies represent opportunities to achieve cafbem goals at lower costs and greater reliability.
Emerging technologies is a general term referring to technologies that may become available during the IRP Study Per
(2023 through 2050)-igure92 shows examplesf potential emerging technologies

Figure92: Potential Emerging Technoleg

Hydrogen Burning
Engines and
Turbines

LongDuration
Energy Storage

Demand Respons
Tools

Different Energy
Storage

Technology

Small Modular Carbon Capture Intersections With

Nuclear Reactorsgll and Sequestratio

O EINISES Other Industries

Emerging technologieby nature, ae not currently available commerciallyTherefore PWPdoes not havehe data on
costs and operational parameters that it has for more advanced technologies.

PWPseeksto be a leader in making and achieving carbon reduction goals. To support this, PVER Eamerging
Technology Scenaridhis is an additionatcenario that evaluatethe impactsof emerging technologies on a single given
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scenariq which is Scenario 2 in this IRP. Scerfarsathe most constrained in terms of new resources thatlinstaled.
As a result, the value of emerging technologies to PWP may be highest in Scenario 2.

While PWP cannot predict what emerging technologies could best help it achieve its carbon reduction goals co
effectively, he followingare two performance traits of particular interest to PWP:

1 Less energy usage overall
Examples include energy efficiency, distributed resources, a base loadgttant

1 Less energy usage at net peak load times
Examples include demand response technologies-thmgtion energy storage, dispatchable clean
technologies, etc.

In the Emerging Technology Scenario, PWP sought answersflltweing questions:
1 What isthe proxy valudo reduce energy and peak load across all hours of a year by 1%, 2%, or 3%?

1 What isthe proxy valudo reduce the top 0.5%, 1%, and 1.5% of peak load hours each year by 30 MW?

To answer these questions, PWP ran two series of studies: an energy effisierg study and a demand response proxy
study.

14.8.1.  Scenario 6: Energy Efficiency Proxy

In the first studyunder Scenario 6BPWR bad is reducedby 0.5%, 1%, and 2% across all hours of the year for a given
scenario (in this case Scenario 2). The costrgiffce between these results and the original scenario result is a potential
maximum value to PWP for technologies that reduce overall load.

Scenario 2 is the most constrainedenario, whichresults in a higher bound of financial value to PWP for an gingr
technology that reduces load.

14.8.2.  Scenario 6: Demand Response Proxy

In this second studynder scenarioB t 2t Qa f 21 R A dappkikiRadely1BR of dsdpeak Inad)aérossithe

top 0.5%, 1%, and 2% of load hours each year. The cost diffelesivesen these results and that of the original scenario

is a higher bounaf value to PWP for technologies that reduce load during peak hours. Again, PWP conducted this stud
on Scenario 2.

Resolution 9977%equests thatthe L wt  LJX 'y Ydzf GALX S F LIINRBI OKSa (2 YSSi
t A RSyl Qa St S drée\shutasibp thefeNRo¥ 203D PMIP & art of CAIBIQa such, PWP needs to
consider its carbon emissions in the contexitefinteractions with CAISO.

The carbon associated with CAISO market purchases can be assessed irtfa fedetvingtwo ways:

1 Average
There are different resource types producing energy. The energy generationmegear can translate to
an averge emission rateA forecastedestimate ¥ /! L{ h Q& @lsHélrd Figuke g1l Sy a A ( &
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1 Marginal

The carbon intensity of CAISO could also default to the carbon intensity of natural gas. This has historica
been the last resource to go online to mdead.

Given that the market has embedded carbon, PWP wanted to understand how it could replace market purchases wi
traceable, carbotiree energy. To be carbeinee on an hourly basis, PWP would need to purchase enoughcaebon
resources to avoid CAISO puashs in each hour of the year.

Ly Y2 RSt Ay Ifree 8ystednatheQO2BIIRR nffade the following assumptions:

1 Glenarm and Magnolia are retirdgecembei31, 2029

The debt associated with Glenarm must be repaid. There is an estimated $85 midigstanding debt
associated with Glenartiat wasnot included in the modling Additionally, any decisions regarding
Glenarmoperations would be subject to CAlI8epth analysis, which is based in part on NERC reliability
standards
Glenarm does not iguire fuel source modification, adaptation, or conversion for Scenarios 4 and
5. The CarbosiFreeScenarios require Glenarm to be either replaced, converted, or adapted with
carbonfree dispatchable alternatives such as carbon capture, green hydrogenglsior other
future technologies as they emerge, and prior to 2030

al 3y2f Al Qa O2 ylumBoQG36. Nk tay bekideR, drihke, or other financial
obligations associated with an early eX®articipation in this project is throu@@CPPANd requires an in
depth analysisind potentialbilateral negotiationsvith other SCPPA project participants

1 No biogas as a new resourstarting in2030

1 No market accessassime the aerage emission rate for carbon

From a planning perspective, PWP agd@nally modeled its system as an islaindavoid the markets inherent carbon
content (i.e., without CAISO acceskpwever, PWP currently interacts daily with CAISO. The differences between these
approachesre shownin Figure93.

Figure93: Island vs. Market Access

T Energy Vakel Access

Modeling PWP adds resources so it can operate Once the resources are selectasl thoughPWP

reliable, 100% carbofree system on an is an island, they can dispatch within the CAIS
hourly basis. markets.
Carbon Implications ~ PWP can meet its load with carbémee  Resources may dispatch differently given marl
resources each hour. signals. Market interactions come with carbor
implications.

Cost Implications Scenario costs will appear higher. This Scenario costs will appear higher. This is the |

the high bookend. bookendt 2t Qa NXB a2 dzZNDOSa
t2tQa NBaz2dz2NDSa energy to the market. Given that many factors
energy to the market. influence revenue earned in the markets, PW
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may need to study other cost implications to
jdzSatdAz2ys

yagSN GKS

PWP has an existing fleet of owned and contracted resources that help meet energy, capacity, and enviroreadatal
aKz2gy AY

t2t Q&8 SEAAGAY3T AyaHigute®dSR OF LI OA e

Figure94:t 2 t EX&ting Cumulative Installed Capacity

Aa

15053 2024 2025 2026 | 2027 2028 | 2029 2030 2031

Total Existing Resources
Existing Coal
ExistingNatural Gas Combined Cycle

Existing Natural Gas Combustion Turbine

Existing Large Hydroelectric (Hoover)
Existing Nuclear (Palo Verde)
Existing Wind

Existing Landfill

ExistingUtility-Scale Solar PV

Existing Demand Response
Total New Contracted Resources
New Geothermal

New Utility-Scale Solar PV

407
108

80

132

10

10

36

10

405
108

80

132

14
10

10

36

10

337
0
130

132

14
10

10

36

335

337
0
130

132

14
10

10

36

335

287
0
80

132

14
10

10

36

428
35

44

287
0
80

132

14
10

10

36

478
35

44

287
0
80

132

14
10

10

36

478
35

44

282 271
0 0
80 80
132 132
14 14
10 10
0 0
10 0
36 36
0 0
478 478
35 35
44 44

Pasadena Wateand Power

1320f 257



New 4Hour Storage (projected) 100 150 150 150 150
EDF Sapphire Storage 0 0 0 0 20 20 20 20 20
Peak Load (MW) 330 333 335 338 341 343 346 348 351

Installed capacity is not the samas |j dzl t AF@Ay 3 O LI OAleéd vdzZd tAFeay3a OIL
contributions, which CAISO quantifi€gure95sK 2 g & t 2 t CR¥ApoSitieriwattibit ¥y resource additions.

Figure9s:t 2 t Q&4 CA NY / withhutRedbérce Addlitiohsi A 2 v

Summer RA Position

mmmm Existing Coal mmmm Existing Gas Existing Clean
mmmm Existing Renewable Existing Demand Response Contracted Geothermal
mmmm Contracted Solar mmmm Contracted Storage = eseese Load Requirements
Load
500

400 ...................o.o.o..'.o.Io.o.........oo...o..

300
B B | | | . [ ] [ [ [ ]
200 B B B B B
- I I I I I I I I I
0

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Qualifying Capacity (MW)

Figure96 shows the firm capacity of these resources in greater detail.

Figure96:t 2 t K Capacity Positiomithout Resource Additions

July 297 311 297 322
August 305 323 335 338 334 313 337 330 351
September 330 333 324 322 341 343 346 348 344
Summer Peak Load (MW) 330 333 335 338 341 343 346 348 351
Reserve Margin (%) 15% 15% 18% 18% 18% 18% 18% 18% 18%
Peak Month 09 09 08 08 09 09 09 09 08
Required Reserves (MW) 50 50 59 59 60 60 61 61 61
Summer Load Requirements (MW) 380 383 394 397 400 403 406 409 412
Total Existing Resources 356 355 289 288 238 238 238 237 230
Existing Coal 105 105 0 0 0 0 0 0 0
Existing Natural Gas

Intermountain 0 0 50 50 0 0 0 0 0

Glenarm 195 195 195 195 195 195 195 195 195
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14 14 14 14 14 14 14 14 14

Existing Large Hydroelectric 9 9 9 9 9 9 9 9 9
Existing Nuclear 9 9 9 9 9 9 9 9 9
Existing Wind 0 0 0 0 0 0 0 0 0
Existing_andfill 8 8 8 8 8 8 8 8 0
Existing UtilityScale Solar PV 4 4 4 4 3 3 3 3 3
Existing Demand Response 12 12 0 0 0 0 0 0 0
Total New Resources 0 0 0 0 55 55 55 55 56
New Geothermal

0 0 0 0 32 32 32 32 33
New Solar

0 0 0 0 3 3 3 3 3
New Storage

0 0 0 0 20 20 20 20 20
Length{Shortage) (24) (27) (105) (109) (107) (111) @114 (@17 (@27

Calpine Geysers, Coso Geothermal, and EDF Sapphire Solar were all contracted in 2021 to 2023 to help address upco
gualifying capacity needs. Without these planned resources, capacity shortages in the summer increase to 105 MW
2025 andio 162 MW in B27. Even with these resources, shortages renaaitD5 MW insummer 2025 and 107 MW in
summer 2027.

Across scenarios, 2025 and 2027 show resource needs because 108 MW of installed capdéy &alhnetires onJune
30, 2025.Approximately50 MW of ingalled capacity from IPRatural gas begins odulyl, 2025 and expires ordune30,
2027.

[ FLI OAde &aK2NII3Sa NBadzZ G Ay 3INBI (Fiyne oyskoivs thayPiive will sBrieh 2 y :
approximatelytwo-thirds of its annuaénergy with contracted resources by 202@suming its contracted resources
come online as planned
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Figure97: Energy Positiowithout Resource Additions
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Capacity shortages also result in increasing renewable energy needs over time, asrsRagune98. As it stands, PWP
needs more renewable energy to fulfill its &aequirement of 60% renewables by 2030.

Figure98: Renewable Positiowithout Resource Additions

Renewable Position
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15. Defining Sensitivities

Scenarios are selections of resources optimized to meet capacity, energy, and renewable needsSws#iyiush
stressors onto scenarios tteterminehow the scenarios would perform unddifferent conditions. Scenarios 1, 2, 4
and 5 had the sensitivity tests applied after the initial modeling. These tests help idpotégtial vulnerabilities and
considerations. There are four proposed sensitivjtesshown ifrigure99.

Figure99: Sensitivities

Sensitivity 1: Heat Wave

Sensitivity 2: Goodrich Transfer Contingency

Sensitivity 3: High Technology Costs

Sensitivity 4: Low Technology Costs

The sensitivitieseekto answer fundamental questionsee Figure100. Sensiities 1 and 2 focus on reliability, and
Sensitivities 3 and fbcuson cost.

FigurelO0 Sensitivity Metrics

Sensitivity 2; Sensitivity 3 Sensitivity 4
Goodrich High Low
Transfer Technology Technology

Contingenc Costs Costs

Sensitivity 1:

Heat Wave

What is the

What are What are

the maximum How many How many the How many How many
additional hourly value hours does days does additional hours does days does How much How much
energy for an PWP need PWP need energy PWP need PWP need would costs would costs
TEEES i additional additional additional ek o additional additional increase? decrease?
month? energg energy? energy? month? energy? energy?
need?

J

Total MWh Maximum Additional Additional Total MWh Additional Additional ; nzgg‘;gti al ;?g;i’g )
of additional MW of energy energy of additional energy energy . i
energy additional required required energy required required e m——
needs energy need (hours) (days) needs (hours) (days) itg elf itps olf
Pasadena Wateand Power 1360f 257

2023 Integrated Resource Plan



This sensitivity tests scenarios against a persistent, resettthg heat wave. Daily temperatures are set between 90
degrees Fahrenheit (°F) and 120°F for four welekscer pricespaturalgas prics, wind generation, solageneration, and
load are allmpacted because of the heakhis tests the ability of each scenario to meet load.

In 2030, peak load times occur in late August through early SepteriFigurel0Ll As a result, this scenario ran from
August 15, 2030, through September 15, 2d38tes and times of peak are highly uncertain. $bénarias one estimate
of load created for the 2023 IRP.

Figurel01 Peal_ oad in 2030

L Due Lo DL ou Exing L Denand

September 11, 2030

September 11, 2030 9 11 16 343
September 11, 2030 9 11 18 342
September 1, 2030 9 1 17 340
September 1, 2030 9 1 16 332
August 272030 8 27 16 330
September 11, 2030 9 11 15 329
August 252030 8 25 17 328
August 272030 8 27 17 328
September 1, 2030 9 1 18 328

Power priceshaturalgas prics, wind generation, solar generation, and load were correlated to heat to create conditions
that mimica heat wave. The explanation the following subsectioprovidesadditionaldetails on the methodised to
create thedata.

15.1.1.  Sensitivity 1: Heat Wave: Data Scraping and Cleaning

The following historical hourly data from 2008 to 2022 (excluding 2012 due to irreconcilable inconsistences in the dat
came fromYes Energysubcontracted through ACES

Temperature in Pasadena
CAISQoad

CAISQvind generation
CABOsolar generation

Realtime prices at SB5 Hub

=A =/ =4 =4 =4 =

Dailynaturalgas price at SoCal Ciate

The data was cleaned by removing missing values and negativeasdlaind generation. To compare solar and wind
generation across years, the data was convette@ percentage of the maximum generation for the yeaestimate
capacity factors. This is the cleaned data.
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15.1.2.  Sensitivity 1: Heat Wave: Normal Data Creation

The wind and solar capacity factors for each hour of the year were averaged from 2008 thro@giTBi82produced a
normal 8§760 capacity factor shape for wind and solar, covering all the hours in a typical year. Hours were then filtered t
only the hours in September. The prevailing seasonal and temperature relationships were extracted from tigecavera
shapes to remove noissuch as historical localized weather patterns. This normal data was used to compare a norma
September to the modelled heat wayvandthis served as the basis for multipliers derived by dividing the heat wave
scenario by the nonal scenario, allowing easy switching between the two.

15.1.3.  Sensitivity 1: Heat Wave: Training Datasets Creation

Hourly training data is required for the predictions that use hourly granularity (hourly load, power prices, and wind output
and wasgenerated from an August to October subset of the cleaned data (shoulder months are included so that there i
more data to enable the model to generate relationships). Hourly data was filtered to isolate only those observation:
where the temperature igreater than 75°F and the retilme power price andaturalgas price are greater than zero.
This filtering led to linear trends to use in modeling a heat wave.

Daily training data is required for the predictions that use daily granulaniyu(al gas and slar output) and was
generated from the same subset as the hourly training data. To convert the hourly solar capacity factor into a usable da
metric, a daily maximum was taken as an ordinal variable with 0.05 width bins from 0 to 1. However, the peicity ca
factor and the load were converted from hourly values to daily means. As a final step, predictive variables of mea
temperature, maximum temperature, and minimum temperature were generated along with temporal varisbtdsas

the year, time of wek, and time of year. The hourly training data (and the prediction data in the next step) also included
temporal predictive variables with the additional inclusion of the time of day.

15.1.4.  Sensitivity 1: Heat Wave: Prediction Data Creation

PWP defined a heat wa as a fouweek periodwhen temperatures do not dip below 90°F and dotrexceed 120°F
during September 2030. By using a sine curve function for daytime warming and a logarithmic decay function for nighttirr
cooling, hourly temperature estimates were legison an idealized daily temperature curve for a given latitude that
interpolates hourly data between the calculated timbenthe daily minimum and the daily maximum occur.

15.1.5.  Sensitivity 1: Heat Wave: Model Creation and Prediction

The load model was tra@a on thehourlytrainingdata. The hourly prediction data was fed into the fitted model to create
hourly load predictions. Next, an identical model was created to reflect the exclusion of temperature as a predictive
variable,and it was fitted on the cleeed data. The new model predicts normal load for that time of year. By taking the
heat wave modeled load and dividimgby the normal load, a multiplier was generated that models the magnitude of
change between a normal scenario and a heatwave. Thisptieittivas also fed into the model.

The wind generation capacity factor model was trained on the hourly training data, then the model was used on the hour
prediction data to predict hourly wind generation capacity factors for the heat wave. These pyediatere divided by
the normal wind generation capacity values (calculated in a prior step) to generate multipliers.

The solar generation capacity factor model was trained on the daily training data, and then the model was fed the dai
prediction data topredict daily maximum solar generation capacity factors; however, the prediction for each of the
maximum capacity factors was the same, so only a single multiplier was needed. Therefore, the center of the predicte
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bin was taken as the single predicted aajty factor and used to rescale the normal data. The original normal data was
then divided by the new normal data, and the average was taken to derive a multiplier.

The dailynaturalgas price model was trained on the daily training data, then the mwedslused on the daily prediction
data to predict daily gas prices for the heat wave.

The realtime pricing model for power prices was trained on the hourly training data, then the model was used on the
hourly prediction data to predict hourly power pricealues for the heat wave.

C2NJ a2YS 2F (GKS Y2RSfaz | LINIn@GuisZodis owd prédtior3a LINS RA OG A 2y

Figurel02 Heat WavéData Creation

REENIE Multivariate

CAISO . None Hourly
Linear

Load

Wind L
. Multivariate
Capacity

Loaarithmi
Linear garithmic Hourly
Factor
Daily
lar rdinal +
SO e | (R Daily
Capacity Maximum
Factor

SoCal City

EZ:Sral Mull_tilngfte Logarithmic  Daily
Gas Price

SP15 Multivariate

Real Time Linear None Hourly
LMP

Overall, assumed temperatures average 104°F, as shokigure 103.

Figurel03 Simulated Temperaturddnder aHeat Wave
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Simulated Temperatures Under a Heat Wave
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During a heat wave, renewable output changes. Salaeases by 3.6%nd wind is 12% of iteormaloutput. Se Figure
104for details.

Figurel04: Wind and Solar Profiles Under Heat Wave

Wind and Solar Profiles Under Heat Wave: September 2030
—\Vind (Reference) —Solar (Reference) Wind (Heat) —Solar (Heat)
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HE

Load increase$o approximatelyl.5 times itsypicalamountduring a heat waveue to air conditioning demand.

Power andnatural gas pricesalso increaseduring a heat wave, witmatural gs prices averagg $35/MMBtu. In
September 2030, the reference forsted price was $5BMMBtu. Figurel05shows the pricing assumé the IRP
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Power prices average$447/MWh for thissensitivity For September 2030, theference case forecasted price was
$69/MWh. Theeprices are in nominal dollars.

FigurelO5 Heat Wave Prices

Power and Gas Prices Under A Heat Wave
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15.2. Sensitivity 2: Goodrich Transfer Contingency

Under normal operating conditions, Goodrich can import up to 280 MW July 20321t is anticipated that planned
upgrades will allow up to 336 MWWiereafter. For purposes of this sensitivity, Goodfxinport capability is reduced by
one-halfto 140 MW in 2030 to reflect a single transmission line outage into the stédgioone week during the summer

There are different circumstanceasich aplanned system maintenance or unplanned (forced) outages that could cause
such an event. These could originateGoodrich, or on the lines feeding into Goodrich. This sensitivoiyld help PWP
compare the value of internal versus external resources.

15.2.1.  Sensitivity 2: Goodrich in 2030 Under Forecasted Normal Operating Conditions

The model ran the week of September 8, 20BBough September 14, 2030, when peak loads in 2030 ary like
occur.Figure 10&6hows how demand compares to Goodtéapability.
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Figurel06 Demand vs. Gurich in 2030

Demand vs. Goodrich Capacity in 2030
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15.2.2.  Sensitivity 3: High Technology Costs

All scenarios used micbst estimates of new resources. However, 8823 IRP produced low, mid, and high estimates
of capital costs for new resourceSeeAppendixg Cost of New ResourceBhis sensitivity stresses the results of the
scenarios under the high estimates for new resource costs.

15.2.3.  Sensitivity 4: Low Technology Costs

This sensitivity tests the results of the scenarios under the low estimates for new resourceSeestsppendix Cost of
New Resources

16. Scenarios and Sensitivities Results

16.1. Scenario 1: 100% Carbon-Free by 2030 (No Limit on Internal Resources)

The installed capacity of new resources in Scenaricidag/nin Figurel07.

Figurel07: Scenario 1: New Cumulative Installed Capacity

Total New Resources 355 375 468 468 468 788 818 830 899 885
New Wind 0 0 0 0 0 0 0 0 30 30
New Geothermal

Contracted (Calpine Geysers and

Coso0)

New 0 0 0 0 0 0 0 0 0 0
New Solar

Contracted (EDF Sapphire Solar) 0 0 39 39 39 39 39 39 39 0

0 35 35 35 35 35 46 0 0
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Figurel08 Scenario 1. Cumulative Installed Capacity by Location
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o025 [ 2026] 2027] 2028] 20291 2030] 2035] 2040] 2045] 2080)

New PWH-unded Commercial Storage 0

New PWF-unded Residential Storage 0 O O 0 0 O O 0 0 O
New Fuel Cells 0 0 0 0 0 110 130 130 165 220
0 0 0 0 0 110 130 130 165 220
New Biogas Conversion for Glenarm 0 0 0 0 0 0 0 0 0 0
Peak Load (MW) 335 338 341 343 346 348 362 371 380 390

PWP adds more than its peak load in installed capacity in 2025 kame yearthe IPP coal resource retires. P\AIEo
increases its reserve margmom 15%to 17.5% a shift that requires an additional 9 MW.

. @& Hnon3z ledcapariy offoviriedidnd contracted resources is 859 MW, comparpédak load 0848 MW. In
20KSNJ g2NRAX t 2 ti2A30 s yhdrdithal. 5ti®és itspeakIoadn Scénario 1, 806 MW ofelnstalled
capacity located internal to PWP, whigtay entail land use issues beyond the scope of this document.

Scenario 1 installs 280 MW of internal, utiigale solar in 2025 higncludesa 10 MW solar facilitwith attached storage,
with a total of 300 MW by 287 (excludingthe EDF Sapphire Solarroject). Scenario 1 also instali® MW ofinternal 4
hour storagein 2025 includingb MW of storage attached to solaand with195 MW in total located internally by 203
Furthermore, there is 90 MW otiBour and 10 MW of $iour storage by 203%Anadditional 110 MW of fuel cells in 2030
alsosupports reliability which increases th30 MW of fuel cells by 2035.

The summer and winter capacity positicer® shown irFigurel09, Figure 110andFigurelll Therenewablecategory
as annotated by aasteriskandincludes renewable hydrogen power fuel cells and landfil] gasllowed by th&ate
of California.

Figurel09 Scenario 1: Summer Resoufdequacy

Scenario 1 Summer RA Position

mmmm Existing Coal Existing Gas Existing Clean
mmmm Existing Renewable Existing Demand Responscmmmm New Storage
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Figurel10 Scenario 1: Winter Resource Adequacy

Scenario 1 Winter RA Position
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Figurelll Scenario 1 Resource Adequacy Position

Summer Load
Requirements

Existing Resources
Qualifying Capacity
Length/(Shortage)
Before New Additions
New Resources
Qualifying Capacity
Length/(Shortage) After
New Additions

380 383 394 397 400 403 406 409 425 436 447 458

356 355 289 288 238 238 238 29 20 19 14 9

(24) (27) (105) (109) (162) (166) (169) (381) (405) (417) (432) (449)
0 104 104 155 154 153 472 499 511 536 548

24) 27) (1) @ (7 (A1) (@15 91 94 95 104 99

Winter Load
Requirements
Existing Resources
Qualifying Capacity
Length/(Shortage)
Before New Additions
New Resources

Qualifying Capacity

185 190 192 197 198 198 208 208 226 236 243 261
354 353 286 286 236 236 236 27 18 18 18 9
160 163 94 89 38 38 28 (181) (208) (218) (225) (252)

0 83 84 138 135 135 454 483 494 521 535
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Length/(Shortage) After

New Additions
Asshownin the abovecharts, there is more capacity installedScenariol than is necessary fdRA Internal fuel cells
specifically help serve load under normal operating conditions.

169 163 177 173 177 174 163 273 275 276 297 2

oo

4

In order to serve load in each hour with carbfvae resourcesScenario Xequiresat least 110 MW of fuel cells in 2030
(compared to the first round of modeling results of 20 MW) and 220 MW of fuel cells in 2050 (compared to the first rounc
of modeling esults of 120 MW)as shown irFigure112 Fuel cells were added to the first round of modeling results
because Scenario 1 allowed for unlimited internal resources. Fuel cells are dispatchable;feglesources that can
operate for extended periods of time and provide qualifying capacityeQtsources could cover this gap.

Figure112 Scenario 1: Consecutive Model Runs

2023 1,156, OOC

s 10— I —

2026 118,000 0000 00%
20281220000 © o oo | om
00 126600C 1090  © 0% | o0o%
0 131200 9663 | © om% | o0o%
2034 1,353,00C 9,136

2035 1,365,000 12330
2036 1,
2037 1,386,00C 5,735
2038 1,396,00C 7,408
2039 1,405,00C 8,781

2000 Laao0 1183

[ o

w
\'
o
o
o
I

2042 1,431,000 214738
2043 1,439,000 19,018
2044 1,446,00C 20397
2045 1,454,000 11,656 0.0%
2046 1,462,00C 7,011 0.5% 0.0%
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2047 1,470,00C 6,625 0.5% 0.0%
2048 1,479,00C 7,532 2 0.5% 0.0%
2049 1,488,00C 7,052 2 0.5% 0.0%

This calibration is an indication thalternative ways to evaluate and desigpportunities to build and operate a carbon
free systenthat can be studiedThis would include explorimiew resource optionsdentifyingways to incentivize lower
load, and consider ongoing feedback from City leaders and the commu@igjibration deails for the carbonfree
scenariosare provided iPAppendix- Model Parameters and Additional Reliability Metrics

Serving load with carbefree resources leads to exceRénot only in the summer but also in the winter. As shoiwn
Figurel113, peak load in thesummeris approximéely double the peak loadin winter. Asshownacross all scenarios,
meeting summer peaks results in exc&gsduring the winter.

Figurell3 Summews.Winter Peaks

Peak Load

Summer Load seese. Summer Requirements

Winter Load cee--- Winter Requirements

500
450 oooouocooooc.oo-o-oo---o-o-u.oo--.oooo.oo.ooooooooo-
400
350
300
250
200 i ieeeeeseveeeeeevennettttonenstttl
150 =
100

50

MW

2034
2035
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2040
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2046
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2050

2023
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2031
2032
2033
2037
2038
2039

Scenario 1 does not install additional geothermal resourcese®jeothermal resources must be located externally in this
IRP, they would have to pay the TAC.

The TAC is a CAISO charge that funds transmission infrastructure. This charge is different from congestion; conges
increases (or decreases) the value of gysrom a project. Scenario 1 demonstrates a preference for resources installed
internal to PWP in part because of this avoided charge. The other reason for this expressed preference is reliability.
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No additional commercial or residential solar is installedhiis tscenario. Cost preferences will defer to utifibale
because utilityscale resources have a lower panit cost due to economies of scale.

As shown irFigurel14, load inScenario 1 cahe metwith carbonfree resources every hour by the end of 2(8@ere is
landfill gas that expires by the end #030) In this scenario, it appeaasthough PWP operates like an island without
interactions in theCAIS@narkets

Figurell4: Scenario 1: IslangiResources Thatoad, Storage Charging, and Market SateServedBy

Coal 24% 0% 0% 0% 0%
Natural Gas 16% 0% 0% 0% 0%
Large Hydroelectric 3% 3% 3% 3% 3%
Nuclear 5% 4% 4% 4% 0%
Biofuel 0% 0% 0% 0% 0%
Landfill Gas 5% 4% 0% 0% 0%
Geothermal 0% 18% 18% 22% 0%
Wind 1% 0% 0% 0% 6%
Solar 8% 68% 69% 63% 60%
Demand Response 7% 0% 0% 0% 0%
Market Purchases 30% 0% 0% 0% 0%
Fuel Cells 0% 3% 6% 8% 32%

However, PWP will still interact with the CAISO marketke foreseeable futureSee Figurellb.

Figurell5 Scenario 1Energy Market AccessEnergy Position

Scenario 1: Energy Market Accegergy Position

mmmm Coal mmmm Natural Gas Large Hydroelectricommmm Nuclear
Biofuel mmmm | andfill Gas Geothermal g Wind
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If PWPdoesinteract in the CAISO markeexcess renewable energy BAcould be sold. What the excess is worth depends
on what is going on in the market. Some factors driving valuslawe/nin Figurel16. Market value is uncertain. Financial
studies are explored iBectionl8, Financialmpactsof the IRP There are also carbon implicatiooscontinued market
interactions See Section20 of thisIRP

Figurell6 CAIS@xcess: What is\Worth?

Energy
oY'ime of day or year?
wMove market?
uBasis?
RECs
wlype?
wGreen or clean?
Capacity
wMonth?
wlocation?
wAccreditation?

Scenariod, 2, and 3 select new resourcestasugh PWP operates like an island. The results of these studies have the
GAratlyRE 1 0SSt o ¢-Kdedesolrées Reatyosd edck hoiir Krhede redutdidlingsent an upper bound
of costs because excess renewable energy is not being sold.

HowevlNE 3JIAGSYy GKFG t2t 2LISNIGSE 6AGKAY /! L{hZ {OSYyl NR?2:
Thissetsa lower bounary of cost estimates, as excess renewable energy is being sold. These results may also repc
greatercarbon emissios because PWP has access to CAISO. These aesubiferred toasa Sy SNH& Y I NJ S

Figure117 shows how PWP would me&iad f it interacts with the market Thisis different from Figure114 because
market purchasesales and storage charging aagcurat different times.

The modeling of new and installed resources for Scenario 1, was calculated based upon a variety obfantiudet RA
reliability requirements.The Carbo#ree scenarios require Glenarm to be either replaced, converted or adapted with
carbonfree dispatchable alternatives such as carbon capture, green hydrogen, biofuels or other future technologies &
they emerge, and prior to 2030. Until such future technologies become available at scale, the availability of the Glenarm
facility will be required across all Scenarios.

Figurell?: Sceario 1: Energy Market Acces®esources Thatoad, Storage Charging, and Market SalesServed By

Coal 24% 0% 0% 0% 0%
Natural Gas 16% 0% 0% 0% 0%
Large Hydroelectric 3% 2% 2% 2% 2%
Nuclear 5% 3% 3% 3% 0%
Biofuel 0% 0% 0% 0% 0%
Landfill Gas 5% 3% 0% 0% 0%
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Resource Type 2023 2030 2031 2040 2050

Geothermal 0% 14% 14% 18% 0%
Wind 1% 0% 0% 0% 5%
Solar 8% 54% 55% 51% 50%
Demand Response 7% 0% 0% 0% 0%
Market Purchases 30% 23% 25% 26% 42%
Fuel Cells 0% 1% 0% 0% 1%

The resourceshown in Figurel18areinstalled under Scenaria By 2030, PWP has 4.3 times its peak in installed capacity.

Figurel18 Scenario 2: New Cumulative Installed Capacity

e 2021 2025 | 2020 2050 | 20% L2010 |20 L2050

Total New Resources 1,418 1,493 1,505 1,542 1,550
New Wind 30 30 30 30 30 30 30 30 60 70
New Geothermal

0 0 35 35 35 35 35 46 0 0
0 0 0 0 0 10 10 10 30 20
New Solar
0 0 39 39 39 39 39 39 39 0
180 180 180 180 180 180 240 240 220 260
5 5 5 5 5 5 5 5 5 5
0 0 0 0 0 400 400 400 400 400
0 0 0 0 0 0 0 0 0 0
New Storage
0 0 20 20 20 20 20 20 20 0
85 85 85 85 95 265 280 280 290 260
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 400 400 400 403 400
0 0 0 0 0 0 0 0 0 0
New Fuel Cells 0 0 0 0 0 35 35 35 75 135

Figurell9 Scenario 2: Cumulative Installed Capacity by Location

202572026 2027 2028 | 202] 2030 | 2035 | 2040] 2045 | 2050 |

Total Installed Capacity 637 637 680 680 690 1,489 1,550 1,542 1,562 1,564
Total Existing Resources 337 337 287 287 287 70 57 37 20 14
Total New Resources 300 300 393 393 403 1,418 1,493 1,505 1,542 1,550
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12025 2026 2027 2028 2029] 2080 | 2035 | 2040 | 2045 | 2060

New Onshore Wind
20 20 20 20 20 20 20 20 50 60

10 10 10 10 10 10 10 10 10 10

New Offshore Wind 0 0 0 0 0 0 0 0 0 0

New Geothermal 0 0 35 35 35 45 45 56 30 20
0 0 25 25 25 25 25 25 0 0
0 0 10 10 10 10 10 21 0 0
0 0 0 0 0 10 10 10 30 20

New Utility-Scale Solar PV 185 185 224 224 224 224 284 284 264 265
0 0 39 39 39 39 39 39 39 0

180 180 180 180 180 180 230 230 210 250

0 0 0 0 0 0 10 10 10 10
5 5 5 5 5 5 5 5 5 5
New PWHFFunded Commercial 0 0 0 0 0 400 400 400 400 400
Solar PV
0 0 0 0 0 400 400 400 400 400
New PWHFFunded Residential Sole 0 0 0 0 0 0 0 0 0 0
PV
New4-Hour Storage 85 85 105 105 115 285 300 300 310 260
0 0 20 20 20 20 20 20 20 0
5 5 5 5 5 5 5 5 5 5
0 0 0 0 0 0 5 5 5 5

0 0 0 0 0 70 70 70 90 50
80 80 80 80 90 190 200 200 190 200

New 6Hour Storage 0 0 0 0 0 0 0 0 0 0

New 8Hour Storage 0 0 0 0 0 0 0 0 0 0

New 1GHour Storage 0 0 0 0 0 0 0 0 0 0

New PWRFundedCommercial 0O 0 0 0 0 400 400 400 403 400

Storage

New PWH-unded Residential 0 0 0 0 0 0 0 0 0 0

Storage

New Fuel Cells 0 0 0 0 0 35 35 35 75 135
0 0 0 0 0 30 30 30 70 130
0 0 0 0 0 5 5 5 5 5

NewBiogas Conversion for 0 0 0 0 0 0 0 0 0 0

Glenarm

Peak Load (MW) 335 338 341 343 346 348 362 371 380 390
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Similar toScenario 1, after the first round of modeling, Scenario 2 required additional internal resources totdapgor

In Scenario 232 minimum of 400 MW of commercial storage and 400 MW of commercialisoieededn 2030(compared

to zero)and in 2050 (comared to 3 MW of commercial storage and 8 MW of commercial solar). This ensures load is
served in every hour with carbeinee electricity.Additionaldetails areincludedin Appendix- Model Parameters and
Additional Reliability Metrics

In 2025, PWP needs 300 MW of installed capacity (in addition to the 50 MW of natural gas from IPP) to cover the 108 M
capacity retirement from IPP. PWP installs 1,00% of new capacity in 2030 to replace 212 MWnatural gas. The
resulting summer capacity positionseownin Figurel20. Details areuantified inFigurel21

Figurel20: Scenari®: Summer Resource Adequacy

Scenario 2 Summer RA Position

mmmm Existing Coal mmmm Existing Gas mmmm Existing Clean
= Existing Renewable Existing Demand Response mmmmm New Storage
New Renewable* szzzzzs New Distributed Resources  eseese Load Requirements
Load
1,000 +
800 - 7%

| .
600 /
.

400 & tueeeeesssesscesssssssessesssensasssssssssstsnsanaans

wARRRRANN]

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Qualifying Capacity (MW)

Figurel21 Scenario 2 Resource Adequacy Position

Summer Load Requirements 380 383 394 397 400 403 406 409 425 436 447 458
Existing Resources Qualifying Capacity 356 355 289 288 238 238 238 29 20 19 14 9
Length/(Shortage) Before New Additions (24) (27) (105)(109) (162) (166) (169) (381) (405) (417) (432) (449)
New Resources Qualifying Capacity 0 0 108 107 160 159 169 812 826 839 867 863
Length/(Shortage) After New Additions (24) (27) 3 (1) (2) (6) (0) 432 422 423 434 414

Winter Load Requirements 185 190 192 197 198 198 208 208 226 236 243 261
Existing Resources Qualifying Capacity 354 353 286 286 236 236 236 27 18 18 18 9
Length/(Shortage) Before New Additions 169 163 94 89 38 38 28 (181)(208)(218)(225)(252)
New Resources Qualifying Capacity 0 0 97 97 151 150 160 782 797 807 840 839
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Length/(Shortage) After New Additions 169 163 190 186 189 188 188 601 589 589 616 588

Because utilityscale resources are limited in Scenario 2, Scenario 2 leverages distributed resources.

In the 2023 IRP, the qualifying capacity of distributed resources is defaulted to the qualifying capacityubilitiescale
counterparts. The qualifying capacity of distributed resources depends on how they are registered with CAISO. The
resources could be classified as demand response resourcesodadtivelyregistered as a Proxy Demand Response
resource. CA{ hQa GFNATF &aSia dg BKibutzesduircestcaullalgohe cladsKied as Disgiiided
Energy Resource AggregatioAs of early 2022, these rulesmainedto be developed between CAISO and entities like
PWP. Per FERC's responseAtSO's FERC Order 2222 compliance filing:

bCAYylffes 6S FTAYR !'99k{CtQa NBldzSaild GKIFId GKS /2YY]
Distributed Energy Resource Aggregations to provide resource adequacy to be outside of the scope of
OrderNo. 2222. Order No. 2222 requires each RTO/ISO to establish tariff provisions that allow distributed
energy resource aggregations to participate directly in RTO/ISO markets, which the Commission defined

Fa GUKS OF LI OAGe s Sy SINHERA 2FLySNI | iySCR fof el NBK S3 SMNIAhAR0 S &y R
resource adequacy program is not an RTOA8Ministered capacity market and, therefore, is outside the
a02LIS 2F (GKS /2YYAaaA2yQa RANBOGAGBSE AY hNRSNI b2o
to continue working with the CPUC and other Local Regulatory Authorities to develop methods for allowing
5Aa0NROdzI SR 9y SNHE wS&a2dzNOS ! 3aINBABLWIA2ya (G2 LINROJDA

If distributed resources were not registered as sumidtie resouces, they could reduce the load (and reserve) obligations
PWPmustcover. There is uncertainty regarding distributed resource accreditation and operation.

Scenario 2 meets its energpligations with 100% carbeinee energy if it operates like asland Figurel22). Figurel23
shows how PWP meets is energy obligatidmsarket access is allowed

The modeling of new and installed resources for Scenario 2, was calculated based upon a variety of factors to include
reliability requirements.The Carbor-reeSenarios require Glenarm to be either replaced, converted or adapted with
carbonfree dispatchable alternatives such as carbon capture, green hydrogen, biofuels or other future technologies &
they emerge, and prior to 2030.Until such future technologs become available at scale, the availability of the Glenarm
facility will be required across all Scenarios.

Figurel22 Scenario 2: IslangiResources Thatoad, Storage Charging, and Market SatesServed by

Resource Type 2030 2031 2040 2050

Coal 24% 0% 0% 0% 0%
Natural Gas 16% 0% 0% 0% 0%
Large Hydroelectric 3% 2% 2% 2% 2%

151 hitp://www.caiso.com/Documents/Jun1-2022O0rderPartialAcceptindRequestingComplianceFiliiERCOrderNo2222R 21
2455.pdf
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Resource Type 2030 2031 2040 2050

Nuclear 5% 3% 3% 3% 0%
Biofuel 0% 0% 0% 0% 0%
Landfill Gas 5% 3% 0% 0% 0%
Geothermal 0% 16% 16% 20% 8%
Wind 1% 5% 5% 5% 11%
Solar 8% 72% 75% 71% 75%
Demand Response 7% 0% 0% 0% 0%
Market Purchases 30% 0% 0% 0% 0%
Fuel Cells 0% 0% 0% 0% 4%

Figurel23 Scenari®: Energy Market AccegsResources Thatoad, Storage Charging, and Market SatesServed by

Resource Type 2023 2030 2031 2040 2050

Coal 24% 0% 0% 0% 0%
Natural Gas 16% 0% 0% 0% 0%
Large Hydroelectric 3% 2% 2% 2% 2%
Nuclear 5% 3% 3% 2% 0%
Biofuel 0% 0% 0% 0% 0%
Landfill Gas 5% 2% 0% 0% 0%
Geothermal 0% 14% 14% 17% 6%
Wind 1% 4% 4% 4% 9%
Solar 8% 57% 60% 59% 58%
Demand Response 7% 0% 0% 0% 0%
Market Purchases 30% 19% 18% 17% 25%
Fuel Cells 0% 0% 0% 0% 0%

The energy position, assuming energy market acéessiown irFigure 124.
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Figurel24: Scenario 2Energy Market AccessEnergy Position

Scenario 2: Energy Market Accedsnergy Position
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16.3. Scenario 3: 100% Carbon -Free by 2030 (Maximum Limit on Internal Resources and
Doubled Distributed Resources)

Scenario 3 evaluates a focused effort into distributed resource deployment on behalf of PWP. Some distributed solar a
storage is embedded in the load forecast. This scenario adds that same amount as resources, so éneototalof
distributed solar and storaggrowth each year is double what would have occurred normally in that year. The resources
are split between residential and commercial installations.

The installed capacity of resources in ScenaricsBasvnin Figurel25. In 2025, 300 MW are added. In 2038981W are
added to replace 212 MW waiaturalgas and 5 MW of wind. PWP has 3.9 times its peak ialiegtcapacity by 2030.

Figurel25: Scenario 3: New Cumulative Installed Capacity

Total New Resources 300 306 399 410 415 1,274 1,358 1,376 1,466 1,424

New Wind 60 60 60 60 60 60 80 80 70 70

New Geothermal
Contracted (Calpine

0 35 35 35 35 35 46 0 0
Geysersand Coso)
New 0 0 0 0 0 10 20 20 20 10
New Solar
Contracted (EDF 0 0 39 39 39 39 39 39 39 0

Sapphire Solar)
Utility-Scale Solar 100 100 100 100 100 100 120 120 180 200

Community 5 5 5 5 5 5 5 5 5 5
Commercia 3 a1 a1l sl 31 [[3SONNSSTANSSONNSTSNNE0N
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[ 2025 | 2026 | 2027 ] 2028 |-2029 | 2030 | 2035 | 2040 | 2045 ] 2050
17 21 21 22 22 23 38 39 57 57

New Storage

0 0 20 20 20 20 20 20 20 0
85 85 85 95 95 245 245 245 260 200
0 0 0 0 0 0 0 0 0 50
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1 2 2 2 6 350 360 360 363 350
1 2 2 2 3 3 5 8 12 17
New FuelCells 0 0 0 0 0 35 35 35 65 115

Figurel26: Scenario 3: Cumulative Installed Capacity by Location

025 2026 2027] 2028 2029 2030 | 2035 | 2040 | 2045 2050

Total Installed Capacity 637 643 686 697 702 1,345 1,415 1,413 1,486 1,438
Total Existing Resources 337 337 287 287 287 70 57 37 20 14
Total New Resources 300 306 399 410 415 1,274 1,358 1,376 1,466 1,424
New Onshore Wind 60 60 60 60 60 60 80 80 70 70

60 60 60 60 60 60 80 80 60 60

0 0 0 0 0 0 0 0 10 10
New Offshore Wind 0 0 0 0 0 0 0 0 0 0
New Geothermal 0 0 35 35 35 45 55 66 20 10
0 0 25 25 25 25 25 25 0 0
0 0 10 10 10 10 10 21 0 0
0 0

0 0 0 10 20 20 20 10

New Utility-Scale Solar PV 105 105 144 144 144 144 164 164 224 205
0 0 39 39 39 39 39 39 39 0
90 90 90 90 90 90 110 110 170 190

10 10 10 10 10 10 10 10 10 10

New PWFFunded 31 31 31 31 31 350 357 359 375 350
Commercial Solar PV
31 31 31 31 31 350 357 359 375 350
New PWH-unded
Residential Solar PV 17 21 21 22 22 23 38 39 57 57
17 21 21 22 22 23 38 39 57 57

New 4Hour Storage 85 85 105 115 115 265 265 265 280 200
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[ 2025] 2026 2027] 2028 2029] 2030 | 2035 | 2040 | 2045 2050
0 0 20 20 20 20 20 20 20 0

80 80 80 90 90 200 200 200 180 130

New 6Hour Storage 0 0 0 0 0 0 0 0 0 50
New 8Hour Storage 0 0 0 0 0 0 0 0 0 0
New 1GHour Storage 0 0 0 0 0 0 0 0 0 0
New PWFFUnded 1 2 2 2 6 350 360 360 363 350
Commercial Storage
NeW. PWH:unded 1 2 2 2 3 3 5 8 12 17
Residential Storage

1 2 2 2 3 3 5 8 12 17
New Fuel Cells 0 0 0 0 0 35 35 35 65 115
New Biogas Conversion for 0 0 0 0 0 0 0 0 0
Glenarm
Peak Load (MW) 335 338 341 343 346 348 362 371 380 390

The table shows 942 MW of installed internal capacity beyond that attributable to normal projected DER growth include
Ay (GKS ft2FR F2NBOlLadd LY HnonX t2tQa LISshownimFigurel2?d a2 &
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Figurel27: Scenario 3: Summer Resource Adequacy

Scenario 3 Summer RA Position
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OverallRAis shownin Figurel28.

Figurel28 Scenario 3Resource Adequacy Position

Summer Load Requirements 380 383 394 397 400 403 406 409 425 436 447 458
Existing Resources Qualifying 356 355 280 288 238 238 238 237 229 214 209 204
Capacity

Length{Short efore Ne

. d?tioﬁs ortageps W (24) (27) (105) (109) (162) (166) (169) (172) (196) (222) (237) (254)

New Resources Qualifying Capacit 0 0 115 115 171 221 221 221 222 233 237 251

Length(Shortagefter New @24 27) 10 6 9 55 52 49 26 11 (0 (3)

Additions
Winter Load Requirements 185 190 192 197 198 198 208 208 226 236 243 261
Existing R litvi

xisting Resources Qualifying 354 353 286 286 236 236 236 236 227 213 213 204
Capacity
Length{ShortageBefore New

9_’( gep 169 163 94 89 38 38 28 28 1 (23) (30) (57)
Additions

New Resources Qualifying Capacit 0 0 131 131 186 242 242 242 245 256 216 237
h

Leng'Fh/(S ortagepfter New 169 163 225 220 224 281 271 270 246 233 186 180

Additions

A minimum of 350 MW of commercial storage and of commercial solar (compared to 14 MW of commercial storage ar

31 MW of commercial solar) is needed in 2030 and in 2050 (compared to 31 MW of commercial storage and 67 MW

commercial solar) to cover addinal energy needs.
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Scenario 3 can meet its load, sales, and storage charging witltadyon resourcedrigurel29andFigurel30show how
PWP meets load as an island and with energy market access, respectively

The modeling of new and installed resources for Scenario 3, was calculated based upon a variety of factors to include
reliability requirements.The Carbo#reeSenarios require Glenarm to be either replaced, converted or adapted with
carbonfree dispatchable alternatives such as carbon capture, green hydrogen, biofuels or other future technologies &
they emerge, or pgor to 2030. Until such future technologies become available at scale, the availability of the Glenarm
facility will be required across all Scenarios.

Figurel29 Scenario 3: IslangiResources Thatoad, Storage Charging, and Market SateServed By

Resource Type 2023 2030 2031 2040 2050

Coal 25% 0% 0% 0% 0%
Natural Gas 16% 0% 0% 0% 0%
Large Hydroelectric 3% 2% 2% 2% 2%
Nuclear 5% 3% 3% 3% 0%
Biofuel 0% 0% 0% 0% 0%
Landfill Gas 5% 3% 0% 0% 0%
Geothermal 0% 18% 22% 24% 4%
Wind 1% 10% 10% 12% 12%
Solar 8% 62% 62% 58% 73%
Demand Response 7% 0% 0% 0% 0%
Market Purchases 29% 0% 0% 0% 0%
Fuel Cells 0% 0% 0% 0% 9%

Figurel30 Scenario 3: Energy Market Acces®esources Thatoad, Storage Charging, and Market SatesServed By

Resource Type 2023 2030 2031 2040 2050

Coal 25% 0% 0% 0% 0%
Natural Gas 16% 0% 0% 0% 0%
Large Hydroelectric 3% 2% 2% 2% 2%
Nuclear 5% 3% 3% 3% 0%
Biofuel 0% 0% 0% 0% 0%
Landfill Gas 5% 3% 0% 0% 0%
Geothermal 0% 15% 18% 20% 3%
Wind 1% 8% 8% 10% 9%
Solar 8% 48% 49% 48% 55%
Demand Response 7% 0% 0% 0% 0%
Market Purchases 29% 22% 21% 17% 31%
Fuel Cells 0% 0% 0% 0% 0%

The resulting energy positionskownin Figure 131.
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Figurel31 Scenario 3Energy Market AccessEnergyPosition
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16.4. Scenario 4: Reference Case (SBL020)

Scenario 4nmeetsand exceedsstate environmental requirements and serves as the basis for comparison for the other
scenariosinstalled capacitynder this scenaris shownin Figure132 By 2030installed capacityis ®14 G A Y Sa t 2
load.

Figurel32 Scenario 4: New Cumulative Installed Capacity

Total New Resources 428 478 478 478 698
New Wind 250 250 250 250 250 250 260 260 20 70
New Geothermal
Contracted (Calpine Geysers and 0 0 35 35 35 35 35 46 0 0
Coso)
New 0 0 0 0 0 0 0 0 0 0
New Solar
Contracted (EDF Sapphire Solar) 0 0 39 39 39 39 39 39 39 0
Utility-Scale Solar 0 0 0 0 0 0 0 0 430 440
Community 5 5 5 5 5 5 5 5 5 5
Commercial 0 0 0 0 0 0 0 0 0 0
Residential 0 0 0 0 0 0 0 0 0 0
New Storage
Contracted (EDF Sapphire Storag 0 0 20 20 20 20 20 20 20 0
New 4Hour Storage 80 80 80 130 130 130 130 130 180 210
New 6Hour Storage 0 0 0 0 0 0 0 0 0 0
New 8Hour Storage 0 0 0 0 0 0 0 0 0 0
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[ T2025 | 2026 2027 2028 2029 2030 2035 | 20401 2045 2050 |
0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 4 4

0 0 0 0 0 0 0 0 0 0

New Fuel Cells 0 0 0 0 0 0 0 0 0 0

Figurel33 Scenario 4. Cumulative Installed Capacity by Location

025] 2026] 2027 | 2025] 2029| 2030] 20351 20401 2045 2050

Total Installed Capacity 672 672 715 765 765 760 757 735 915
Total Existing Resources 337 337 287 287 287 282 269 235 218 212
Total New Resources 335 335 428 478 478 478 488 500 698 729
New Onshore Wind 250 250 250 250 250 250 260 260 20 70
New Offshore Wind 0 0 0 0 0 0 0 0 0 0
New Geothermal 0 0 35 35 35 35 35 46 0 0
0 0 25 25 25 25 25 25 0 0
0 0 10 10 10 10 10 21 0 0
New Utility-Scale Solar PV 5 5 44 44 44 44 44 44 474 445
0 0 39 39 39 39 39 39 39 0
0 0 0 0 0 0 0 0 430 430
0 0 0 0 0 0 0 0 0 10
5 5 5 5 5 5 5 5 5 5
New PWH-unded Commercial Solar F 0 0 0 0 0 0 0 0 0 0
New PWHFunded Residential Solar P 0 0 0 0 0 0 0 0 0 0
New 4Hour Storage 80 80 100 150 150 150 150 150 200 210
0 0 20 20 20 20 20 20 20 0
0 0 0 0 0 0 0 0 0 5
0 0 0 0 0 0 0 0 0 5
80 80 80 130 130 130 130 130 180 200
New 6Hour Storage 0 0 0 0 0 0 0 0 0 0
New 8Hour Storage 0 0 0 0 0 0 0 0 0 0
New 1G@Hour Storage 0 0 0 0 0 0 0 0 0 0
New PWH-unded Commercial Storag 0 0 0 0 0 0 0 0 4 4
New PWH-unded Residential Storage 0 0 0 0 0 0 0 0 0 0
New Fuel Cells 0 0 0 0 0 0 0 0 0 0
New Bioga£onversion for Glenarm 0 0 0 0 0 0 0 0 0 0
Peak Load (MW) 335 338 341 343 346 348 362 371 380 390

In 2025, PWP brings its peak installed capamityne. Thisis the first year that resources can be installed in the model.
Installed capacityotaling 108 MWfrom IPPcoal expireslune30, 2025 and is replaced by 50 MW péturalgas from that
facility. Of the 335 MW of new capacity brought online in 2025, 250 MWind, 80 MW is storage, and 5 MW is
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community solar. Due to thRAcontribution of renewables being smalleomparedto fossil fues, more installed capacity
is needed to replace the coal. In Scenario 4,ithapparent withwind, which does not replace coal at a 1:1 ratio.

PWPhasproactivelyexecutedcontractsfor the 93 MW brought online in 2027. The 35 MW of geothermal resources is
planned from Coso Geothermal and Calpine Geysers Geothean@d89 MW of solar and 20 MWF atorage come from

the EDF Sapphire Solar project. These resources, in addition to the resources installed in 2025, help ssofb@

MW of installed capacity from the IRfatural gas facility onJune30, 2027. By 2028, there is another 50 MW @&wn
storage installed to assist with thmaturalgas contract expiration. Then, throutite 2030s, retirements and additions are
smaller (+f 15 MW). The resulting capacity positiorsieownin Figurel34and Figurel35.

Figurel34: Scenario 4: Summer Resource Adequacy

Scenario 4: Summer RA Position

mmmm Existing Coal mmmm Existing Gas Existing Clean
mmmm Existing Renewable Existing Demand Responscmmmm New Storage
New Renewable* s New Distributed Resourcessese-. Load Requirements
Load

500 +

400 ] cecessses ................o.ooooo...000OO..ooooocooooooocoo.o.o.c..onoo..oo-.-.

- Tt
ITHTHTHH]

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Qualifying Capacity (MW)

100 ~

0 -

Figurel35: Scenario 4Resource Adequacy Position

Summer Load Requirements 380 383 394 397 400 403 406 409 425 436 447 458
Existing Resources Qualifying Capacity 356 355 289 288 238 238 238 237 229 214 209 204
Length{ShortageBefore New Additions (24) (27) (105)(109)(162)(166)(169)(172)(196)(222)(237)(254)

New Resources Qualifying Capacity 0 0 115 115 171 221 221 221 222 233 237 251
Length{ShortageAfter New Additions (24) (27) 10 6 9 55 52 49 26 11 (0) (3)
Winter Load Requirements 185 190 192 197 198 198 208 208 226 236 243 261

Existing Resources Qualifying Capacity 354 353 286 286 236 236 236 236 227 213 213 204
Length{ShortageBefore New Additions 169 163 94 89 38 38 28 28 1 (23) (30) (57)

New Resources Qualifying Capacity 0 0 131 131 186 242 242 242 245 256 216 237
Length{Shortage After New Additions 169 163 225 220 224 281 271 270 246 233 186 180
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In this IRP, PWP assumes that storage receives 100% of nameplate capacity in qualifying capacity. This is the cur
accreditation fod-hour storage in 2022. Ashownin Figurel36, wind receives 14% of its nameplate capacity in qualifying
capacity in August. In 2025, solar receives 10% of its nameplate capacity in qualifying capacity ifT AisgBRf.forecasts

the qualifying capacity for solar ttecrease tB% ly 2031.

Figurel36 Scenario 4: Summer Qualifying Capacity

Scenario 4: Summer Qualifying Capacity

m Fossil mLarge Hydro & Nuclear & Landfilm Wind m® Geothermal m Solar mStorage = Demand Response
800

700

600 -
500

400

300

]
200
100
0

Installed Qualifying Installed Qualifying
2025 2031

MW

CKSNBE Aada aAIYAFAOFIYyUG dzyOSNIFAyGe& NBEIIFNRAYI NBa2dz2NDOSa
storage declines, PWP would need itstall or purchase additional capacity. Markets across the couiriguding
California, are considering the lotgrm qualifying capacity of storage and how it may decline for shorter duration

resources?®?
Figure137andFigurel38show the resourcesthat 2 t Q& f 2F RX & G 2 N} 3 S > unhdgt Becenatiod) S i

Figurel37: Scenario 4Resources Thatoad, Storage Charging, and Market SatesServed By

Resource Type 2023 2030 2031 2040 2050

Coal 24% 0% 0% 0% 0%
Natural Gas 16% 10% 10% 5% 0%
Large Hydroelectric 3% 2% 2% 2% 2%
Nuclear 5% 3% 3% 3% 0%
Biofuel 0% 0% 0% 0% 0%

152 https://www.cpuc.ca.gov//media/cpucwebsite/divisions/energydivision/documents/demansgsidemanagement/acanodels
latestversion/2022acccapacityavoidedcostvilb.xlsx
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Landfill Gas 5% 3% 0% 0% 0%
Geothermal 0% 14% 14% 19% 0%
Wind 1% 40% 40% 43% 10%
Solar 8% 11% 12% 8% 59%
Demand Response 7% 0% 0% 0% 0%
Market Purchase: 30% 16% 18% 19% 28%

Fuel Cells 0% 0% 0% 0% 0%

Figurel38 Scenario 2Energy Position

Scenario 4 Energy Position

mmm Coal mmm Natural Gas Large Hydroelectric = Nuclear
Biofuel mmm | andfill Gas Geothermal e Wind
s Solar Demand Response == Market Purchases Fuel Cells
. Load = Storage Charging Market Sales
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Scenario 4 elects to install more wirather thanother combustion resourcesuch adiofuel or green hydrogerno meet
renewable requirements. Forecasts for hydrogen and biofuel prices were created from publicly available resource
Incentives embedded in new legislation, or local circumstances, may change the economics of these alternative fue
Figurel39includesan estimate of costs from hydrogen assuming a 6,469kBV/h heat rate and from biofuel assuming

a 10,500 Bu/kWh heat rate.

Figurel39 Wind and SolarszAlternative Fuels
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Wind and Solar vs. Alternative Fuels

—\Vind ($/MWh) =——Solar ($/MWh) ——Hydrogen ($/MWh) Biofuel
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16.5. Scenario 5: Reference Case Plus Social Cost of Carbon

Scenario 5 incorporates an additional carbon tax on fdgsl] landfill, and market resources. The resulting installed
capacity ishownin Figure140. In 2025, PWP brings 610 MW of winidine, as well as 30 MW of storage and/&V of
community solar. By 2030, PWP has 3 times its peak capacity in installed capacity.

Figurel40: Scenario 5: Installed Capacity

Total New Resources 645 655 748 748 748 768 768 800 697 728

New Wind 610 G0 60 610 60 610 G0 610 0 4

New Geothermal
Contracted (Calpine Geysers

e 0 35 35 35 35 35 46 0 0

New 0 0 0 0 0 0 0 0 0 0
New Solar

ggg:;med (EDF Sapphire O 39 39 39 39 39 39 39 0

Utility-Scale Solar 0 0 0 0 0 0 0 0 440 470

Community 5 5 5 5 5 5 5 5 5 5

Commercial 0 0 0 0 0 0 0 0 2 2

Residential 0 0 0 0 0 0 0 0 0 0
New Storage

Contracted (EDF Sapphire 0 0 20 20 20 20 20 20 20 0

Storage)

New 4Hour Storage 30 40 40 40 40 60 60 80 190 210

New 6Hour Storage 0 0 0 0 0 0 0 0 0 0

Pasadena Wateand Power 1650f 257

2023 Integrated Resource Plan



New 8&Hour Storage

New 1GHour Storage

New Commercial

New Residential
New Fuel Cells

o O O o

o O O o

Figurel4l Scenarid: Cumulative Installed Capacity by Location

o O O o

O O O o

o O O o

O O O o

O O O o

O O O o

o O+ O

O Ok OO

Total Installed Capacity 982 992 1,035 1,035 1,035 1,050 1,037 1,035 914 940
Total NewResources 645 655 748 748 748 768 768 800 697 728
New Onshore Wind 610 610 610 610 610 610 610 610 0 40

New LaneBased External
New Offshore Wind 0 0 0 0 0 0 0 0 0 0
New Geothermal 0 0 35 35 35 35 35 46 0 0

Calpine Geysers 0 0 25 25 25 25 25 25 0 0

Coso Geothermal 0 0 10 10 10 10 10 21 0 0
New Utility-Scale Solar PV 5 5 44 44 44 44 44 44 484 475

EDF Sapphire Solar 0 0 39 39 39 39 39 39 39 0

New External Solar 0 0 0 0 0 0 0 0 440 460

Neyv Externabolar (Storage 0 0 0 0 0 0 0 0 0 10

Paired)

New Community Solar 5 5 5 5 5 5 5 5 5 5
New PWHrunded Commercia 0 0 0 0 0 0 0 0 2 2
Solar PV
New PWH-unded Residential 0 0 0 0 0 0 0 0 0 0
Solar PV
New 4Hour Storage 30 40 60 60 60 80 80 100 210 210

EDF Sapphire Storage 0 0 20 20 20 20 20 20 20 0

N

ew 4HourStorag'e (Lan.d 0 0 0 0 0 0 0 0 0 5

Based External Wind Pairec

New 4Hour Storage 0 0 0 0 0 0 0 0 0 5

(External Solar Paired)

New 4Hour External 0 0 0 0 0 0 0 0 10 10

Storage

New 4Hour Internal Storage 30 40 40 40 40 60 60 80 [ESONNESGH
New 6Hour Storage 0 0 0 0 0 0 0 0 0 0
New 8&Hour Storage 0 0 0 0 0 0 0 0 0 0
New 18Hour Storage 0 0 0 0 0 0 0 0 0 0
New PWH-unded Commercia 0 0 0 0 0 0 0 0 1 1
Storage
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New PWPFFundedResidential

0 0 0 0 0 0 0 0 0 0
Storage
New Fuel Cells 0 0 0 0 0 0 0 0 0 0
New Biogas Conversion for 0 0 0 0 0 0 0 0 0 0
Glenarm
Peak Load (MW) 335 338 341 343 346 348 362 371 380 390

The installed capacitynder Scenario Breates theRApositionin Figurel42andFigurel43.

Figurel42 Scenario 5: Summer Resource Adequacy

Scenario 5 Summer RA Position

mmmm EXisting Coal mmmm Existing Gas mmm Existing Clean
mmmm Existing Renewable Existing Demand Responscmmmm New Storage
New Renewable* waezss New Distributed Resourcesssesse Load Requirements
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Qualifying Capacity (MW)

Figurel43 Scenario 5SResource Adequacy Position

Summer Load 380 383 394 397 400 403 406 409 425 436 447 458
Requirements

Existing Resources
Qualifying Capacity
Length{Shortage)
Before New (24) (27) (105) (109) (162) (166) (169) (172) (196) (222) (237) (254)
Additions

New Resources

Qualifying Capacity

355 289 288 238 238 238 237 229 214 209 204

0 115 125 182 182 182 202 201 231 242 245

Length{Shortage)
After New 24) (27) 9 16 20 16 13 30 6 9 5 (9)
Additions

Pasadena Wateand Power 167 of 257

2023 Integrated Resource Plan



Winter Load
Requirements
Existing Resources
Qualifying Capacity
Length{Shortage)
Before New
Additions

New Resources
Qualifying Capacity
Length{Shortage)
After New
Additions

185

169

169

190 192 197
353 286 286
163 94 89
0 155 165
163 249 254

198

236

38

220

258

198 208
236 236
38 28
237 237
275 265

208

236

28

257

285

226

227

257

257

1 (23)

236

213

288

265

243

213

(30)

218

189

261

204

(57)

227

171

Adding the social cost of carbd8CClo carboremitting resources incentivizes other renewable resources.J®@s so
high that in some instances, the model would opt for a $2,000/MWh penalty cheateer thanturning on the Glenarm
units Figurel4s).

Figurel44: Average Resource Costs with Carbon(&C)

New PPAs

- Average Cost of Energy ($Nominal/MWh) ($Nominal/MWh)

Year GT-1 GT-2 GT-3 GT-4 GT-5 IPP Coal IPP Gas Magnolia Wind Solar
2023 $674.83 $707.78 $385.66 $429.20 $266.28
2024 $527.20 $574.66 $400.00 $434.82 $229.25
2025 $578.77 $450.61 $442.78 3$208.48 $234.86 $58.00 $33.00
2026 $583.22 $215.28 $240.01 $52.52 $33.00
2027 $535.31 $705.54 $222.72 $250.34 $47.04 $33.00
2028 $503.21 $485.49 $403.27 $408.34 $359.50 $257.91 $41.55 $30.98
2029 $689.04 $538.77 $398.22 $265.40 $36.07 $28.95
2030 $538.41 $515.76 $408.17 $418.79 $377.20 $272.21 $30.59 $26.93
2031 $530.91 $578.07 $461.82 $400.50 $279.28 $25.11 $24.90
2032 $288.07 $19.63 $22.88
2033 $295.63 $19.59 $23.26
2034 $303.66 $25.55 $25.61
2035 $311.27 $31.80 $28.32
2036 $320.62 $44.65 $33.14

Wind generation helps produce the energy positgtrownin Figure 14@andFigurel4?.

Figurel45: Scenario 5: Resources Thatad, Storage Charging, and Market SatesServed By

Resource Type 2023 2030 2031 2040 2050

Coal

Natural Gas

10%
4%

0%
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0%
2%

0%
0%

0%
0%
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Large Hydroelectric
Nuclear

Biofuel

Landfill Gas
Geothermal

Wind

Solar

Demand Response
Market Purchases
Fuel Cells
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0%
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2%

10%
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70%
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Figurel46 Scenario SEnergy Position

Scenario 5: Energy Position
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Scenario 5 produces less carbon than Scenario 4 undé€afrand-Trade Program, whichin this IRP, includes emissions
from Glenarm, IPP coal, IPP natural gas, and Magkadjiare147).

Figurel47: Total Carbon Emissions UmdgapandTrade (Scenariakthroughb)
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Carbon Emissions Under Capd-Trade

= Scenario 1 =Scenario 2 Scenario 3 ===Scenario 4 Scenario 5 ===Carbon Cap

800,000
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Short Tons of Carbon
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assuming the carbon intensity of CAISO. PWP would have to be cautious of avoiding any claimsatoleéenew

characteristics if the energy is sold. gkownin Figure 148by thatO f Odzf | G A2y > 06 SOl daildS 2 F t
offset emissions elsewherendghe grid.

Pasadena Wateand Power 1700f 257
2023 Integrated Resource Plan



Figurel48 Total Portfolio Carbon Emissions (NettMgrket Purchases and Sales)

Total Carbon Emissions Includes Market Purchases/Sales

------ Scenario 1 (Island) Scenario 1 (Energy Market Access)
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Scenario 6 investigates at what value emerging technologies could provide to Pati®mbitsto answerthe following
guestions:

1 If PWP reducesnergy load and peak power demdoverall hours by 1%, 2%, or 3%, how much would ratepayers
save?

1 If PWP reduces the top 0.5%, 1%, and 1.5% of peak hours in a year by 30 MW, how much would ratepayers sa

The savings translate into a cost that represents a financial viability poinarf emerging technology that could
accomplish either of the above two goaNotethat the load forecast already includes resourtleat are cost effective,
such agnergy efficiency and demand response.

16.6.1.  Scenario 6: Energy Efficiency Proxy

Scenario 2 has the greatest costs because it is the most constrained. Emerging technology would provide the most va
under Scenario 2. For the energy efficiency proxy, Scenario 2us keith 1%, 2%, and 3% less load across all hours. New
resources cabe selected to meet load.

The difference in cost between thesgodelruns can show where a point of financial viabiigjor this type of resource.
For another 1% of energy efficiency in addition to what is in the load forecast, under Scenari@Bcefiviability point

is around $259/MWh (in $2030). For the next 1%, a point of financial viability is $127/MWh (id@G88, and it is not
as cost effectivafterwardin Scenario 2as shown ifrigurel49, Figurel49also contains the average costs for the entirety
of the 1%, 2%, or 3%voided

Figurel49 Scenario 6Energy Efficiency ProxyResults
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Incremental Cost $259 $127 ($140)
Average Cost $259 $193 $82

16.6.2. Scenario 6: Demand Response Proxy

The same type of studyasrun for a demandesponse type of resource. The model is run three timath load reduced

by 30 MW across 0.5%, 1%, or 1.5% of peak hours. The model may build new resources each time. The IRPhealculate
difference in cost between each model run. This is how much PWP could be willing to pay for a resource that can redu
peaks across a given number of hours in a year.

From 2030 through 2049, in 2080llars a financial viability point is $12.29/kWonth for 1.5% of peaks, and $10.61/kW
month for 1.0% of peaks. Reducing only 0.5% of peaks each year does not avoid a new resource build during this ti
under thismodelrun. See~igure150.

Figurel50 Scenario 6Demand Response Proxy: Results

20-Year $/kWMonth Avoided (203®,20302049) (2.79) 10.61 12.29

TheScenario 6s run under one set of normal operating conditions under one load forecast. Additimde! runs for
other scenarios or other conditions may provide a greater range of avoided costs.

16.7. Scenario Comparisons

Across scenarios, the amount of installed catyaoy 2031 (the first full year of hourly carbdmee energy ranges from

750 MW (Scenario 4) to 1,509 MW (Scenario 3). This is equivalembto four i A YS & t 2 t Q%eFigiBd-151 2 I
andFigurel52 By 2031, PWP neetistween80 MW (Scenar®4 and5) and690 MW (Scenario 2) of solar. By 2031,

PWP needbetween0 MW (Scenario 9nd610 MW (Scenario 5) @find. By 2031, PWP neetlstween 80 MW

(Scenario 5and 685 MW (Scenario 2) of batteries.
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Figurel51 Installed Capacity of Scenarios

Installed Capacity (MW)

mmm Peak Load ==—Scenario 1 =—Scenario 2 =——Scenario 3 ===Scenario 4 =Scenario 5
1,800
1,600 S
1,400 —__
1,200
1,000

800 ;

600

400

/1

Installed Capacity (MW)

M < O O N~ 00 00 O o NN M g I O 0 0 O 4 N M < 1 O© N~ 0 O O
N N N N N AN AN MO OO OHOOOHONHOH OO J§ JF§7 JF J§ 5§ 5§ 5 8§ 8 5 0
O O O O O O O O O O O O O O O O O O O O OO OO o o o oo o o
N AN AN A AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN AN N NN NN NN

Figurel52 Installed Capacity of Scenarios by Type in 2031

Installed Capacity By 2031

mmmm Gas/Oil:Combined Cycle mmmm Gas/Oil:Combustion Turbine mmmm Fuel Cells

. Hydro mmmm Nuclear mmmm Geothermal
Solar wezese \Wind weses Battery
=== Peak (2031)
2,000
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1,000 % 7
" w2 8 L
— —

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

Installed Capacity (MW)

PWP will have to bring online more than its peak in installed capacity. The installed capacity is higher than deak load
two reasons: qualifying capacity and reliability.

RAanswers the questiordWhat reliability contribution does that installedcagaéd &€ o NAY 3 t 2t K¢ ¢KS
has declined over time. It is anticipatétht this trend will continue The qualifying capacity of the installed resources in
2031 isshownin Figurel53.
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Figurel53 Qualifying Capacity of Scenarios in 2031

Qualifying Capacity in 2031
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PWP assumes 100% qualifying capacity for stofaiggny chosen duratiorip this IRP. It is anticipated that the capacity
accreditation of stoage will decline over timig markets across thd.SIf this occurs PWP would need additional installed
energy and/or storageapacity.

The other reason PWP requires more installed capacity than peak is reliability. Internal resources are requetped to h
serve load reliably given that PWP is a transmissmmstrained systemSeeFigure154 for a breakdown of resources
installed internal to PWP. Additional transmission interconnections would reduce the need for internal resources. PWP
constrained in terms of how many utiligcale resources it can install inside its service territory because the city is mostly
developed and densely built.

Figurel54: Internal \s.External Installed Capacity in 2031

Scenario 1 153 701 854
Scenario 2 508 1,001 1,509
Scenario 3 408 939 1,347
Scenario 4 417 333 750
Scenario 5 777 263 1,040

For internal capacity, there are varying amounts of distributed versus tditdjeresourcesdepending on the Scenario
(Figure 155.
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Figurel55: Installed Capacity Distributed Resources per Sceganiddditionto Load Foreazst

2025 1 1

2026 2 2 31 21
2027 2 2 31 21
2028 2 2 31 22
2029 3 6 31 22
2030 3 400 350 400 350 23
2031 3 400 350 400 350 25
2032 4 400 360 400 350 26
2033 4 400 360 400 357 28
2034 5 400 360 400 357 31
2035 5 400 360 400 357 38
2036 6 400 360 400 357 38
2037 6 400 360 400 357 38
2038 7 400 360 400 357 38
2039 8 400 360 400 357 38
2040 8 400 360 400 359 39
2041 9 400 360 400 360 40
2042 10 400 364 400 NS 46
2043 11 403 364 2 400 375 46
2044 11 403 364 4 1 400 375 46
2045 12 403 363 4 1 400 S 2 57
2046 13 403 362 4 1 400 375 2 53
2047 14 403 362 4 1 408 S 2 53
2048 15 403 362 4 1 408 375 2 52
2049 17 403 358 4 1 408 381 2 58
2050 17 400 350 4 1 400 350 2 57

By 2031, PWP is generatibgtween100%and200%0of its energyneeds Figurel56). Solar is generatingetween17%
and113% of PW® energy annual needs and wibhdtween0%and 141% because PWP has excess capdtity.would
result in overgeneration, bulPWP could sell the excess generationdrtainhours.
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Figurel56. Net Generation of Scenarios in 2031

Net Generation in 2031
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CKA&a 3ISYSNIGA2Yy OGNl yatlrdSa Aydaz2 ¢ A gdiforniayeRulatdn? rerewdbled S y
requirements. By 2031, PWP is producing two (Scenario 4) to three (Scentme$jts 2031 RPS requirements. PWP
canexceedits requirementto have60% of its load covered by renewable enebgytwo or three timesSeeFigurel57.

Figurel57: Renewable Compliance Across Scenarios

Annual CA Renewable Requirements
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Thisrenewable resource requiremeigmet not only through wind and solar but also through geothermal and renewable
hydrogen fuel cells. By 2031, PWP produaetsveen28% (Scenario 4nd189% (Scenario 2) of its RPS requirements in
sola and betweerD% (Scenario Bnd235% (Scenario 5) of its RPS requirements in vidadrigurel58.

Figurel58 Renewable Compliance across Scenarios by Type in 2031

Annual CA RPS Requirements (2031)

mmm Fuel Cell mmm Geothermal mmm Solar mmm Wind - RPS Requirements
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Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

Renewable resources are eligible as zemdbon resources to meet Califor@a@nnual3ate envionmental requirements.
All scenarios meet California requirements to serve energy with renewable andadyon resources by 2045. By 2045,
in the carbonfree scenarios, PWP has excess renewable andczebmn energyFigurel59).

Figurel59 Annual ZereCarbon Requirements by Scenarios

Annual CA Zer@arbon Requirements
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Those requirements are met by resources like s(Hagurel60).

Figurel60 ZeraCarbon across Scenarios by Type in 2045

Annual CA Renewable & Zgbarbon Requirements (2045)
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(10) Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

Bythe end 0f2030, PWP can operate a 100% cari@e hourly system under the carbdree scenariosHigurel61).
PWP hasandfill gas thatontractuallyexpires toward the end of 2030, so compliareeursby 2031.Under Scenario 4
PWP can operatabove a 60% hourly carbdree system, andinder Scenario mbove80%.

Figurel6l CarbonFreeacross Scenarios

2023 17% 17% 16% 17% 21%
2024 16% 16% 16% 16% 20%
2025 34% 36% 39% 40% 64%
2026 32% 34% 37% 38% 62%
2027 49% 51% 52% 55% 76%
2028 53% 55% 56% 59% 80%
2029 54% 55% 57% 60% 80%
2030 96% 97% 97% 60% 78%
2031 100% 100% 100% 62% 81%

The informationin Figure161 represents singlenodel runs conducted under normal operating conditions. Sensjtivit
analysesegarding load, power prices, fuel prices, cost of new resources, and others could providenadidiformation
on capacityand generation required to meet goals.
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A significant stressor lika heat wavecausegeliability concerns. These reliability concerns appear as additional energy
needs. These needs are spread acepssrtain number of hours, and those howrscuracross a certain number of days.
The IRP model can also identify the maximum hourly demand for additional resource needs. This could be thought of a

potential resource size to help alleviate the reliahitoncerns.

Scenarios 4 and 5 maximize the Goodrich connectioadddional resourcesould be needed. ForSenarios 12, and 3,
additional utility-scale resources could be located outside PWP and imported over the Goodrich interconnection or locate
internal to PWP. The last two columiis Figure162 show theamount of resources that would have to be installed

internally and externally.

Figurel62 Heat Wave Sensitivity Results

Largest
Additional | Additional | Additional DZ?;';'Z .
Ener Ener Ener
Scenario I.gy nel.gy nel.gy for
Required | Required | Required i
(MWh) | (Hours) | (Days) | Additonal
Y Energy
(MW)
Scenario 1 1,991 32 9 248
Scenario 2 8,252 188 24 327
Scenario 3 22,959 370 30 406
Scenario 4 6 8 6 1
Scenario 5 133 23 12 36

This is the This is how This is how This is the

total many many maximum
additional unique unique need in an
energy hours this  days this hour.
need inthe  energy energy
month. need need
shows up  shows up

Additional
Resources That

Additional Resources
That Could Be Located
Externally

Have To Be Locateq
Internally

40 MWh total with a 1,951 MWh total with a

219 MW maximum
6,497 MWh total withan

29 MW maximum
1,755 MWh total

with a 240 MW 87 MW maximum
maximum

3,041 MWh total 19,918 MWh total witha

with a 241 MW 165 MW maximum
maximum

6 MWh total with a
1 MW maximum

None (Goodriclisfully
importing)

133 MWh total with
a 36 MW maximum

None (Goodriclisfully
importing)

The scenarios have For Scenarios 1, 2, and
the reliability needs some resources could b
indicated in the first located external to PWP
four columns. There isstill excess
If PWP allows the capacity over the
maximum capacity  Goodrich connection.
over Goodrich, this
amount would have
to be located
internally, and te
remainder would
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have to be located
externally.

There are 32 hoursver nine day$n Scenario Whenthere areadditional energy needs. Overall, there is a total of 1,991
MWh of additional energy needs in this month under the Heat Wave. The hdutheitargest energy needtitour Ending
(HB 18 onSeptember 11, 203@yhenan extra 248 MW is neede&e Figure 18.

Figurel63 Scenario 1Heat Wave

Scenario 1: Heat WaweSeptember 11, 2030

mmm External Resources mmm New 4-Hr Internal Storage
zas New 4-Hr Storage (Internal Solar Paired) New 6-Hr Internal Storage
mmm New 8-Hr Internal Storage New Internal Fuel Cells
mmm New Internal Solar zeezs New Internal Solar (Storage Paired)
Windsor Reservoir Solar = Demand (MW)
600
500
400
=
= 300
200
100
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour Ending

However, PWP could import another 219 MW across Goodrich inhthait In this case, PWP would need an additional
29 MW located internallySee Figure 1@. When Goodrich increases from 280 MW to 336 MW, this capacity could be
external.
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Figurel64: Scenario 1Heat Wavewith Goodrich Maximized

Scenario 1: Heat WaweSeptember 11, 2030

mmm External Resources mmm New 4-Hr Internal Storage
wzzz New 4-Hr Storage (Internal Solar Paired) New 6-Hr Internal Storage
mmm New 8-Hr Internal Storage New Internal Fuel Cells
mmm New Internal Solar zzx New Internal Solar (Storage Paired)
Windsor Reservoir Solar Potential Imports
= Demand (MW)
800
600
=
< 400

o h“——

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour Ending

In Scenario 2, een if Goodricimports additional carborfree power up to its maximum potential, PWP coukkd an
additional 240 MW in a givemour to help serve load={gurel65).

Figurel65 Scenario 2Heat Wave with Goodrich Maximized

Scenario 2: Heat WavgeSeptember 10 and 11, 2030

mmm External Resources mmm New 4-Hr Commerical Storage New 4-Hr Internal Storage

mmm New Commercial Solar New Community Solar mmm New Internal Fuel Cells
Windsor Reservoir Solar Potential Imports = Demand (MW)

600

500
400
300

MW
N
o
S

Month_Day_Hour Ending

Based on the top0hours of additional energy needs in Scenario 3, there are somerisigdays andigh-risk hours. The
high-risk hours in this forecast ai¢E16 thoughHE20. Se Figurel66.
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Figurel66: Scenario 3Heat Wave Tofi0 Additional Energy Need Hou(September 2030)

6 19 394 96 184 109

0 0 0 0 5 293
10 19 387 97 0 0 0 0 5 285 183 102
11 16 565 248 0 139 5 0 5 169 32 137
11 17 562 187 0 63 3 0 5 305 93 212
11 18 539 115 0 12 1 0 5 406 165 241
11 19 482 95 0 0 0 0 5 382 185 197
11 20 428 98 0 0 0 0 5 325 182 143
21 17 454 161 0 52 2 0 5 234 119 115
21 18 422 102 0 6 0 0 5 309 178 131
21 19 386 97 0 0 0 0 5 283 183 101

Scenario 3 shows mowditional energy needs under a heat wave than Scenario 2 because of differences in amounts c
installed capacityRigurel67). In 2030, Scenario 2 has 1,001 MW installed internadhile Scenario 3 has FMW (64

MW less than Scenarig.Z-urthermore, the breakdown of technology types and amounts is different dtvithe two
scenarios. Different technology mixes interact differently duargpat wave.

Figurel67: Internal Installed Capacity in 2030 for Scenario 2 and 3

New 2Hour Residential Storage 3
New 4Hour Commercial Storage 400 350
New 4Hour Internal Storage 190 200
New Commercial Solar 400 350
New Community Solar 5 5
New Internal Fuel Cells 5 5
New Residential Solar 23
Windsor Reservoir Solar 1 1
Total 1,001 937

Scenario 4lsoshows additional energy needsowever, there is availability on the Glenarm unfiise Figure 168In
the model payinga $2,000/MWhpenaltyis preferable to paying to start the unit given high fuel costs.
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Figurel68 Scenario 4Heat Wave

1 17 478 128 151 153 44

0 45
8 15 439 132 147 153 5 1 45
10 15 449 150 130 153 16 0 45
14 15 459 127 153 153 26 1 45
14 17 457 115 165 153 24 0 45
21 17 454 108 170 111 62 1 45
21 18 422 86 192 111 30 1 45
28 16 437 147 132 111 45 1 45

Scenario 5 shows additional energy needs ranging frdtito 36 MW across six consecutive hours. Scenaingltdes
60 MW ofinstalledinternal storage by 2036ompared to 130 MW iscenario 4.

The following are thehree primaryfindings from theheat wavesensitivitytest:
1 There are additional energy needs.
1 There is a need for additional internal resources or increased transmission capacity.

1 There are certain hours of interesE15 throughHEL8).

16.9. Sensitivity 2: Goodrich Transfer Contingency

PWP is a transmissiaronstrained system. Goodrich is the one gateway that is currently operating constantly. This
sensitivitytest evaluateswvhat happens if the capacity at Goodrishreduced by ondalf.

Asshownin Figurel69, under a single week of highest demand under normal operating conditions outside the Goodrich
contingency, all scenarios can operate reliably.

Figurel69 Goodrich Transfer Contingency Results

1 0 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 2 7 7

5 0 0 0 25 18 28
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The carborfree scenarios hee sufficientadditional resources installed internally to support reliability. The total amounts
of internal resources in 2030 askownin Figurel70.

Figurel70 Internal Installed Capacity in 2030 Across Scenarios

Resources i€AISO
Resources In PWP Service Territory 696 1001 937 333 263

Thepeak week is not always the week of greatest reliability concdnare caralsobe reliability needs in uwater (February

in this IRP)Compared to Scenarios3, Scenarios 4 and Sochot have the same quantity of internal resources installed,
sothey may require additional resources to help seargergy needs ifrebruary.The monthly needs for Scenarios 4 and
5 areshownin Figurel71

Figurel71 Scenario 4nd 5: Additional Energy Neetdsider Heat Wave
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17. Battery Storage

17.1. Storage in the IRP

Battery storage is commercigllavailable peaking capacitiultiple storage technologiesurrently exist or have had
promising breakthroughs, but lithiuion remains the most implementetype of battery storage typé>3PWP included
battery storage as a selectable resource in its IRP.

153 hitps://www.eia.gov/todayinenergy/detail.php?id=41813
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https://www.eia.gov/todayinenergy/detail.php?id=41813

Storage applications are defined by a set of cost and operating parameters, including the following:

1 Cost
Costs are ammonly shown in $/kWh, which can be converted to $/kWnimltiplying by the duration of
0KS adG2Nr3IS LINRP2SOl® C2NJt2tQa Lwts Fff oF 00SNE
O&M costs were levelized into a flat $/kkivonth rate depending on the year of installation. This represents
a fixedcapacity or demand charge that will be paid regardless of the operation of the battery.

1 Size
Battery sizes are determined by the installed capacity or inverter size (MW). In the IRBlURigpresents
how much the battery can inject onto the gridany given hour. The other size component is the energy
(MWh), whichis dependent on the installed capacity and the duration. For exampleh@ud duration
battery will be represented by 10 MW/40 MWh. This battery project at full charge can inject 10 MW for
four hours before being depleted.
PWP modeled different duration types for utilisgale storage in the IRRhéur, 6hour, 8hour, and
10-hour. The cost for these durations are scaled linebalyed orNRElestimates
Commercial and residential energiorage were also considered as candidate resources for the IRP
using cost scalars for eatfyar installations and blending into the NREL commercial and residential
storage costs by the mi#030s.

1 Roundtrip efficiency
Roundtrip efficiency is the measarof how much energy that goes into the battery can be utilized. PWP
modeled all battery storage types with an 85% rotrig efficiency in the model.

1 Cycle limitations
Battery resources were assumed to have an equivalent cycle capability of one aydeyps 365 cycles
per year. This was entered as a capacity factor limit in the model. For examplegua Battery storage
project has an upper limit of a 16.67% capacity factor (4 hours/24 hours).

1 Augmentationtegradation
Similar to the lithiurdion batery in a cell phone, utilinscale batteries can lose energy over time with use.
Developers and utilities have several ways to account for this:
Assume the battery project will just degrade and that is factored into the cost and forecasted
operating capbility.
Oversize the project so that the desired size is guaranteed throughout the life of the project
Include regular or projected augmentation, or cell replacement, throughout the life of the project.
Consistent with NREL, PWP assumed that the PRAI@scbattery replacement costs such that the energy
of the battery stays the samé?

154 https://atb.nrel.gov/electricity/2022/utility-scale_battery storage#LJT3875D
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Figurel72 lllustration of Degradation Strategies for Battery Storage

MWh lllustrative Only

Desired

Years

Storage may help store renewable energy wiitda not neededand allow for later use. Storage could help meet evening
ramps (perhaps with stored solar energy), which may reduce or replace the neadttoal gas generation or market
purchases.

In the cabon-free scenariosnaturalgas was retiredand sorage helped replacés capacity Seg-igure 173or installed
storage capacity in 2031. The IRP optimized new resource selection, which in most cases, included storage. Storage he
meet reliability aml environmental obligations in a cestfective manner given scenario assumptions. The IRP itself is a
guantitative analysis that helps evaluate the cost effectiveness of #naiir storage compared to other resources.

Figurel73 Installed Storage Capacity in 2031

| Scenario ] Scenaiio 2| Scenaio 3| Scenaio 4| Scenario5

Natural Gas/Oil: Combined Cycle

Natural Gas/Oil: Combustion Turbine 132 132
Natural Gas/Qil: Fuel Cell 115 35 35
New External Fuel Cells 30 30
New Internal Fuel Cells 115 5 5
Battery 305 685 618 150 80
EDF Sapphire Storage 20 20 20 20 20
New 2Hour Residential Storage 3
New 4Hour Commercial Storage 400 350
New 4Hour External Storage 70 40
New 4Hour Internal Storage 190 190 200 130 60
New 4Hour Storage (External Solar Pairec 5
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New 4Hr Storage (Internal Solar Paired)
New 4Hr Storage (LanBased External

. : 5
Wind Paired)

New 6Hr Internal Storage 80

New 8Hr Internal Storage 10

RArequirements reflect, in part, the ability of resources to meet p&a® dzNJ O LJ OA (& ySSRadRA{ (2
requirements.

As shown irFigurel74, PWP is producing more energy than needed on an annual basis. Excess could be sold or store
Batteries are a net consumer of energy due to roundtrip losses. PWPsekto monitor grid cowlitions, learn from
others, and gain its own experience to understand how excess renewable generation and stmageract to serve

PWP and California customers.

Figurel74: Net Renewable Generation vs. Load in 2031

Annual Net Renewable Generation vs. Load in 2031

m Geothermal m Solar PV mWind mBattery mLoad

2,500
2,000
1,500

1,000

Net Generation (GWh)

500

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Load

(500)

How muchrenewable and zere@arbon generatiorexceedshourly load? Because PWP is a part of CAISO, allocating what
resources go toward load versus elsewhere is a contractual exercise. Post optimization, the amount of Gaigdrieia
renewable and zergarbon energy in excess of hourly load obligations was calculated and summed over the year.
Resources were stacked in the order giverigure220. e Figurel75for results.

Figurel75: California Eligible Renewaldad CarbonFree Resources That Do Not Go Toward Hourly
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California Eligible Renewable and Z&arbon
That Do Not Go Toward Hourly Load
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The IRP selected the amount of storage necessary to meet obligations, but PWP is still generatinGeextigssel 76.
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2039

Figurel76: PWP is Selling or Curtailing X% of Load in RenewableZZzebon Resources
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PWP will continue to investigate the potential and roles of storage, and how storage could leverage renewable potentic

17.3. Addressing Net Demand in Peak Hours

Il OO2NRAY 3
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during hours of net peak demand through energy &#bbligations.

NBE & 2 dzZNDS & ¢

Gt QU to{céhSiderhavy o
existing renewable generation, grid operational efficiencies, energy storage, and distributed generation resource:
including energy efficiency, will meet energy and reliability needs during the hours-peaktdemand (net of demand

¢tKS Lwt

PWP can consider net peak demand or hourly peak demand minus vasgable@ablegeneration EvaluatingSeptember
2031, anywhere from 39% to 65% of hours in the month have negative net peak demand (in other wordsyhesurs
wind, solar, and geothermal energyre greater than houst load). See Figure 177. Figure 178 shows a graphical
representation
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Figurel77. Percent of Hours with Negative Net Load @ptember 2031

Percent of Hoursvith Negative
. 39% 42% 40% 41% 65%
Net Load in September 2031 ° ° ° ° °

Figurel78 Hourly Load versus Net Load Across Scenarios for Three Cegstémber 2031

September 1612, 2031
Hourly Load versus Net Load Across Scenarios
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Excess renewable generation that leads to negative net peak demand represents risks and opportunities to the syste
PWP may consider further study and investigation of this topic.

18. Financialmpacts

Thefollowing sub-sectionsoutline someof the financial implications of théifferent scenarie.

18.1. Present Value Revenue Requirements

PVRRs are a conceystedin IRPs to explain future anticipated cof®¥RR is the current total worth of the expected future
revenue requirements associated Wwiascenario This IRP analyzes some, but not all, of the cost components involved in
t2tQa NIGS aidNUHzOGdzNBd / 2a0Ga& A ghownkGigutel?®. OFy 6S oNR]SY

Figurel79 Components of PVRR

Expenses (# Millions)

Energy Purchases Cost of hourly energy purchases from CAISO
Fuel Cost of natural gas for Glenariagnolia, and IPP
Variable O&M Variable costs for IPP, Glenarm, and Magnolia; PPA costs; T
Fixed O&M EDF Sapphire Storage capacity charge
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Start Cost Startup costs for Glenarm
Emissions REMurchases
Cost of New Resources PPA costs for nevesources
Total Revenue RequiremenGrossed Up Sum of all expenses
LessRevenues fronEnergy andCapacity Sum of all expenses minus revenue
Energy Revenue {8 Millions) Revenue from hourly energy sales to CAISO
Incremental RevenuRequirement Expensesg energyrevenue

The PVRR values for each scenario, under mid, low, and high technology cosksvemén Figure180 through Figure
184. Scenarios 1, 2, and 3 have costs associatedamitslandsystemandwith energy market access.

Figurel80 Scenario 1PVRR

Scenario 1: Technology Costs

mmm Scenario 1: Cost Range Scenario 1: Cost Range (Energy Market Access)
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Figurel81 Scenario 2PVRR

Scenario 2: Technology Costs

mmm Scenario 2: Cost Range Scenario 2: Cost Range (Energy Market Access)
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Figurel82 Scenario 3PVRR
Scenario 3: Technology Costs
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= Scenario 3: Mid Costs == Scenario 3: Mid Costs (Energy Market Access)
$500
@ $450
2 $400
= $350
g $300
£ $250
z
= $200
o $150
x $100
< 50
“ %0
M < O O~ 0 OO0 O d N M - IO O N 000 O 4 N M I I O N~ 0O O O
N N AN N N N N OO OO OO O OO OO0 Y J§ &§@ 5§ 979 5§ 5§ 959 95 5 W0
O O O O O O O O O O O O O O O O O O O o o o o o o o o o
AN AN AN AN AN &N AN N &N AN &N &N AN &N &N N &N N N N N N &N N N N N
Pasadena Wateand Power 1910f 257

2023 Integrated Resource Plan



Figurel83 Scenario 4PVRR

Scenario 4: Technology Costs

mmm Scenario 4: Cost Range —Scenario 4: Mid Costs
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Figurel84: Scenario 5PVRR
Scenario 5: Technology Costs
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Figure 18%hows the breakdown of costs by type across scenarios.
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Figurel85 PVRR By Category Across Scenarios (Mid Costs)

E
x.pense.s $2,611 $2,644 $3,555 $3,289 $3,404 $3,162 $2,080 $2,871
($in Millions)
Energy $324 $0 $263 $0 $267 $0 $235 $193
Purchases
Fuel $5 $362 $1 $16 $1 $36 $76 $11
Variable O&M  $545 $545 $833 $815 $781 $773 $845 $1,087
Fixed O&M $30 $30 $30 $30 $30 $30 $30 $30
Start Cost $0 $0 $0 $0 $0 $0 $6 $0
Emissions $1 $1 $1 $1 $1 $1 $1 $72
Book
00K $1706 $1,706  $2,426  $2,426 $2323 $2323  $887 $1,476
Depreciation

Total Revenue
Requirement $2,611 $2,644 $3,555 $3,289 $3,404 $3,162 $2,080 $2,871
Grossed Up
LessRevenues
from Energy and
Capacity
Energy
Revenue $300 $0 $694 $0 $621 $0 $275 $473
($in Millions)
Incremental
Revenue $2,311  $2,644 $2,861 $3,289  $2,782 $3,162 $1,806 $2,398
Requirement

Overall, the PVRR values (in 2@80arg areshownin Figurel86.

Figurel86 PVRRs for Mid, High, Low Costs of New Resources

Scenario 1 (Islan8lystem) 2,247 2,644 2,982
Scenario 1 (Energy Market Access) 1,915 2,311 2,650
Scenario 2 (Island System) 2,614 3,289 3,855
Scenario 2 (Energy Market Access) 2,186 2,861 3,427
Scenario 3 (Island System) 2,512 3,162 3,722
Scenario 3 (Energy Markatcess) 2,132 2,782 3,342
Scenario 4 1,596 1,806 2,001
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Scenario 5 2,084 2,398 2,725

Figure 187 showsthe percent increase in costomparedto Scenario 4Costs increase irhe carbonrfree scenarios
between28%and82%.

Figurel87: Percent Costs are Higher2f Years Compared to Scenario 4 (Reference Costs)

Scenario 1 28% 46%

Scenario s e
Scenario 5406 s
Scenario 4 o w

Scenario 5 33%

These PVRR costs can be translated into qaartkWh of load served. This can show the costs incurred on t§gefiario
4. SeeFigurel88.

Figurel88 2030 $/kWh Costs in Addition to Scenario 4

2030, $/kWh, 20302049 $2.77  $4.62 $5.80 $8.21 $5.37 $7.51 $3.33

18.2. Scenario 3 and Distri buted Resources

Expected distributed resource deployment is in the load forecast. Those resources are coatamegdresources given
0dzAAYyS&aad | a dzadz f & wS&a2dz2NOSa Ayaidltt SR Ay FTRRAGAZY (
incentives from various potential sources. Scenario 3 forced some distributed resources Dméir@sts of the resources
forced online in Scenario 3 asbownin Figurel89. From 2030 through 2049, there is almost $1.4 billion (in 208@r9

in costs for theseesources

Figurel89 Costs of Forced Distributed Energy Resources in Scenario 3

10-Year PVRR (20%3n Millions 20232032) $82.97 $62.37 $21.11 $8.36
20-Year PVRR (20%3n Millions 20232042) $292.34 $247 51 $120.87 $47.23
28-Year PVRR (20%3n Millions 20232050) $418.32 $406.03 $214.01 $105.34
20-year PVRR (203in Millions 20302049) $495.33 $479.19 $263.51 $126.42
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The costs of the additional distributed resources represefit1323% of the scenario costs in 2030, an@bthb54% of

the scenario costs by 2050.

Scenario 5 assumes that resources that contairbon (fossil, landfill gas, and CAISO market purchases) are charged &

OFNb2y GFIE olasSR 2y

GKS 9t! Qa

& 2 O%kel Scenddi@ 51 RefeAcE Cadd- +NEbcialy

Cost of Carbon (SB20 + SCC¥cenario 5 optimized new resource builds and resource operatiotsr a carbon tax.

t2tx & F LINIAOALI YOG 2F /! L{hz VS tafitheiererdied antl Rgulatioris S

)

regarding how resources can bid into the CAISO markets. These rules exist to prevent manipulation or misuse of mar
power. PWP wold need to further investigate how its carbon preferences would not fall afoul of the CAISO tariff.

Furthermore, CAISO prices carbon throtigd followingthree mechanismat minimum

1 Renewable portfolio standard under SB 100

1 Renewable and zergarbonrequirements under SB 1020

1 Cap-andtrade regulations under CARB

lye FRRAGAZ2YEE LINKOAY T

which, under Proposition 26, must be approved d&two-thirds voteof the residents of Pasadena

2T Ol ND 2 yostbaseédZhetefore, that coNl e & dax, Y |

Revenue from a carbon tax may be returned to consumers or used to support other activities. The carbon tax, and resulti

scenario costs, are givenhgurel90.

Figurel90: Costs of Carbon Tax in Scenario 5

Nominal Millions Scenario 5 (Carbon Tax Returned

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039

$64.2
$70.7
$47.5
$38.4
$25.3
$12.5
$10.9
$12.6
$10.7
$12.1
$12.3
$12.6
$11.5
$4.6

$0.9

$0.9

$1.0

$172.0
$160.7
$147.5
$148.2
$167.3
$155.9
$177.7
$171.7
$180.5
$195.4
$197.0
$201.3
$198.7
$196.1
$194.7
$195.6
$196.2

$107.8
$90.0

$100.0
$109.8
$142.0
$143.4
$166.8
$159.2
$169.8
$183.3
$184.6
$188.7
$187.2
$191.5
$193.8
$194.6
$195.1
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Nominal Millions Scenario 5 (Carbon Tax Returne

2040 $0.9 $196.5 $195.6
2041 $0.8 $196.9 $196.1
2042 $0.9 $179.5 $178.6
2043 $0.8 $181.5 $180.7
2044 $0.5 $184.7 $184.3
2045 $0.0 $139.7 $139.7
2046 $0.0 $142.3 $142.3
2047 $0.0 $145.5 $145.5
2048 $0.0 $147.3 $147.3
2049 $0.0 $150.1 $150.1
2050 $0.0 $151.6 $151.6

Resulting comparisons are kiigurel91

Figurel91 Present Value Revenue Requirement if Carbon Tax Returned

20-Year PVRR Mid Costs
(2030%in Millions, 20332049)

Scenario 1 (Island System) $2,644
Scenario 1 (Energy Market Access) $2,311
Scenario 2 (Island System) $3,289
Scenario 2 (Energy Market Access) $2,861
Scenario 3 (Island System) $3,162
Scenario 3 (Energy Market Access) $2,782
Scenario 4 $1,806
Scenario 5 $2,398
Scenario §Carbon Tax Returned) $2,326

¢KS HnHo Lwt RSaA3IySR GKS aO0SylINA2& (2 NBYFIAY dzy RSNt
low, mid, and high estimates @&HGallowances from lte 2022 IEPR shown Figure 192scenarios could generate
additional savingshown inFigure193
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Figurel92 Carbon Allowance SaRrices

2022 IEPR (CED 2022 Update) GHG Allowance Price Projections

:{."\ e Price Floor =—Mid Price Scenario High Price Scenario
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Figurel93 PVRR ith Capand-Trade Allowance Sales

Scenario 1 (Energy Market Access) 2,311 2,218 2,076 2,021
Scenario 1 (Island System) 2,644 2,551 2,408 2,353
Scenario 2 (Energy Market Access) 2,861 2,768 2,625 2,570
Scenario 2 (Island System) 3,289 3,196 3,053 2,998
Scenario 3 (Energy Market Access) 2,782 2,689 2,547 2,492
Scenario 3 (Islan8lystem) 3,162 3,069 2,927 2,872
Scenario 4 1,806 1,754 1,679 1,649
Scenario 5 2,398 2,309 2,172 2,119

Overall, Scenario 4 remains the lowest cost. If excess credits undéapkeend Trade Program are sold at the price floor,
cost increases over Scenario 4 range fi28#6 to 82%. If estimates of allowances are high, osbenarios become 23%
to 82% more costly than Scenario 4.

19. Retail Rates

PWP power resources staff worked closely with Pivdhte staff toconsider the impact the IRP will have matail rates

for PWP customerdvodel outputs provided by the consultant, coupled with additional analysis by PWP staff, were used
to develop the cost and rate analy$e the rate components impaed by the IRPThe IRP will increase the rates for
customers. As a neprofit, publicly owned utility, rates sustain ameinvest in the operations.

The overall financial impact of the IRP will be fully evaluated after adoption and incorporated wgbad-service study
expected to begin in 2024.
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t2tQa NBGFAET NIGSa LINAYFNREE O2yaraid 2F GKS F2tf2gAYy:

f CustomelCharge- Aflat feeto recovercosts associatedwith A f f Ay3d YSGSNAy3IZ Odzad2Y:
center.

9 DistributionChargeg A volumetric charge to recovéie cost of delivering electricity from substations to
customers. It includes operation and maintenance, capital investment and debt service.

1 Gid Acces€harge; Aflat fee to recover fixed costs associated with the electric grid.

1 Transmission Services ChaégESE A volumetric charge to recover costs of delivering electricity from
generating plants to subtations.

1 Public Benefit ChargeRBX ¢ A volumetric charge tprovide fundingor incentive and rebate programs for
energy efficiency, local solar programs, demand side management ariddome assistance.

1 Energy Services Chargat 9 { A ¥oliimetric charge to mver the costs to prage and generate electric
resources.

Prior to July 2014, the Distribution and Customer Charge5 awag alcombined charg&hecharge was separated into
two components beginning in July 2024Grid Access Charge was implemented in July 20id®followingfiguresinclude
these three charges combindd illustrate rate trends.

Figurel94RSLIA OGa t 2t Qa KA &l 2 NR O lthroudgh90R4. FiguzR 35 $hivs e bidakildva ahg N2 Y
rates by percent of total.

Figurel94: PWP Historical and Budgeted Retail Rates (Nominal Dollars per kwh)

mD&C mEnergy m TSC = PBC

$0.25

$0.20

$0.15

Nominal $/kWh

$0.10 |
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The primary focus of the IRP is the energy component of the (thte ESCand, particulatly, a subset of that energy
component that relates to energy production and market purchases and sales. Historically, the costs considered in the |
represent aboub7% of thetotal costs in the energy rate.

Figurel95 PWP Retail Rate ComponentsRascent of Total

m D&C mEnergy m TSC = PBC

0'»’1»")&
P PSSP
QT

Figurel96 shows the various rate components that are included and excluded in the IRP modeling.

Figurel96: Costs Includednd Excluded from IRP Modeling

1 Fuel costs 1 Congestion costs experienced by resources
1 Variable costs 1 Other CAISO fees

1 PPA costs 1 Costs from distribution programs

9 TAC costs £ Distribution cost increases

9 Costs of new resources £ Transmission cost increases

1 Costs from PWP people operations

There is a significant amount of uncertainty in all rate projections, and a multitude of factors could change the outcome
including but not limited tq, the followingfor the ESC

1 Procurementcosts
£ PPA and/or resource acquisition costs associated with new resources added in each portfolio could b
higher or lower than projected.

1 Congestion costs
£ If PWP needs to add resources outsigdnternal load area, PWP could be exposed to congestion costs if
PPAs are settled as the busbar of a particular resource. These costs are not included in the IRP.

1 Load brecasts
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Changing residential and commercial load patterns could emerge, which woaltyehhe resulting
resource mix needed.

For the other components of retail rates, that were not studied in this report:

1 Distribution andransmissiorcosts
Additional costs associated with distribution and transmission beyond the rate of inflation are no
considered in this analysis.
In 2022, thePower Delivery Master Plan (PDMMas adopted, with investments totaling $8 Million
identified as needed by 2042
These nominal figures do not include the fact that 2021 costs were used, which was prior to
increasing costs due to inflation and supply chain issues.
The PDMPwas also prior to this IRP which includes investments that were not considered or are
requiringmore projects to bémplemented on a tighter timeline. THRDMPwas completed prior to
the IRP, so feasibility of implementation was not considened the impact on the pricing of
construction
One such factor is that thiRP calls for extra capital investments required for electrical distribution system
support of battery storage infrastruate.
CAISQasthe primary infrastructure planner for the state has LIN2 | OG A @S | LILINE | OK
longterm clean energy goals that calls for investments of $7.3 Billion in the approved22@22
TransmissiofPlart>®. Theseanvestmentswill have an additive impact to customer rates.

1 Other costs
Other operating cost to be considered are tffieance, administration, information technology and
customer serviceomponents of expenses
Cost of future debt financing and crieédsk.

The tables below show estimated impaatsd are intended to provide a sensef the financial implicationto the utility

and customerdased on each scenarioThe amounts shown argrovided for illustrative purposes only and represent

G 2 dza & Y B ¢ thakdodidog needed 2 NJ § KS RATTFISWBY@KATRKRSOIZ & BE AVAryigNR S
rate structures, capital financing plans, and rate offgstech as grant fundingwill all be actively pursuebtiut cannot
confidently be pojected and as such are not included in this analysis.

The Energy Chargerojections are based on singlamily residential customers on an annual basibhe projections
assume usage of 500 kWwh per month (6,000 kwh annually). Rates will accelenagetideriirst seven years of the plan
due to cost recovery associated with the compressed timelmgwill remain elevated after 2030 to support the portfolio
costs.

155 https:/iwww.caiso.com/Documents/cais@022-2023 transmissim-plan-approved. pdf
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Figurel97: Annual Bill Impacts fd@ingleFamily Residential Customers (Moderate Cost Estimates)

$2.456 $836.12 $1,254.18 50% $1,367.06 64%
2 $3.003 $836.12 $1,596.99 91% $1,549.08 85%
3 $2.926* $836.12 $1,530.10 83% $1,484.20 78%
4 $1.937 $836.12 $1,153.85 38% $1,061.54 27%
5 $2.426 $836.12 $1,588.63 90% $1,429.77 71%

FCKS G20Ft LIR2oSN) adzllLii @ bSd t NBaSyd +IFftdzS oabt+xév Y2
doubling thegrowth of distributed skar and storagdrom the load forecast in the amount of $632.33 millidthScenarios
studied in the 2023 IRP have included an embeddgdtiited EnergyRS & 2 dzNJO Sgrodvitn Ba@ Wit into the load
forecast. Scenario 3 takes this natural growth rate and doubletutty she value of DERBhe IRP modeling captwthe
estimated costas they are an additional cqstgardless athe funding source

Figure198 Annual Bill Impacts for Singkamily Residential Customers (Higbst Estimates)

$2.728 $836.12 $1,354.52 62% $1,584.78 90%

2 $3.453 $836.12 $1,806.02 116% $1,824.08 118%

3 $3.378 $836.12 $1,722.41 106% $1,774.08 112%
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$2.127 $836.12 $1,220.74 46% $1,196.32 43%

5 $3.057 $836.12 $1,722.41 106% $1,205.69 44%

Given that the costs in the IRP are higher than what is currently in the Light & Power Fund Financial Plan, customer re
rates will need to increase to meet the additional revenue requiremefigures 196nd 197 represent the Energy
Charge, just oneomponent of the rates that customers pay for electricit®ther components recover costs for
transmission of power to the PWP service area, distribution inside of the service area, customer service, administratio
and other factors.All facets of the pterprise require revenue increases to address cost factors such as inflation, high
demand, limited supply, supply chain issues, and a competitive job market.

While a full cosbf-service analysis will give more certainty on the exact rate impact, it is possible that bill amounts may
double. The current rate is in the 20 ¢ per kWh range and doubling would result in 40 ¢+ in the planning time Byrizon.
lookingat just the Energy Charge in this report, customer will likely see bill in increases in the double digits. Looking 1
other utilities, who have done full cost analyses and have less ambitious plans and longer lead times, doubling retail rat
may also ben the lower end of the spectrum.

20. Greenhousé&sasEmissions
PWP can expssits carbon impacts across multiple dimensipas follows
1 CapandTrade
Carbon Emissions Netting Market Interactions at CAISO AvEartpen Content
RPS (SB 100, SB 1020)
Renewal® and ZereCarbon (SB 1020)

CarbonFree (City of Pasadena Resolution 9977)

= =2 =2 = =1

Greenhouse gas Emissions Accounting T&hsA]

The CEC requirements reference how PUC Section 9621 require POUs to adopt IRPs that ensure the utility achieves sp
goalsand targes by 2030, including meeting CARB and RPS requirements. PWP exceeds its obligations under bc
programs as shown in its IRP modeliR§VPseeksto procure renewable energy in excess of requirements to meet its
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goals for Resolution 9977. There aa@rious factors that may enable or prevent excess renewable energy procurement,

including but not limited to, the following:

1 Resource cost and type

Resource locédn and transmissioncongestion considerations

1
1 Competition on supply or demand side
1

Resourcetiming and implications for rates

20.1. Cap-and-Trade Program

This IRP ensures that the utility meets, by 2030, the GHG emissions reduction targets established undeand Gaje

Program, which is regulated through CAR8st 2030, the carbofree scenaios have no fossil emissions. Fegurel99.
The model optimizes for PWP to operate under its allowance cap and is an assumption includestiragbs.

Figurel199 Cumulative Emissions Under Gapl TradeProgram

Cumulative Million Metric Tons Emitted (208@049)

1.00 0.12

Emissionsavered under the Capnd-Trade Pogram include the emissions from Glenarm, Magnolia, l&l

20.2. Carbon Emissions Netting Market Interactions at CAISO Average Carbon Content

Capand-TradeProgramt f £ 2 6 y OS &

NS

dzZa SR (2

02 FSNJ SYA

specifically two landfill gas contractsyhich will expire in 2030, and spot market purchases.

¢KSNBE N5 RAFTTFSNBy

allcarbdn einBsiodsKiriclysive df dinrdaittors liketlaQdiilogésarkiet
purchaseghat are not covered in the Cagnd-TradeProgram. If PWRonsiders emissions from landfill gas amrddits

aarzya
portfolio also includes two other sources of carbon that are not a part of the-@@a@rade Program modeling

the net of market purchases and sales at the emission intgmsithe CAISO market (previougipvidedin Figure 9},
then total emissions could look lilkggure200. Salegparticularlyfor Scenario bcreate this effect.

Figure200: Cumulative Portfolio Emissions Netting CAISO Purchask3ales

Scenario 1 (Island) 0.00 27,989 0
Scenario 1 (Energy Market Access) 0.25 25,403 11,532 8,946
Scenario 2 (Island) 0.00 27,989 0 0
Scenario 2 (Energy Mark&tcess) 0.46 38,022 9,410 19,443
Scenario JIsland) 0.00 27,989 0 0
Scenario 3 (Energy Market Access) 0.18 35,170 10,091 17,271
Scenario 4 111 29,580 8,188 9,779
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Scenario 5 43,346 6,495 21,852

If PWP sells the REGt may notbe able to claim the carbon reduction enewable energy attributesClaims must be
cautiously made in accordance withgulationsand best practices.

Scenario hasthe lowest costwith emissions forecasted to be 90% below 1990 thresholds by.28%0Rcan calculate
the price for carbon avoidedbove the carbon reductions found in Scenaridl e carbon avoided coulgfer to the
carbon avoided under the Cagmd-TradeProgram orto the carbon avoided if net market interactions were credited at
/ ! L {akefage emission ratePWP paydetween$503/metric tonand $1,616 metric ton to avoid carbonSeeFigure
201

Figure201: Cost of Avoided Carbon

Using Cap
and-Trade
Incremental $835 $503 $1,477 $1,050 $1,351 $972 $669
Avoided
Carbon
Netting
Market
Purchases at
CAISO
Emission Rate
Incremental
Avoided
Carbon

$756 $592 $1,338 $1616 $1,223 $1053 $618

20.3. RPS (SB 100)

Examining the load, sales, and storage charging on the CAISO level (which is the level of modeling in the 2023 IRP) th
are met with renewable resources, PWP exceeds 1€16%# energycross all scenarios by 203eeFigure 202.
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Figure202 Renewable Traits

Renewable Traits
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Label #14 on thPS Procurement TabRK} shows theover/under procurement for compliance peried PWP acquires
RECs in excessitdf obligations under these scenarios. PWP would need purchases prior to 2025, which is the first yee
that new resources can be installed in the mod&geFigure203.

Figure203 Over/under procurement for compliance period (MWh)

2021-2024 (121,488) (121,488) (121,488) (121,488) (121,972)
20252027 1,921,321 1,272,450 1,119,924 1,761,458 5,075,959
20282030 2,244,856 2,286,662 2,022,649 2,054,884 5,302,369

20.4. Renewable and Zero-Carbon (SB 1020)

Examining the load, sales, and storage charging on the CAISO level (the level of modeling in the 2023 IRP) that are m
with renewable and zergarbon resources, PWP exceeds 1@08an energyacross all scenarios by 2045eeFigure
204.
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Figure204: Renewablend ZeroCarbon Traits

Renewable and ZeyGarbon Traits

Scenariol (Island) ~  seeess Scenario 1 (Energy Market Access)
Scenario 2 (Energy Market Access) ~ eeceee Scenario 2 (Island)

Scenario 3 (Energy Market Access) ~ eeceee Scenario 3

Scenario 4 Scenario 5
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20.5. Carbon-Free Hourly (Resolution 9977)

Scenarios 1, 2, and 3 achieve zeasbon on an hourly basis without offsets under normal operating conditions by the
end of 2030, whilé&cenario 4 and Scenari@&ceed 100% clean energgdachieve 62% and 81% of hours in a year with
carbonfree energyrespectively SeeFigure205.

Figure205: HourlyCarbonFreeAchievements

2023 17% 17% 16% 17% 21%
2024 16% 16% 16% 16% 20%
2025 34% 36% 39% 40% 64%
2026 32% 34% 37% 38% 62%
2027 49% 51% 52% 55% 76%
2028 53% 55% 56% 59% 80%
2029 54% 55% S57% 60% 80%
2030 96% 97% 97% 60% 78%
2031 100% 100% 100% 62% 81%
20.6. GEAT

Labeled a#12o0n the GEAT, adjusted portfolio emissions in million metric tons of C@Rewsin Figure206. The GEAT
credits storage charging and market purchases at the emissions inten8ig2& Mt CO2e/MWhyhich is the value CARB
usesfor unspecified poweimported from out of state
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Procuement in excess of requirements could lead to emissions reductions for the grid as a whole.

Figure206: Adjusted Portfolio emissions

Adjusted PortfolioEmissions (nillion metric tons ofCO2e)

Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
2023 0.51 0.51 0.52 0.51 0.40
2024 0.53 0.53 0.54 0.53 0.41
2025 0.13 0.21 0.24 0.14 (0.40)
2026 0.07 0.18 0.20 0.11 (0.43)
2027 (0.05) 0.05 0.08 (0.02) (0.57)
2028 (0.01) 0.09 0.12 0.05 (0.52)
2029 (0.01) 0.10 0.12 0.05 (0.53)
2030 0.17 0.18 0.21 0.08 (0.49)
2031 0.20 0.17 0.20 0.11 (0.45)
2032 0.21 0.16 0.15 0.10 (0.47)
2033 0.22 0.16 0.16 0.12 (0.44)
2034 0.22 0.13 0.15 0.12 (0.45)
2035 0.22 0.12 0.14 0.11 (0.44)
2036 0.20 0.07 0.10 0.10 (0.44)
2037 0.18 0.04 0.07 0.09 (0.45)
2038 0.18 0.05 0.08 0.09 (0.44)
2039 0.19 0.06 0.09 0.10 (0.44)
2040 0.19 0.05 0.07 0.10 (0.43)
2041 0.18 0.03 0.05 0.10 (0.43)
2042 0.26 0.08 0.16 0.10 (0.25)
2043 0.26 0.09 0.17 0.12 (0.23)
2044 0.27 0.09 0.17 0.11 (0.22)
2045 0.33 0.14 0.16 0.10 0.10
2046 0.32 0.13 0.16 0.09 0.11
2047 0.37 0.13 0.19 0.09 0.10
2048 0.40 0.17 0.23 0.10 0.10
2049 0.40 0.17 0.23 0.11 0.11
2050 0.39 0.21 0.29 0.11 0.11
Total 6.50 4.09 5.06 3.50 (7.09)

21. ImplementationStepsc CarbonFree Pathways

In any future resource portfolio, PWP will be required to fill the gap between its current resources and the forecaste
quantitative performance requirement associated with each resource attribute (specifiealérgy supply, RA, and
renewable carborF NS Sy SNHe&é O2yiaSydouvo t2tQa OKIftfSy3asS gAafft
owned resources of various technologies that will fill all three gaps simultaneously, yeffesively.
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The 203 IRP provides the technical objectives, data, information, and pathways needed to achieve 100%rearbon
energy supply by 2030. Furthermore, this IRP identifies optimized renewable portfolio configurations and their associate
power supply costs. Itsd validates and reinforces the understanding that power supply decarbonization will require
flexibility in negotiation of renewable contracts as well as employment of all approaches and fggbaasource types
identified in the Scenarios.

The 2023 IRP 2 y (i A y dzS a-standirig Goal offre2lutillg carbon from its portfolio in a flexible way so that the current
risks and challenges can be carefully addressed. Proactive planning is critical to ensure ongoing safe and reliable ele
service while mimnizing cost impacts to ratepayers and the environment. Resource planning is a complex proces:
especially where extreme external volatility exists in the cost and availability of renewable generation resources. Ongoil
assessment will be required to ensuthat PWP responds to changing conditions while addressing its programmatic
priorities and providing rate payer protections.

As with past IRPs, PWP will continue to evaluate the IRP results in consideration of new and changing laws, regulatic
resourceavailability and market conditions, providing updates and performance reporting when needed. The 2023 IR
was developed with a forwarthinking and flexible approach, along with a determination to meet and exceed to

I TEAT2NYAL QA Ay énNdergy kaggad as quickly AdNaBsaidler 3S  Of

Besides the actual acquisition and development of individual energy and storage resources, the following are some of t
additional actions that PWP is considering that would support the overall carbon redgci@s of the IRP:

1 Explore expansion of DERs.

1 Support mass transit and electric vehicle fleet development and vetuegid distributed storage
opportunities.

1 /2yGAydzS (2 aitdzRe GKS NBfALFIOAfAGRE 2F t2tQa Sg2ft OA

1 Perform acostof-service study to identify projected resource portfolio capital expenditures over the next 20
years.

1 Evaluate possible changes to customer incentives or subsidies, includimclmwe assistance

1 Expand Deman&ide Management, expand Energy Efficieprograms, implement Advanced Metering
Infrastructure, and explore connection incentives.

T a2y AG2N) 0KS | Oldztf AyFfdzSyOS 2F GKS / AG@Qa . dzAf RA

1 Continue to monitor developments in emerging teckogies and funding opportunities.

As noted earlier, of the five modeled scenarios, Scenario 2 installs the largest number of new resourcéiseamod ss
ambitious of theCarbonFreeresource portfolios. This determined approach provides the best plgrmpportunity for
achieving carbotfree electricity by 2030. The resource procurement and developmersiuftht a fan will require a level
of resourceacquisition bythe defined2028 Waypointin addition tovarious actions that support ongoing efforts.

180 MW of new utilityscale solar

5 MW ofutility/ community solar within Pasadena
30 MW of new utilityscale wind

85 MW of new utility scale storage

=A =8 =4 =
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The 2028 Waypoint procurement plan is defined by the Scenario 2 modeling results, whereby progress in the evaluati
of the maturation of new and emergeitirbonfree technologies will be periodicalgssessed andssessed again at the
2028 Waypoint. The ext steps inthe ImplementationPlan will be formally incorporated into the 2028 IRP, as the
Waypoint was strategically selected to align with CEC IRP processes.

The 2028 Waypoint Implementation Plan continues to preserve a pathway to 100% ¢sebarledricity by 2030 and
leverages existing CEC processes so that updates can be included in the next (2028) IRP. Additionally, the 2028 Way
Implementation Plan is in addition to the existing contracted procurements of solar, storage, and geothermedassou
prior to, and after 2028; where PWP has previously executed proactive and tiarblgnfree resource acquisitions.

Figure 20 provides exact detail of the modeling results for Scenario 2 through the 202§point andpresents the
framework for the detailed implementation plan.

Figure207 Incremental Installation of Resource Under Scenario 2

New Utility 180 MW i 39 MW
Scale Solar (Sapphire)
Community
Solar (Inside - - 5 MW - - -
Pasadena)
New Utlllty
New Utility- _ ) 85 MW ) 20 MW )
scale Storage (Sapphire)

35 (Coso +
Geothermal ) ) ) ) Geysers) )

The Waypoint framework wasformed through a thorough examination of the IRP data, analysis, and scenario results.
In the most general terms, the IRP Waypoint can be indirectly attributed to a critical path analysis, within a project plan.

The policy goal of the City Resolution 9977pdmary determinate in both the evaluation and selection of the appropriate
Waypoint. To the degree practical, the selection criteria of the Waypoint is strategically designed to align and optimiz
across the following considerations:

1. TheWaypoint will bein alignment with the policy goal tie City of Pasadena Resolution 9977

2. TheWaypoint identification will be in alignment with CEC and other regulatory requirements and guidelines
including electric system reliability, minimization of impacts to ratepsyand reduction oGHGemissions.

3. The Waypoint will continue the aggressive trajectory décarbonization as affirmed by historical PWP
performance.

4. The Waypoint attributes and/or characteristics will generally align with the modeling results of cénrben
scenarios, from a planning and/or implementation plan perspective.
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5. TheWaypoint identification, from a planning perspective, will ideally provide limited opportunity cost to achieving
the policy goal of Resolution 9977 as defined in the scenario nmapedsults.

6. TheWaypoint will have an Implementation Plan that should be defined or informed by the IRP scenario modelin
results.

7. TheWaypoint shouldalign support previous or historical decarbdmation guidance and directives of the City
Council.

8. TheWaypoint must provide a reevaluation point to allow for reassessment, specifically related to the maturation
of new and emerging technologies. It is widely accepted that such technologies will be required for a ful
decarbonization transition.

9. TheWaypointaligns with support for energy procurement that is technoldigxible and in line with energy
YySSRazZ & RSTAYSR -mpproved Siate Regjiglati@ Platforini & / 2 dzy OA f

PWP anticipates continued Idayrowth, drivenprimarily by EVadoption and building electrification. This trend, in turn,
gAff AYyONBFrasS t2tQa ySSR FT2NJ I ff (KNBS RXar@ sehdwablé/fedh o d.
carbon /carbonrfree energy contentAccordirgly, PWRroactivelybegan building its future resource portfolio 2022 and

2023 with theinformationoutlined in the followingparagraphs.

21.3.1.  Utility -Scale Photovoltaic Solar + Battery

PWP has contracted for a portion of the Sapphire Project, a hivablar and battery energy storage facility to be built

in Riverside County, California. During the contract delivery period (December 31, 2026, through December 31, 2046) P!
wouldrecei6 I odg a2 &aKINB 2F (KS LINRP2SOGQa a2t NJ OF LI oAf Al
The contract requires that most of the energy charging the BESS comes from the solar field. This feature would bene
PWP because the presencéthe BESS would convert the solar field (by itself, a variable energy resourchinited
RAALI GOKI6fS NB&az2dzNOS:I GKdza SylrofAy3a t2t (2 ai2NB (K
load.

21.3.2. Geothermal

PWP has secured a 25 MW share of the Geysers, an existing geothermal energy resource comprised of multiple genera
facilities in Sonom&ounty and Lake CountZalifornia. PWP plans to use its share of Geysers as a baseload renewable
energy resource, naning it would receive its 25 MW allotment on alihe basis during the contractual delivery period
(January 1, 2027, through December 31, 2041).

21.3.3. Additional Battery (Local)

Foreseeing the need for energy storage resources electrically within Pasad@®d)aR issued aolicitation toinstall
design and to build a 25 MW;hbur battery at the Glenarm Power Plant complex. This facility, slated to commence service
sometime in 2026 or 2027, could give PWP the ability to store renewable and elageoenergygenerated within the

PWP system PWPwill leverage theS E LISNA Sy OS Al RSNAGBSE FNRBY G(KAA& LIAE 2
enable PWP to adjust its MW throughput capability, and its hours of storage capability, to meet future needssas¢hey
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t2tQa OKIFfftSyasS gAatt oS G2 FOljdZANB I RAGSNERS Ogtha SO
simultaneously, yet cosffectively,fulfills its needs for energy supplyesburce Adequacy, and renewable/carbivee
energy content The composition of this new resource portfolio, and how quickly PWP needs to assemble it, will depen
upon many factors, includingut not limited to, the following;

9 The results of this IRP
t 2 ts pblicy directives

The deliverability of external resource energy to the PWP system

Reliability considerations

)l
)l
1 The commercial availability of resources by type, size, and offered contract duration
)l
1 Regulatory requirements

il

Rate impacts

Since the IRP stydperiod exceeds most typical contract durations, PWPlikely create its new resource pfolio in
pieces over the yearsllowing for flexibility, while leveraging all resource types and configurations identified in the
Scenarios, while leavifiyeath to accommodate new technologies as they develop and mature in the future.

Figure208 below showshe extended study period modeling resyltsy scenaripof how much cumulative nameplate
capacity of wind, solar, storage, and fuel cells are adde20Byt. Scenarios-3, which all meet 100% carbdree by the

end of 2030, require 70@mMmZonn a2 2F yS¢é AyadlrftfSR OFLI OAGE 2OSNJI
resource portfolio of about 400 MWhis representsan extraordinaryexpansion ofesource procurement and capacity
additions.

Figure208 Cumulative New Resource Installed Capacity Through 2031 (MW

)
: Battery :
Solar Wind Fuel Cell Geothermal Scenario Total
Storage
285 115 700

Scenario 1 300

615 30 665 35 10 1,355
480 60 598 35 20 1,193

5 250 130 385
5 610 60 675

All of the suggested resource portfolios for Scenarios 1 through 5 include somesddigPVsolar and some utilitgcale
battery storag. Before 2030, the smallest amount of utilisgale solar among the carbdree by 2030 scenarios
(Scenarios-B)is300 MW, this is in addition to the Sapphire Solar contract. Utditale storage varies among the scenario
findings, but a minimum of 60 MW ofldbur storage prior to 2031 appears across all of the results.ifidlisdesthe 25
MW, 4-hour facilitythat PWP is currently solicitingecause the associated contract has not yet materialized.

Note, that these represent potential minimum procurements up to the year 2030; the larger potential procurement
strategy idescribed in the Procurement Plan locaiadAppendix 28f this IRP.
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In addition to resource acquisition, PWP can take additional measures to support the goals of,thisdRifned in the
following subsections.

21.5.1. Explore DER Expansion and Refine Planning for Internal Resource Szes and Placement;
Revisit the PDMP

¢tKS HnHo Lwt RS&ZONROS& | a52dzof SR 5Aa0GNROGdzGSR {2 NJ
AyaidltfSR LK2:G202Ff GFAO a2t N I3SYSNrdAzy OFLI OAGe Ay
Distributed Energy Resaze (DER) growth exceeds what PWP expects to occur naturally. If the City of Pasadena decid
to promote such expansion, PWP will need to consider how to achieve this out¢gmesumably through some
combination of customer outreach/education, equipmenbeges, and/or rate incentives. Even considering merely the
SELISOGSRE ay2N¥Ifé INRPGGK 2F 59wa Ay tlal RSyl odiee 20
energy storage capacity to accommodate generation from these resources. Thistakeilthe form of expanded BESS
FLOAEtAGASE G t2tQa DfSYylFIN¥Yk. NBIFRg & Oawned I®aliaghs that R& | |
would need to identify and to coordinate with the associated City Department(s). Any of these chanlgkesignificantly
OKIy3aS (KS G2LRINILIKAO f2FIRAY3I LI GGSNY 6AGKAY t2tQa
connected MW of load and internal generation that these networks would face in the future. As PWP develops thes
internal resources, it will need to update its Power Delivery Master Plan (PDMP) accordingly.

21.5.2. Support MassTransit and E lectric Vehicle Fleet Development, Focusing on Electric Buses
(City and School); Pursue Vehicle -to-Grid Charging Opportunities

PWP and other City Departments (Public Works, Police, Transportation, etc.) are at various stages of converting th
vehicle fleets to electric vehicles. These fleets encompass bothdigitvehicles (such as sedans) and medium/heavy
duty vehicles (suchs transit buses). PWP has supported, and will continue to support, charging facilities in its service are
to accommodate this growing number &Vs This also presents potential opportunities to partner with other City
organizations for a symbiotic u®¥ ol GGSNASa 62 NR / AGeé GOSKAOfSa FyR
distribution system and discharge energy back to the system in times of deaw) central charging facilities at municipal
bus yards in a vehicl®-grid (V2G) mode presengspromising opportunity for symbiotic use of batteries aboard electric
0dzaSaz Fa (GKSe& O2dzZ R OKIFNHS FTNRY t2tQa RAAUGNROdzIAZY

21.5.3. Perform a More Extensive Study on the Future of Glenarm
The 2023wt &G dzRé I & oS¢t f Fa LI ad LwtaX NIAASR I 6 NBigdaa
Glenarm Power Plant, which could take either of two main trajectories:

1 Maintain its current operational stagu

1 Replace, convert, or make adaptats with carboHree alternative energy and loAgrm storage resources such
as carbon capture and sequestration, green hydrogen, biofuel, or other future technologies that may develop

ld Mt a2 DESYFNY LXF&ad I ONHOARR OPNRUGSORyata o SedzN
RA and contributes to frequency regulation and reliability needs in a transmissi@trained topology. To deliver 100%
carbonfree electricity on an hourly basis, as required by the Cafb@e Scenans (1 through 3), while maintaining
reliability and RA requirements, will require replacing, converting, or making adaptations to Glenarm to an alternative
energy and storage resource as described in 22.3.1.. Since these technologies are still beimqpedemsdonot yet
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available at scale, they were not studied as part of the IRP process. However, they do represent emergent technolog
that PWP could consider in order to achieve 100% caftmm electricity while also meeting reliability requirements.
Further studies of the feasibility, cost, and provisional timeline of these options must be performed to better understand
gKIFEG NRtS GKSe& YAIKG LX I & Ay Df Syl N¥YQa 7FdzidzNBo

21.5.4. Prepare for a Sgnificant Increase in Expenditures Over the Next 20 Years

Once PWP d&s defined a specific resource procurement/development program and has secured any alternative fundin
mechanisms, PWP can then incorporate this information into the power supply portion of future power system budgets
PWProutinely seeks authorization frm its City Council before securing any renewable/carfvter based resource
procurement.

21.5.5. Perform a Cost-of-Service Study, Rate Impact Study, and Rate Ordinance Proposal

Several internal PWP financial studies would directly follow from this IREhamesource procurementhat it suggests
t2tQa LIR2oSN adzllLx @ O2adGa AyOftdzRS 2LISNIdAz2ya FyR YIAY
extentthat PWP expects to fund these fiscal requirements through retail revenues, a rate impact stuldysivow how
customer rates could change. This process would culminate in a rate ordinance proposal by which PWP trexjuests
Pasaden&ity Counci @pproval of changes tits rate structureand/or rates.

21.5.6. Investigate Rate Structure: Time-of-Use Rates the Next Net Energy Metering Pr ogram,
Electric Vehicle Charging Rates, Low-Income Assistance, Any Changes to Qustomer Incentives or
Subsidies, Etc.

CKA& Lwt Sy@raizya +y S@2fdziizy 2 OO0 dzNiNdisyiditedsgerierétioryand 2 t
distributed storage, additional adoption &Vs and further strides in energy efficiency. Encouraging these developments
and accommodating them in an equitable manner may require PWP to consider adjustments to its ratgrestie¢yP
O2dz R SELX 2NB | ySé ¢h! NrGSsz | &adz00S&a&a2N) 2 t2tQa
programs may overlap with existing or proposed customer incentive and subsidy programs, PWP may negdltate
existing programs ithe context of other proposed changes. Any resulting rate proposal would need to consider the needs
2T t2t-NE0XRY O0dzaAG2YSNARAI AYyO2NLRN}YGAYy3I NI GS SldaAade A
affordable to allof its customers.

21.5.7. Expand Demand-Side Management; Explore Advanced Metering Infrastructure
Connection Incentives

Section5.40f the IRP discussés2 t Q& O dzNNSRIg andg&nént ¢fflis to adjust customer load in response to,
2NIAY FYOGAOALN GA2Yy 2FZ LIRESNI aedadsSy 02y kealyad Dy, Oikehable t 2
PWP not only to monitor individual customer loads in real time but, @stentially, to control some of those loads with

0KS O0dzai2YSNBRQ LISNX¥YAaarAzyo
21.5.8. Determinethe FOOOOA 1T £ 07080 ' OAAT 01 xAO 001 COAI
As PWP overhauls its resource portfolio, its portfolio content may eventually reach 100% renewableftaebd@efore

this occurs, PWP woultked to reevaluate the need and future of its existi@P R which currently places a surcharge on
participating customer bills to accomplish this same goal.
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21.5.9. Monitor the Influence of the Building Electrification Ordinance  After It Becomes Effective
in 2025

The 2023 IRP estimates the future impactdf & F RSy I Q& . dzA f RA y Iwh&HmByOriodifk Idad gddwih A 2 y
GAGKAY t2tQad ASNWAOS GSNNRARG2NES® Ly O22LINIGA2Yy 6A0K
load grows in tk future and potentially estimate how much of this load growth is attributable todhginance. This field

data would help PWP refine AABSilding Electrificatiormassumptions for future utility planning, including future IRPs.

21.5.10. Update the Pasadena Utility Code, Electrical Code, and Fire Code (for Batteries, Hydrogen
Fuel Cells, etc.)

Emerging technologies may prompt revision€€mdes and Standard€&3cF 2 NJ SEF YLIX ST t 2t Q& NB
customerinstalled generation, electrical code requireyiéi & O KA OK t I al RSyl Qa . dzAf R
administers), and the Pasadena Fire Code (particularly with respect to cusiastedted battery systems within enclosed
aL) 0Sa &dzOK Fa 3IIFNIF3ISaod YSSLAyYyI t | adplRSBiohlofdese teehfiologies) i
while tapping into theifull potential.

21.5.11. Continue to Monitor Emerging Technology Developments

Sectionsl4and16RSEONARO6S G(GKAA LwtQa 9YSNHAYy3I ¢SOKy2ft®@tkSdch { O
developments. As these technologies mature to the point of commercial applicability, PWP could assesatiifd vdven

to incorporate them into its evolving resource portfolidhis concept is central to the 2028 Waypoint framework.

Eachof the aboveactivities will have its own timeline, which will become clear as PWP addrdkses individually
Additionally, PWP would present each resulting program to the City Council in a tima@lgersothat PWP could proceed
with appropriate guidaoe and policy directives. In any event, PWP would likely need to accomplssfattiwities within
five to sevenyears after issuing this IRP.

Transitioning to anore renewable and carbofree resource mixvould require RVP to ramp up its current loRggrm
contract origination and contract administration activities, with a commensurate increase in its work with, S@RIBA
supports PWP in these activities. Conversely, PWP for@sgessingarticipation in markets for RCs anéRAto support
interim portfolio balancing during the firdive to severyears following this IRP.

The timelinein Figure 20, is a general higlevel representation of activities inherent to the 2028 Waypoint framework.
While standard utility pactices encompass many of the below concepts, other considerations are not included such a
energy risk management and mitigation, PPA contract negotiations to capture favorable terms intended to protect rate
payer interests, while also strategically sangcprocurements that are less likely be negatively impacted by inherent
CAISO transmission constraints, among other things.
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Figure209 2023 IRP Implementation Timeline

Study expansion of DERs
and EE

Local Battery Storage
Projects

Evaluate Community
Solar

Cost-of-Service Study
AMI Project

Low-income thresholds
adjustment

Study new emerging
technology opportunities

Community engagement
platform

Engagement with
government regulators
and legislators

Seek funding
opportunities through
various channels and in
partnerships

Update the City Council
on progress so far

Identify potential for EE
and DERs, Community
Solar

Engagement to seek
suitable locations for
local resources

Various reliability studies

Rate design study (rate
equity)

Seek additional sites for
local battery storage
Continue efforts from
2024 not completed
Update the City Council
on progress so far

As new carbon-free procurements and projects occur, comprehensive resource portfolio updates will be given to MSC and City Council

Review goals for EE and
DERs procurement

Implement Community
Solar Program

Begin integration of AMI
to provide for expansion
of customer participation

Review incremental
opportunities for DAC/LI
to address affordability

PWP periodic update to
Power Delivery Master
Plan

Evaluate the actual
influence of the City's
Building Electrifi
Ordinance (effec|

2025)

Continue efforts from
2024-2025 not
completed

Update the City Council
on progress so far

Figure210 100%Carbong Free Trajectory to Waypoint in 2028

Begin efforts for 2028
IRP

Seek pilot projects for
DERs potential on
residential, commercial
and industrial scale

Complete additional local
battery storage projects

Evaluate possible
changes to customer
incentives or subsidies

2028

Complete efforts started
in 2024-2026

Update the City Council
on progress so far

NEW 2028 IRP

Level of
GHG
emissions
in 1990:
718,622

2023 IRP IMPLEMENTATION TIMELINE
Forecasted GHG Emissions (Scenario 2, 2023 IRP)

2024

2025

2026

2027

109
Statewide
Reduction
Target
/£ 10%
g 0%
2028 Resolution
NEW 2028 IRP 108
Carbon-Free 0%
by 2030
70%
Forecast of 87%
GHG Reduction
from 1970 Levels
107% Renewables and 0
Iero Carbon
[State Goal of 2045) o 100%

2028 2029 2030

=== Forecasted Emissions (Scenario 2, 2023 IRP) = Statewide Reduction Target
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22. Appendix- Required Tables

The required tables are filed separately.

22.1. Capacity Resource Accounting Table
Additional information regarding how the load is calculated in the CRAT is proviBiepine211

Figure211: Capacity Resource Accounting Tdbdad

Forecast Total

PeakHour in-2
1 Demand (7a + § 326 330 343 347 352 356 356 363 364 369 372 376 378 380 383 384 386 388 390 392 394 396 398 399 398 400 399 401

4)

[Customerside
2 solar: nameplate 30 32 34 37 <o) 42 44 a7 50 53 56 59 62 65 68 71 74 78 81 84 88 91 95 98 102 105 108 112

capacity]

[Customerside
2a solar: peak hour 20 8 18 12 i 28 4 12 16 15 37 40 40 42 44 46 48 50 52 55 57 59 61 63 9] 9 0 0

output]

[Peak load

reduction due to

thermal energy

storage]

[Light Duty PEV
4 consumption in 4 ) 6 8 7 10 15 16 18 20 29 31 31 32 34 34 35 36 36 37 37 38 38 38 32 32 31 31
peak hour]
[Medium/Heavy
Duty PEV
consumption in
peakhour]
[TOU rates
4d generation in 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
peak hour]
[Distributed
storage
generation in
peak hour]
[AAFS
4f consumption in 0 il i il i il il 2 2 3 2 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5] 5

peak hour]

[Climate change
49 consumption in 0 0 0 0 1 1 1 1 1 2 2 2 2 2 2 S s S s S s 2 3 2 2 2 3 2

peak hour]

[Native load
4h consumption in 352 343 354 350 354 370 345 356 360 361 373 376 377 379 381 383 385 387 389 392 394 396 399 401 373 375 348 349
peakhour]
[Distributed
natural gas
generator in peak
hour]
Additional
Achievable
Energy Efficiency
Savings on Peak

4a

4e

4 10 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Demand
Response /
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Interruptible
Programs on
Peak
Peak Demand
(accounting for
7 demand
response and
AAEE) (5-6)
[Metered peak
7a demand in peak
hour]

320 323 335

330 333 335
Plann‘mg Reserve 48 48 59
Margin
Reserve Margin
(%)
Firm Sales
Obligations
Total Peak
® Procqrement o
Requirement
(7+8+9)

8b 15% 15% 18%

371 394

22.2. Energy Balance Tablg¢Scenario 4 Examplg

338

338

59

18%

397

341

341

60

18%

400

343

60

18%

403

346

346

61

18%

406

348

348

61

18%

409

351

351

61

18%

412

354

354

62

18%

416

356

356

62

18%

419

359

359

63

18%

422

362

362

63

18%

425

Additional information regarding how load is calculated in the EBTHigime212

Figure212 Ehergy Balance Tab(&cenario 4) Load

Retail sales t
end-use
customers
(1a + 4 1b)
*.96

[

363

363

64

18%

427

365

365

64

18%

429

367

367

64

18%

431

369

369

65

18%

433

371

371

65

18%

436

373

373

65

18%

438

374

374

66

18%

440

376

376

66

18%

378

378

66

18%

444

380

380

67

18%

382

382

67

18%

449

384

384

67

18%

451

386

386

68

18%

453

388 390
388 390
68 68
18% 18%
456 458

1,047,923 1,059,784 1,156,277 1,173,515 1,192,802 1,215,253 1,239,018 1,265,082 1,291,633 1,315,006 1,338,073 1,358,607 1,371,814 1,384,239 1,395,351 1,405,369 1,414,512 1,422,988 1,430,986 1,438,674 1,446,195 1,453,669 1,461,195 1,468,851 1,476,698 1,484,777 1,493,119 1,501,739

la Metered Loac 1,156,320 1,162,535 1,173,224 1,185,899 1,201,519 1,220,842 1,241,853 1,265,577 1,290,067 1,312,076 1,333,660 1,352,810 1,364,639 1,375,921 1,386,185 1,396,148 1,405,362 1,414,327 1,422,855 1,430,863 1,438,698 1,446,483 1,454,323 1,462,298 1,470,471 1,478,887 1,487,577 1,496,556

Distributed

1l )
Generation

=

84,240 84,480 240 =

N

Other loads = =

[Storage

pumping - - - -
load]

[Storage

2b pumping - - - -
load]

[Storage

pumping - - - -
load]

[Storage

pumping - - - -
load]

[Storage

pumping - - - -
load]

2

&

2

o

2

a

2

@

22,845

26,475

28,199

27,839

26,429

23,543

22,129

20,338

18,485

12,748

10,648

10,578

11,407

10,907

105,325 117,752 153,124 241,384 246,479 245473 243,882 242,986 238,602 233,086 228,095 205,042 198,862 193,939 198,942 194,942 190,373

10,471

202,111 237,876 235,070 256,827 247,512 257,543 284,078 283,324 285,431

9,858

10,032

9,976

9,655

9,653

2,447

2,515

2,519

2,612

2,500 2,389

2,572 2,453
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2

29

2h

5]

)

2k

n

w

IS

4

£y

o

©

©

10

i pumping - -

Net Energ
for Load

Calculations

[Storage

pumping = = = = - - - - - - - - - B B B B B o > > o o - - - - -
load]

[Storage

pumping - - - - - - - - - B B B - s o o o o - - - - - - - - - -
load]

[Storage

pumping - - - - - - - - - - - - - = = = = = o o o o o - - - - -
load]

[Storage

105,325 117,752 130,279 214,909 218,279 217,634 217,452 219,444 216,473 212,749 209,610 192,293 188,214 183,361 187,534 184,034 179,902 192,253 225,114 219,763 242,022 230,601 250,360 273,733 273,056 275,344
load]

[Storage

pumping = = = = - - - - - - - - - B B B B B o > > o o - - - - -
load]

[Storage

pumping - - - - - - - - - B B B o o o - - - - -
load]

[Storage

pumping - - - - - - - - - - - - - B o o o o o o o o o - - - - -
load]

Net energy

for load (1a + 1,091,586 1,103,941 1,309,781 1,340,163 1,395,626 1,507,272 1,537,123 1,563,267 1,589,333 1,612,784 1,632,428 1,648,302 1,657,067 1,646,957 1,652,353 1,657,865 1,672,392 1,677,221 1,680,984 1,700,730 1,744,329 1,749,309 1,778,906 1,777,566 1,795,770 1,830,721 1,838,656 1,849,743
4ac 1b +2)

Retail sales t(

end-use

customers

(accounting 1,029,197 1,034,933 1,126,064 1,138,463 1,153,458 1,172,009 1,192,179 1,214,954 1,238,464 1,259,593 1,280,313 1,298,697 1,310,054 1,320,884 1,330,738 1,340,302 1,349,147 1,357,754 1,365,941 1,373,629 1,381,150 1,388,624 1,396,150 1,403,806 1,411,652 1,419,732 1,428,074 1,436,694
for AAEE
impacts) ((1a
¢ 1b)*.96)
[AAEE
generation]
Net energy
for load

2,730 5,331 5,150 4,912 4,668 5,215 5,195 5,246

19,506.21 25,886.41 31,471.95 36,512.71 40,983.11 45,045.88 48,790.91 52,216.66 55,384.83 57,721.15 60,166.46 62,405.96 64,333.16 65,994.23 67,305.27 67,777.88 68,088.44 67,952.51 67,755.48 67,755.48 67,755.48 67,755.48 67,755.48 67,755.48 67,755.48 67,755.48 67,755.48 67,755.48

:::Z;EXJI—;\;HQ 1,072,08C 1,078,055 1,278,309 1,303,651 1,354,642 1,462,226 1,488,332 1,511,050 1,533,948 1,555,063 1,572,261 1,585,896 1,592,734 1,580,963 1,585,048 1,590,087 1,604,303 1,609,269 1,613,229 1,632,974 1,676,574 1,681,554 1,711,150 1,709,810 1,728,014 1,762,966 1,770,900 1,781,987

impacts) (la
1b +2)

Firm Sales
Obligations
Total net
energy for
load
(accounting
for AAEE &
AAFS
impacts)
(5+6)
[Customer
side solar
generation]
[Total Annual
Light Duty
PEV
electricity
consumption/
procurement
requirement]
[Total Annual
Medium/Hea
vy Duty
electricity
consumption/

1,072,080 1,078,055 1,278,309 1,303,651 1,354,642 1,462,226 1,488,332 1,511,050 1,533,948 1,555,063 1,572,261 1,585,896 1,592,734 1,580,963 1,585,048 1,590,087 1,604,303 1,609,269 1,613,229 1,632,974 1,676,574 1,681,554 1,711,150 1,709,810 1,728,014 1,762,966 1,770,900 1,781,987

57,838 62,350 66,608 71,103 75,793 80,665 85714 90,950 96,366 101,934 107,617 113,374 119,170 125,152 131,237 137,419 143,688 150,039 156,463 162,952 169,498 176,094 182,733 189,406 196,106 202,826 209,558 216,297

39,428 50,945 64,260 79,439 96,970 115251 135,436 157,144 179,726 196,481 211,389 224,442 235,737 245,424 253,680 260,685 266,611 271,614 275,833 279,388 282,384 284,908 287,035 288,829 290,342 291,620 292,699 293,610

242 423 2,827 4,605 6,952 9,777 12,777 15,881 19,789 23,677 30,068 35906 41,939 48,054 54,511 61,340 68,580 76,269 84,445 93,138 102,374 112,167 122,527 133,454 144,939 156,968 169,517 182,559

Pasadena Wateand Power
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procurement
requirement]
[Total Annual
AAFS

11 consumption/ 2,914 4,798 6,833 8,430 10,124 11,932 13,820 15,790 17,832

procurement

requirement]

[Total Annual
1p TOUrates - - - - - - - 12 12

generation
requirement]
[Total Annual
climate
change
consumption/
procurement
requirement]
[Total Annual
distributed
storage
consumption/
procurement
requirement]
[Total Annual
native load

13

1.

I

658 994 1,333 1,677 2,028 2,379 2,736 3,096 3,458

407 501 591 694 799 914 1,032 1,166 1,319

31,765 32,399 32,944 33,412 33,812 34,154 34,445 34,693 34,903 35,082

14 14 14 14 15 15 15 15 15 15

6,287 6,433 6,562 6,674 6,773 6,858 6,932 6,996 7,052 7,100

3,207 3,430 3,659 3,895 4,138 4,388 4,646 4,912 5,185 5,467

15 consumption/ 1,190,016 1,193,111 1,195,461 1,198,669 1,201,423 1,206,299 1,210,557 1,215,679 1,219,707 1,226,367 1,232,249 1,238,103 1,238,103 1,239,341 1,240,580 1,241,821 1,243,063 1,244,306 1,245,550 1,246,796 1,248,043 1,249,291 1,250,540 1,251,790 1,253,042 1,254,295 1,255,550 1,256,805

procurement
requirement]

Surplus/Shortfall (222) (MWh), labeled as #23 on the EBT, is plus or minus 10 MWh.
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23. Appendixc Integrated Resource Plaontract and Resource Roles

Figure213 IRP Contacts and Roles

Represent the utility and best
interests of stakeholders

Evaluate, communicate,
engage, and analyze options
for meeting load requirements
in compliance with regulations

and stakeholder priorities

File an IRP to the CEC by
December 31, 2023, in
compliance with California
regulatory requirements

Provide consulting services tc
help PWP meet IRP
development and filing
requirements in accordance
with Publicly Owned Utility
Integrated Resource Plan
Submission and Review
Guidelineg Revised Second
Edition

ACES

BE=3 Validate the assumptions dat:
andresults.

Formalsolicitation process,
entered December 2022;  Manager of Resource Plannir
$277,200 for 2023 IRP
modeling and consulting
services with optional Executive Director of Resourc
$150,000 in hourly consulting Planning
services to be conducted, if
needed, in the postRP
submission phaseotal value ~Executive Director of Busines

of contract not to exceed

Informal solicitation$70,560

Sidney Jackson
General Manager of PWP

Kelly Nguyenm
Assistant General Manager o
PowerSupply

Robert Castraq
Power Resource Planning
Manager

John Hormozg

Principal Power Resource
Planner

Jason Taras

Power Resource Plannir
Christina Schiebear

Power Resource Planner |

Mark Websterg
Power Resource Planner |
Jessica Velazqueintern

Nette Brocks:

Patrick Maguireg

Todd Whiteg

Development

$427,000 Michael Bloont, Consultant
Nick Schlag
Partner at E3
Nathan Lee;

Managing Consultant
Charlie Duft,
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Managing Consultant
Melissa Rodas
Consultant

24. Appendixc Opportunities for Future Studies and Analysis

Figure214: Opportunities for Future Studies and Analysis

_ What the 2023 IRP Did Opportunities for Future Study

9 The IRP guidelines only require

Planning Horizon

Scenarios and Sensitivity Analysis

GLwt CAfAy3a | yR
must meet the requirements of PUC
Section 9621. POUs aacouraged to
also evaluate other scenarios and
sensitivity analyses to consider the
feasibility and coseffectiveness (and
rate impacts) of alternative resource

options. Although not required, POU:
are encouraged to submit analyses c

I £ 0 S NIk l201s\GhiSelines
Supporting Information

G { dzLJLJ2 NJi A y 3
Filing refers to (1) analyses, studies,
data, and work papers, or other
material that the POU used or relied
upon (including inputs and

assuumptions) in creating the IRP (suc

as, but not limited to, market
conditions current at the time of the

analyses, energy infrastructure, state

policies and laws, and needs of the

Filing POU) but are not included in tk

15634 unique results packages.
15748 unique estimates of resource costs.

Ly T2l

9 The IRP created low, medium, and

present year through 2045, but the

2023 IRP modeled for a Study Peri

of 2023 through 2050.

While only one scenario is required  Consideradditional or different
by the CEC, the 2023 IRP modeled scenarios and sensitivity tests tc
five scenariosone emerging evaluateother potentialrisks
technology study, and four and opportunitiesn future IRPs
sensitivitiest>®

¢KS Lwt
fleet of 20 existing
resources/contacts and 4 imminent
contracts.

NB LINB & Sy 1 Further consider the impacts of
transmission congestion on
energy value for existing and
new resources external to
Pasadena.

high-cost estimates for 16 different { Green hydrogen and biogas pric
technologies using publichvailable  forecasts could consider impact:
sources®’ from the IRA.

9 The IRP disclosed power prices

(while normally subject to a
nondisclosure agreement), courtes'
of Horizons Energy

Pasdena Waterand Power
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_ What the 2023 IRP Did Opportunities for Future Study

IRP itself; and (2) additional
information required by these
3 dzA R S € 2018 Saidelines

Demand Forecast

G¢KS 9ySNHE /2YY]
using the California Energy Demand
Forecast developed annually as part
04 KS Icoous\Gidelines

Resource Procurement Plan

9 Diversified Procurement
Portfolio

1 RPS Planning Requirements

1 Energy Storage and Demand
Response Resources

1 Energy Storage

i Transportation Electrification

9 The IRP disclosed gas prices (while
normally subject to a nondisclosure
agreement), courtesy of Horizons
Energy.

9 The IRRreated forecasts for green
hydrogen and biogas based on
public sources of data.

9 The IRP created hourly load
forecasts from 2023 through 2050
for the various components of
demand, based upon the IEPR.
Hourly forecasts included the
following:

o Native load

o Additional achievable energy
efficiency

o Additional achievable fuel
substitution

o Distributed (residential and
nonresidential) storage

o Distributed solar

o Time of use rates

o Lightduty electric vehicles
(EVs)

o0 Medium/heavy duty electric
vehicles

o Climate change

f Consideran econometric load
forecastin future IRPs
i Consideradditional studies

regarding distributed resources,
EVs, or other components.

I The IRP studied three pathways t¢ § Updateinternal practices

achieve 100% hourly carbdree
by 2030 without offsets, and one
additional decarbonization

regarding contract size, contraci
duration, and resource diversity
as market conditions change

portfolio looking at the SCC, and §{ Continue to monitor the

compared these results to a
reference case that meets state
regulatory targets. The results

potential for longduration or
novel storage technologies
applicable to the PWP system.

showed a range of resources that § Sudy the feasibility of rag

could meet environmental goals
and requirements reliably and ces
effectively given constraints.

mechanisms to incentivize
transportation electrification and
to avoid the need for additional
resources.

Pasidena Waterand Power
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_ What the 2023 IRP Did Opportunities for Future Study

System and Local Reliability

GHGEmissions

Retail Rates

T

The IRP documented procedures

place to achieve compliance with

State goals.

Energy storage was included as a

selectable resource choice; it help

avoid the use of fossil peakers by

storing excess renewable energy

for later digatch.

Demand response and energy

efficiency were further evaluated il

the emerging technology scenario

The load forecast also included

impacts.

PWP incorporated light, medium,

and heavyduty transportation

electrification into its load forecast

t2tQa GNFyYyAaYAaa T Conductfurther, detailed
topology was incorporated into IRI  reliability studies of these two

modeling. facilities under various load and
PWP considered the impact of resource conditions.

Glenarm and Goodrich on reliable § SudytheRA & (G NR& 6 dzii A
operations. existing or potential hosting

capacity for distributed resource
under different conditions in the
context of a future PDMP.

9 Gonsider operational alternative:
at Glenarm (carbon capture,
hydrogen, etc.).

The IRP documents CARB
compliance.

PWP models carbon emissions
from its fossil fleet, landfill/bigas
contracts, and net market

purchases.

The IRP quantifies the incrementa § Conduct a cost of servicgtudy
revenue requirement associated in preparation for its next Rate
with various scenarios and Ordinance proposal.
sensitivities. i Further investigate the

The IRP conducts a rate feasibility of applying AMI to
examination. support increased distributed

Pasdena Waterand Power

2230f 257



_ What the 2023 IRP Did Opportunities for Future Study

resources and demand
response.
1 Investigate alternative rate
structures.
Transmission and Distribution Syster § PWP explains operations and are: I Consider furthestudies to
2T NRail FyR 2LILJ explore decarbonization

system. potential with more of a
reliability focus.
Localized Air Pollutants and 1 PWRP identifieyarious areas of 9 Further research ways to
Disadvantaged Communities concern and pathways for provide tangible benefits
mitigation. targeted to disadvantaged
communities.

25. Appendix- Model Parameters and Additional Reliability Metrics
The following constraints are appli@hen conducting capacity expansion

1 1,000 MW of new resources can be built each year

1 2,000 MW of new resources can be online at once

1 Resources are usually in 10 MW increments,doutld be in the following increments:
Hybrids are in 15 MW increments (MW of solar or wind with 5 MW of-Aour battery)
5 MW of internal fuel cells in a 5 MW increment
5 MW of community solar in 1 MW increments
Distributed resources in 1 MW increments

The capacity expansion was run from 2023 through 2050 to optimize [fabitiy using capacity derations. A typical day
of the week was optimized with 24 intervals in a day over 20 years, withyeediOexpansion period. There was no
commitment and mixed integer programming (MIP) stop basis of 200.

Scenario 2 was optimizachder an on/offpeak day due to problem size and solve time.

Hourly dispatch runs were run with no maintenance shifts and new outages with convergence. All calendar days with :
daily intervals over a-day optimization period, with a-tlay extension peod. Twelvesplit months were run under full
commitment with a MIP stop basis of 25 and a MIP maximum solve time of 120 seconds.

The capacity expansion is optimized with a $2,000/MWh penalty for unserved energy, and a $329&#N\in 2023,
escalating ainflation) penalty for unserved capacity. The energy penalty is based on the soft energy cap for energy &
CAISO. The capacity penalty is based on the penalty price for iroegted utilities. The capacity market can trade at
thislevel

Pasidena Waterand Power 224.0f 257



Scenario 1, 2and 3 required additional internal resources to meet load with cafibee resources. Resources are added
iteratively, after the initial optimization, to help cover laaat follows:

1 Scenario 1: Minimum of 110 MW of fuel cells in 2030 (compared to 20 &/220 MW of fuel cells in 2050
(compared to 120 MW)

1 Scenario 2: Minimum of 400 MW of commercial storage and of commercial solar (compared to none) in 2030 an
2050 (compared to 3 MW of commercial storage and 8 MW of commercial solar)

1 Scenario 3: Minimm of 350 MW of commercial storage and of commercial solar (compared to 14 MW of
commercial storage and 31 MW of commercial solar) in 2030 and 2050 (compared to 31 MW of commercie
storage and 67 MW of commercial solar)

I Scenario 4: None

I Scenario 5: None

Additional energy needs were likely due to the difference between a typical week in the capital optimization, and standar
hourly day in the dispatch. The energy needs for the capital optimizatiosterenin Figure215, the resulting hourly
dispatchis shownin Figure216, and the adjusted dispatch with additional resources stiewnin Figure217.

Figure215: Reliability Metrics for First Round Scenario Modeling (Capital Expansion)

Capacity Expansion: Additional Energy Needs (MW)

Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

2023 0 0 0 0 0
2024 0 0 0 0

2025 0 0 0 0 0
2026 0 0 0 0 0
2027 0 0 0 0 0
2028 0 0 0 0 0
2029 0 0 0 0 0
2030 224 149 0 0 0
2031 735 2,199 0 0 0
2032 0 0 0 0 0
2033 311 1,488 0 0 0
2034 1,135 1,079 0 0 0
2035 1,433 1,246 0 0 0
2036 195 1,743 0 0 0
2037 0 0 0 0 0
2038 0 0 0 0 0
2039 0 0 0 0 0
2040 606 0 0 0 0
2041 1,575 1,502 0 0 0
2042 4,431 318 1,000 0 0
2043 73 0 0 0
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2023 0 0 0 0 0
2024 0 0 0 0 2
2025 0 0 0 0 5
2026 0 0 0 0 14
2027 0 0 0 0 4
2028 0 0 0 0 6
2029 0 0 0 0 12
2030 10,960 5,043 6,209 0 2
2031 15,462 9,111 7,167 0 4
2032 9,663 5,740 1,342 0 1
2033 9,890 9,051 3,642 0 0
2034 9,136 10,627 5,562 0 1
2035 12,330 13,582 7,295 0 0
2036 12,814 16,147 10,010 0 3
2037 5,735 7,284 3,673 0 3
2038 7,408 8,037 4,141 0 0
2039 8,781 10,326 4,151 0 2
2040 11,833 14,332 6,899 0 2
2041 15,601 15,837 7,715 0 0
2042 21,173 6,722 11,832 0 1
2043 19,013 4,569 11,002 0 2
2044 20,397 4,963 11,047 0 1
2045 11,656 4,951 13,725 0 1
2046 7,011 5,140 8,456 0 0
2047 6,625 568 7,054 0 0
2048 7,532 557 7,028 0 0
2049 7,052 1,298 10,173 0 0
Pasidena Waterand Power 2260f 257
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Figure217: Reliability Metrics for Second RouB8denario Modeling (Hourly Dispatch)

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050 0 1
Scenario 1 informatiomegarding additions and reliability metrics is describedrigure112. Scenario 2 information is
described m Figure218. The scenario needs a minimum of 400 MW of commercial storage and 400 MW of commercia
solar (compared to none) in 2030 and 2050 (compared to 3 MW of commercial storage and 8 MW of conzolargial
This ensures load is served every hour with caftvea electricity.The 400 MW of commercial solar and 400 MW of
commercial storage helps meet additional energy needs under normal operating conditions.

N NMNNPEP P OOOOOOOOOOOOOOOOOOOoOOoOOoODOo

-bl\)l—‘I\)I—‘\ll—‘OOOOOOOOOOOOOOOOOOOOOl

O O O O OO OO0 OO0 O0OO0OO0ODO0OO0O0OO0OO0OO0OOoOOouOOoOOoOooo o

Figure218 Scenaio 2: Consecutive Model Runs
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2030 1,266,000 0 5043 . 00%
2032 1,312,000 0 5740 . 00%
2037 1,386,000 0 7284 00%
2038 1,396,000 0 8o37 | 00%
2041 1,423,000 0 isee7| 00w 1%
2042 1,431,000 0 6722 00%  05%
2043 1,439,000 0 4569 | 00% | 03%
2044 1,446,000 0 493 00%  03%
2045 1,454,000 0 4951 00% | 03%
2046 1,462,000 0 5140 | 00%  04%
2047 1,470,000 0 68 ~ 00% | 00%
2048 1,479,000 0 557 | 00% | 00%
2049 1,488,000 0 1298 . 00%  01%

2050 1,497,000 1 208 0.0% 0.0%

All scenarios were optimized under the capital expansion with a heat rateddi72 Btu/kWh for fuel cells. E3 identified

this in review. The hourly dispatch wasaptimized with a corrected heat rate of 6,469 Btu/kWHiFuel cell capacity is

in Figure219. Given the size and importance of fuel cells in meeting reliability, and time constraints, the capital expansio

158 https://www.eia.gov/outlooks/aeo/assumptions/pdf/table 8.2.pdf
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https://protect-us.mimecast.com/s/BheBCkRN96FOYKlzf2b75-?domain=eia.gov

was not repeated. Since the heat wave &xabdrich sensitivities were focused on reliability, they were kept. The Emerging
Technology Sensitivity was also kept because the emphasis was on comparative differences.

Figure219 Installed Capacity of Fuel Cells

110 35 35

2030

2031 115 35 35
2032 120 35 35
2033 125 35 35
2034 130 35 35
2035 130 35 35
2036 130 35 35
2037 130 35 35
2038 130 35 35
2039 130 35 35
2040 130 35 35
2041 130 35 35
2042 150 65 65
2043 150 65 65
2044 150 65 65
2045 165 75 65
2046 175 75 75
2047 185 95 85
2048 185 95 85
2049 190 95 85
2050 220 135 115

Once themodelNHzy & | NBE O2YLJX SGSZ NBaz2dz2NOSa Ay t 2shoRriinFigigeRID.F 2
Resources on the top are assigned to load firseference igiven to dispatchable and internal resourcéssigning
resources to loadather thanthe market helps identify how PW&carbonrfree resources are meeting load.

Figure220. Resources Toward Load

Resources Toward Load

BTM NG Generator
GT-1

GT-2

GT-3

GT-4

GT-5

GT-1 Biogas

GT- 2 Biogas

GT- 3 Biogas
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Resources Toward Load

GT-4 Biogas

GT-5 Biogas

New 2Hour Residential Storage
New 4Hour Commercial Storage
New 4Hour Storage (Internal Solar Paired)
New 4Hour Internal Storage
New 6Hour Internal Storage
New 8Hour Internal Storage
New 10Hour Internal Storage
New Internal Fuel Cells
Intermountain Coal
Intermountain Repower NG
Magnolia

Palo Verde Nuclear

Hoover Hydro

Calpine Geysers

Coso Geothermal

Puente Hills Landfill

Chiquita Landfill

EDF Sapphire Storage

Milford Wind

PPM(Avangrid) Wind

Antelope Solar

Columbia Two Solar

Kingbird Solar

Summer Solar

Windsor Reservoir Solar

EDF Sapphire Solar

New 4Hour Storage (External Solar Paired)
New 4Hour Storage (Lan@ased External Wind Paired)
New 4Hour External Storage
New 6Hour External Storage
New 8Hour External Storage
New 10Hour External Storage
New External Fuel Cells

New External Geothermal

New LaneBased External Wind (Storage Paired)
New LaneBased External Wind
New Offshore Wind

New Residential Solar

New Commercial Solar
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Resources Toward Load

New Community Solar

New Internal Solar (Storage Paired)
New Internal Solar

New External Solar (Storage Paired)
New External Solar

Curtailments are reported in EnCompass if the price received for generation dips below $100/MWh. This price is a moc
default that allows for uncertainty. Curtailments across scenariosshosvnin Figure221 Scenario 2 has the greatest
amount of curtailment.

Figure221: Economic Curtailments Across Scenarios (MWh)

Scenario 1 Scenario 2 Scenario 3
Scenario 1 (Energy Scenario 2 (Energy Scenario 3 (Energy Scenario| Scenario
(Island) Market (Island) Market (Island) Market
Access) Access) Access)
2023 - - - - - - - -
2024 - - - - - - - -
2025 - - - - - - - -
2026 - - - - - - - -
2027 - - - - - - - -
2028 52,437 52,437 41,131 41,131 38,311 38,311 39,383 72,148
2029 20,675 20,675 15,932 15,932 14,559 14,559 12,761 21,592

2030 187,478 46,734 579,156 50,661 411,034 44,209 34,816 59,833
2031 140,075 28,953 581,054 34,654 401,022 30,358 32,134 61,223

2032 118,726 339 564,742 646 500,999 1,105 2,398 5,265
2033 108,595 13,554 563,308 16,429 488,579 16,391 16,060 31,065
2034 104,325 2,994 601,788 3,552 475,829 2,851 1,339 1,817
2035 99,791 - 583,053 - 467,824 - - -
2036 99,746 - 575,057 - 460,519 - - -
2037 97,002 - 595,679 - 478,079 0 - =
2038 91,938 - 579,007 - 464,031 - - -
2039 87,286 - 570,236 1 454,676 - - =
2040 85,993 - 565,901 - 454,923 - - -
2041 83,004 - 582,338 1 476,094 - - -
2042 67,652 = 463,746 = 286,794 0 = =
2043 66,744 - 461,955 0 281,494 1 - -
2044 63,019 = 454,459 0 280,020 1 = =
2045 16,538 - 334,621 - 271,617 0 - -
2046 20,121 = 335,611 0 243,978 0 = =
2047 4,438 - 337,080 0 194,630 - - -
2048 3,239 - 318,606 0 171,392 - - -
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2049 4,394 316,677 184,534
2050 10,398 = 251,968 0 113,390 = - =

Scenariod, 2, and 3 select new resources as if PWP operates like an island (i.e., has no market interactions with CAIS
¢KS NBadzZ 6a 2F (GKSaS aiddzRASa KI O SfredirésBurcésimddt lbad i &ach How.S f
These results provadan upper bound of costs (excluding theparately studiedmpactsof new resource cost variations)
because excess renewable energy is not sold.
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This shows a lower bound of cost estimates (again, excludingédparately studiedmpactsof new resource cost
variations), as excess renewable energy is sold. These results may also predict@@ataissions because PWP has
accesstoCAS Y I NJ] Séiad ¢KAAa LISNIIFIAya (G2 GKS NBadzZ Ga 6A0GK (K

Pasdena Waterand Power 2320f 257
2023 Integrated Resource Plan





































































