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EXECUTIVE SUMMARY



Purpose of Integrated Resource Planning (IRP)

Al TEAT2NYALFIQa 3J2Ff Aa 02 NBRAzOS
emissions 40% below 1990 levels by 2030.

A The electric sector currently represents 19% of total statewide GHGC
emissions.

I In 1990, the electric sector represented 25% of the statewide total.

A The purpose of IRP is to ensure that the electric sector is on track t
help California achieve its statewide 2030 GHG target at least cost
while maintaining the reliability of the grid.

A In IRP 20118, Saff propose to use a capacigxpansion model
called RESOLVEidntify optimal portfoliosof resourceghat will
achieve electric sector GHG reductions, reliability needs, and other
policy goals at leastostunder a variety opossiblefuture
conditions.
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IRP Reference System Plan Proposal

A The Reference System Plan contains the main conclusions and
NEOZ2YYSYRFIFUAZYa FTNRY {0l TF¥FQa [
the development of loath SNIJA Y I SYUAUASAQ O]

A{LOFFTF LINRPLIZASa I wSTSNBYyOS {eéa
consideration that contains four key recommendations:

I AGHG Planningargetto use for the electric sector in IRP that is
consistent with 40% statewide reductions 2930 and 886 by2050

I AReference System Portfolgoa single portfolio of incremental resources
that represents a leastost, leastrisk pathway to achieving the
recommended GHG planning target

I AGHG Planning Pritkat represents the marginal cost of GHG abatement
associated with the Reference System Portfolio and that will enable the
CPUC and loaskrving entities to consistently value both demand and
supplyside resources

I Nearterm Commission policy actiorts ensure thatthe results from IRP
modeling informother CPUC proceedings alead to the development or
procurement ofadequateresources




Core Policy Cases Modeled

A Staff modeled three core policy cases to understand how different
electric sector GHG Planning Targets may impact resourcedautild
requirements, costs, and risk.

A Each of these cases reflects the resources and procurement that is
reasonablyexpected to occur based axisting policies, which is
reflected in the Default Case.

AcKS (G462 | RRAGAZ2YIE OlF&asa |INB o
Climate Change Scoping Plan Update (January 2017)

Default CaseReflects all existingolicies, notably the 50% RR®d is
equivalent to statewide electric sector emissions of ~51 MMT

42 MMT CaseThe lowend ofthe estimatedrange forelectricsector
SYAaaArzy acopingPlan; it raﬂec&a scenarion which the state
GHG reduction goal is achieved with-8® MMT of reductions from
unknown measures

30MMT CaseTheelectrici SOU2NJ SYAaaAarzya Ay [ |
scenario in which state GHG reduction goal is achieved with known
measures



GHG Planning Target for the Elect8ector in IRP

A Staff Recommended GHBanningTarget for IRP42 MMT by
2030

A 42 MMT statewide target means that emissions from the statewide
electric sector will total 42 million metric tons (MMT) in 2030, a decline of
61% from 1990 levels of 108 MMT for the sector.

42 MMT statewide electric sector planning tardet IRP i€onsistent with
a straightline trajectory of emissions reductionstomédetr £t A ¥ 2 N3/ A |
to reduce statewide emissions 80% below 1990 levels by 2050

A 42 MMT target by 2030 represents a 50% decrease in electric sector
emissions from 2015 levels.

42 MMT target results in lower overall costs and financial risk than a 30
MMT target in 2030.

Differences iR038GHG plannintargets studied andbad forecasts on
the pathto 2050 do not affect the composition of 2088source
portfolios, which implies there are risks associateith reducing electric
sector emissiono aggressively in the neggrm.

Current CPUC policiatone may not be aggressive enough to mihet
2030GHGPIanning Target dowestcost.
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Recommended Reference System Portfolio

A RecommendedPortfolio of Additional Resources to Meet 42 MMT Planning Target

T Model selects ~9 GW of new utiliscale solar; 1,100 MW 4state wind;and 2,000MW batterystoragein addition to
baseline that reflects existing policies

i Total incremental cost is2ZB9million/year, equivalent to approximately a 1% increase in system average rates by 2030

Note: all resources shown in
25,000 this chart are selected by

RESOLVE and aneaddition

to baseline resources
-§- 20,000 - ® New Shed DR
= B Pumped Storage
(7]
§ 15,000 - W Battery Storage
-
% Solar
£ 10,000 - ] B Wind
Q
‘g B Geothermal
E 5,000 Biomass

m Gas
]
. NN IS $ s 2 a———

2018 2022 2026 2030
Aportion ofthe need for shorduration servicesepresented by battergtorage resources the chartabovecould S YSi o6& a{ KAYY@& 5w
which were not modeled explicitly here but may have resource potential up to 300 MW. The timing of the need for shorhdrraites is based on a
calculation of loadollowing reserverequirementsoutside of RESOLVE. There may be cost benefits to earlier procurement than shown here.

Executive Summary °



Observations Regarding Air Pollutant Impacts

A The vast majority of electric sector emissions result from CCGTs, because
they run more hours of thgear.

A New renewables selected by RESOLVE primarily displace CCGT use duri
daytimehours.

A As theelectric sector GHG Planning Target becomese stringent, new
renewables and storage displace more CCGT use outside of dédure

A The largest opportunity to reduce air pollutants from the electric sector is
by reducing the use of CCGTs

Executive Summary 10



GHG Planning Price

A Recommended GHG Planning Price for IRP 2D8:7%150/MT in 2030

I Represents the CAISO systamile marginal GHG abatement cost associated with
achievinghe 42MMT planningarget for the electric sector

I The GHG Planning Price is an outcome of RESOLVE modeling, which constrains GHG
emissions at the system level on an annual basis

I LSEs would use the GHG Planning Price to develop their own portfolios and benchmark
against resources in the Reference System Portfolio and asdeg8ic GHG Emissions

Benchmark

$160 - —e&— Marginal GHG Abatement Cost (42 MMT) $150
% 5140 - - .
8 --@-- Straight Line from Allowance Price
2 $120 - Containment Reserve Price .
e 02U TR -
5 § $100 - Pl Staff proposes using a straight line
8o sgo - T from the current GHG allowance
g 5 e price containment reserve price
z E 560 - (~$66/metric ton) tothe 2030 GHG

.m_ - .
T 340 - Planning Price value
£ $20 - - .
p=
$O T T T ]
2018 2022 2026 2030
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Policy Actiongo Implementthe Reference

System Portfolio

A Staff recommends the Commission take the following near
term policy actions t@nsure that IRP guidance informs other
proceedings and results in adequate resource procurement ta
achieve 2030 GHG reductigoals

1.
2.
3.

Consider increasing required renewable procurement
Consider oubf-state (OOS) wind resources

Use the GHG Planning Price in Integrated Distributed Energy
Resource (IDER) proceeding

Develop a Common Resource Valuation Methodology (CRVM)
Study natural gas fleet impacts

Executive Summary 12



Role of the Reference System Plan within the
Proposed IRP 201¥8 Process

1. Staffrecommends eReferenceSystemPlanreflecting:

i A statewide GHG Plannifigrget of 42 MMT for the electric sector
T A Reference System Portfolio that achieves the GH@Gning Target and composed of:
A baselineresources: 1.5X 2015 Mid AAEE, existing DR, existing gas fleet (minus planned retirements
and replacements)
new resourcesutility-scalesolar PV + hstate wind+ battery storage/shimmypR
I AGHG Planning Pricd $150/metric ton in 2030
i Policy actions t@nsure that IRP guidance informs other CPUC proceedings and results in adequate
resource procurement

CPU@dopts aReference System Plan

3. LSEf{dile IRPs that reflect th&Reference System Plan

I Staff expects thak SE plans will be consistent with three key benchmarks or will provide a
justification for anydeviation:

A GHG Planning Price: $150/metric ton in 2030
A Resources in Reference System Portfolio
A GHG Emissions Benchmarkifatividual LSEs

Staffaggregates LSE plans to validate reliability, GHG emissions, and costs

CPUecides whether to authorize procurement based on approved, aggregated LSE
plans (thePreferred System Pl3n

6. CPUConsiders how to use IRP results to inform other resousmecific proceeding
activities

N

ok
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Schedule otUpcoming Proceeding Activities

Activity ExpectedDate

ALJ ruling issues Propodedference Systealan Sept. 192017
Two-day workshopon ProposedReferencesSystenPlan Sept. 2526,2017
Commentsdue on Proposed Reference Systdttan Ruling  Oct.26, 2017
All-party meeting with Commissioners Nov.2, 2017
Reply commentslue onProposedRef.SystemPlan Ruling Nov.9, 2017
CPUGssues omprehensive IRP Proposed Decision End of 2017

CPUC transmits guidance to CAISO and CEC for TPP anc Early 2018
purposes for 2018
LSEs file individual Integrat&®source Plans Q2 of 2018

CPUC adoptsr modifiesLSE Plans and establishes the End of 2018
PreferredSystem Plan

CPUC transmitguidance to CAIS&and CEC for TPP and IEPEarly 2019
purposes for 2019

Executive Summary 14



1. BACKGROUND



Integrated Resource Planning (IRR)
California Today

A Integrated Resource Planning (IRB$ traditionally been thdomain of a
single vertically integrated utility

A California today presents a more complex landscape:
I Multiple Load Serving Entities (LSES) including utilities, community choice
aggregators (CCAs) and competitive retail service providers
I Multiple state agencies (CPUC, Energy Commission, Air Resources Board) ar
California Independent System Operator (CAISO)
I Partiallyderegulatedmarket

A The value proposition dhtegratedresource planning is to reduce the cost
of achievingGHG reductions and other policy goalddxking across
iIndividual LSE boundaries and resousgees to identify solutionghat
might not otherwise be found

A Goal of IRP 201¥8 cycle at CPUC is to ensure that the electric sector is ot
track to help California reduce economyde GHG emissions 40% from
1990 levels by 2030

1. Background 16



Statutory Basis of IRP at CPUC

TheCommissiora KI £ f X

PU Code Section 454.51

Identify a diverse and balanced portfolio of resourc€ghat provides optimal
integration of renewable energy in a coffective manner

PU Code Section 454.52

adoptaprocessforeach loal SNIA Y3 SyiaAadexaz FAES
LJf 'y X2 Sy asiniky ertifies db the Bllovin
- Meet statewide GHG emission reduction targets
Complywith state RPS target
Ensurgust and reasonable rates for customers of electrazaporations
Minimizeimpacts on ratepayebills
Ensuresystem and locakliability

Strengtherthe diversity, sustainability, and resilience of the bulk transmission and
distribution systems, and locabmmunities

I Enhancdlistribution system and demanside energymanagement
I Minimize airpollutants with early priority on disadvantagedmmunities

1. Background 17



Proposedlwo-YearlRPProcess

Goals

A Identify solutionghat benefit the entire systerand accommodate loaderving entity
(LSE}ppecific constraints and opportunities

A ldentify shortterm actions(1-3 years) needetb meet longterm goals (10+ years)

Key Steps Include:

A CPUC Develops and Adopsference System Plahat includes:

| A GHG Planning Targktr the electric sector consistent with the statewide target of 40% below
1990 levels by 2030

| AReference System Portfolad resources that meets GHG target and reliability needs at least cost
| A GHG Planning Pricepresenting the marginal cost of GHG abatement

| Commission policy actiorte ensurethat IRPguidance informs otheCPU@roceedingsandresults
in adequate resource procurement

A LSEs Submit Individual Integrated Resource Plans (i.e., LSE Plans)
| LSEs provide at least one portfolio that uses the GHG Planning Price
| LSEs identify any procurement needs and request procurement authorization
A CPUC Reviews and Aggregates LSE Plans and Ragpteed System Plan
i CPUC aggregates LQEsLINJBpsr8oNdsdd Bompare with the Reference System Plan
| CPUC may authorize procuremetariff changes, program changes, .etts needed
| CPUC provides guidance to other resource proceedings and to CAISO for the TPP and CEC for IE

1. Background 18



ProposedTwo-YearlRP Process

2017

1. GHG Planning Targets
* Range of GHG emissions levels
for electric sector

1

(5. Procurement and Policy
Implementation

Example mechanisms:

e All-source RFO

* Program-specific procurement
\_* Tariffs and incentives

\

—

J

2019

1. Background

(2. CPUC Creates Reference \
System Plan & LSE Filing
Requirements

e Assumptions & data

» Reference System Portfolio

* Ref. System Action Plan

\- LSE filing requirements /

COMMISSION DECISION #1

/4. CPUC Reviews and Modifies\
LSE Plans and Aggregates as
Preferred System Plan

e CPUC validates GHG, cost,
and reliability

¢ CPUC provides procurement

Qnd policy guidance /

COMMISSION DECISION #2

N\

6 LSEs Develop Plans

CPUC requirements
e Other portfolios permitted

action plan

kConsistent data formats

¢ At least one portfolio reflects

* One preferred portfolio and

* Requests procurement authority

\

_/

v/

2018

19



Contents of Reference System Plan

A The Reference System Plan includes four key
recommendations:

A GHG Planning Target use for the electric sector in IRP that is
consistent with 40% statewide reductions by 2030

A Reference System Portfolgoa single portfolio of incremental
resources that represents a leasbst, leastrisk pathway to achieving
the recommended GHG planning target

A GHG Planning Pri¢kat represents the marginal cost of GHG
abatement associated with the Reference System Portfolio and that
will enable the CPUC and leadrving entities to consistently value
both demand and suppigide resources

Nearterm Commission policy actiois ensure that the results from
IRP modeling inform other CPUC proceedings and lead to the
development or procurement of adequate resources

1. Background 20



Reference System Plan is Structured Around
Three Primary Questions

A. What resources are needed to reduce GHG emissions in
the electric sector?

B. What is the optimal portfolio of resources under
different, alternative futures?

C. What investments, or actions, if any, should be taken in
the short term (13 years)?

1. Background 21



2. MODELING APPROACH



2.1. MODEL USED



RESOLVE Model Overview

A RESOLVE is a capacity expansion model designed to infortedong
planning questions around renewabligegration

A RESOLVE -optimizes investment and dispatch for a selectedafedays
over a multtyear horizon in order to identify leasbst portfolios for
meetingspecified GH@&rgets andother policy goals

A Scope of RESOLVE optimization in IRP-2817
I Covers the CAISO balancing area including POU load within the CAISO

it hj NBE&2dz2NODSa 2dziaARS GKS /1 L{h oFfl\
that are not subjected to the optimization exercise

I Does not optimize demanslide resources
I Optimizes dispatch but not investment outside of the CAISO

A The RESOLVE model used to develop the proposed Reference System P
along with accompanying documentatlon of inputs and assumptions,
Y2ZRSt 2LISNIOGA2YS YR NbadzZ da Aa |
website at:http://cpuc.ca.gov/irp/proposedrsp/
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2.2. BASELINE RESOURCES



S5STAYAY3I a. | asSt Ay

Baseline resourceare resources that are included in a model run as an
assumption rather than being selected by the model as part of an optimal
solution

Within CAISO, the baseline resources are intended to capture:
I Existing resources, net of planned retirements (e.g. ehceugh-cooling plants)

I Future resources that are deemed sufficiently likely to be constructed, usually
because of prior CPWpproval

A e.g. CPU@pproved renewable power purchase agreements, GBpfffoved gas plants
I Projected achievement of demarside programs under current policy
A e.g. forecast of EE achievement, BTM PV adoption under NEM tariff

In external zones (e.dBAN(C, where RESOLVE does not optimize the
portfolios, the baseline resources also include projections of resources
added to meet policy and reliability goals

RESOLVE optimizes the selection of additional resources needed to meet
policy goals, such as RPS, a GHG target, or a planning reserve margin;
these resources that are selected by RESOLViioab@aseline resources

The same quantity of baseline resources are assumed in the Default, 42
MMT, and 30 MMT Core Cases




Baseline Resource Assumptions

DemandSide Supply Side

A EE:CCEC 2016 IEPR Mid AAEE + A
AB8O0ZEfficiency (roughli.5x
gain in EbBy 2030

BTMPV:CEC 2016 IEPR Mid (16
GW by 2030)

DR:Existing DR programs remain
In place
EVsCEC 2016 IEPR Mid

Building ElectrificationCEC 2016
IEPR Mid

o o Io I

o T T DT>

2.2. Baseline Resources

Diablo Canyon Power Plantetired
in 2024/25

A OnceThrough Cooling (OTC)

Plants:retired according to State
Water Board schedule

Other Thermal Plantssemain
online throughout modeling

Existing Hydro & Pumped Storage:
remain online throughout modeling

Storage Mandatefull storage
mandate of 1,325 MW achieved

Renewable Resourcesxistingand
contracted resources remain online

27



Existing Demand Response Programs in
IRP Modeling

Awo{h[+9 GNBIFIG& GKS Lh!3aQ SE;
as Baseline Resources; all contribute to meeting the
procurement reserve margin of 115%

A Conventional shed DR resources

I Economically dispatched DR: bid into CAISO market as an economic product
(e.g., Capacity Bidding Program)
I Reliability dispatched DR: bid into CAISCalssad and realime markets as
an emergency product (e.g., Base Interruptible Program)
A TimeVarying Rates

I Includedin IEPR demand forecast as a load modifier (e.g., Critical Peak
Pricing); peak impact based on 2016 Load Impact Reports*

I Timeof-Use Rates: default peak impact based on MRW Scenario 4 X 1.5*

*SeeRESOLVE Inputs and Assumptitmtsimentfor details, available atittp://cpuc.ca.gov/irp/proposedrsp

2.2. Baseline Resources 28
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Demand Response Programs as Described In C

Potential Study

5w NB&a2dz2NDSa ARSYUAFASR AY [.b[Qa FAYIFf NBL
included in some analyses, with cost, performance, and potential data based on the findings in
that report.*

A bSg &&{ KSR

A af
A af
A af

DR loads that can occasionally be curtailed to provide peak capacity and support the system in emergency ¢
contingency events

Treated as a candidate resource by RESOLVE in all cases; when selected by the model, the impact of the n
shed is incremental to the baseline shed DR from existing programs

KATOE 5wy

DR that encourages the diurnal movement of energy consumption from hours of high demand to hours with
surplus renewable generation

Not included in RESOLVE core cases due to lack of certainty on viability of resource, but is made available
I OF YRARIFIUS NBAaA2dzNOS AY UKS a{KATU 5weé asSyaaruardAa
KAYYe€ 5w

DR that provides loatbllowing and regulation type of ancillary services

Not included in RESOLVE modeling, but recognized as possible substitute falusatioin storage

resources

Kl LIS 5w

5w UKIFIG NEBZRSDe A ydt 2 NBa-@afNOUS and driticdl BeakiphcidS(CPP) rates, and
behavioral DR programs that do not have direct automatiorrtgeto load control equipment

TOU ancexisting loaamodifyingDR (e.g., CPP) included as part of baseline assumptions in RESOLVE
modeling, includingensitivities; no addition shape DR was included

*SeeRESOLMBputs and Assumptiordocumentfor details, available atittp://cpuc.ca.gov/irp/proposedrsp
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Baseline Resources Included in All Cases

20,000 - Existing Shed DR3rograms ® New Shed DR
Full storage mandate continue through2030
80,000 - (1,325 MW) met by 2024 m Pumped Storage
I W Battery Storage
70,000 - _
Behindthe-meter PV Customer Solar
‘§‘ reaches 16 GW by 2030
E 60,000 I Solar
> )
§ 50,000 - - m Wind
% I — m Geothermal
9 — — m Biomass
E 30,000 - m Hydro (Small)
c
B Hydro (Large
20,000 - varo (Large)
| : W Gas
Only mustrun CHP included
10,000 - in CHP category m CHP
0 Nuclear
2018 2022 2026 2030 *Existing load modifying
Diablo Canyon PP retired Palo Verde PP remains in EE: DR & TOU rates also
in 2024/25 2026 and 2030 included in baseline, but

) not shown in this chart
2.2. Baseline Resources 30



2.3. FOSSIL FLEET IN IRP



IRPExamines the Lonterm Evolution of Fossil
Fleet, Not Reallime Dispatch

A Focus of IRP is identifying the short term action8 §kars)
required to meet longerm policy goals (120 years),
Includingreducing GHG emissions and ensuring reliability

A Focus of IRR notreaktime market dispatch dynamics, which
determineactual plantperformance

A Individual gas plant costs, efficiency, and bidding behavior are
difficult to capture in a longerm simulation

A Classes of gas plants tend to exhibit similar market behavior
and are therefore aggregated together for the IRP analysis

2.3. Fossil Fleet in IRP 32



Natural Gas Fleet Plant Types@alifornia
20172030 Comparison

20,000
18,000 17,371

16,000
14,000
11,057 12:376
12,000
10,022
10,000
8,000
6,000
4,000
5 000 1,635 1,635
’ 214 214 640 -
0 R [

CCGT Peaker IC Engine Steam Turbine CHP

17,635

Installed MW

California Fleet by Plant Type 2017 (MW) m California Fleet by Plant Type 2030 (MW)
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Steam Turbine Retirement Assumptions in

IRP Modeling

Steam
Turbine

Plant

Alamitos

Encina
HuntingtonBeach
Mandalay

Moss Landing
Ormond
Pittsburg
Redondo

Total
2.3. Fossil Fleet in IRP

NQC

(MW)

2,010
950
452
430

1,509

1,516

1,159

1,356

9,382

Planned
Retirement

2020
2017
2020
2020
2017
2020
2017
2020
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2.4. CASES MODELED



Cases Modeled

A Core Policy Case3hree cases that reflect different potential GHG
trajectories for the electric sector
I Purpose: Compare the impacts of different GHG goals on portfolio
composition, costs, and air pollutants in disadvantaged communities,
A Core Policy Sensitivitied/ariations on the core policy cases that
reflect changes to one or more of the default assumptions about
the future (e.g., load, resource costs)
I Purpose: Determine how different future conditions could affect the
impacts of GHG goals
A ResourceStudies:Variations on the core policy cases and
sensitivities that reflect manual addition of certain lelegd time
resources

I Purpose: Evaluate the costs and benefits of ffleam procurement of the
certain longlead time, capitaintensive resources and determine whether
nearterm procurement could lower lorterm risk at a reasonable cost



Core Policy Cases

A The three Core Policy Cases reflect procuremeasonably
expected to occur based on current policies as well as two
different potential electric sector GHG targets

I Default CaseReflectsexisting policies, notably the 50% RPS, which is
equivalent to statewide electric sector emissions of ~51 MMT

I 42* MMT Caselow end of estimated range for electric sector in CARB
scoping plan; reflects scenario in which the state GHG reduction goal
achieved with 4685 MMT of reductions fromnknownmeasures

I 30* MMT Caseelectric sector emissions in CARB scenario in which
state GHG reduction goal is achieved vkbiownmeasures

FIEAIAYYSYd oA0GK /1w, Qa / FEAF2NYAl DNBSyK2dzaS DI a 9YAAAA?2
counting emissions for behirthe-meter CHP facilities as electric sector emissions, raising the numbers reported here by ~4 MMT



Translating Statewide GHG Planning Targets tc
CAISO Targets

A Staff expresses the core modeling cases throughout this analysis in terms of
the statewide electric sector GHG planning targets
| 26 SOSNE GUKS /t!/ Qa Lwt Y2RStAy3a O:
area; the RESOLVE model accommodates a GHG planning target that
constrains the resource portfolio at the CAISO system level on an annual basi

A For IRP modeling, the CPUC translates the statewide electric sector GHG
targets to CAISO targets based on the split in expected emissionC#d§O

balancing are& SEs andon-CAISO balancingarfal 94 NBFf SO0 SR
proposed Cap and Trade allowance allocation methodology for-2020

I Modeling assumes CAISO emissions are ~81% of statewide electric sector total in 2030

IRP2030 Statewide 2030 CAISO
Modeling Case Planning Target Equivalent Target

DefaultCase ~51 MMT 41.3MMT
42 MMT Case 42 OMMT* 34.0MMT*
30 MMT case 30.0MMT* 24.3MMT*
F!EAIYYSY(d 6A0GK /!w. Qa /I fAF2NYAl DNBSyK2dzaS DI & 9YA&ARA?

counting emissions for behintthe-meter CHP facilities as electric sector emissions, raising the numbers reported here by ~4 MMT
4. Recommendations 38



core policy cases wereested. See Appendix B for descriptions of each case.

To o T T To Do Do Do Do Do I

Core Policy Sensitivities

Caseghat reflect variations in assumptions about the future against whitie

High EE

Low EE

High BTM PV
Low BTM PV
Flexible EVs
High PV Cost
Low PV Cost
High Battery Cost
Low Battery Cost
No Tax Credits
Gas Retirements

2.4. Cases Modeled

To o To To To o o Do Do Do

CHP Retirement
Flex Challenged
High Load

High Local Need
Low DR

Low TOU

Mid TOU

Rate Mix 1

Zero Curtailment
High DER
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Resource Studies

A Resourcesresources manually added* to portfolio near termto
test costs and benefits of early procurement

OOS Wind (3,000 MW added in 2026)
Pumped Storage (1,000 MW added in 2022)
Geothermal (1,000 MW added in 2022)

A Sensitivities variations on default assumptions about future
condltlons tested in each resource study

EnergyEfficiency Achievement
BTM PV Adoption

Flexible EVs

Building Electrification

Solar PV Costs

Battery Costs

Gas Retirement

No Tax Credits

*Note: Pumped storage and geothermal resource
were available for selection in all core policy case
and sensitivities; OOS wind on new transmission
was not available for selection in the core cases ¢
sensitivities due to uncertainty in the cost and

feasibility of the required transmission. For all of t
Resource Studies, the resources are manually ad
rather than simply being available for selection by
the model.

S
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Other Studies

A Several additional discrete studies were conducted to explore
specific issues of interest

Shift DR Cases that reflect the potential for shift DR to be deployed to
provide grid services (shift DR excluded from rest of cases due to
uncertainty about its feasibility and costs)

Post2030:Cases run through 2038 that reflect different assumptions
about post2030 load growth due to possible approaches to decarbonizing
of other sectors of the economy

Responses to Party CommentSases addressing questions or comments
submitted by parties to Staff

A Short Duration Pumped Storage

A Unconstrained OOS Wind

A PTC Extension

A High Carbon Price

A Low and High Export Limits



2.5. PORTFOLIO METRICS



Metrics Used to Characterize Modeling Results

A Selected Resourcesn MW: new resources that the model selects
as part of the optimal, leastost portfolio

A Costs

i Incremental TotaResource Cosfixed and operating costs, including
program costs and customenosts; calculated as difference from Default

Case

I Revenue Requirementfixed and operating costs, including program
costs, but not customer costs

I Average Raterevenue requirements divided by retail sales

A Disadvantaged Community Impacts

T Air Pollutants: estimated emissions of NOx and PM2.5 from different
classes of gas plants in California

T Resources in DACs, in MW: same as selected resources, but for resource
selected in higlDAC zones
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Incremental Total Resource Cost Metric

A Thed AYONBYSVY GOl f { pofihcfemenNtsl ARCYINID S
each scenario Is calculated relative to the Default Case

i Represents aannualized incremental cost ($MM/r) expressed in 2016
dollars overthe course of the analysis (20:2830)

AGLYONBYSYGlrt ¢w/ ¢ YSUNRO OF LIXd
considered in development of Reference System Plan:

I RESOLVE objective function

A Fixed costs of new electric sector investments (generation & transmission)
A CAISO portion of WECC operating costs (including net purchases & sales)

I Other costs modeled externally to RESOLVE associated with assumptions
A Utility & customer demandide program costs

AGLYONBYSYGltf ¢w/ ¢ R2Sa y2i NBT
I e.qg., distribution infrastructure replacement
I These costs also affect rates
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Sources for Calculating Revenue Requirements

A Revenue requirements calculated based on

I RESOLVE outputs

I 1OU IEPR filings: forecasts of annual 10U revenue requirement-(2015
2028) submitted to CEC IEPR docket

I 1OU ABG67 filings: historical revenue requirement data (Z2086)
submitted by IOUs to CPUC

I Padilla report: report published by CPUC summarizing cost of
renewable procurement

I Data from demaneide programs: assumed program costs provided
by EE, DR groups in Energy Division
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Revenue Reqguirement Components

Distribution

Existing Distribution ReveniRequirement (RR)

Transmission

Existing Transmission RR

NewRenewablerivenTransmission

RESOLVE

Generation

Existing Utility Owned Generation (UOG) RR

Existing Bilateral Contracts
ExistingRenewables Contracost
NewRenewables Contra€iost
New Storage Cost

Variable Generation Costs

Allowance Allocation Revenue

RESOLVE
RESOLVE
RESOLVE
RESOLVE

DemandSide Programs

Energy Efficiency Program Costs
Existing DR Program Costs

New DR Program Costs

RESOLVE

Other

DWR Bond Charges

Nuclear Decommissioning Cost

Public Purposéexcluding energgfficiency
OtherMisc

2.5. Cases Modeled
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Approach to Analyzing IRP Impact on
Localized Air Pollutants in DACs

Statutory Goal for IRP
AdaiAyAYAT S f

: 20 t A
StNI& LINK2NRGe 2

SR ANJ LRt dzi
RA&lI RO yul 3S

Analytical Approach

A Step 1 Characterize the distribution of power plant classes inside
and outside DACs

A Step 2 Determine how fuel consumption and localized air
pollutants change for each power plant class in the three core IRP
casesDefault, 42MMT, and 30 MMT

A Step 3:Determine how localized air pollutants change across a
range of IRP sensitivities for the power plants that most impact
DACs
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Selected Resources in Disadvantaged
Communities

Statutory Goal for IRP
A G{iINBY3IGKSY (KS RAGSNEAGEZT adzZadl Ayl

Analytical Goal

A Characterize the amount of new renewable resowsetected by the model in
disadvantaged communities

Zones Analyzed

A Renewable resources zones used in RESOLVE are geographic zones that cal
span multiple counties or substantial portions of counties

A Resource zones originally evolved from Competitive Renewable Energy Zone
(CREZ) boundaries

I Fourrenewable resource zones in RESOLVE have 25% or more of their population in
disadvantaged communities:
A Central Valley North & L&anos
A Westlands
A Kramer & Inyokern
A Greater Imperial

2.5. Cases Modeled 48



3. MODELING RESULTS



3.1. SELECTED RESOURCES IN TF
CORE POLICY CASES



RESOLVE Output: Resour&edectedn
Default Case

A Model selects ~3 GW of new utiliscale solar by 2030; 300 MWstate wind; and 800 MW of battery
storage in addition to existing/expected baseline of EE, DR, storage, renewables, hydro, gas, and nuclear

A No additional resources needed for balancing (no new gas, pumped storage, or baseload renewables)
Note: all resources shown in

25,000 this chart are selected by
RESOLVE and are in addition
to baseline resources
-é- 20,000 - ® New Shed DR
= B Pumped Storage
v
§ 15,000 - W Battery Storage
=]
% Solar
-né 10,000 - RESOLVE adds limited new renewable B Wind
s generation to meet 2030 50% RPS needs due h |
o to (1) low loads, and (2) large IOU REC banks W Geotherma
3 5,000 - Biomass
|
B Gas
0
2018 2022 2026 2030

Each bar represents the cumulative capacity selected by the model as of the year shown, not the additional capacitytlzatdezhim
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RESOLVE Output: Resources Selected In
42 MMT Case

A Model selects ~9 GW of new utiliscalesolar; 1,100 MW instatewind; and 2,000MW battery storagein
addition to expected baseline of EE, DR, storage, renewables, hydro, gas, and nuclear

A Few additional resources needed for balancing (no new gas or pumped storage; 200 MW geothermal)

25,000 -
= 20,000 -
3
2
o Solar built in
o 15,000 - 2022 to capture
3 ITC prior to
o sunset
o
< 10,000 -
2 Remaining high
2 quality wind built
v in first period to
n i

>,000 capture
remaining PTC

Note: all resources shown in
this chart are selected by
RESOLVE and are in addition
to baseline resources

B New Shed DR

B Pumped Storage
Small quantity of short
duration storage helps W Battery Storage

meet reserve needs*

Solar
® Wind
B Geothermal
W Biomass

B Gas

 IIEEEES # IS $# T 2

2018 2022

* Shortduration servicegould beprovidedo € & { KA YYé

2026

5wé

2030
NB & 2 dzNDO&gictlybatnayhéve 6 SNB y 20 Y2

resource potential up to 300 MW. The timing of the need for short duration services is based on a calculation of load
following reserve requirements outside of RESOLVE. There niankétsto earlier procurement than shown here.

3.1. Core Policy Cases
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RESOLVE Output: Resources Selernted
30 MMTCase

A Model selects ~11 GW of new utilisgale solar; 4,800 MW wind {gtate & OOS); 3,800 MW battery
storage, in addition to existing/expected baseline resources

A Model also selects 1,200 MW pumped storage; 2,000 MW geothermal; new gas not needed
Note: all resources shown in

By 2030, loneduration storage is added to

25,000 - balance daily renewable production this chart are selected by
Y P RESOLVE and are in addition
I to baseline resources
s 20,000 - B New Shed DR
= Nearterm solar Addition of short W Pumped Storage
b4 build is further duration storage*
o
g 15,000 increased is accelerated W Battery Storage
Q Solar
& .
T 10,000 - ® Wind
‘g H Geothermal
< .
“» 5000 B Biomass
B Gas
Need to displace gas consumptio
0 - outside of daylight hours leads to
2018 2022 2026 2030 more wind and geothermal
* Shortduration servicesould beprovidedo &8 & { KAYY& 5wé NB & 2 dzNO&gictlybathniyhivd development

resource potential up to 300 MW. The timing of the need for short duration services is based on a calculation of load
following reserve requirements outside of RESOLVE. There nimnkétsto earlier procurement than shown here.
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Observations Regarding§elected Resourcan
Core Policy Cases

A Only utility-scale solar PV and wind are selected in the near
term in order to achieve state GHG emission reduction,
reliability, and other goals at leasbst

I In the near term, curtailment of solar PV is a lovgest integration
solution than new capital investments in baseload renewables or
pumped storage

I New gas plants are not part of the leasistsolution

I About25%0f new renewable resources are energgly, with no
resource adequacy value per curreotes*

T All new renewable resources are located in areas that are not
expected to require delivery networkpgrades*

*observed in RESOLVE model output files available onlingpat/cpuc.ca.gov/irp/proposedrsp

3.1. Core Policy Cases 4


http://cpuc.ca.gov/irp/proposedrsp/
http://cpuc.ca.gov/irp/proposedrsp/

Effectof Additional Selected Resourcem
Energy Balance

A The previous slides showed the resources selected by the
RESOLVE model to achieve the least cost portfolio that
satisfies the specified policy, reliability, and other constraints.

A The following slides show how the electrical energy generatec
from different resources to serve CAISO load changes in
response to the new resources RESOLVE adds to the system

IV. Preliminary Results o0



CAISO Energy Balance
42 MMT Statewide Target

A Additional neaterm renewable builddisplaces energy from gas and reduces GHG
emissions below GHG target2018 & 2022

A Energy from gas rebounds by 2026 with Diablo Canyon closure, but imports
decrease to meet GHG target P30

A RESOLVE results show imports decline relativedtata gas use because the
GHG emissions factor that CARB assigns to imported electricity is larger than
California CCGT emission factors

300,000 -
250,000 -
200,000 -
150,000 -
100,000 -

50,000 -

Annual Energy (GWh)

0

-50,000 -
IV. Preliminary Results

2018

2022

W [ TR

2026

= T R

2030

60

= N w = i
o o o o o
CAISO Emissions (MMT CO2)

o

mmmm Renewables
mmm Hydro
. |[mports
m Gas
mmmm CHP
Nuclear
s Curtailment
I Storage Losses
N\ Exports
— ® - CAISO GHG Target

—e— CAISO GHG Emissions
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CAISO Energy Balance
30 MMT Statewide Target

A Additionalnearterm renewable builddisplaces energy from gas and reduces GHG
emissions belovisHG targein 2018 & 2022

A Energy from gas rebounds in 2026 with Diablo Canyon closurertpgagain by

2030

A RESOLVE results show imports dechiagive to instate gas use because the
GHG emissions factor that CARB assigns to imported electricity is larger than

California CCGT emission factors

300,000 -

250,000

200,000

150,000

100,000 -

Annual Energy (GWh)

50,000

0

-50,000 -
IV. Preliminary Results

2018

RN

R | RN

2022

2026

I
RN

2030

30

CAISO Emissions (MMT CO2)

mmmm Renewables
mmm Hydro
. |[mports
m Gas
mmmm CHP
Nuclear
s Curtailment
I Storage Losses
N\ Exports
— ® - CAISO GHG Target

—e— CAISO GHG Emissions
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2030 CAISO Renewables & Emissions

A In the 42 MMT and 30 MMT Cases, the GHG targets drive different
RPS achievement levels

A For example, an RPS of ~58% is a byproduct of achieving the 42
MMT carbon goal

Total GHG of CAISO entities in 2030 Total RPS% of CAISO entities in 2030
>0 8% 7 u Banked REC
]
= 45 - 42.5 m CAISO Imports 0% anke S
8 40 - m CAISO Generation 3 B Renewable Generation
= — 60% -
2 40 - 340 2 oo °
23 N € 50% - :
o 24.3 v
5 25 - o 40%
(7]

Q 20 < 30%
< 15 -
§ 10 E 20%
S ~ 10%
N 5 -

0 - 0% -

Default 42 MMT 30 MMT Default 42 MMT 30 MMT
In GHGconstrained scenarios, imports are [t/ FtylrfeéeaAra adaA3aSaida Lh!aqQ
reduced significantly due to deemed emissions may allow them to meet 4% of load

rate for unspecified imports, which is higher than with banked RECs

IV. Preliminary R&s{flfgas generation o8



GHG Goalére Expected to Lead to Reduced
Utilization of FossilPlants

A Gas plants earn revenwehen dispatchedo serve loadand
through resource adequacy contracts

A Expansion of the renewable fleet in response to GHG plannin
targets(42 MMT and 30 MMTi¥y expected to result in lower
utilization rates of certain gas plants relative to thefault
Case

A The utilizationof gas fleet within Californis also affectedy
the relative GHG intensity of fossil plants outside of California
and the deemed rate used by CARB to allocate GHG emissio
to imports 0.428 MT/MWI)

I For examplegecreaseditilization of outof-state coal can increase
dispatch of irstate gas
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92t dzi A2y 2F [ It AF2NYy
Grid Decarbonizes

A RESOLVE does not seleeivgas in any of the cases studied

A To minimize costs, it might be preferable to selectively retain ¢
subset of existing gas plants rather than build new plants

A Thisraises the question of which gas plants, or plant
attributes, provide value in 2030:
I Low minimum generation level?
I Fast ramping ability?
I Locationspecific benefits?

A Determining which gas plants, or plant attributes, offer the
most value in future fleet ia complexask and will require
additional detailed study in collaboration with the CAISO

2.3. Fossil Fleet in IRP 60



3.2.COSTHN THE CORE POLICY
CASES



RESOLVE Output: Incrementaltal Resource
Cost (TRC) to Meet GHG Targets

A Incremental cost of the optimal portfolios ranges fré@39 to $1,137 million per
yearfor the 42 MMT and 30 MMT GHG targets, respectively

A Primary driver of incremental costsrisw investment in renewableswhose zere
carbon generation displaces emissions from thermal generation and imports

Incremental TRC ($SMMr)

42 MMT 30 MMT

Incremental Renewables +$843 +$2,203
Fixed Costs

Storage +$45 +$400

Thermal 1 T

DR T T

Transmission 1 +$41
Incremental Variable Costs -$650 -$1,507
Incremental DSM Program Costs 1 T
Incremental Customer Costs T T
Incremental Total Resource Cost +$239 +$1,137

3.2.Costan the Core Policy Cases

— | | |

Increased investment in zerocarbon renewables
is primary driver of incremental costs

No additional thermal or DR resources added to
meet GHG goals

Little to no new transmission construction

Addition of renewables displaces generation from
thermal resources, reducing operating costs

Because demandide assumptions are constant
between scenarios, incremental costs are zero
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A

A

GHG Planning Price

{O0FFF RSTAYSAa GKS a&DI Dwide marghgl BHNE t
abatement cost associated with achieving the electric sector 2030 GHG
Panning Target

To determine the GHG Planning Pris&gffNB t A S&a 2y (KS a
the GHG constraint in RESOLVE
i 2A0KAY 2LIAYATFGA2Y Y2RStfAy3as: GKS GakKIR
objective function if that constraint is relaxed by one unit and is frequently interpreted
as the marginal cost to meet that constraint

Because RESOLVE captures the financial cost of allowances under the c:
& trade in its objective function, the shadow price alone does not reflect
the full marginal cost of GHG abatement

I Anincrease in the assumed allowance cost increases the cost to combust fossil fuels,
reducing the apparent cost premium of carbbee resources (and, by extension, the
shadow price)

Therefore, StaffOl £ Odzf  §S& (UKS DI D tflyyAy
GHG shadow price and the assumed cost of allowances under cap & trad



RESOLVE Output: MargiraHG Abatement Cost

$300 -

Marginal GHG Abatement Cost
(S/metric ton)

S0

42 MMT & 30 MM

5283 In 30 MMT case,GHG constraint first
becomes the main driver of new
investments in 2026, and marginal
cost of carbon abatement increases
quickly thereafter as marginal GHQ

—e— 30 MMT

- & - 42 MMT

i i i i

= = )] [\

o [0 o [0

o o o o
1

New investments are
driven by factors other
than GHG constraint
through 2022, so GHG
shadow price is zero

S50 -

- Cases

reductions become more expensivg

In 42 MMT case,GHG constraint
does not become the main driver of|
new investments until 2030

A Exponential shapef GHG abatement cost curveflects the selection of

2018 2022 2026

2030

increasingly highecost resources to reduce increasingly more GHG emissions

A ¢KS

az2al t

YI NBAY I
by adding the assumed allowance cost to the GHG shadow price

Oz2ad

2+ DI

D

0 I

I 2030 marginal abatement cost in 30 MMT scenarb4s+ $29 =$283/metric ton (rounded up)
i 2030 marginal abatement cost in 42 MMT scenario: $121 + $8B56/metric ton

3.2. Costs in the Core Policy Cases
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RESOLVE OutplRevenue Requirements

A 2030 revenue requirements are based on sources shown in previous slides

A Costs other than IRP projected to increase revenue requirements by 11%
(real) over 2018030, driven largely by distribution and transmission costs

A By 2030 IRP adds 1% (real) to revenue requirements in 42 MMT Case and
In 30 MMT Case, mostly due to fixed costs of renewable energy

Annual Revenue Requirement (SMMr) Change from 2018 ($MMfr)
Cateqorv* Default Default 42 MMT | 30 MMT Default 42 MMT | 30 MMT
gory 2018 2030 2030 2030 2030 2030 2030

Distribution $11,443 $13,818 $13,818 $13,818 +$2,375 +$2,375 +$2,375
Transmission $3,903 $4,746 $4,746 $4,829 +$843 +$843 +$926
Generation (Conventional) $10,496 $10,705 $9,923 $8,337 +$107 -$516 -$2,051
Generation (Renewable) $7,585 $8,609 $9,621 $12,126 +$1,024 +$2,036 +$4,541
Generation (Storage) $256 $464 $551 $1,254 +$208 +$295 +$999
DSM Programs $1,649 $1,984 $1,984 $1,984 +$336 +$336 +$336
Other $1,081 $506 $506 $506 -$575 -$575 -$575
Total $36,412 $40,832 $41,150 $42,854 +$4,420 +$4,738 +$6,442

*See section 2.5 for breakdown of categories and source of data
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RESOLVE OutpwiverageRetail Rate

A Average retail rates calculated as revenue requirements divided by sales

A Costs other than IRP projected to increase average retail rate 17% (real)
over 20182030, driven largely by distribution and transmission costs

A By 2030 IRP adds 1% (real) to rates in 42 MMT case, and 6% in 30 MMT
Case, mostly due to fixed costs of renewable energy

Average Retail Rate (c/kWh) Change from 2018 (c/kWh)
Catedor Default Default 42 MMT | 30 MMT Default 42 MMT | 30 MMT
gory 2018 2030 2030 2030 2030 2030 2030

Distribution +1.5 +1.5 +1.5
Transmission 1.9 2.4 24 2.4 +0.5 +0.5 +0.6
Generation (Conventional) 5.1 5.4 5.0 4.2 +0.4 -0.0 -0.8
Generation (Renewable) 3.7 4.4 4.9 6.1 +0.7 +1.2 +2.5
Generation (Storage) 0.1 0.2 0.3 0.6 +0.1 +0.2 +0.5
DSM Programs 0.8 1.0 1.0 1.0 +0.2 +0.2 +0.2
Other 0.5 0.3 0.3 0.3 -0.3 -0.3 -0.3
Total 17.5 20.6 20.8 21.7 +3.1 +3.3 +4.1
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Observations Regarding Costs In
Core Policy Cases

A Distribution and transmission costs not related to GHG targets
are projected to drive increases revenue requirements,
average rates, and bills over the period 2@0

A Costs resulting from new renewable energy to reduce GHG
emissions are projected to have a smaller incremental impact
on revenue requirements, rates, and bills over the same
period

A In order to minimize ratepayer bills and ensure just and
NEIFa2ylrofS NIQXiSa gKAES | OKA:
reduction and other goals, it is important to identify
opportunities to put downward pressure on costs
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Summary Metrics for 42 MMT and 30 MMT
Portfolios in 2030

CAISO GHGs 34 MMT 24 MMT

w PZanan a?? a:w MMZaan a2 a

w MZnannn a2 @glw nXynn a2 g@gAa
SelectedResources w HANn a2 3IAS2iw HXIanan a2 3S

W HZnnn astoragel w oxZynn a2z o0l

W MZHAAN a? LJdz

Selected IaState Renewables 7,200 MW 13,000MW
LevelizedTotal Resource Cost (TRC) $40.0billion/year $40.9billion/year
Incremental TRC s * " %
(relative toDefault Case)* $239million/year $1.1billion/year
Marginal GHG Abatement Cost $150/metric ton $283/metric ton
System Plannindreserve Margin 31% 42

(resultingfrom addition of new resourcgs

*The incremental TRC results are calculated relative to the Default Case. All other results are total, not incremental.
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3.3.SELECTED RESOURCES AND
COSTS IN THE SENSITIVITY CASE



Guide to Organization of Sensitivity Results

The slides in this subsection present information on:

I how the quantities of four different types of resources (solar PV, wind, geothermal,
and pumped storage) that were selected in the Core Policy Cases change under
different assumptions about the future

I the impacts of those changes on incremental total resource cost

The information on quantities of selected resources are presented in
charts followed by a summary of the results

I For solar PV and wind, results are shown for the year 2022, since th&dlicxe
Cases show these resources being selected relatively early in the planning horizon

I For geothermal and pumped storage, results are shown for the year 2030, since
the Core Policy Cases indicated that these resources were selected relatively late |
the planning horizon

Changes in incremental total resource cost are shown in tables at the end
of the subsection

See AppendiB for more detail on howhe sensitivity cases were defined
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RESOLVE Output: Solar PV Selected in 2022 |
Sensitivity Cases

20,000 1 Default

15,000 -
10,000 -

5,000 -

20,000 + 42 MMT

15,000 -
10,000 -

5,000 -

2022 Selected MW

20000 30 MMT

15,000 -
10,000 -

5,000 -

o"’b Q Q%o (Joa,ﬂ- Q&% o@s \(\Q’% (Jo‘}' Q’Qp «0\) «00 Q& S ¢\°’ & L e"\“\' (Jo"’“ &'\, é.:a Q& qg,b Q‘& é‘\ﬂ- b“%
O (F A S NN RN MO R I IO NI P N
NY N N s® N N ¥ &® T A ¢ ¥ ® NS e,+C° o("\) x\o«e

3.3. Selected Resources and Costs 71



RESOLVE Output: Wind Selected in 2022 In
Sensitivity Cases

3.3. Selected Resources and Costs 72

















































































































































































































































































































































































































































































