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2023 PSP & 2024-25 TPP Analysis:
RESOLVE Sensitivity Resulis



R
Overview of Included RESOLVE Sensitivities

Sensitivity Description of Sensitivity Sensitivity Cases
Grouping

All sensitivities are compared to the 25

25 MMT Least-Cost ) 1) oot Cost case

1) High Battery
2) High Solar

: 3) High Land-Based Wind
One or more resourceshav e higher or 4) High Solar PV, Battery

Cost lower costs than modeledin 25 MMT 5) Low Offshore Wind

Least-Cost 6) Low Offshore Wind & High Land-Based Wind, Solar PV, Storage
7) High Geothermal & Biomass

8) High Gas Fixed O&M

Annual load forecast variesfrom25 MMT 1) High Electrification

Ul Least-Cost 2) 2021 ATE (Additional Transportation Electrification)
Av ailability of resources (gas, imports b MOGarals s KeTioment
AU BTM PV) v aries fromav cilcbilli’ry in25 MMTQ) T
Availability Least-Cost 3) No Imports for Reliability After 2028
4) Low BIM PV
1) Reducedland-based clean resource av ailability
2) Significantly reduced land-based competing resource av ailability
3) Low offshore wind cost & reduced land-based clean resource availability
Long Lead-Time: Different competing resource costs 4) Low offshore wind cost & significantly reduced land-based clean resource av dilability
Offshore Wind and av ailability constraints are added 5) High land-based wind (resource and transmission) costs
6) High land-based wind, solar, and storage costs (resource and fransmission costs)
7) Low offshore wind cost and high land-based wind, solar, and storage costs (resource and
fransmission costs)
California Public Utilities Commission 5
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Cost Sensitivities

Cost sensitivities explore how resource choices are/are not
robust to changes in resource cost trajectories

California Public Utilities Commission



Cost Sensitivities

Cost Sensitivities

« Performing multiple cost sensitivities enables the consideration of different cost
futures and theirimpact on optimalresource portfolio

« While near-term builds are more significantlyimpacted by current market
trends, future costs are more uncertain and are driven by several factors
iIncluding how supply chain of each technology evolves; therefore, the cost
competitiveness between technologiesis less predictable

« Cost sensitivitiesshow if resource choices are, or are not, robust to differences
IN resource cosfts

« Higher cost sensitivities are considered for a more conservative approach and
to evaluate delays in future cost reductions

* A lower cost sensitivity is considered for offshore wind to explore conditions at
which offshore wind is economically reasonable in future portfolios

California Public Utilities Commission 8



Cost

Sensitivities

Cost Comparison for 25 MMT Least-Cost (Core) vs. Sensitivities
ized Fixed Cost
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R
COS.I. SenSI.I.IVI.I.IeS New Cases A Indicates cost increase

Cases included in PSP/TPP Ruling materials v Indicates cost reduction
Definitions

Geo- In-State Ovut-of- Offshore Existing

Battery Blomass 4 ermal Wind Stafe Wind Wind Gas FO&M

25 MMT Least-Cost

High Battery A

High Solar A

High Solar PV & Battery A A

High Land-Based Wind A A

High Land-Based Wind, Solar PV,
Battery A A A A

Low Offshore Wind \ 4

Low Offshore Wind & High Land-
Based Wind, Solar PV, Storage A A A A \

High Geothermal & Biom A A

High Gas Fixed O&M A

California Public Utilities Commission 10



Cost Sensitivities

25 MMT Least-Cost vs Cost Sensitivities: 2039

Compared to the 25 MMT Least Cost
Case:

Planned & Selected Capacity by Scenario

* High battery storage costs (
reduce 8-hr batteries in the
ortfolio more than they reduce
he 4-hr battery builds and more
pumped hydro is selected

» High solar and battery costs |
resultin more geothermal build

» Higher land-based wind costs
resultin <1 GW wind replaced
with 8-hr battery

« With lower offshore wind costs,
offshore wind replaces a mix of
geothermal, out-of-state wind,
solar, and batteries in the
portfolio and reduces the total
system cost

* High biomass and geothermal
costs result in additional wind,
solar and 8-hr batteries and no
additional ﬁeo’rhermol gefts
selected atter 2028

« Higher gas fixed costs increase
the system costs substantially
but resultin. <1 GW non-retained
gas capacity

California Public Utilities Commission
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25MMT Least- 26MMT High 25MMT High 25MMT High 25MMT High 25MMT High 25MMT Low @ 25MMT Low  25MMT High | 25MMT High

Cost Battery Costs ~ Solar PV Solar PV &  Land-Based Land-Based Offshore Wind OSW & High Geothermal & Gas Fixed
Costs Battery Costs Wind Costs | Wind, Solar Costs Land-Based Biomass Q&M Costs
PV & Battery Wind, Solar Costs
Costs PV, Battery
Costs
$57,701 | +$362M | +$360M | +$743M | +S179M | +$928M | -$27M | +$795M | +$563M | +$1,116M

Annual Costs (SMM/yr)

= Gas Capacity Not Retained
m Shed DR
m Long Duration Storage
® Pumped Hydro Storage
u Li-ion Battery (8-hr)
m Li-ion Battery (4-hr)
u Solar
Offshore Wind
QOut-of-State Wind
o |n-State Wind
mHydro
m Biogas
m Biomass
u Geothermal
m Nuclear
nCHP
mNatural Gas

uCoal
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Cost Sensitivities
25 MMT Least-Cost vs Cost Sensitivities: 2035

 Portfolio compositionislargely

STO bl ein response TO COST Planned & Selected Capacity by Scenario
C h O n ges ( @ Gas Capacity Not Retained
* High geothermal costs reduce S

geothermal build by 2/3 %

 High gas fixed O&M causes very 40
slight Increase in gas retirements

® Pumped Hydro Storage
u Li-ion Battery (8-hr)
m Li-ion Battery (4-hr)
u Solar
Offshore Wind

NPV of Total Resource Cost

(SMM in 2022 Dollar Year, 2024-2065) 20 Out-of-State Wind

25 MMT Least-Cost $925,303 MM = In-State Wind

25 MMT High Battery Costs +$6,411 MM 10 mHydro

25 MMT High Solar PV Costs +$5,548 MM i ) :7"9“
HBlomass

25 MMT High Solar PV & Bafttery +$10,583 MM = Geothermal

Costs -10 .

25 MMT High Land-Based Wind  +$1,833 MM et Battery Costs  Soiar P\ Solar Py & | Land-Based | Land-Based Offshore Wind OSW & High Geotherm & _Gas Fired o

Costs Costs Battery Costs| Wind Costs | Wind, Solar Costs Land-Based Biomass O&M Costs u Natural Gas

25 MMT High Land-Based Wind, +$13,261 MM PV E Patery ‘;,V\‘[“’B’as;gf; Costs ‘o

SolarPV & Battery Costs Costs s

25MMT Low Offshore Wind Costs -$797 MM 2035

25 MMT Low OSW & High Land- +$10,461 MM $54,834 | +$213M | +$144m | +5235M | +$128M | +$362M | +$3M | +$468M | +S570M | +$1,060M

Based Wind, Solar PV, Battery Costs

25 MMT High Geothermal & Biomass +$7,795 MM Annual Costs (SMM/yr)

Costs

25 MMT ngh Gass Fixed O&M Costs +$] 6,829 MM Negligible increase in annual

California Public Ulilifies Commission Min.or correction made fo NPV & 2035 cost for High Geothermal costs ultimately becomes cost 12
& Biomass Costs case since slides released on 10/6/2023 savings by 2039




Cost Sensitivities

Key Takeaways

« Resource choices are generally stable inresponse to differences in resource
cost inputs, especially through 2035

« Cost sensitivitiesresult in minimal portfolio changes, even as portfolio costs
Increase/decrease

* This result reflects other factors than cost in the resource selection process, such as
resource potential imits, transmission limitations, etc.

« Offshore wind is an exception, as is shown |later in this presentation

« Minor portfolio changes are driven by cost differences as follows:
» High geothermalcosts leads to significant reductionsin geothermal build
« Geothermal is only selected to meet the MTR order requirements
» Low offshore wind costs drive RESOLVE to include offshore wind build

« High gas fixed O&M costs leads to marginally less gas retained but higher system
COsts

« High solar/battery costs increase geothermal build

California Public Utilities Commission 13



Demand Sensitivities

Demand sensitivities explore how resource choices are/are not
robust to different demand forecasts

California Public Utilities Commission



Demand Sensitivities

Demand Sensitivities

« Demand forecast is an input to the RESOLVE model

* In this set of sensifivities, loads higher than the 2022 |IEPR Planning
Scenario are modeled

* Performing multiple demand sensifivities enables the consideration of
uncertainties in electrification and system peak levels and informs how
resource portfolios change to meet increasing electric loads in the

future

« Demand sensitivities explore whetherresource portfolios are robust or
not in respond to load growth

California Public Utilities Commission 15



Demand Sensitivities

Definitions

2026 2030 2035 2039
Annual Peak Annual Peak Annual Peak Annual Peak
Load Demand Load Demand Load Demand Load (TWh) Demand
(TWh) (1)) (TWh) (GW) (TWh) (1)) (GW)
25 MMT Least-Cost 252 549 280 58.3 319 64.0 352 68.7
High Elechkificatfion
(2022 |EPR Local +3 +0.5 +12 +1.9 +27 +3.9 +35 +3.4
Reliability Load Forecast)
2021 ATE
(Near-Term Adjusted
2021 Additional 0 0 +1.6 +0.6 +14 +2.6 +45 +55
Transportation
Electrification)

Red indicates an increase relative to 25 MMT Least-Cost

Baseline Demand Transportqhon AAEE Scenario AAFS Scenario CARB SIP NOx
Case Scenario Rules
25 MMT Least-Cost Mid Case AATE Scenario 3 Scenario 3 Scenario 3 Excluded
High Electrification
(2022 |EPR Local Reliability Load Mid Case Scenario 3 Scenario 2 Scenario 4 Included
Forecast)
2021 ATE ) .
(Near-Term Adjusted 2021 Additional Mid Case 0T onOS scenario 3 Scenario 3 Included
Transport ation Electrification) ' 4
California Public Utilities Commission 16



Demand Sensitivities

Load Forecasts

« The High Electrificationscenarioreflects the 2022 IEPR Local Reliability load forecast and has the
highest near-term electricloads modeledin this set of sensitivities

« To avoidnear-term divergence in demand between load forecasts, the 2021 IEPR ATE Modified
Scenario has 2022 IEPR Planning Scenario loads through 2027, increasing to the 2021 ATE
afterwards (as modeledin the 2023-2024 TPP analysis). In this set of sensitivities, The 2021 ATE
load forecast has the highestloads in the long-run.

Annual Load Annual Peak Demand

400,000 90,000

= 80,000

85,000

350,000
=
300,000 75,000 ——2021 |IEPR ATE Modified
2022 |IEPR High Electrification
: ——2022 |IEPR Planning

250,000

65,000
200,000 o 60,000

55,000

~
o
o
o
o

Total Managed Net Energy (GWh)
ross System Peak (

150,000

50,000 : : : : : .
2020 2025 2030 2035 2040 2045 2050

2020 2025 2030 2035 2040 2045
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Demand Sensitivities

25 MMT Least-Cost vs Demand Sensitivities

 High electrification increases
costs substantially by increasing

SOlor |Ond bosed Wlnd 8 hr Planned & Selected Capacity by Scenario
battery and geotherm al builds Gas Capasity Not Retained
. e . ® Shed DR
- The modeled High Electrification o  Long Duraton Siorage
Scencrlo reﬂeChng The 2022 |EPR 50 m Pumped Hydro Storage
Local Reliability forecast assumes = Lbion Batry &0
lower energy efficiency and 70  Lion Battery (4-1)
higher electrification levels; 60 " Solar
therefore, it has much higher . Ofhire Wine
resource needs Out-of-State Wind
« Energy savingsfrom energy ” o
efficiency measures are not ° N
optimized and are |npu’rs tothe 2 e
model reflecting CEC's latest o
forecass g | -I IIIIIITT
° 25MMT  25MMT High 25MMT 2021 25MMT | 25MMT High 25MMT 2021 25MMT  25MMT High 25MMT 2021  25MMT  25MMT High 25MMT 2021 B CHP
Least-Cost Electrification ATE Least-Cost Electrification ATE Least-Cost Electrification ATE Least-Cost Electrification ATE u Natural Gas
2026 2030 2035 2039 aCoal
NPV of Total Resource Cost
(SMM in 2022 Dollar Year, 2024-2065) $48,997 | -$197M | -$368M | $51,364 +$822M| -$62M | $54,834 |e$2,21mi~$1,2oalv{ $57,701 |»$2,857N{+$3,159M
25 MMT Least-Cost $925,303 MM
25 MMT High Electrification +$31,293MM Annual Costs (SMM/yr)
25 MMT 2021 ATE +$16,223MM
California Public Utilities Commission 18



Demand Sensitivities

Key Takeaways

« Higherenergy demand accompanied by increases in system peak demand increase the need
for new resources

« Accelerated buildout of utility solar, out-of-state wind, and 8-hr batteries is needed to meet
higher energy demands

« Cases with higher electrificationshow higher electric system costs meaning that customers
would spend more on their electric bills; however, they would spend less on other energy costs
(e.g., spending money on EV charging instead of gasoline)

« The netimpact of these factorsis not quantified here

* While total electric system costs increase with higher electrification, electricity rates may stay
constant or even decrease depending on the ability to increase the utilization factor of fixed
costinfrastructure (such as generation, distribution, and fransmission capacity)

California Public Utilities Commission 19



Resource Availability Sensitivities

Resource availability sensitivities explore how robust resource
choices are to different resource availability assumpftions



Resource Availability Sensitivities

Resource Availability Sensitivities

« Resource availability sensitivities explore how changesinresource
availability or retirements could impact portfolio selection

» Resource availability risk is not explicitly considered in each RESOLVE
portfolio optimization

« Performing multiple resource availability sensifivities enables the
consideration of resource availability risks as part of the portfolio
development process

California Public Utilities Commission 21



Resource Availability Sensitivities

Definitions

New Cases
Cases included in PSP/TPP Ruling materials

Gas Capacity Retired Gas Capacity Retired Unspecified Imports BTM PV Capacity by
by 2030 by 2045 Assumed for RA 2045
25 MMT Least-Cost oGwW oGw 4 GW 44 GW
Moderate Gas Retirement 42 GW 45 GW 4 GW 44 GW
High Gas Retirement 3.1GW 12.1 GW 4 GW 44 GW
No Imporls for Reliability after 2028 0GW 0GW i 44 GW
(after2028)
Low BTM PV oGW oGwW 4 GW 31 GW

California Public Utilities Commission

Red indicates a difference from 25 MMT Least-Cost
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Resource Availability Sensitivities

25 MMT Least-Cost vs Resource Availability Sensitivities: 2035

« In cases with higher gas
refrement, gas (along with some
wind) is replaced with solar and
8-hr battery storage

« No imports for reliability after 2028
also leads to more solar and 8-hr
storage build, as wellas 0.5 GW
new gas

« Low BTM PV results in more utility-
scale solar and 4-hour storage, as
well as a shift from in-state t0 out-
of-state wind

» Cost savingsshown for BTM PV

iINnclude reduced customer costs
for BTM PV

NPV of Total Resource Cost
(SMM in 2022 Dollar Year, 2024-2065)

25 MMT Least-Cost $925,303 MM
25 MMT Moderate Gas Retirement +$3,742MM
25 MMT High Gas Retirement +$13,039MM
25 MMT No Imports for Reliability

After 2028 +$5469MM
25 MMT Low BTM PV -$5,073MM

California Public Utilities Commission

Planned & Selected Capacity by Scenario

(GW)

50

40

20

10

-10

25MMT Least-Cost 25MMT Moderate Gas 25MMT High Gas 25MMT No Imports for 25MMT Low BTM PV
Retirement Retirement Reliability after 2028
$54,834 +$382M +$503M +$537M -$553M

Annual Costs (SMM/yr)

Gas Capacity Retired
= Gas Capacity Not Retained
m Shed DR
¥ Long Duration Storage
® Pumped Hydro Storage
u Li-ion Battery (8-hr)
m Li-ion Battery (4-hr)
m Solar
Offshore Wind
Out-of-State Wind
u [n-State Wind
mHydro
m Biogas
H Biomass
u Geothermal
u Nuclear
uCHP
mNatural Gas

uCoal
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Resource Availability Sensitivities

25 MMT Least-Cost vs Resource Availability Sensitivities: 2039

« Trendsseenin 2035 are
m Ognl fled N 2039 Planned & Selected Capacity by Scenario
(GW Gas Capacity Retired

» Thereissignificantly more Co )

= Gas Capacity Not Retained

solarand 8-hr battery « Shed DR
storage buildoutin gas o = Long Duration Storage
o . u Pumped Hydro Storage
retirement and no import ot
reliability sensifivities “ a Liion Batery (¢-hn)
. Low BTM PV yields more o v
Uﬂ“TY-SCOle solar build 40 Out-of-State Wind
o In-State Wind
mHydro
20

m Biogas

m Biomass

u Geothermal

NPV of Total Resource Cost = Nuclear
(SMM in 2022 Dollar Year, 2024-2065) mCHP
25 MMT Least-Cost $925,303 MM -20 mNatural Gas
25 MMT MOd era Te GOS Re’rlremem‘ +$3,742MM 25MMT Least-Cost 25M Mlle')c/ilrzdr:;tte Gas 25MMT High Gas ZQZﬂl?ggilﬁ;alggroggzgr 25MMT Low BTM PV = Coal
25 MMT High Gas Retirement +$13,039MM 2039
57,701 494M 1,526M 602M -$310M
25 MMT No Imports for Reliability +$5,469MM > ' i i ’
After 2028 ’ A | Costs (SMM/
25 MMT Low BTM PV -$5,073MM nnualicosts( yr)

California Public Utilities Commission 24




Resource Availability Sensitivities

Key Takeaways

« Gasretirementsprovidelittle to no GHG emissionsreductions benefits in these
portfolios

« While in-state gas generation goes down, it isreplaced with imports (frequently gas
plants in neighboring regions)
« Gas retirementsincrease costs, withhigher levels of retirementsincreasing costs
significantly more

Hiﬁgh gas retirement sensitivitiesand the no importsfor reliability sensitivity lead to more
solar and 8-hr duration battery storage build overtime

« Gasretirement sensitivitieswere not analyzed to see if they would meet the local
reliability requirementsin LCR areas where gas generators are retired

« Replacing firm capacity inlocal areas may be a challenge for the high gas refirements
scenario

« Long-duration storage may be able to replace some of the local capacity need

« BTM PV is largely replaced with utility-scale solarresources in the Low BTM PV sensitivity

« Total resource costs are reduced as more expensive customer sited solar is replaced with lower cost
utility scale solar

California Public Utilities Commission 25



Long Lead-Time Sensitivities

Long-Lead Time sensitivities focus on offshore wind and explore
how resource costs and availability impact offshore wind
resource selection in the portfolio

California Public Utilities Commission
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Long Lead-Time Resource Senisitivities: Offshore Wind

Resource Availability and Cost Sensitivities

« Combinations of competing resource costs and resource availability are
explored to idenftify major factors impacting offshore wind selection in
the portfolio

« Given the high uncertainties in future costs and resource additions, this
set of sensitivities explores situations where offshore wind selection in the
portfolio is economically justified

California Public Utilities Commission 27



R
Long Lead-Time Resource Senisitivities: Offshore Wind

(] opgeo
D f i New Cases
e I n I I o n S Cases included in PSP/TPP Ruling materials

Indicates cost increase

(>

Indicates cost reduction

Geothermal, Biomass
& Pumped Hydro
Resource Build Limits
by 2035

Land-Based Wind & Land-Based Wind

Offshore Wind Costs Transmission Costs

Solar & Battery Costs Resource Build Limits
by 2035

25 MMT Least-Cost 25.6 GW 9.7 GW

Reduced Resource Availability

(hon-OSW resources) 7GW 3.5GW

Significantly Reduced Resource

Availability (non-OSW resources) 3GW 3.5GW

Low OSW Costs & Reduced v

Resource Availability 7GW 3.5GW

Low OSW Costs & Significantly v

Reduced Resource Avdilabili 3GW 3.5GW

High Land-Based Wind & A

Transmission Costs 25.6 GW 9.7 GW

High Solar, Battery, Land-Based A A

Wind & Transmission Costs 25.6 GW 9.7 GW

Low OSW & High Solar, Battery,

Land-Based Wind, Transmission \ 4 A A 25.6 GW 9.7 GW
Costs

California Public Utilities Commission 28




Long Lead-Time Resource Senisitivities: Offshore Wind

25 MMT Least-Cost vs LLT Sensitivities: 2035

+  Withlow offshore wind costs and significantly

reduced resource OVO"Ob'“Ty (I’]Oﬂ -OSW Planned & Selected Capacity by Scenario
resources), u 5) t04.3 GW offshore wind gets GW) = Gas Gapacity Not Retained
selected 035 et o
+ Higher competing resource costs alone do - = Long Duration Storage
noft result in offshore wind selection = Pumped Hydro Storage
« Reduced resource availabilityimpacting > = Lrion Batery (800
land-based wind, geothermal, pumped mLi-ion Battery (4-hr)
storage and biomass, is resulting in 40 = Solar
substantially higher solar and 8-hr battery Offehore Wind
30
builds and non-retained gas oot State Wind
NPV of Total Resource Cost 20 = n-State Wind
(SMM in 2022 Dollar Year, 2024-2065) = Hydro
25 MMT Least-Cost $925,303 MM 10 =Biogas
25 MMT Reduced Resource +$17,146 MM 0 _ — _ — = Biomass
Availability m Geothermal
25 MMT S|gn|f|$:on.’r!y Reduced +$24.846 MM 0 . | = Nuclear
Resource AVOI'O bl'lTy 25MMT Least- | 25MMT Reduced 25MMT 25MMT Low OSW 25MMT Low OSW  25MMT High 25MMT High  25MMT Low OSW, mCHP
Cost Resource Significantl Costs and Costs and Land-Based Wind  Solar, Battery, & High Solar,
§5 MMT LO,Z\\/ Olsv\éﬁOSfS & Reduced +$14,764 MM Availability Eeducedy RReduced Sgnc'r‘ficansly &Tragsmtission Lgn_lx_i-Baseq V_\%nd I_Ell_aﬂegry, Wind, mNatural Gas
2567\(/\);\‘]/{'1??0\/\\//%5\/\/ Icl:éSfS & Availability Availability Resource Costs Costs mCoal
Availability
Significantly Reduced Resource +$21,640 MM 2035
Availability
25 MMT High Land-Based Wind & | $54,834 | +$1,701M | +$2325M | +$1.428M | +52081M | +S347M +$545M | +$666M
Transmission Costs $4.153 MM
25MMT High Solar, Battery, Land- +$17,433 MM Annual Costs (SMM/yr)

Based Wind & Transmission Costs
25 MMT Low OSW & High Solar,
Battery, Land-Based Wind, +$14,784 MM

Transmission Costs 29




Long Lead-Time Resource Senisitivities: Offshore Wind

25 MMT Least-Cost vs LLT Sensitivities: 2045

+  Withlow offshore wind costs and
significantly reduced resource availability Planned & Selected Capacity by Scenario
(non-OSW resources), up to 5.8 GW () = Gas Capacity Not Retained
offshore wind gets selected by 2045 @ = Shed DR

140 ® Long Duration Storage

« Except for the case where offshore wind = Pumped Hydro Storage

costs are low and other competing 120 = Livion Battery (8-hr)
resource costs are high, no additional 100 uLiion Battery (4-hr)
wind gets selected post 2039 through = Solar

2045 g0 Offshore Wind

60 Out-of-State Wind

u |n-State Wind

NPV of Total Resource Cost "

(SMM in 2022 Dollar Year, 2024-2065) = Hydro

25 MMT Least-Cost $925,303 MM 20 =Biogas
25 MMT Reduced Resource mBiomass
Availa b|||'|'y 317,146 MM 0 m Geothermal
25 MMT S|gn|f|$:on.’r!y Reduced +$24.846 MM 0 | | = Nuclear
Resource AVO”O bll”’\/ 25MMT Least-  25MMT Reduced _25_M MT 25MMT Low OSW 25MMT Low OSW  25MMT ngh_ 25MMT High 25MMT Low OSW, mCHP

25 MMT Low OSW Costs & Reduced 514,764 Mm RN, CHIEY SRE Sovnmy | Ehamemsmen Lbaiind Gy e, matra G
Resource Availability ' miy | ey | Rt | Coe | STapmesbe | Teessn |
25 MMT Low OSW Costs & Y / Availability mes
Significantly Reduced Resource +$21,640 MM 2045

Availability

25 MMT High Land-Based Wind & ¢/ 1 55340 $64239 | +s1.498M | +s2118M | +$1229M | +$1722m | +s2a7m | +52422m [ +51,958M

Transmission Costs '

25MMT High Solar, Battery, Land- +$17,433 MM Annual Costs (SMM/yr)

Based Wind & Transmission Costs

25 MMT Low OSW & High Solar,

Battery, Land-Based Wind, +$14,784 MM
Transmission Costs 30




Long Lead-Time Resource Senisitivities: Offshore Wind

25 MMT Least-Cost vs LLT Sensitivities: 2039

+  Withlow offshore wind costs and
significantly reduced resource availability
(non-OSW resources), up to 5.8 GW
offshore wind gets selected by 2039

* Increased amount of storage, particularly
8-hr duration battery storage, leads to
less gas capacity being retained relative
to the least-cost portfolio

Planned & Selected Capacity by Scenario

(GW

80

2]
o

S
o

NPV of Total Resource Cost
(SMM in 2022 Dollar Year, 2024-2065)

25 MMT Least-Cost $925,303 MM
25 MMT Reduced Resource

Availability +$17.146 MM
25 MMT Significantly Reduced

Resource Availability 324,846 MM
25 MMT Low QSW.(.Zosfs & Reduced +$14,764 MM
Resource Availability

25 MMT Low OSW Costs &

Significantly Reduced Resource +$21,640 MM
Availability

25 MMT High Land-Based Wind &

Transmission Costs 34,153 MM
25MMT High Solar, Battery, Land-

Based Wind & Transmission Costs 317,433 MM
25 MMT Low OSW & High Solar,

Battery, Land-Based Wind, +$14,784 MM

Transmission Costs

-20

25MMT Least-

25MMT Reduced

25MMT

25MMT Low OSW 25MMT Low OSW  25MMT High

25MMT High

25MMT Low OSW

Cost Resource Significantly Costs and Costs and Land-Based Wind ~ Solar, Battery, & High Solar,
Availability Reduced Reduced Significantly & Transmission Land-Based Wind  Battery, Wind,
Resource Resource Reduced Costs & Transmission Transmission
Availability Availability Resource Costs Costs
Availability
$57,701 +$1,701M +5$2,397M +$1,571M +$2,180M +$514M +$1,289M +$1,135M

Annual Costs (SMM/yr)

m Gas Capacity Not Retained
= Shed DR
® Long Duration Storage
= Pumped Hydro Storage
= Li-ion Battery (8-hr)
m | i-ion Battery (4-hr)
= Solar
Offshore Wind
Out-of-State Wind
u |n-State Wind
mHydro
= Biogas
mBiomass
uGeothermal
= Nuclear
mCHP
mNatural Gas

mCoal
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Long Lead-Time Resource Sensitivities: Offshore Wind

Key Takeaways

« High cost for competing resources alone does not result in offshore wind
economic selection in the portfolio

« By reducing competing resource availability for land-based wind, geothermal,
biomass and pumped storage, more solar and storage are selected, and
more gas is not retained. However, the impact on the amount of offshore wind
selected is minimal

« The reduced resource availability (non-OSW resources) case does not have any
offshore wind selection while the significantly reduced resource availability (non-

OSW resources) has about 1.5 GW through 2045.

o Offshore wind selection is most sensitive to offshore wind costs

 The mostimpact in the selection of offshore wind is seen when the cost of offshore
windis reduced

« Even more offshore wind is selectedwhen thisis combined with other factors such
as cost of competing resources and the availability of the competing resources

California Public Utilities Commission 32




Detailed RESOLVE Results



25 MMT Least-Cost

Planned & Selected Capacity (GW)
I ) ) 1 T

Resource Category

Natural Gas

Geothermal - - 0.2

Biomass - - -
In-State Wind - - -
Out-of-State Wind - _ 2.4
Offshore Wind - - .
3.0 6.0 7.7
Li-ion Battery (4-hr) 4.1 4.4 5.4
Li-ion Battery (8-hr) - - ;
Pumped Hydro Storage - - i,
Long Duration Storage - - i,
Shed DR 0.3 0.3 0.5
Gas Capacity Not Retained

California Public Utilities Commission

1.6
0.1
3.9
9.4
5.4
20
0.5
0.6

1.6
9.6
4.3
9.4
5.4
20
0.5
0.6

2.1
11.8
4.3
14.0
5.4
0.1
2.5
0.5
0.6

2.1
12.5
4.3
15.3
5.4
1.6
2.5
0.5
0.6

3.0
12.5
5.4
15.3
5.4
1.6
2.5
0.5
0.3

3.0
13.4
6.4
15.3
5.4
3.1
2.5
0.5
0.3

3.0
13.4
9.3

25.9
5.4
7.8
2.5
0.5

3.0
13.4
9.3

29.3
5.4
9.6
2.5
0.5

3.0
13.8
10.2

58.1
5.4
20.8
2.5
0.5

(3.6)



Detailed RESOLVE Results:
Resource Cost Sensitivities



R
Resource Cost Sensitivity: High Battery Costs

Planned & Selected Capacity (GW)

Natural Gas

ResourceCategory |

NotralGos

i ; 0.2 1.5 1.5 21 2.1 2.9 29 3.9 3.9 3.9
i ; i 0.3 9.8 1.7 12.5 125 13.4 13.4 13.4 15.0
i ; 2.4 3.9 43 43 43 5.4 6.4 8.6 8.6 14.]
B 6.0 79 9.5 9.5 14.8 15.8 15.8 15.8 247 27.9 46.4
3.9 43 52 52 52 52 5.2 5.2 52 52 52 52
i ; i i i i 0.9 0.9 2.4 5.4 73 14.0
i ; i 21 21 25 3.1 3.1 3.1 3.1 3.1 3.1
i i i 0.5 0.5 0.5 0.5 0.5 0.5 0.9 0.9 0.9
0.5 0.5 0.7 0.7 0.7 0.7 0.7 0.3 0.3 : i .
o
I

Total 74| 07 | 163 | 287 | 837 ] w18 | 452 | 466 | 500 | 652 [ 703 | 1015

California Public Utilities Commission



R
Resource Cost Sensitivity: High Solar PV Costs

Planned & Selected Capacity (GW)
I ) ) 1 T

Resource Category

Natural Gas

Geothermal
Biomass

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

Li-ion Battery (4-hr)

Li-ion Battery (8-hr)
Pumped Hydro Storage
Long Duration Storage
Shed DR

Gas Capacity Not Retained

Total

- - 0.4
0.0 0.0 0.0
- - 1.8
3.0 6.0 9.0
3.5 3.9 47
0.8 0.8 1.0

1.5
0.0
3.3
12.9
4.7
2.1
0.5
1.1

1.5
7.9
4.3
12.9
4.7
2.1
0.5
1.1

2.1
11.9
4.3

14.7
4.7
0.1
2.6
0.5
1.1

2.1
12.3
4.3

17.2
4.7
1.4
2.6
0.5
1.1

2.9
12.3
4.8
17.2
4.7
1.8
2.6
0.5
0.3

29
13.2
58
17.2
4.7
3.2
2.6
0.5
0.3

3.5
13.2
9.3

22.5
4.7
7.7
2.6
0.5

3.9 3.9
13.2 13.8
9.3 1.7
24.6 46.0
47 47
9.1 19.1
2.6 2.6
0.5 0.5
- (2.1)

74| 07 | sy | 261 | 350 | 419 | a2 | 471 | 505 | 641 | 679 | 1002
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R
Resource Cost Sensitivity: High Solar PV & Battery Costs

Planned & Selected Capacity (GW)

Natural Gas

ResourceCategory |

NotralGos

i : 0.3 1.5 1.5 20 20 28 29 3.9 3.9 3.9
i ; i i 8.0 11.7 12.2 12.2 13.1 13.1 13.1 15.0
i ; 2.5 40 43 43 43 5.5 6.5 9.4 9.4 17.2
B 6.0 9.0 12.6 12.6 14.6 16.4 16.4 16.4 21.9 24.6 36.1
41 4.4 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
i ; i i i i 1.2 1.2 25 6.0 7.9 1.7
i ; i 21 21 27 3.1 3.1 3.1 3.1 3.1 3.1
i i i 0.5 0.5 0.5 0.5 0.5 0.5 0.9 0.9 0.9
0.3 0.3 0.5 0.6 0.6 0.6 0.6 0.3 0.3 : i .
02
I

Total 74| 07 | 74 | 264 | 347 ] 417 | 454 | 470 | 504 | 635 [ 680 | 928

California Public Utilities Commission



R
Resource Cost Sensitivity: High Land-Based Wind Costs

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - 0.2 1.6 1.6 2.1 2.1 3.0 3.0 3.0 3.0 3.0

Biomass - - - - - - _ - - - - -

In-State Wind 0.1 0.1 0.4 0.8 10.5 12.1 12.1 12.1 13.0 13.0 13.0 13.0

Out-of-State Wind - - 2.5 4.0 4.3 43 4.3 5.9 6.5 8.9 8.9 9.9
Offshore Wind - - . - - - - - . - , ,
3.0 6.0 7.0 8.7 8.7 13.8 15.5 15.5 15.5 25.8 29.6 55.5
Li-ion Battery (4-hr) 33 3.7 4.4 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Li-ion Battery (8-hr) - - - - - 0.4 2.0 2.1 3.5 8.4 10.2 22.5
Pumped Hydro Storage - - - 2.0 2.0 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 1.0 1.0 1.2 1.3 1.3 1.3 1.3 0.3 0.3 - - =
Gas Capacity Not Retained (3.7)

California Public Utilities Commission



Resource Cost Sensitivity: High Land-Based Wind, Solar PV & Battery Costs

Planned & Selected Capacity (GW)
I ) ) 1 T

Resource Category

Natural Gas

Geothermal
Biomass

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

Li-ion Battery (4-hr)

Li-ion Battery (8-hr)
Pumped Hydro Storage
Long Duration Storage
Shed DR

Gas Capacity Not Retained

California Public Utilities Commission

0.0

3.0
4.1

0.3

0.0

6.0
4.4

0.3

0.3
24

9.0
5.4

0.5

1.2

0.3
3.9

12.9

5.4
2.1
0.5
0.6

1.2
8.0
4.8
12.9
5.4
2.1
0.5
0.6

1.7
11.6
4.8
15.0
5.4
2.6
0.5
0.6

1.7
12.0
4.8
17.0
5.4
0.9
3.1
0.5
0.6

2.8
12.0
5.4
17.0
5.4
0.9
3.1
0.5
0.3

29
12.9
6.4
17.0
5.4
22
3.1
0.5
0.3

3.9
12.9
8.9

22.9
5.4
5.6
3.1
0.9

3.9
12.9
9.6

24.5
5.4
7.6
3.1
0.9

3.9
15.0
15.7
39.8

5.4
12.8

3.1

0.9

(0.8)



Resource Cost Sensitivity: Low Offshore Wind Costs

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - 0.2 1.5 1.5 2.1 2.1 2.8 2.8 2.8 28 2.8

Biomass - - - - - - _ - - - - -

In-State Wind 0.0 0.0 0.0 0.3 10.2 12.5 12.5 12.5 13.4 13.4 13.4 13.6

Out-of-State Wind - - 2.5 4.0 43 43 4.3 5.9 6.5 8.7 8.7 10.2
Offshore Wind - - - - - - - - - 2.8 2.8 28
3.0 6.0 7.7 9.2 9.2 13.5 15.4 15.4 15.4 22.5 26.3 51.8
Li-ion Battery (4-hr) 3.3 3.7 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Li-ion Battery (8-hr) - - - - - 0.4 1.9 2.1 3.6 6.9 8.6 20.2
Pumped Hydro Storage - - - 2.1 2.1 2.6 2.6 2.6 2.6 2.6 2.6 2.6
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 1.0 1.0 1.2 1.3 1.3 1.3 1.3 0.3 0.3 - - =
Gas Capacity Not Retained (3.7)

Total 74| 07 | 62 | 24 | e | a7 | a1 | 62 | @97 | 648 | 702 | 1052

California Public Utilities Commission



R
Resource Cost Sensitivity: Low Offshore Wind & High Land-Based Wind, Solar PV, Battery Costs

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - - 1.2 1.2 1.7 1.7 29 2.9 3.4 3.9 3.9
Biomass - - - - - - - - - - - -
In-State Wind 0.0 0.0 0.3 0.3 7.9 1.7 12.2 12.2 13.1 13.1 13.1 13.8
Out-of-State Wind - - 2.0 3.5 4.8 4.8 4.8 5.0 6.0 8.6 8.6 16.4
Offshore Wind - - - - - - - - - 2.8 3.8 5.5

3.0 6.0 9.0 13.0 13.0 14.7 17.1 17.1 17.1 19.8 19.9 30.9
Li-ion Battery (4-hr) 4.1 4.4 5.5 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6
Li-ion Battery (8-hr) - - - - - - 0.7 0.7 2.2 5.0 5.5 7.6
Pumped Hydro Storage - - - 2.1 2.1 2.5 3.1 3.1 3.1 3.1 3.1 3.1
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.8 0.8 0.8
Shed DR 0.3 0.3 0.5 0.6 0.6 0.6 0.6 0.3 0.3 - - =

Gas Capacity Not Retained

California Public Utilities Commission



Resource Cost Sensitivity: High Geothermal & Biomass Costs

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - - 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Biomass - - - - - - _ - - - - -

In-State Wind 0.0 0.0 0.0 0.5 10.2 12.8 12.8 12.8 13.7 13.7 13.7 13.8

Out-of-State Wind - - 2.5 4.0 5.0 5.0 5.0 7.0 8.0 10.7 10.7 12.0
Offshore Wind - - . - - - - - . - , ,
3.0 6.0 7.7 9.8 9.8 16.2 18.5 18.5 18.5 28.7 31.9 58.5
Li-ion Battery (4-hr) 3.4 3.7 4.7 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Li-ion Battery (8-hr) - - - - - 0.4 2.5 3.0 4.6 9.9 11.9 23.6
Pumped Hydro Storage - - - 2.2 2.2 2.7 2.7 2.7 2.7 2.7 2.7 2.7
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 1.0 1.0 1.2 1.3 1.3 1.3 1.3 0.3 0.3 - - =
Gas Capacity Not Retained (3.2)

Total 74 07 | s | 262 | 349 ] as | a1 | so7 |51 721 | 773 | 1189

California Public Utilities Commission



R
Resource Cost Sensitivity: High Gas Fixed O&M Costs

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - 0.2 1.6 1.6 22 2.2 3.0 3.0 3.0 3.0 3.0

Biomass - - - - - - _ - - - - -

In-State Wind - = = 0.3 9.9 11.6 11.6 11.6 12.5 12.5 12.5 12.5

Out-of-State Wind - - 2.5 4.0 4.3 43 4.3 5.9 6.5 8.8 8.8 9.7
Offshore Wind - - - - - - - - - - - -
3.0 6.0 7.4 9.1 9.1 14.3 16.2 16.2 16.2 26.7 29.7 58.6
Li-ion Battery (4-hr) 3.7 4.2 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Li-ion Battery (8-hr) - - - - - 0.3 2.0 2.0 3.6 8.5 10.5 22.4
Pumped Hydro Storage - - - 2.0 2.0 2.6 2.6 2.6 2.6 2.6 2.6 2.6
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 0.6 0.6 0.9 0.9 0.9 0.9 0.9 0.3 0.3 - - =
Gas Capacity Not Retained (0.6) (0.6) (0.6) (0.6) (0.6) (0.6) (0.6) (0.6) (0.6) (0.6) (0.6) (5.4)

California Public Utilities Commission



Detailed RESOLVE Results:
Demand Sensitivities



Demand Senisitivities: High Electrification

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - = 0.3 1.5 20 20 2.0 2.9 29 3.4 3.4 3.4

Biomass - - - - - - - - - - - -
In-State Wind 0.3 0.3 0.3 0.6 10.8 12.7 12.7 12.7 13.6 13.6 13.6 13.6
Out-of-State Wind - - 1.8 3.3 43 43 43 6.2 7.2 10.2 10.4 14.6
Offshore Wind - - . - - - - - . - , ,

3.0 6.0 9.0 12.5 13.3 22.3 25.6 25.6 25.6 36.9 41.8 67.4
Li-ion Battery (4-hr) 4.0 4.4 53 5.3 5.3 53 5.3 5.3 53 5.3 53 5.3
Li-ion Battery (8-hr) - - - - - 2.6 5.1 5.1 7.5 12.5 14.4 26.5
Pumped Hydro Storage - - - 2.1 2.1 2.6 2.6 2.6 2.6 2.6 2.6 2.6
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 0.3 0.3 0.5 0.5 0.5 0.5 0.5 0.3 0.3 - - =
Gas Capacity Not Retained (3.3)

Total 77 | 1o | 172 | 263 | 389 ] 530 | 57 | e11 | 55 | 851 [ 921 | 1306

California Public Utilities Commission



R
Demand Sensitivities: 2021 ATE

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - 0.8 1.8 1.8 2.4 2.4 3.2 3.2 3.8 3.8 3.8
Biomass - - - - - - - - - - - -
In-State Wind 0.3 0.4 0.4 0.7 8.6 11.0 11.0 11.0 11.9 11.9 11.9 12.8
Out-of-State Wind - - 2.5 4.0 43 43 4.3 5.8 6.8 9.7 9.7 15.7
Offshore Wind - - - - - - - - - - - -

3.0 6.0 9.0 11.4 11.4 17.4 20.0 20.0 20.5 43.4 52.1 71.7
Li-ion Battery (4-hr) 4.0 4.4 4.5 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
Li-ion Battery (8-hr) - - - - - 1.0 3.1 3.7 5.8 15.8 18.9 26.8
Pumped Hydro Storage - - - 1.8 1.8 2.4 2.4 2.4 2.4 2.4 2.4 2.4
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 0.3 0.3 0.5 0.6 0.6 0.6 0.6 0.3 0.3 - - =

Gas Capacity Not Retained

California Public Utilities Commission



Detailed RESOLVE Results:
Resource Availability Sensitivities



Resource Availability Sensitivity: Moderate Gas Retirements

Planned & Selected Capacity (GW)

Natural Gas

Geothermal = - 0.0 1.4 2.2 2.4 2.4 3.2 3.2 3.3 3.3 3.3
Biomass - - - - - - _ - - - - -
In-State Wind = - - - 7.5 8.4 8.4 8.4 9.3 9.3 9.3 13.4

Out-of-State Wind - - 1.5 3.0 3.9 3.9 3.9 5.0 6.0 8.5 8.5 9.7
Offshore Wind - _ - - - - _ _ _ _ _ _

3.0 6.0 8.3 10.4 10.4 17.3 20.2 20.5 21.8 35.8 40.9 55.2
Li-ion Battery (4-hr) 4.1 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6
Li-ion Battery (8-hr) - 0.4 0.4 0.4 0.4 2.8 4.6 5.0 6.9 12.5 14.4 20.5
Pumped Hydro Storage - - - 1.8 2.3 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Long Duration Storage - 0.2 0.2 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Shed DR 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.2 0.2 - - =
Retired Gas Capacity (2.6) (2.6) (3.5) (4.1) (4.2) (4.5) (4.5) (4.5) (4.5) (4.5) (4.5) (4.5)

California Public Utilities Commission



Resource Availability Sensitivity: High Gas Retirement

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - 0.1 1.8 2.4 2.4 2.4 3.5 4.4 5.0 5.0 5.0
Biomass - - - - - - - - - - - -
In-State Wind - - - - 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Out-of-State Wind - - 2.4 3.9 4.1 4.1 4.1 5.4 5.4 5.4 5.4 5.4
Offshore Wind - - - - - - - - - - - -

3.0 6.0 8.1 9.3 9.8 17.6 20.0 20.0 20.0 53.3 64.2 78.2
Li-ion Battery (4-hr) 3.8 4.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
Li-ion Battery (8-hr) - - - - - 2.7 5.4 5.4 6.7 18.3 22.2 28.2
Pumped Hydro Storage - - - 1.8 2.3 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.9 0.9 0.9
Shed DR 0.6 0.6 0.8 0.9 0.9 0.9 0.9 0.3 0.3 = = -
Refired Gas Capacity (3.1) (4.0) (4.7) (4.7) (4.7) (10.5) (12.1) (12.1)

Total 74| 07 | 165 | 282 | 289 ] 90 | 434 | 452 | 74 | 872 [ 1004 | 1204

California Public Utilities Commission



R
Resource Availability Sensitivity: No Imports for Reliability After 2028

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - - 1.4 2.3 2.3 2.3 3.2 3.2 3.3 3.3 3.3
Biomass - - - - - - - - - - - -
In-State Wind - - - - 7.5 8.4 8.4 8.4 9.3 9.3 9.3 13.2
Out-of-State Wind - - 1.9 3.4 3.9 3.9 3.9 5.0 6.0 8.5 8.5 9.7
Offshore Wind - - - - - - - - - - - -

3.0 6.0 8.5 10.3 10.3 17.6 19.3 19.7 20.6 34.3 39.3 55.0
Li-ion Battery (4-hr) 4.1 4.4 5.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Li-ion Battery (8-hr) - - - - 0.0 2.1 3.9 4.4 6.4 11.8 13.7 20.8
Pumped Hydro Storage - - - 1.8 2.3 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 0.3 0.3 0.5 0.6 0.6 0.6 0.6 0.3 0.3 - = =

Gas Capacity Not Retained

Total 74| 07 | 1ss | 289 | 338 ] a7 | 482 | 507 | s56 | 770 [ 840 | 1118

California Public Utilities Commission



R
Resource Availability Sensitivity: Low BTM PV

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - 0.8 1.6 1.6 2.1 2.1 2.2 22 2.8 28 2.8

Biomass - - - - - - _ - - - - -

In-State Wind 0.3 0.4 0.4 0.7 8.8 11.4 11.7 11.7 11.7 11.7 1.7 13.2

Out-of-State Wind - - 2.5 4.0 43 43 4.3 7.0 9.5 10.9 10.9 10.9
Offshore Wind - - - - - - - - - - - -
3.0 6.0 9.0 13.4 13.4 17.5 20.5 20.5 20.5 33.5 36.3 65.2
Li-ion Battery (4-hr) 33 3.7 3.7 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
Li-ion Battery (8-hr) - - - - - 0.1 1.5 2.0 3.2 7.6 9.6 20.7
Pumped Hydro Storage - - - 2.0 2.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 1.0 1.0 1.2 1.2 1.2 1.2 1.2 0.3 0.3 - - =
Gas Capacity Not Retained (2.8)

California Public Utilities Commission



Detailed RESOLVE Results:
Long Lead Time Sensitivities



LLT Sensitivity: Reduced Resource Availability

Planned & Selected Capacity (GW)

Natural Gas

ResourceCategory |

NotralGos

i ; i 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
i ; i i 20 20 20 20 20 20 20 20
i ; 1.3 28 43 43 43 43 50 50 50 50
B 6.0 9.0 10.2 18.8 247 282 317 323 4.0 543 843
4] 44 59 72 7.2 72 7.2 7.2 7.2 7.2 7.2 7.2
i ; i i 2.4 6.5 8.4 10.1 12.1 19.2 207 36.5
i ; i 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
i i i 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.3 0.3 0.5 0.5 0.5 0.5 0.5 0.2 0.2 : : :
(0.4) (0.4) (1.8) (3.9) (3.9) (4.4) (4.4) (4.5) (4.5) (4.5) (4.5) (7.6)
I
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R
LLT Sensitivity: Significantly Reduced Resource Availability

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - 0.4 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8

Biomass - - - - - - _ - - - - -

In-State Wind - - - - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Out-of-State Wind - - - 1.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Offshore Wind - - - - - 1.5 1.5 1.5 1.5 1.5 1.5 1.5
3.0 6.0 9.0 12.8 24.0 28.1 31.6 35.2 36.8 54.0 59.8 92.7
Li-ion Battery (4-hr) 43 4.6 6.3 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9
Li-ion Battery (8-hr) - - - - 4.7 7.5 9.3 11.1 14.0 21.1 22.5 38.8
Pumped Hydro Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 - - -
Gas Capacity Not Retained (0.5) (0.5) (2.1) (4.0) (5.6) (5.6) (5.6) (5.6) (5.6) (5.6) (5.6) (7.7)

Total 69 | 102 | 1a7 | 212 | 70 | 453 | 507 | 559 | 604 | 847 [ 920 | 1390
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R
LLT Sensitivity: Low Offshore Wind Costs & Reduced Resource Availability

Planned & Selected Capacity (GW)

Natural Gas

ResourceCategory |

NotralGos

i ; i 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
i ; i i 20 20 20 20 20 20 20 20
i ; 1.3 28 43 43 43 43 50 50 50 50
i ; i i i 28 28 32 3.2 4.4 4.4 4.4
B 6.0 9.0 10.2 18.6 207 23.4 26.4 27.5 407 457 76.1
41 4.4 59 7.2 7.2 72 7.2 72 7.2 7.2 72 7.2
i ; i i 2.4 4.4 6.1 7.4 9.3 15.7 17.6 3238
i ; i 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
i i i 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.3 0.3 0.5 0.5 0.5 0.5 0.5 0.2 0.2 : : :
(0.4) (0.4) (1.8) (3.9) (3.9) (3.9) (3.9) (4.2) (4.2) (4.2) (4.2) (7.6)
I

Total 70 | 103 | 14y | 196 | 340 | w07 | 452 | 493 | 530 | 736 [ 805 | 1226

California Public Utilities Commission



R
LLT Sensitivity: Low Offshore Wind Costs & Significantly Reduced Resource Av ailability

Planned & Selected Capacity (GW)

Natural Gas

ResourceCategory |

NotralGos

i : 0.3 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
i ; i i 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
i ; i 1.5 20 20 20 20 20 20 20 20
i ; i i i 28 33 43 43 58 58 58
B 6.0 9.0 12.9 23.9 26.0 28.2 312 32.4 46.2 513 83.8
42 45 62 7.7 77 7.7 7.7 7.7 7.7 7.7 7.7 7.7
i ; i i 48 6.5 8.1 8.5 1.5 17.4 19.3 349
i ; i 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
i i i 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.1 0.1 : : :
(0.5) 05 (200 (39 (54 (54  (54) (54 (54 (54 (54 (80
I
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LLT Sensitivity: High Land-Based Wind & Transmission Costs

Planned & Selected Capacity (GW)

Resource Category

Natural Gas

Geothermal
Biomass

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

Li-ion Battery (4-hr)

Li-ion Battery (8-hr)
Pumped Hydro Storage
Long Duration Storage
Shed DR

Gas Capacity Not Retained

Total

0.2

3.0
ke

75 ] 08 | 152 | 285 | 36 | w15 | ass | as4 | @97 | sea | 725

California Public Utilities Commission

0.2

6.0
3.6

1.0

0.8
0.5
0.5
7.7
4.5

1.2

1.6
0.9
3.6
9.1
4.6
20
0.5
1.3

1.6
10.2
4.3
9.1
4.6
20
0.5
1.3

2.1
12.0
4.3
14.0
4.6
0.2
2.5
0.5
1.3

2.1
12.2
4.3
16.3
4.6
1.7
2.5
0.5
1.3

3.0
12.2
5.1
16.3
4.6
1.9
2.5
0.5
0.3

3.0
13.1
6.1
16.3
4.6
3.4
2.5
0.5
0.3

3.5
13.1
7.4
27.1
4.6
7.7
2.5
0.5

3.5
13.1
7.4

31.4
4.6
9.5
2.5
0.5

3.5
13.1
7.4
59.8
4.6
23.8
2.5
0.5

(4.7)



R
LLT Sensitivity: High Solar, Battery, Land-Based Wind & Transmission Costs

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - 0.8 1.4 1.4 2.0 2.0 3.4 4.2 5.4 5.4 5.4
Biomass - - - - - - - - - - - -
In-State Wind 0.0 0.0 0.3 0.3 7.9 11.7 12.7 12.7 13.6 13.6 13.6 15.0
Out-of-State Wind - - - 2.8 4.3 4.3 4.3 4.3 5.1 6.3 7.1 9.7
Offshore Wind - - . - - - - - - - - ,

3.0 6.0 9.0 13.0 13.0 14.8 15.9 15.9 15.9 21.6 23.2 45.0
Li-ion Battery (4-hr) 4.1 4.4 5.4 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Li-ion Battery (8-hr) - - - - - - 0.7 0.7 1.1 5.1 6.8 16.3
Pumped Hydro Storage - - - 2.1 2.1 2.5 3.1 3.1 3.1 3.1 3.1 3.2
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 0.3 0.3 0.5 0.6 0.6 0.6 0.6 0.3 0.3 - - =
Gas Capacity Not Retained (2.5)

California Public Utilities Commission



R
LLT Sensitivity: Low OSW & High Solar, Battery, Land-Based Wind, Transmission Costs

Planned & Selected Capacity (GW)

Natural Gas

Geothermal - - 0.7 1.5 1.5 2.3 2.3 3.7 3.8 4.7 4.7 4.7

Biomass - - - - - - - - - - - -
In-State Wind 0.0 0.0 0.3 0.3 8.0 1.7 12.6 12.6 13.5 13.5 13.5 13.8
Out-of-State Wind - - - 2.5 4.0 4.0 4.0 4.0 5.0 6.3 7.1 9.6
Offshore Wind - - - - - - - - - 2.8 3.8 6.9

3.0 6.0 9.0 13.1 13.1 14.4 16.1 16.1 16.1 19.2 19.3 37.6
Li-ion Battery (4-hr) 4.1 4.4 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6
Li-ion Battery (8-hr) - - - - - - 0.4 0.4 1.6 4.6 5.4 12.7
Pumped Hydro Storage - - - 2.1 2.1 2.3 3.1 3.1 3.1 3.1 3.1 3.1
Long Duration Storage - - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Shed DR 0.3 0.3 0.5 0.6 0.6 0.6 0.6 0.3 0.3 - - =
Gas Capacity Not Retained (2.9)

Total 74| 08 | ie1 | 262 | 354 ] w13 | 451 | 462 | 44 ] 603 | 630 | 916

California Public Utilities Commission



Imports and Exports



o ——
Background - import/export to CAISO regions

 Imports and exports have been calculated and analysed for all 6 studies (2026,
2030 and 2035 Core and Least Cost cases).

« Loweringthe GHG target to 25MMT for the PSP analysis created a different resource
portfolio, which led to changes in import and export patterns.

» The followingslides show changes in future import/export patterns to CAISO.

California Public Utilities Commission 62




Monthly Import/Export for 2030 and 2035 - Core
Cases

2030 CORE CAISO monthly Import/Export (GWh)

2,000

* Monthly exports in all 10007
months exceeds

imports for 2030 0]

« The analysis shows in % 1000
2030 CAISO will have
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through June —
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« Highest imports o0

happen between
months of April to 0]
June in year 2030

GWh
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Monthly Import/Export for 2030 and 2035 - Least
Cost Cases

1,000 1

« For all Least Cost cases, monthly
exportsin all monthsexceed
imports

9 -1,000

-2,000 -

EEEEE
3,000

» The analysis shows that in 2030 T -~
and 2035 CAISO willhave mostly = 7 7 O

net exports ==
2,000 — Import
1,000 A
« Highest importshappen during .
months of April to June. & ol
-2,000
-3,000 -
— ] m = 'l w [ UEI:I =} 2 :| ﬁ
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Conclusions

* Monthly import/exportresults for both Core cases and Least Cost cases show an
increase in imports during months of April to June compared to other months of the
year. This frend can be seen in all study years.

* Most cases show a net export happening during all months of the year, though very
small net export GWh during the spring, almost netting to zero in May and June.

« 2035 Core case shows that during months of April to June, net import is occurring,
while in other periods interchange is net negative meaning net export is
happening.

California Public Utilities Commission 65
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