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ABBREVIATIONSD TERMS

CAISO
CCA
CEC
CPUC
DER
ELCC
ESP
GHG
GW
GWh
HFTD
[0]V]

kw
kWh
LMP
LSE
MW
MWh
NQC
PG&E
RA
RCAM
RPS
SCE
SDG&E
SGIP
SOC
SubLAP
VPP
WDAT/WDT

$/kW-month

California Independent System Operator
Community Choice Aggregation

California Energy Commission

California Public Utilities Commission
distributed energy resource

effective loadcarrying capability

electric serviceprovider

greenhousegas

gigawatt(s)

gigawatthour(s)

high fire threat district (from least to most threat: nétFTD, Tier 1, Tier 2, Tier 3)
investorowned utility (informally, utility)
kilowatt(s)

kilowatt-hour(s)

locational marginal price

load-servingentity (includes IOU, CCA, ESP)
megawati(s)

megawatthour(s)

net qualifying capacity

Pacific Gaand Electric Company

resource adequacy

Redwood Coast Airport Microgrid
Renewables Portfolio Standard

Southern California Edison

San Diego Gas & Electric Company
SelfGeneration Incentive Program

state of charge

CAlS@lefined subload aggregation point
virtual power plant

Wholesale Distribution Access Tdriffholesale Distribution Tariff

Dollars per kWcapacity) per month. Many benefits and costs in this
report are expresseds this metricdue to itsprevalencedn resource
adequacy planning and markei®he metricnormalizes benefits and
costs so resources of different sizes and in operatiowdoyinglengths
of time are more comparabld-or example, a 2 MW resource operating
for 6 months that yields $192,000 in benefits is twésbeneficial per
kW and per month{$192,006-2,000 kW6 months=3$16/kW-month) as

a 100 MW resource operating for 12 montihgt yields $9.6nillionin
total benefits ($9.6million+100,000 kW12 months= $8/kW-month).

For moreinformation aboutour calculations please ségpendixA.

2021 Preferred System Plan An outcome of the CPULCA 2020 kptegrated Resource Playcle

and the adopted portfolio that meets a statewide 38 million metricgon

(MMT) greenhouse gas target for the electric sector in 2030 and

35MMT for 2032 Includesl3,571MW of new battery storage plus

1,000 MW new pumpe¢ongduration) storageinstalled in 20222032.

{SS GKS /t!/ Q&a CSo NDAOMETable ACPUB nHH 5SSO0
2022, 101)

ENERGY
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2023 Preferred System Plan | y 2 dzii 02 YS 2 F ¢2(2R Bitegrated ReSbarcerPlamciicle

ancillary services

capacity creditcontribution

capacity value

co-locatedresource

duration

and the adopted portfolio that meets a statewide 30 million metric tons

(MMT) greenhouse gas target for the electric sector in 2030 and

25 MMT for 2035. Include$4,100MW of newshort-duration battery
storage(mostly4-hour), 500MW new pumpedstorage, and 400 MW

other newlong-duration storage installedy 2032 New resources grow

to 16,700 MWshort-duration battery storage and 500 MW other long

duration storage by 2035, then 85.2 MWSshort-duration battery .

storage (mostly $our) by 2045{ SS U KS /[t 13,20 CS 0 NHzI NE
Decision24-02-047, Table4 (CPUC 2024 68).

Ancillary services providgrid operational flexibility and stabilization for
the purposes of reliable electricity deliveiAISO ancillary services
marketsinclude nonspinning and spinning contingency resenaq
regulation up and downWe use the term more broadly to include
additional services like blackstart amdltage supportreactive powey.

I ASYSNAO GSNXY NBTFSNNAY Jesaugze | NB a 2 dzN.
adequacycapacity serviceelative to its full capacityNot to be

O2y¥FdzaSR 6AGK GKS F2NXIf RSFAYA(GAZY
program and RA procurements.

A generic term redrring to the monetization of capacity credit or
capacity contribution.

In the context of the CAISO marketplace, multiple resources behind a
single point of CAISO interconnecti@ach ofwhich participates
independently with their own individudesource ID5ee alsdybrid
resource Both celocated and hybrid resources may be subject to an
aggregate output constraint at the CAISO point of interconnection.

Thenumber of consecutive hours an energy storage resource can
discharge aits power capacity, starting fromfall charge Duration
reflects physical configuration andchnicallimits, not the full range of
operational capability. For example, a 10 MWdaur battery can also
discharge 5 MW over 8 hours.

effective loadcarrying capabilityA probabilisticalsR SNA 3SR YSUGNR O G KF G adzyYl NA T

energy capacity

energy storage

energy time shift

grid domain

S
NB&A2dINDSEAQ FoAf Al e acins alldiseNniGasaSt SO0 NA OA
opposed to more traditional metrics that reflect available capacity during a
single peak load hour. ELCC has become an increasingly important planning
and performance metric as California achieves increasingly high renewables
and energy storage penetian.

The maximum technical limit of total MWh an energy storage resource
can provide without recharging or replenishing stored energy.

Mechanical, chemical, and thermal technologiessdefined in California
Assembly Bill 2514 (Skinn@010 and clarified in CPUC Decision
16-01-032.

Refersto the service provided by energy storage to move large volumes
of renewable generation from one time period to another.

Refers to the general electrical locatidnergy storage can be
connectedat the bulk grid levebn the transmission network
(transmission domain), on the distributioxetwork and in front of the
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hybrid resource

marginal resource

marginal value

microgrid

power capacity

roundtrip efficiency
short-/long- duration

state of charge

tonne
use case

dzi A fcustimetndeter (distribution domain), or behind thed A £ A (1 & Q&
customer meter (customer domain).

In the context of the CAISO marketplace, multiple miftesl resources
ONBFSNNBR (2 ada a02YLRYySyliaséo 06SKAYR
interconnection, such as solar PV and battery energy storage, which

participate as aombinedresource with a single Resource 82e also

co-located resourceBoth celocated and hybrid resources may be

subject to an aggregate output constraint at the CAISO point of

interconnection.

The last and most expensive resource cleared in a competitive market.
In this report, we mayefer to the marginal resource in a wholesale
electricity marketplace for energy, ancillary services, or RA capacity.

Derived froman actual or counterfactuaharketclearing price for a
service in a competitive market. In this reposte convert market
revenuesor avoided costinto a standardized $/kWhonth metric for

ease of comparison of marginal value among supplier costs and many
types of supplier services.

As defined in California Public Utilities Code Section 8370(d), a microgrid
is an interconnected system of loads and energy resources, including,
but not limited to, distributed energy resources, energy storage,

demand response tools, or other management, forecasting, and
analytical tools, appropriately sized to meet customer needt)iwa

clearly defined electrical boundary that can act as a single, controllable
entity, and can connect to, disconnect from, or run in parallel with,

larger portims of the electrical grid, or can be managed and isolated to
withstand larger disturbances and maintain electrical supply to
connected critical infrastructure

The maximum technical limit of instantaneous MW an energy storage
resource can provide.

The ratioof usefulenergydischarged to energy consumed for charge

2 KATS GKSNB Aa y2 adl yRI NRdZN RAHA Y NE
as resources configured to discharge at full MW capacity for up to 10

hours, and longluration as those configured to discharge at full MW

capacity for more than 10 hours.

The share of energy capacity held in a battery at a given time. For
example, a 10 MWh battery at 50% state of charge is capable of
discharging 5 MWh without recharging. State of charge factors into
operating performance, operating capabilities, and battdegradation.

A metric ton (1,000 kilograms).

A techncal, operationaland/or financial model fodeveloping and
operating an energy storage resource to provide a specific set of
services (e.g., microgrid use casdge cass are varied andhay or may
y2U0 d&adil @ihiha gri® deidain@esgacustomer outage
mitigation plus bill savings) and/across grid domains (e.g., community
outage mitigation plus energy services to the bulk grid)

ENERGY
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PREFACE

In 2010, California Assembly Bill 2514 (Skinner) directed the California Public Qilitiesission (CPUC)

to determine appropriate targets for the procurement of energy storage systems by electricity load
serving entities under its jurisdiction. The bill enabled several policy innovations to explore and accelerate
the scalability of theremerging stationary energy storage technologies.

CPUC Decision 1®-040 subsequently launched an energy storage procurement framework that, by the

end of 2021, played a crucial role in the acceleration of commercially viable and scalable energy storage

Ay GKS aidliadSeo ¢KS /t I /AaBAENEY (5 RAA 3 KBSy NI M\5lg @MJzI0IA |
of AB 2514 the 2023CPUC Energy Storage Procurement Styalgsents evidence of this success. The

2023 study also identifies several remaining challenges to accessing the full suite of services energy
storage offers, and it highlights opportunities to unlock additional benefits from the energy storage fleet.

Scaling Up and Crossing Bounlisa G KS /t |/ Qa aSO2yR S@glfdd GA2y 27F
FNI YSG2Nl ® ¢KAAa aiddzRé O2ydAydzSa GKS /t!/ Qa SEI YA
electricity markets, use cases, and pollcy pathways to unlock full value from this flemtblmadular 5
NBaz2d2NOSo 'a GKS adalriasSqQa SySNBHeé aid2wHdEmplicationrs SG & Ot
for energy, ancillary services, and resource adequacy markets and identifies policy adjustments that may

be reeded. As energy storage continues to cross traditional industry boundaries in planning,
procurements, and operations, this report provides additional guidance towards beneficial multiple use
applications that provide services both to (a) customers ordeal distribution system, and (b) the bulk
(wholesale) grid.

The authors would like to thank Gabe Petlin, Andrew Dugowson, and Dilin Naidoo of the CPUC Energy
Division for their valuable feedback and guidance. The authors are grateful to the many stakeholders who
contributed by providing data and feedback to thisidy, with a special thanks to the CPUC, California
Energy Commission, California 1ISO, Pacific Gas and Electric, Southern California Edison, San Diego Gas &
Electric, Redwood Coast Energy Authority, The Energy Authority, and Schatz Energy Research Center.

For full study context we highly recommend review of the 2CG23JC Energy Storage Procurement Study,
available atwww.lumenenergystrategy.com/energystorage

ENERGY H
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EXECUTIVE SUMMARY

Scaling Up and Crossing Bourglhe California Public Utilities 2 Y Y A a @:Ruljyeﬁbad evaluation

of its energy storage procurement framework. This study contithed t | / Q& SEI YAY I GA2Yy
storage growth, performance in electricity markets, use cases, and policy pathwawptotk full value

from this flexible and modular resource.

The first evaluationCPUC Energy Storage Procurement Study published mi@023. Pursuant t&¢ PUC

Decision 1310-040, both evaluations seek to learrirom historical stationary energy storage
procurements and operationso F A &4S&da GKS S@2fdziA2y 2F /.IBOtHh F2NY AL
S I t dzkey ab2eyvationandguidingrecommendationsare meantto highlightpolicy leverghat will

support development of a cosffective energy storage portfolio tha&ffectivelycontributes tomeeting

the stateQa 3 2dleétrixity id optimization, renewabkintegration, and greenhouse gd&HG)

emissions reductions

This report is organized around two study goals, each building from the objectives, findings, and
recommendations of the 202BPUC Energy Storage Procurement Study

The first study goal is to assess the wwakld implications for energy, ancillary services, and resource
adequacy markets as the energy storage fleet scaled up dramatically in 2022 and 2023, then to identify
policy adjustments that may be needed.

The second study goal is to build a record of etli@en crossdomain multiple use application (MUA)

OFrasS adtddzRASa ¢gKAOK RSY2yaidNlGS GKS o0SySTAaida FyR
provide services both to (a) customers or the local distribution system, and (b) the bulk (wholesale) grid.
ThesecasestidSa ' NB RSaA3IySR (2 AYLNRBO®S GKS /t!/ FyR &ai
crossdomain MUA are feasible and scalable; to what degree a resource can provide RA capacgy servi

when it is built for the purpose of outage mitigation or distribution deferral (or vice versa); and how MUA
operations can optimize crosfbmain services when they conflict.

Scaling Up

Installed energy storage capacity participating in the CAISO marketplace is growing rapidly as the state
continues to build storage to meet future reliability needs while also decarbonizing itd/¢geidbserve
continued significant growth in system benefitbut also lack of transparency in hybadd customer

sited resources, and a need to adjust policies to actual operating performas®perating battery
energy storage scales up to unprecedented levels.

TheCPUC Energy Storageocurement Studginalyzes energy storage resources across all grid domains,
including about 1,100 MW transmissi@onnected and distributioitonnected resources participating in
the CAISO marketplace and installed by 20@1. That study includes a forwal@bking analys of
expected benefits, in anticipation of fleet growth that is now being realized.

By the end of 2021, actual gratale battery resources in the CAISO marketplace more than doubled to
about 2,500 MW. Then, by the end of 2023, installaticrechednearly 7,500 MW .We analyze detailed
market and operations data provided by the CAISO to understand how this growth has translated into
energy, ancillary, and reliability services to the bulk grid.

In 2022 and 2023he energy storage use case in the CAISO marketplace continued to transition from
ancillary services to energy time shifbeaning nost resources now regularly charge during {priced

periods in the day and discharge during hpgited periods in the eveningVith more emphasis on energy

GAYS aKATFGOGZEZ GKS YIF22NRGE 2F /! L{hQa aiThe\siom@& Tt SSi
fleet is also increasingly helping with integration of renewable energy resources by mitigatisgmplg.

Energy storage clocated with solar PV provided higher benefits than standalone stoigeto more

Lumen 555
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operational focus on energy time shift and location in southern California where the marketplace signals
a higher need.

Overall, the CAlIS@articipating storage fleet provided substantial benefisthe electric systenin the
2017¢2023 timeframeFigurel shows how mst new energy storage resources incremental to @rUC
Energy Storage Procurement Stymgvided systembenefits above $15/kWnonth, comparable to the
higher end of the 2012021 resourcdevel benefits calculated in the 2023 studyunen2023, A29).
Average energy value of storage resources in CAISO grew by &hootoxer $5/kWmonth, relative to

results from the first evaluation. RA capacity accounts for an increasing share of the value provided by the
storage fleet. These observed rembrid results and market trends are consistent with the forward
looking analgis included in th€PUEnergy Storage Procurement Study

One challenge, however, is that energy storage configured as part of a hybrid resource, and customer
sited energy storage, continue to be ntmansparent in the CAISO marketplace. Their siperating
restrictions andactualoperations cannot be determined with the available market data. For this reason
they have been excluded from the abeglescribed analysig.hese resources are also scaling up, but until
they can be understood and analyzed alongside other bulk grid resources they will continue to pose
unique planning and policy challengéss emphasized in thEPUC Energy Storage Procurement Study
improvements in data management are imperative as energy storage scales up in different forms and
acros all grid domains. The 2023 study recommendations include development of universal and
standardized data collection, retention, quality control, and reporting of intelexa| operations for all
ratepayerfunded energy storage resources.

Another challenge comes with the increasing importance of energy storage operating performance as its
contributions to the RA capacity market and system reliability grows. We investigate historical availability
and performance of the storage fleet in CAl®@rket in 2022 and 2023, including during egtdessed
periods, to help validate and improve future resource planning and procurement efforts in California.

We find that energy storage resources experienced more tifahigher forced outage rates relative to =~
FaadzYLliA2ya Ay (KS aidkighiScam seadhhl Bnd ddflylvafigfidnyl@theimordaR A S &
of August and Septembeand in the evening when the CAISO grid is typically the most strained, the
average outage rate is 1 percentage point higthemn the year as a whol®uring these peak periods,

daily averagdorced outage rates exceeded 15% in 1 out of every 5.d&lyis is in comparison thé 5%

outage rate currently assumed in grid planning studies.

Furthermore, an extended outage due to safety ewest Moss Landing facikts, plusdelays inlocal
approvalprocesseslriven by safety concerpslustrate theimportant link between management of safety A
NAala FYyR GKS &ai2NI 3S tTah iSsBdiaBd raidedinM@OUC Ehefgy Stiddg®R NI 7
Procurement Study

$40
$35
$30
$25
$20
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$10
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Figurel: Estimatedsystem(gross)enefits of storage resources in CAISO ()23

A Storage in the 1st study |

$/kW-month
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Crossing Bounds

TheCPUEnergy Storage Procurement Stinityhlights low success rates and lack of market acceleration
in distributionconnected energy storage resource development, despite: (a) growing needs for
community resilience solutions, (b) a need for distributed solutions to naturaifiges peaker
replacementsin order toavoidor reducetransmissionupgradesfor otherwise costeffective resource
solutions (c) the unique ability to produce value streams both to the transmission system and distribution
system, and (d) eglence that these smaller distributed resources can produce high ratepayer value.

The 2023 study also highlights a disconnect between custaitent energy storage resources and
services they could provide to the broader grid, coupled with increasing pressure for financially accessible
customersited resilience solutions. Vahstackingacross grid domains, through multiple use applications
(MUA), has been demonstrated in the market, and it is key to overcoming the financial barriers to
distribution-connected and customesited resources. But many questions remain about feasibility of
crossdomain MUAS to scale up in the number of installations, and in the benefits they provide to both
ratepayers and customerBigure2 summarizes the full spectrum of potential services provided by energy
storage (check marks), and the specific multiple value streams in focus in this study (purple areas).

We utilized four types of data to develop and learn from a set of edossain MUA case studies: (1)
circuitlevel outage datdor the 201%2019 periodat 8 selected locations to understand a diversity of
outage risks faced by customers, (2) the characteristics of 63 individual distribution deferral opportunities
(DDOs) identified by utilities, (3) system RA capacity and locaL@&Rpenergy market pes, and (4) the
characteristics of Qactual energy storage projecis Appendix E (Case Study Fact Sis¢e

To estimate crosdomain MUA opportunities, operations, and value we simulated energy storage
operations under alternative MUA scenarios using an hourly (8,760 consecutive hours for a year) dispatch
optimization model. These case studies are designed teJw® S UKS /[t | / Yy R
understanding of what types of cresemain MUA are feasible and likely scalable; to what degree a
resource can provide RA capacity service when it is built for the purpose of outage mitigation or
distribution deferral (owice versa); and how MUA operations can optimize edmgsain services when

the need for those services conflict.

DNAR 52YF Ay

Services to Grid and Customers Transmission Distribution Customer

Energy

Frequency Regulation P

Spin/NonrSpin Reserve P

Flexible Ramping P

Voltage Support P

Blackstart P

System RA Capacity [ P ]

Local RA Capacity P

Flexible RA Capacity P

Transmission Investment Deferral P

T&D e

el DI.StI‘Ibu.tlon Inve.stment Deferral [ P ]
Microgrid/Islanding [ P ]

TOU Bill Management

S| (=Rs]o=loi| (o3 Demand Charge Management

| WoJor=1 IST=10Yi(ol=XSl Increased Use of Seffeneration
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Figure2: Scope of possibnergy storagservicesand focus of crostomain MUA analysis (purple)
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Crossdomain MUA with customer outage mitigation

We observecustomersited resourcegprovide scalable outage mitigation serving individual customers

and the surrounding community. Actual development of solar plus storage, which protects against the
most impactful long duration outages, is relatively high, especially for residential cerstois discussed

in the CPUC Energy Storage Procurement Skalyinfluencers to crossomain valuestacking are retail
NFoSa YR LINRINXrYad ¢KIU audzReQa NBO2YYSYRFIUAZ2YyaA
applicable here.

The scalability ofubstation and feedeilevel distribution-connected resourcefor outage mitigation
suchasi dzOK |a {5D39Qa .2NNb3I2 {LINAy3Iaz .dzZiuSNFASEtRZ |
substation microgrids is limited by the prevalence diistribution-level outage risks.

In comparisoncommunity-level microgridsare closer to customers but they are still connected to the
distribution system. These resources offer distinct advantdgethe purposes of outage mitigaticemd
could be broadly scalable across the stataut they face significant barrier$he Redwood Coast Airport
Microgrid provides a templatéor CPUC Rulemaking-09-009 for an LSE/IOU edevelopment process,
operating agreement, and tariff, but financial barriers have yet to be overcome.

We find that stacking RA capacity and energy value with outage mitigation is possible and could
significantly reduce financial barrierSor a specific resourcehe optimal crosslomain MUA strategy
depends on local outage characteristics, outage impacts, and customer risk tolerapodisy approach

to reducing financial barriers will need to better enable MUA, andlineed to recognize MUA challenges

in parts of the state where outage risks compete with system RA needs (e.g., areas with a sutager ou
problem).

Crossdomain MUA with distribution deferral

The CPUC Energy Storage Procurement StmBerved, in the advanced stages of procurement,
distribution-connected energy storage developed to defer specific distribution investments faced major
challenges as the size and timing of identified needs changed over time.

Digging deeper into the underlying distribution deferral (DD) planning and procurement processes, we

find several challenges that limit the visibility of a large number of energy storage distribution deferral
opportunities (DDOsp 2 4G 2 F G KS LINE 0 inSiVA YaS(ES YF&2 NBNER YA (1A y63e dyaSii K 2
which the IOUs cannot identify a DDO until it is too late to procure awiogs solution for itCombined,

the DDO timing and market screens excluded over 95% of opportunities for distrilmaioreced

storage identified over the past 5 years. The resulting distribution deferral procurement marketplace,

mostly suppliedby distributionconnected energy storage providers, is so thin thatly 19% of
procurements yieldiiable energy storageligible opportunities, representing <1% of total potential DDOs

and only about a dozen projects in total. Third party developers thus have a low chance of securing a
revenue stream through this procurement process

Valuestacking RA capacity and enemgrvicess an important ingredient téthe economic feasibility of
storage procured for distribution deferral. Our analysis demonstrates this -cla®sin use case is
feasible and beneficial. Out of 63 potential projects analyzed, most DDOs can capture >50% of potential
RA benefits through vaé-stacking, and about a third can capture >80% of potential RA benefits. Un
stackable value is mostly due to the (longer) minimum duration requirements of some DDOs and/or the
timing and duration of DD calls.

Ultimately, br developers to consider distributieconnected projects rather than transmission
connected projects, they need a positive revenue outlook for distribution deferral serkridég. planning

phase when considering siting, developers need better 3+ year forecasts of when and where distribution
deferral needs will likely occur. They also need a policy mechanism to ensure that once a resource is built,
they will have access to the distribution deferral marketpléoewhen and where those needstmally

ariser even if the I0Us cannot identify needs until they are imminent.
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Observations on etual benefitsand challengesluring the2022;2023period

continue to drive gnificant growth in CAISO marketplace contingeo transition from
transmissiorrconnectedenergy storage capacity ancillary services to energy time shift

Installed battery storage capacitin the CAISOIn the 2023 CPUC Energy Storage Procurement
marketplace reached almogt5 GW by the end ofStudywe observe an increase in energy value and
2023 compared to about 1 GWnline as of Aprilcorresponding GHG emissions reductidor most
2021 and analyzed in theCPUC Energy Storagesources patrticipating in the CAISO marketplace
Procurement StudyThis rapid growth is largely2021 That trend continueshrough2022 and 2023.
driven by Integrated Resource Plan (IRP

procurements to meet system reliability needs. N)or_rhybrid eergy storage fleetwide average
ancillary services value continued to decrease, from

A large share of n@ energystorage resourcesn about $4/kW-monthin 2021, to$1.5/kW-month in
the CAISO marketplace mired with solar PV 2023. Concurrently, energy value continued to
About 70%of the new energy storage capacitjicrease, from abous3.5kW-month in 2021, to
incremental to the CPUC Energy Storaged/kW-monthin2023.

Procurement Study is paired with solar
generating resources.

System reliability and resource adequacy need8he predominant energy sorage use case in thI

I:)VUnder this use case, st of the CAlISQarticipating
energy storage resources now regularly charge

Most of these paired energy storage resources tdringlow-priced periods in the day and discharge
colocated with solar PV systems: energy storagllinghigh-priced periods in the evening.

ggdafgtlgr Er\1/ dé??j?fl;:r:eer?t ?:rsls%estglrjergeallgi Seﬁwath increased focus on energy timghift, CAISO|
P y ' participating energy storage resourcesprovide

A smaller sharef energy storage resourcemired Significant GHG emissions reductians

with solar PV systerare in a hybrid configuration:With more emphasis on energy timghift, the .
energy storage resources and solar PV resourcesyate2 2 NA & 2 F /| lmprh éiféctivalyi 2 NI 3 S
metered and settledindera sharedResource It reducing GHG emissions.

a shared point of interconnection. ) o
The nonhybrid CAIS@articipating battery energy

The characteristics and operations ¢fybrid and storage fleet enabled almostd00,000metric tons
customersited energy storage in the CAIS@onneg of GHG emissions reductions in the
marketplacecontinue to benon-transparent December 202@November 2023 timeframe.

Energy storage in a hybrid configuration, such
those hybridized with solar installations or natur : : o .
gasfired generators, do not yet systematical provide higher GHG emissions reduction

report the operations of their energy storag enefits than standalone st.orage
components forevaluation purposes. Among the newer noinybrid resources analyzed,

energy storage ctocated with solar P@rovidedan
Similarly, customesited energy storageesources average ofl9tonnedMW-month in GHG emissions
participating in the CAISO marketplace through treductions, compared toabout 10 tonnegdMW-
Proxy Demand Resource (PDR)del cannot be monthfrom standalone energy storage
identified through market data and the market data ] ] )
do not reflect complete operational data of enerq‘&he difference is partly due tmore operational
0

storage components for evaluation purposes. cus on energy time shift and partly due to
location. Most ccolocated storage is in southern

As foreseenin the 2023 CPUC Energy Storadgealifornia where GHG emissions reduction
Procurement Studylack of these data creasepotential is higher due to lower marginal GHG
significant barriers to analysis of these types @mission ratesvhenenergystorage is charged.
resources especiallywithin the relatively short

timeframe of this study.

ﬁaverage, @ergy d$orage celocated with soIarI
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Energy storage resources, especially ones pairdd recent history,the CAISO experienced two
with PV, are also helping with renewablextreme heat waves leading to systdavel
integration by reducing curtailments emergency declarationdn mid-August 2020 the

CAISO market data indicatéise storage fleet is CAISO had3¥ MW of gridscale battery storage
increasingly helping with integration of renewabfPerating Most resources focused dhe ancillary

energy resources by mitigating oversupply. ?Negic():e:nrggitufggorfegitil\;f)tag;Jyal(ifgért]gbﬁaggsity

Avoided renewable curtailments are significant8f%of installed MW

higher for the new energy storage resources, . . oA
especiallythose co-located with solar PV, These In early Septembey 2022 the / ! L{ hQa ol uus
resources are sited in areas experiencing higégrage fleet grew to 3. GW. Most new resources
curtailments; they also charge regularly whdfcused on energy time shift. Aggregate NQC was

renewable oversupply conditions emerge. 84%of installed MW

The associated benefits are also increasing as Af¢éual average forced outage rates of CAl
0240 2F YSSGay3a (KS amarkg-eagigipatigasRaieey epefgs glorageara ¥ 2 f A 2
{dFyREFNR owt {0 N&aS$aosiorfigagtly /highey "than langetine gesayicell n v o
market price benchmarks used in its Power ChaRj@nning assumptions.
Indifference  Adjustment (PCIA) calculation®e/ t | /Infegrated Resource Planning models
includes an RPSlder of $30/MWh for 2023CPUCassume a5% expected forced outage rate for
20239, about2xhigher thanprior year®2 wt {. bhatterR Sdkdge(CPUR023d 131) based orearly

_ _ _ data on the energy storage fleet just as it was
RA capacityalue accounts for an increasing Shar?eaching the GW scalén 2022 and 2023, thaon-
energystorage fleet outage rateaveragedll.5% across all months and
As described earlier, most of the new CAISO marketurst more than 2x the planning assumption
participating energy storage installed in 2022 and _
2023 isdriven by Integrated Resource Plan (IRf®fual forced outage ratesduring August an

procurements to meet system reliability needs  Se€ptember peak periodsare higher than th
annual averageandthey indicatealarger share o

Average gstemwideRA capacity pricaa 2023 are high-outage dayghan the rest ofthe year.
$14.4/kWmonth (CPUC20239, up from about |y 2022 and 2023, theonhybrid fleetwide actual
$3/kW-month prior to 2019, and &B/kW-month pattery energy storage forced outage rate during
in the 202052022timeframe. August and September evening peak periods (hour
ending 17 through hour ending 2ps12.6%t one
percentage point higher than theyearwide
average During these peak periods, forceditage
rates exceeded 5% in 1 out of every days

Overall, the CAlIS@participating battery energy
storage fleet provide substantial and increasing
electric systenbenefits.

Most new resources incremental to the 20€PUC

Energy Storage Procurement Studgnalysis The historical record is too short to analyze ye
provided system benefits above $15/kWnonth, to-year variability in CAISO markegtarticipating
comparable tothe higter end of 20172021 battery energy storage outages, buMoss Landin
resourcelevel benefits calculated in the 2023 studyafety evens had astriking impact on overall flee
(Lumen2023, A29). The relatively high benefits operformance September 202through May 2022

newer resources, highesystemRA capacity valug 2 33 o nnQa wRiperaftage RRS R
on a $/kwWmonth basis, and higher energy value &g fleetwide forced outagerates in September and
all interrelated and contribute to an increasingctober 2021 then 10;16 percentage points to
trend of systembenefits. fleetwide plannedoutage ratesin November 2021
through May 2022 after the outage was
recategorized. The magnitude of impact on
fleetwide outage rates isdue to the NB & 2 dzNJOS Q a
relatively large MW compared to the size of the

battery energy storage fleet at the time

With increased focus on energy time shithe RA
capacity contributions of CAISG@participating
energystorage resourceduring gridstress periods
have improved
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Gossdomain multiruse applicationsopportunities and challenges

We analyze two types of credemain multiuse applications (MUA): customer outage mitigation
services combined with services to the transmission grid (wholesale markgtplagelistribution
deferral services combined with services to the transmission grid.

Crossdomain MUA with microgridsoffer distinct advantages and could
customer outage mitigation scalable, buthey face significant barriers

Targetinga set ofcriticaland essential facilities in a
. . community with distribution-connected resource
Customersited resources provide scalable outaggy|ytions placed electrically closer to customers
mitigation serving individual customers and thgeqyces the amount of dstribution gridhardening
surrounding community needed for outage mitigation, while still offering
Installed customesited storage isalready at the broad communitylevel benefitslt can also reduce
GW scale and mapid growth is driven by outagénvestments costs due to economies of scale and
mitigation needsand use caseOver 1,600 MWresourcessharing with load diversity across
customersited energy storagds interconnected individual sites.
through Noember2023 In a surveyconductedby N _
VerdantAssociates, LLC as part of their 2021 marki@wever, customers and communities fazeuite
assessment 84c99% of customers with storag@f challenges todeveloping these muHproperty
statedthat backup/emergency power is among theolutions on the distribution system that are
top 3 drivers of their installation decision. electrically upstream obnsite and camputevel
G0 SKeyWRB (i SNE &2f dziA2yaod
Installations at on-residential sites such as critical . _ o
facilities, community centers, and other facilitieEhe Redwood Coast Airport Microgriprovides
providing critical  servicasprovide broader template for an LSE/IOU cdevelopment process
communitylevel outage mitigation and help oper_ating agreement, and tariff, but financi
support residents who may face technical, logistida®riers have yet to be overcome
or financial barriers to home installations The Redwood Coast Airport Microgrid (RCAM)
- o _ offers one of the industa  &x&ndples of
The salability of distribution substation and g,ccessfutievelopment andapplicationof a multk
feederlevel resources for outage mitigation igyroperty distributionconnected outage mitigation
limited by prevalence ofdistribution-level outage ¢qution RCAM is a template for policy
risks advancements t@reatea multi-property operating
Most customer outage experiences and risks arigreement and tariff under CPUC Rulemaking 19
driven by hazards tand failures om the 09-009.

distribution systemTransmissiofevel outage risks

are comparatively low. RCAMprovides energy and ancillary services in the
CAISO marketplace nearly every hour of the year.

Existing outage mitigatiefocused _distribution But it has yet been unable to access the RA capacity

connected microgrid projectsa dzOK | & rdvénles Quddl to a viable business case.

Borrego Springs, Butterfield, and Shelter Valley . _

YAONRINRARE | yR t Dsg 9 QdtackingRapgaaiyaniiznergs \woeith <pu{age§ly

Targeteddistribution-connected community—levelti

microgridg effectivelyserve communities exposedhitigation is possible;the optimal MUA strateg

to outagesfurther upstream on the gridBut these depends on outage characteristics & risk toleran
types ofresilience and reliabilityesource solutionsEnergy ®rage capacity kept in reserve for outage
address arelatively uncommon grid topologymitigation reduces hownuch can be provided as
andor outage risk situation and thusre not services to the transmission giidnd vice versa).
broadlyscalable across the state.
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Not all outage mitigation solutions can provide R3iven the planning challengeshet resulting
capacity valueto the grid without significantlydistribution deferral procurement marketplace
increasing local outage exposurésit our analysisrepresenting only 5% of potential opportunitigs,

of 8 outage mitigation case studies demonstrates thin that 45% of the procurements were
that many canIn 5 out of the 8 case studiesjnsuccessful due to lack of offers, lack of a feasible
customers retained most of their outage mitigatioportfolio, or lack of coseffectivenessAnother 16%
capability through a resilienelcused use caghat of procurements werecanceled or delayed during
also capturesnost oft Yy Sy SNH& & (i 20l @dBurdiBri 2pdzdeEsS @ to  stringent
potential RA capacity and energy value. requirements on project size and timing.

Exclusion of RA capacity value reducestential The thin market and procurement challenges
market revenues to offsetresilience investment yltimately reduced viablesnergy storageeligible
costby 2/3, and it reduces the icentive for those opportunites to 19% of  procurements,
in need of a resilience solutioto participate in the representing<1% of totalpotential DDOsand only
wholesale marketplace at all about a dozen projects in totalThird party
Without RA capacity asravenue streanfor those developersthus have a low chance afecuring a
who can actually andverifiably provide it our revenue stream througkhis procurement process.
analysis demonstrates hownly customers and . . o
communities with a relatively low value of lost loalf’® OPerating requirements of most distributio
(i.e.,the cost of outages to thejrwould be willing eferral opportunities synergize well with syste

to trade energymarket revenueso accept some RA capacity needs

additional outage risk. Ironically, these would be ti6aur analysis of 63 distribution deferral opportunity
customers and communitiesith the leastneedfor case studies shows thatost distribution deferral

a resilience solution in the first place. resourcesanalyzed can capture >50% of potential
RA benefits through valustackingand 1/3 can
capture >80% evenconservativelyassumingsach
project operates to meeits maximumdistribution
deferral service calls an@é subject tocharging
constraintswhen not called

Crossdomain MUA with
distribution deferral
Though the experience is limited to a few projects
Current distribution deferral planning and and a short timeframe, the operations of installed

procurement processes face several challengBEojects confirms these valustacking synergie©f

that limit the V|S|b|||ty of a |arge numbeiof energy the three aCtua"y-InSta”ed distribution deferral
storage opportunities projects to date Acornl andtwo Wildcatl projects

all were procured under a bundled RA capacity and

. . . distribution deferral contractand all participate in
screening and selection process aggressw%ﬁ} SRR A x 1 oela _ A s
eliminates energy storages a solutionMost of the =~ L{hQa gKgi5atts YINLSOLFC

LINEOE SY auSYanu®NBY K 2\kdiddkibigMYolbsale market services wit
methodology through which the 10Us canngistribution services significantly improves the
identify a DDO until it is too late to procure a ROBconomic feasibility ofmost storage solutions to
wires solution for it. This ystematic under meet distribution deferral needs and it is a

forecasting of procurement opportunities plus jmportant ingredient to a viable business case f
other elimination screens excluded 95% ofjistribution deferral.

Wpr?rtunir:ies iden;ifi_ed overh thed pasfao%cgggrﬁ'heCPUC Energy Storage Procurement Snalje
ithout those restrictionspn the order o . . :

> several policy recommendations to remove barriers
energy storage developmerdpportunities would to disptribu){ior‘rconnected energy  storage

be identifiedand procuredevery year. installations and emphasized the need for value

Review of the distribution deferral planning andstacking.
procurement process confirms theurrent policy |

framework as an unreliable revenue source for Srfll:]
party developers to build a viable business case.

The wrrent distribution deferral opportunityDQ

this study, our case studies demonstrate the
ancial implications of valustacking.At current
market prices total energyplus RAcapacityvalue
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potential of storage isabout $60/kWhyear. We Developers can access RA capacity revenues at scale
estimate that most storageeligible DDOs couldvith ~ transmissiorconnected  resources and
capture at least 50% of this value ($30/k\Wtsar or through i K S IRAdafdity procuremens. For
more) through valuestacking This could pay for alevelopersto consider incurring additional cost to
large portion of the storage investment andbuild on the distribution system, regardless of the
accordingly reduce the distribution service procurement mechanisnthey need some positive
payments needed. revenue outlook fostackabledistribution services.

But for developers to consider distributionIn the planning phase whemonsidering siting
connected projects rather than transmissiendevelopers need betteB+ yearforecasts of when
connected projects, they need a positive revenuand where distribution deferral needs will likely
outlook for distribution deferral services occur. They also need mechanism to ensurthat

Battery energy storagecosts tend to includeONCe a resource is built, it will hawecesgo the
economies of scale (Viswanathan et al. 202@ys.tr|but|on deferralmar_ketplacgwhen and where
Distribution-connected energy storage will likelfloseneeds actually arigeeven if the IOUsannot
include acost premium compared teransmission identify needs until they are imminent
connected as shown in theCPUC Energy Storage

Procurement Studftumen2023, 23)

Recommendations on policy efforts going forward

The2023CPUC Energy Storage Procurement Snatje policy recommendations in 6 categories:

Evolve Signals for Resource Adequacy Capacity Investments
Bring Stronger Grid Signals to Customers

Remove Barriers tDistributionrConnected Installations

Improve the Analytical Foundation for ResiliefRelated Investments
Enhance Safety

Improve Data Practices

oukhwNE

All recommendations from the 2023 evaluation continue to be relevant and important to the
development of an energy storage fleet that effectively and efficiently meets state gd@ts.report
reaffirms and builds uposeveralof those recommendations.

Continue tolmprove Data (ollection Practices
Ongoing efforts to improve data collection aneededto enable meaningfulevaluatiors and policy
adjustmentsas the energy storage fleet grows and changes

In 2023 the CPUC and CAISO worked togethemptiate their datasharing arrangementso include

ongoing and standardized reporting of energy storage performance in the CAISO marketplace (CPUC
2023a) Understanding the operations of the energy storage components of hybrid resources and-behind
the-(utility)-meter resources (Proxy Demand Resources, or PDRS) participating in the CAISO marketplace,
however, continues to be a challenge.

As a next stepourrecommendations for the CPUC are to:

9 Continue to monitor the reported hybrid data collected by CAISO; work with the CAISO to refine those
reporting requirements if needed; and, when those data become available and geo@aititsolled,
include an analysis of hybrid resourcesfiture energy storageevaluations

1 As recommended in th€PUC Energy Storage Procurement Stuatyyire that ratepayefunded
resources participating as Proxy Demand Resources (PDRs) in the CAISO mariegptadbeir
complete (charge and discharge) interviglvel operations modeled after the SGIP requirements for

G
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Performance Based Incentives and expanded to include information on state of charge, standby losses,
and operations during upstream grid outageln future energy storage evaluationgse that
information to better understand thecapabilitiesof customer aggregationge.g., Virtual Power Plant,

or VPP) to provide RA capacity servieesl how they might balance the tradeoffs of services to the
CAISO marketplace with onsite customer needs

Update Outage andPerformanceAssumptions

{AYAEFNI @S & ¢S 20 aSdan&ldapé&ionsan@miikét peifaingantk chéhget t SS G |
over time, those operating patterns and trends will need to be incorporated into planning and
procurement assumptiongegularly andbn an ongoing basis.

As part ofits ongoing planning and procurement updatesir recommendations for the CPUC are to:
§ Validael yR dzLJRFGS GKS SySNHe& aG2N}3IS F2NOSR 2dzil 3§
planning and RA program activities to incorporate the most current information. This includes

incorporation of a higher (11.5%) annual average forced outage rate, and consideration of the hourly,
daily, and monthly outage patterns and variatiomsparticularly during summesvening peak periods.

1 Consider and incorporate market trendswards lowerancillary services revenueslightly higher and
leveling2 dziT Sy SNH& NB@SydzSa Ay GKS /t!/Qa w! OFLI O
evaluation methodologies.

1 As recommended in th€PUC Energy Storage Procurement Stuwmiytinue to explore the safety
reliability link, firstly to inform improvements in safety practices, but alsadentify andreduce risks
to the reliability of the bulk grid.

Improve Investment Synergies ofCommunity ResilienceSolutions

Improving access to the wholesale marketplace for all types of resources that can provide actual and
verifiable services to the transmission grid will unlock the potential of edossain multiple use
applications (MUA), reduce financial barriers to laesource solutions, androvide more RA capacity
options to support system reliability

Towards this strategy that starts with enabling crdssnain MUA, our recommendations to the CPUC are
to:

1 As recommended in th€PUC Energy Storage Procurement Stagglore opportunities tdoring
stronger grid signals to customerand, as part of that effort, consider mechanisms tlzdiow
customers to tailor_their participation in_program$ased on their reliability and resilience risk
tolerances, and based on the time profile (e.g., monthly and hourly) of their local outage risks.

1 Explore planning and procurement refinements for communigvel resources to access and better
synergize with the RA capacity marketplaaich as incorporation of neiwformation on community
level resources and community resilience planning activitieshe IRP process, exploration of
appropriate procurement mechanismer communitylevel resourcesand consideration of how
communitylevel resources can utilize the ShokDay framework to enter the RA capacity
marketplace.

1 Implement solutions tohelp smaller local developers overcome the logistical and financial
roadblocks to IOU and CAISO deliverability assessments and potential wires upgrades nesaidd R
asOf SIF NBNJ AYF2NN¥I U0A2Y az2dz2NOSa 2y | aLISOAaRdh O Nba z
consideration of a Transmission Project Reviike stakeholder engagement process for future
WDAT/WDTefinements and modernization

o Consider RA capacity market participation models for resources in parts of the state where local
outage risks compete with providing RA capacity to the bulk gridr example, program and
compensation mechanisms to verifiably salipply RA capacity during grid emergengcies
regardless of upstream distribution and transmission deliverability
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RemoveBarriers to theDistribution Deferral Marketplace 5 5 ]
azau 2F¥ UKS StSySydua 2F¥ UKS /t;/ YR Lh} Qa -RAa&auUNR
framed into a planning and procurement process whitiproves both (a)the success oflistribution
deferralprocurements andb)the business case fdevelopers to consider resources capable of providing
distribution deferral servicesThis is achieved by circumventing the many planning and procurement

OF NNASNAR adSYYAy3a FTNRBY (GKS Lh!aQ aedzad Ay GAYSE
forecasts of distribution deferral opportunities.

To better enable scaling of distribution deferral services, our recommendations to the CPUC are to:

f Reframe the GNAs and DDA&sJNE RdzOS |y | vydz f £ & dzLJRFGSR RFGIE £
best and most granular information on when a distribution deferral need is likely to occur on each
distribution feederand substation

o This is similar to what the GNAs/DDORSs produce today, but stops short of the filters, screens, and
rankings (tiering) the IOUs apply to narrow hundreds of potential DDOs to a handful of
procurements. It also provides more comprehensive information on distribution deferral
characteristics across all feeders and substations.

o Importantly, the information should include an estimatedistribution deferral call windows and
of potential deferred distributiorinvestment costs.

1 Provide this information on a timely basis to developepstentially participating in the RA capacity
program with sufficientdata granularity and accessibility to enalievelopersto refine the3+ year
forecasts of when and where distribution deferral needs will occur.

I Allow developers to offer distributiononnected resources into RA capacity procurements with
contract provisionsthat quaranteeA ¥ | YR g KSY O2YuUuN) OUSR NBEa2dzNOSa
deferral needs they will have the option to provide that service and be compensated accordingly

o0 This option to provide distribution deferral service should be available regardless if their siting
OK2AO0S A& o0laSR 2y (GKS Lh! Qa 55h FT2NBOlFad 2NJ 0
I Duringthe RA contract term,a determine when and where actual distribution deferral needs occur,
dzaS GKS Lh! aQ BDORanalylicdl Zrchitebtire tb gStmate DDOs assuming the
counterfactual without the contracted resourcdf a DDO is identified, the contract option to provide
distribution deferral service is activated, and avoided distribution deferral payments are timsetly
or indirectly on the planning estimate (above).

1 AssumingRA capacitys the primary use casegllow distribution deferral service to be provided
voluntarily, with performancebaseddistribution deferral payments and a wires upgrade backstop
LYy GKS Lh!'aQ Db! YR 55hw Fylféaara ol o0o20S0 AYLIH
backstopdistribution wires upgradeThebackstopwould be implementedbased on actualistribution
facility loadings and energy storagesource performance duringjstribution deferralcall windows.
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Concluding remarks

CPUC Scaling Up and Crossing Bouealf§irms and builds upon several recommendations from the
inaugural evaluation in 2028,PUC Energy Storage Procurement Stilllyecommendations from the
2023 evaluation continue to be relevant and important to the development of an energy storage fleet
that effectively and efficiently meets state goals.

Installed energy storage capacity participating in the CAISO marketplace is growing rapidly as the state
continues to build storage to meet future reliability needs while also decarbonizing itdvps&l.of the
CAlS@participating energy storage resources now regularly charge duringtmed periods in the day ;
and discharge during higpriced periods inthe evening. KA 4 UNBY R FdzZNOKSNJ audNBy 3l
contributions towards thei (i | AsSefbly Bill 2514 (Skinner, 2040jls of electricitgrid optimization,

renewables integration, and greenhouse gas emissions reductions

As transmissiottonnected battery energy storage scales up, this repecommendspolicy actions
incremental to recommendations in the 202Z3PUC Energy Storage Procurement Sttadygupport
improved planning and procurement of energy storageticipating in the wholesale marketplace.

But distributionconnected and customesited energy storage resources also have the potential to
provide benefits at a larger scaleand they have the unique ability to provide services to the distribution
system and directly to customers and their comnii@s. This report offers case studies to facilitate a
better understanding of those opportunities, and it presents recommended policy actions to reduce
barriers to development while also improving investment synergies for both customers and ratepayers.

Inour evaluationsve SE LI YR dzLl2y GKS &0l G4§8SQa LXLFYyyAy3a [yR |yl
resourcespecific storage operations, at a fine temporal and spatial granularity, across all grid domains,

and across all potential services offered by energy storage ressun future studies we recommend

continuing to build uporthis framework. We expect themes in future evaluations to include ongoing

policy adjustments towards data collection improvements and refinements, updates to grid planning
assumptions, and new and refined procurement strategies as the energy storage fleet scales up and
resource types evolve.

G
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The purpose of this report is to assist the CPUC and its stakeholders to learn from its energy sto;
market transformation and actual operations, identify current and future challenges, and adapt polic
accordingly. Building upon the 2023CPUC Energy Storage Procurement Studh, analyze the

performance ofenergy storage resources participating in the CAISO marketplace in 2022 and 023

alsoexplore opportunities and challenges in the development of energy storage resources to prov.
services to thedistribution system, and to customers and their communities.

¢KS adldsSqQa OdlSdramapngsdNEhsforration fowards almost all renewaksavith

a large share ofrariable solar and windgeneration Energy storagerovides key servicefor efficient
use of renewable capacity by transmitting excess renewable generation to times of deficient
However, it must do so at a large scale with proven technologissd with procurements and market
mechanismghat appropriately value those services.

Going forward, policies must continue to evolve with the market to unlock the full potential of th
Falll 0SQa SYSNHeée auz2NX3IS LR2NUTF2fA2OD

California is a world leader innovative energy policies to transform markets to addresstithe costsof
environmental damage and climate chartgepeople andheir quality of life As part of its path towards
clean energy goals the statframaticallytransformed itsstationary energy storagenarket In 2010,
almost 15years agpthe CPUC and its stakeholddexed manyunknowns and risks in terms ehergy
storagecosts, operating capabilities, ability to participate in wholesale markets, andtéonyg cost
effectivenessWhile wenow havemuch more information to understand those unknowns and risks
alsoface new questions about how to scale and diver8ify energy storage portfolio to yield as much
benefitto Californianss possible

The purpose ofHis report isto assist the CPUC and its stakeholdersetrn from its energy storage
market transformation and actual operations, identify current and future challengesadapt policies
accordingly This report i®rganized in three chapters:

1 Chapter 1(Scaling Upexplores the market and policy implications of ttentinuedacceleration
of energy storage resources participating in the CAISO marketplace in 2022 and 2023

1 Chapter 2(Crossing Boundsexplores case studies to facilitate a better understanding of where
crossdomain Multi-Use Application (valustackingppportunities lie, and how they can be tapped
to accelerate development of a diverse energy storage portfolio that provides a full suite of
benefits to both customers and ratepayers

I Chapter 3(Recommendation} highlights policy actions that can help address barriers to the
0SYST¥Aua 2F SYSNHé auz2N)r3IS uKFU [N ' LILJ NByu A
GKIFG GKS adlraisQa StSOGNRO aeadSYy ySSRa yR YIEN
over time

This reportincludes severadppendicesproviding more detail on analytical approach, calculations, and
researchrelated findings to support our key observations and recommendations.
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/[ I £ A Fdebidenergpgopals inclu@%renewable energy by 202€sing to60%by 203Q andcarbon
neutrality by 2045(Figure 3). To achieve those goaglshe state is in the process of a major grid
transformation towards an electricity supply portfolio of mostly solar photovoltaic (PV) generation, plus
generation from hydroelectric, wind, biomass, geothermal, and natural gas resources. Stationary energy
storage plays an essential role ithe total resource portfolipand its key benefit is to support the
efficiency, coseffectiveness, and reliability af system withhigh levels of renewable generation

I VR

Energy storage has the potential fa wide range of service@§igure4). Electrically, the closerna
installation is to the customerthe more services it cartheoretically provide. Storage resources
interconnected directly to transmission system can provide suite of services to thevholesale
marketplace Distributiornrconnected storage resourcescan provide the same set ofservices to the
transmission system in addition to
distribution systemservices Customer
sited resourcescan provide all of the
above, plus customespecific services
like bill managementand onsite backup
power. Sme services showim the figure

are not fully additive or additive at all.
However, he primary purpose and value
AY [T ITEAT2NYALIQa SyS
its ability to move large volumes of
renewaldle  generation from one
timeframe to another in a controllable
fashiomr soOF f f SR aSYy SNHée
This enables efficient use of renewakle
Energy time shifts most evident both in

MW or MWh?

'y SySNHé& ai2N}3IS NBa2dzNDS§

has two key dimensions: its maximum instantaneous out

(expressed as MW capacity) and its total energy output
full charge (expressed as MWh capacity).

If only one metric must be expressed then MWh capacit

generally the more informative choice. However, man
electricity resource planning and market constructs expré
resource capacity, costs, and market value in terms of

In this study we often reference MW capacity to facilitate

the energy value and in theesource
adequacy capacity value of energy
storage as these twcservices can be

better understanding of how energy storage fits into thes
planning and market constructs and how it may compare
other more traditional resources on the grid.

% retail sales from clean energ)

closely intertwined

95%
90%
60%
YA
44%

2020 2024 2027 2030 2035 2040 2045
Figure3Y / I t AT2NY Al Qa
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Spin/NonrSpin Reserve
Flexible Ramping
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Figure4: Scope of possible energy storage services.
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Policies for Accelerated Market Development

In 2010, almost 15 yeasgyo Assembly Bill 251@&kinnerformally identifiedenergy storage as a potential
gamechanger to address a variety of renewadilgtegrationand infrastructure developmerahallenges
But some type of eergy storageechnologywould need to beomemore costeffective and more quickly
scalable tdarge quantitiesbeyond what is feasible with traditionalternatives (e.g.pumped storage
hydroelectric multi-state transmissiopn The policy challenge wathus to initiate a market fornovel
energy storageéechnologies and, within ten years, achieve commercial scahidgcostcompetitiveness
with alternative resource solution&ey questiongor energy storage market developmeate explored
in the 2023CPUC Energy Storage Procurement Study

Figure5 shows a summary of the progression of energy storage procurements sincel@@édponse to
[t | Q&8-048 Sdatkdaniuthlyfellagarocurementframework and common goal for
the utilities to procure 1,325 MW energy storage by 2020, with operations by 2lda.market for
stationary energy storage in California grew and matured significantly, imgral use cases including
pilots and local RA capacity (2014), to Assembly Bill 2868 opening the door to more development (2016
17), to distribution investment deferral procurements (2@18), to expanded procurements fogsource
adequacyand system reliability (202¢24). Thedevelopmentpathway required investment in a diversity
of technologies and testing of a variety of use cases and business models. At the hearteffdinisvas
aspectrumof CPUC procurement orders and progrdimsluding SGIRhat could count towards meeting

ABHp MmN 2

Decision 1310-040 requirements,i K S

/I'L{hQa AYAGAIGADSA

19/ Qa
(i 2

(i S OKahi@ ddeadcemenpiogfang hie A 2 y
AyiaSaINI S andiScedaprograns NI 38 A

The D23 CPUC Energy Storage Procurement Slistyisses this policy journey in more detail.

Chapter 1 (Scaling Upf this reportexplores the market and policy implications of the more recent
acceleratiorof energy storage resources participating in the CAISO marketipl@&@22 and 2023

T
2010
|

AB 2514

Requires consideration
of energy storage
procurementtargets

Purpose of energy
storage includes:
grid optimization,
renewable integration
& GHG reductions

D.13-10-040

Establishes 1,325 MW
targetand biennial
pracurement cycles

Adopts procurement
framework and design
program

Allows different
evaluation protocols
for bid selection

Initial Use Cases

Firstcycle IOU energy
storage procurement
plans

Local capacity
procurements
underway
(OTC, SONGS
retirements)

Pilotsand incentive
programs underway

2016-17
|

AB 2868 2015)

Additional 500 MW
energy storage

Also:

SB 801 & fast-track
Aliso Canyon-related
procurements
underway

Working group
(CSFWG) develops DER
evaluation framework

2018-19
|

More Use Cases

Local capacity
procurements
(Aliso Canyon #2,
Moss Landing)

Firstdistribution
investment deferral
framework (DIDF)
procurements

3,300 MW of
system reliability
procurements initiated

[ battery |
] solar
wind

2024 2035 2045

202024
|

System Reliability

11,500 MW mid-term
reliability
procurements initiated

2021 Preferred System
Plan (IRP): 13.6 GW
energy storage by

2032

2023 Preferred System
Plan (IRP):35.2 GW
batteries+0.5 GW
hydro PS +0.5 long-

duration by 2045

FiguresY ¢ A Y St Ay S 2ehergy btdrakjdhandbled dandpsiocute®eénts
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CPUGScaling Up and Crossing Bourdgroduction

Energy storage is a flexible and modular resougoeup, capable of being interconnected at many
different points of the grid, and capable of providing a wide range of services beyonahiblesale
marketplace. Btribution-connected and customesited energy storage resources have the potential to
provide benefits at a larger scaleand they have the unique ability to provide services to the distribution
system and directly to customers and their communities.

The CPUC Energy Storage Procurement Study highlights low success rates and lack of market acceleration
in distributionconnected energy storage resource development, despite: (a) growing needs for
community resilience solutions, (b) a need for distributedlutions to natural gafired peaker
replacementsin order to avoid or reduce transmission upgrades for otherwise-etfisttive resource
solutions (c) the unique ability to produce value streams both to the transmission system and distribution
system, ad (d) evidence that these smaller distributed resources can produce high ratepayer value.

The 2023study also highlights a disconnect between custositrd energy storage resources and
services they could provide to the broader grid, coupled with increasing pressure for financially accessible
customersited resilience solutions.

Valuestacking across grid domains, through multiple use applications (MUA), has been demonstrated in
the market, and it is key to overcoming the financial barriers to distributimmnected and customer

sited resources. But many questions remain abousilgiéity of crossdomain MUAs to scale up in the
number of installations, and in the benefits they provide to both ratepayers and customers.

Chapter 2 (Crossing Bounde)plorescase studies to facilitate a better understandingwdfere those
crossdomainMUAopportunitieslie, andhow they can béapped to accelerate development of a diverse
energy storage portfolio that provides a full suite of benefits to both customers and ratepayers.

Policies that Evolve with the Market

Policies mustontinue toevolve & the energy storagpenetration increases and as the gtidnsforms

G2 YSSi (K Sin ardyl2023 heiCPHR addptedbits 2021 Preferred System Plan including an
incrementall3,571MW battery storage plus 1,000 MW pumpédngduration) storage by 2032ZCPUC
20223, 101) The plarsuggessan average build df,325MW new storage per yeaovera 1Gyear period

In early 2024 and at the conclusion of its 2§22
2023 IRP cycle, the CPUC adopted its 2023
Preferred System Plarigure6). Importantly,
the 2023 PSP lowers the statewide greenhouse
gas reduction trajectory after 2026. Resources
to meet reliability and GHG reduction targets
include 14,100 MW of new sheduration
battery storage (mostly<4hour), 500 MW new
pumped storage, and 400 MW other néang-
duration storage installed by 2032 (CPUC
20243, 68). New resources grow 18,500MW
short-duration battery storage and 500 MW
other longduration storage by 2035, then to

Wind 35200MW shortduration battery storage
0 L] (growth is in8-hour storage by 2045 (CPUC

20243, 68). The plan suggests an average build
2024 2030 2035 2040 2 of 1290 MW new mostly 4hour battery

storage per year through 2035 then

accelerating tdl,670 MW new &our battery

Figure6: New resourceuildoutA y G KS /[t | / storage per year through 2045.
2023 Preferred System Plan.

(CPUC 2029
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As the energy storage fleet scales and diversifies across the grid, it is doing so in the context of a rapidly
evolving energy landscapé&olar PV on the grid is expected to reach nearly 58 GW by 204
resources from a mix of irstate, outof-state, and offshore sitasis expected to reachlmost26 GW by

2045. Based on technology and market trends, a large share of new energy storage and solar PV can be
expected to be developed at or near customer sites. And it remains to be seen what other typeis of bo
short-duration and loneduration energy storage will achieve commercial scalability along that journey.

Chapter 3 Recommendatlon}shlghllghts policy actions that can help address barriers to the benefits of
SYSNHe ad2Nr3IS GKFG FNB FLLINBYyG Ay (2R3 2XEI (SS/CBAN.
electric system needand marketdynamicswill continue tochange dramaticallgver time
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Installed energy storage capacity participating in the CAISO marketplace is growing rapidly as the
continues to build storage to meet future reliability needs while also decarbonizing its gk&lthe fleet

scaled up in2022 and 2023the energy storage use case in the CAISO marketplace continoe Y
transition from ancillary services to energy time shift. This has important implications for GHEESS
emissions reductions and avoided renewable curtailments. i

Overall, the CAIS@articipating storage fleet provided substantial benefits the electric systenin the &
2017¢2023 timeframe. Most new energy storage resources incremental to the CPUC Energy Stof
Procurement Study providedystembenefits above $15/kWmonth, comparable to the higher end of
the 20142021 resourcdevel systembenefits calculated in the 2023 study.men2023, A29).

One challenge, however, is that energy storage configured as part of a hybrid resource, and custo
sited energy storage, continue to be nemansparent in the CAISO marketplace. Another challeng
comes with the increasing importance of energy storage ogting performance as its contributions to §
the RA capacity market and system reliability grows. We find that energy storage resources experie
more than 2 KA IKSNJ F2NOSR 2dzil 3S NI GSa NBtFGAGS
with significant seasonal and daily variation.

The 2023CPUC Energy Storage Procurement Studyyzed energy storage resources across all grid
domains, including about 1,100 MW transmiss@mnected and distributiotonnected resources
participating in the CAISO marketplace and installed by2@fil. That study included a forwalabking
analyss of expected benefits, in anticipation of fleet growth that is now being realized.

By the end of 2021, actual gritale batteryenergystorage in the CAISO marketplace more than doubled

to about 2,500 MW. Then, by the end of 2023, installatimached nearly, 500 MW As the fleet scales o
up, this evaluation seeks to leafrom historicalactual2 LISNJ A2y a (2 FaasSaa GKS S
energy storage industry

In this chapter we assess the raebrld implications for energy, ancillary services, and resource adequacy
markets as the energy storage flaéatthe CAISO marketplasealed up dramatically in 2022 and 2023.

Our analysis includes inspection of new capacity installed, energy and ancillary services markets, GHG
emissions reductions, renewable curtailments, and RA capacity value and contributions. We estimate
resourcelevel total quantifiedelectric systenbenefits and compare results for different resource types.

We also inspect outage patterns throughout the year, with a focus on time periods when the grid is the
most strained.

Our analysis validates key observations in @UC Energy Storage Procurement Sandyidentifies
challenges and needs for policy refinementsitgprove theS T ¥ SOuUA @3Sy Saa 2+ U0UKS [/t
procurement activities.

Scope of Historical Analysis

Our historical analysis includes around 6 GW of-geale energy storage resources that were online by
September 2023 and participated in the CAISO markets under théadoarator Resource (NGR) model.
Due to several data collection barriers discussedunreport, we excluded hybrid and custorsited
resources in our analysis.
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CPUC Scaling Up and Crossing Bounds Chapter 1 Scaling Up

Growth in CAlS®articipating Installations

Energy storage capacity in CAISO is growing rapidly
as the state continues to builcesourcesto meet
future reliability needs while also decarbonizing its MA 2% \
grid. Total energy storage capacity Californidasat

an unprecedented levalomparedto other states. \

0,
As shown irFigure? (right), Californi& éperating FL40/°
grid-scale battery storage represents nearly half of NV4%,
all installations in the U.S

Operating
asof end of
The 2023CPUC Energy Storage Procurement Study 2023
analyzed energy storage resources across all grid
domains, including about 1 GW of transmission
connected and distributiowonnected resources
participating in the CAISO marketplace, installed by
mid-2021. The grigscale storage installations grew Figure7: State shares oferatinggrid-scale battery
to neaty 7.5 GW by the end of 2023, largely driverstorage installations in the U.S

by procurements under the IRP track to mee
system reliability needs in California.

CA49%

t(ElA 2024)

Figure8 (below) shows the installed capacity of the A smaller share of energy storage resources paired
grid-scaleenergystorage fleet in CAISO. While thewith solar PV systers in a hybrid configuration
resources analyzed in our first study were mostlyvhere the energy storage and solar PV resources
standalone projects, newnergystorage resources are metered and settled as a combined resource at
are increasingly paired with solar PV. Most of th@ shared point of interconnection, under a shared
paired resourcesare cclocated, i.e., energy CAISO Resource ID.

storage andsolarPV sharean interconnection but

operate and settle in the market separately under

different CAIS@Resource IDs

Notes
Bars represeninstalled capacityat the start of each month

Hybridvalues reflecthe storage component of CAlSrticipating
resources based oBPUGata and Lumen researchhese MW
valuesare not included irthe CAIS@ 2022,2023 monthly Key
Statistics reports.

CAIS@ monthly Key Statistics on battery capacity are estimate
subject to change. The December 2023 value of ~7,500 MW ir
chart, for example, includes ~6,300 MW reported in CRISO

. November 2023 Key Statistics (estimated value as of 12/1/202
Storage in the plus ~500 MW installeduringNovember 2023 and not included
IIII 1st study CAIS@ estimate, plus ~700 M\Wf estimated capacity from hybri
Illlllllllll resources.
N
N

©Q 00 o0 d ad N N D n W m
VYA YAqggYqgyqg g
= = + C = = C = = C —
T 539 85398 85288582328
< O » < O » < O > < (@)

Figure8: Growth in CAIS@articipating gid-scale @ergystorage capacity

G
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CPUC Scaling Up and Crossing Bounds Chapter 1 Scaling Up

The characteristics and operations of hybrid andAs foreseen in the 202&PUC Energy Storage
customersited energy storageesources that are Procurement Studylack of these data creates

participatingin the CAISO marketplace continue to significant barriers to analysis of these types of
be non-transparent. resources, especially within the relatively shorter

_ _ _ _ timeframe of this study.
Energy storage in a hybrid configuration, such as

those hybridized with solar installations or natural Due to these data collection barriersg excluded
gasfired generators, do not yet systematically hybrid and customesited storageresourcedrom
report the operations of their energy storage our historicalanalysis

components for evaluation purposes. For many

resources, itis not even clear how much energy

storage nameplate capacity is installed and what

operating restrictions are in place at the point of

interconnection.

Similarly, customesited energy storage resources
participating in the CAISO marketplace through the
Proxy Demand Resource (PDR) model cannot be
fully identified through market datas they are
aggregated and/or bundled with other types of
demandside resourcesand their operationsare
only partially visible.Underlying resource types
and configurations for PDRs are known only to the
resource operators and only the CAl8Qpatched
portion of discharge can be observed directly from
market data
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CPUC Scaling Up and Crossing Bounds Chapter 1 Scaling Up

Energy and Ancillary Services Market Value and Trends

We expanded our20172021 historical energy market and use case due to the rapid growth of
storage evaluationin the CPUC Energy Storagestorage resources connected to the CAISO system.
Procurement Studyto include operations and ] ] ]
market resultsfor 2022,2023. During this period, N 20222023, we observe a continuation of this
iKS ad2N}3S FfS8S8G Ay O Ked withthe shayg of steragg cappcitg yseddoRR Sy O ¢
significant growth, reaching over 6 GW of installe@ncillary services declining, while the wholesale
capacity. T]a;tket value propositioshiftsto bulk energy time
shift.
Energy storage can provide suite of wholesale _ . )
energy and ancillary services market benefits. WENergy storage fleetwide average ancillary services
rely on actual metered data and resourspecific Marketvalue continued to decrease, from about
aSiit SySyia rafeadigideatime L PAKY-gonth|in2021to $1.5/kWmonth in 2023.
markets to calculate energy and ancillary servicdsoncurrently, energy value continued to increase,
month in 2023.
Figure 9 shows the capacityeighted average L
marketvalues for the energy storage fleeburing Most CAlS@articipating energy storage resources
20182020, high revenue opportunities in the NOW regularly charge at lowriced periods in the
CAISO regulation market attracted many of thélay and discharge at higtriced periods in the
resources and resulted in use cases more focus&yening. This transition in market use case has
on ancillary servicesin the 2023 CPUC Energy Significant implications for theenergy storage ,
Storage Procurement Studwe highlighted the Tt SSuUQa O2yuUNRodziAzya 02 NI

early signs of saturatiom the ancillary services and facilitating renewable integration, awe
discuss next.

Energy Ancillary Services

12-month

rolling

average
M0 00 0000 HONC OO 11NN ™ M0 00 0000 HOONC OO O 1NN
‘—I|’:,H_.ﬁﬁﬁﬁr‘iaﬂﬂqam%\,n&‘mmqﬁmmqﬁmﬁ \—Ii":ﬁ\—|ﬁﬁﬁﬁ\—ligﬁﬁwgmgt\,l&'mmf\llgmmqmcvg
[ UEFLIY U U UL LY U LY U LY UL PUC L cl=dcocd Lol mLbodlmbod Lol =Lt =b
COo20@CO20Ca20To20cCa 20T 20ca=20 COo20TCo20CAa 20T 20Ca220Tco20ca=0
ﬁ%Oﬂ%Oﬂ%Oﬁ%Oﬁ%Oﬁ%Oﬂ%o ﬁ%OW%OW%OW%OW%OH%OW%O

Figure9: AverageCAIS@nergy and ancillary servicesvenues across energy storage flE2323%).
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CPUC Scaling Up and Crossing Bounds Chapter 1 Scaling Up

GHG Emissions Impact

Energy ®rageresourceseduce GHGemissions at providingclose to800,000 tonnesf additional GHG
the marginal rate when discharging and increasenissiongeductions in thatl2-month period
emissions at the marginal rate when charging. We -

rely onthe historical reatime marginalGHG signalFigure 10 shows theresourcespecificresults. On
created by WattTimend adoptedby the CPUQo average, energytsrage colocated with solar PV
align resource performanci the Self GenerationProvided higher GH@missionsreduction benefits
Incentive Programg A i K (1 KS  aueEMNstaydagpeenergystorage.Among the newer

emissiors reduction goal{CPUC 2019) resources analyzed, storage -lowated with PV
enabled 19 tonnedMW-month in GHG emissions
For energy storage resources to reduce GHe€&ductions, compared todtonnegMW-month for
emissions, they need to be highly efficient, and theitandalone storageThisdifferenceis partly due to
use cases should allow shifting bulk energy framore operational focus on energiyme shift, and
periods with low GHG emissigimtensity to periods partly due to location. Mst colocated energy
with high GHG emissisnintensity. The CPUC storage resources are in southern California, where
Energy Storage Procurement Studghlightedthe the GHG reduction potential tends to be hagtdue
drawbacks ofthe frequency regulation use casdo lower marginal GHG ratesduring the day
resulting in GHG emissisrincreases. With more o )
emphas|s on energy umehrft, the majonty of GHG em|SS|C.B1 reduction Va!ue are based on
/TL{hQa au2N}3IS TftSSi alloyansesnuess) abgenvedpin the eapdiradg A 2 v a o,
marketandl f N I"Reé NBF{ SOUSR Ay UF
The nonhybrid CAIS@articipating energy storageprices and energy value of storage projects. As
resources enabled nearly 1 million tonnes of GHiBcussed in our first study, electric sector GHG
emissions reductions during the -hi@onth period targets implemented in the IRP may require A
ending in November 2023he subset of resourcesh y #SadySyida |4 | Oz2ad KA3IKS
analyzed in the 2023CPUC Energy Storageapandtrade prices, ht this incremental cost
Procurement Studyrovided almost 200,000 tonnegGHG adder) is estimated to be zero through 2030
of those reductions. Newer energy storage due to the amount of renewables already procured
resources scaled up thobenefits as the fleegrew, for reliability and tax credits.

GHG Impact vs. Roundtrip Efficiency GHG Impacby Resource
80 A Storage in the 1st study
25
GHG 20
Reduction
ton/MW-mo 15

10

o®
% || ”
T - %o m |
0 o o®7 |II II -y
g o |
1

(10) (o]
GHG (15)
Increase
ton/MW-mo (20)
(
(

25)

30)
30% 40% 50% 60% 70% 80%  90%

Roundtrip Efficiency

* Each circle/bar represents an individyebject.

FigurelO: Estimated average GHG emissionpact ofenergystorage resources in CAISO.
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CPUC Scaling Up and Crossing Bounds Chapter 1 Scaling Up

Renewable Curtailment Impact

Energy storage can reduce renewable curtailmentdvoided renewable curtailments are significantly
by chargingto mitigate oversupply conditionsThe higher for the newr resources, especiallgnergy
avoided renewable curtailments reduce the needstorage cdocated with PV These resources are
(and cost) to procure additionaénewable energy sited in areas experiencing higher curtailments and
credits to meet Renewables Portfolio Standardthey charge more regularly when oversupply
(RPSpnd other clean energy target8Ve expect conditions emerged.

full utilization of renewable outputwill become _ _ _
more challengingver timeas California continues We quantify the benefits for avoided renewable
to decarbonize its electric system. curtailments using the RPS addergublished in

It/ Qa t26SN) / KFNBHS LYRATT
We estimate the impact ofnergy storage on reflectingincremental value of RRSigible energy
renewablecurtailments based on their net chargebased on historical transactiof€PUQR0239. The
during intervals with actual curtailments, usingRPS addsmvere in the range of $13 to $16.5/MWh
system data provided by CAISQVe utilize through2022, butincrease to $30/MWhrecently
historical nodal realime LMP<o determine if a  in 2023 which indicates that the cost of meeting
energystorage resource is in a curtailment zondi KS &G 18SQ&8 wt{ Aa NRaAy3Io
when curtailment events are driven by loazid

Congesnorand notsystemwuje Oversupp]y These I‘ESU|tS '[I‘anS|ate tRPS beneﬁt Of up to
$1.5/kW-month for the top resources and around

Figurell shows the resourcspecificimpacts on $0.5/kWsmonth for the energy storage fleeon
renewable curtailments. The results highlight thatverage

the energy torage fleet is increasingly helping with

the integration of renewable energy resources by

mitigating oversupply.

lllustration of Energy Storage Impact Curtailmentlmpactby Resource
on Renewable Curtailments

A Storage in the 1st study

Gross Loac &5 45

Curtailment + Export %
40

Other @ 15

Supply 10
1 3 5 7 9 11 13 15 17 19 21 23 5 ”ll
Hour of Day 0 |||| -

_ J * Each bar represents an individual project.

~
Energy storage charging reduces
renewable curtailments
by mitigating oversupply

Figurell: Estimated average renewable curtailment impacéonérgystorage resources in CAISO.
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CPUC Scaling Up and Crossing Bounds Chapter 1 Scaling Up

RA Capacity Value and Contributions

Energy storage resources can be available tBirst, we filter the data for annual strips to get an
discharge during peak periods to hetigetsystem estimate of average yearound RA prices,
Resource AdequacRB, local RA, and flexible RAexcluding short monthly or seasonal RA contracts.
capacityrequirements to ensurgrid reliability in ~ Then to approximate marginal RA values, we use
California. the 90th percentile (P90) of the RA prices for
contracts. Here, the use of P90 rather than the

Our analysis of RA capacity value reflects thgjghest price is to exclude possible outliers of small
avoided cost ofthe market alternative toeach RA contracts priced at a premium.

energy storage resource analyzed, which varies

based on its location and circumstances undeFigurel2summarizes the results. The prices reflect
which it was procured. Most energy storagethe combined value of system and local RA capacity
resources in our study were procured to addressttributes, rising from $&W-monthin 2018 up to
various grid reliability and resource adequacy over $10kW-month by 2022. Current prices are
needs. Specific RA needs, development timelinesyven higher. The 2023 market price benchmarks in
and available alternatives depend on the/ t ! / Q &avdildbléP®wieil Charge Indifference
procurement track, thus require a different Adjustment(PCIAkhow average system RA price
counterfactual for the purposes of estimating RAat $14.37/kWmonth (CPUQ0239, which is nearly
capaity value. For each storage procurement2x higher than the level publishedth prior PCIA

track, we reviewed numerous documents including{N ] ] ]
the underlying procurement Orders’ ut”lty h||e S'[Ofage can aISO prOV|de f|EXIb|e RA to meet

applications, solicitation materials, and relatedforecasted net load ramps, our initial study found
data and reports to develop counterfactual cased0 historical price premiums for this service. Thus,

that reflect the specifienarketenvironmentunder ~We did not incorporate any additional value for it,
which the resources were procured. beyond what is already captured undéie system

and local R&apacity values
The growth of energy storage installations in 2020
through mid2021 was driven by various
procurements to addrestocal capacity needm
load pocketswith a relatively high RA value. Most
grid-scale projects included in our first study were
procured for local reliability to replace retirement

of oncethrough-cooling plants, to address

challenges caused by thmatural gas leak at Aliso
Canyon or to eliminate the need for reliability CAISO System $28 $3.1 $7.9 $8.2 $10.9
mustrun (RMR)contracts. An overview of these

procurement tracks, countéactual cases, and Bay Area $3.3| $4.7 | $8.1 | $8.3 /$13.6
estimated RA values ranging from $7 to $20 per

kW-month are provided in the 2028PUC Energy  Big CreekVentura $3.9 $4.7 $8.1 $8.4 $12.4

Storage Procurement Study

_ . LA Basin $3.6  $5.5 $8.0 $9.0 $14.0
Energy storage installations from the second half of

2021 through 2023 are primarily a result of the ggn DiegdV $2.7 $4.1 $8.0 $8.1 $16.4
procurement orders to address emerging system

NEfAFOAEAGE yYySSRa ARSYOGAFASR Ay [t!/ Q& LYyaGSINI (S
Resource Planning (IRP) studies. To estimate the R'}lgureﬁ.%stlmated marglnatl RA va%e based gﬂ%l?&tel’&ﬂ
capaciy value of these projects, we relied on Ccontracts (2023%/kw-month).
historical RA contract and price data compiled by
the CPUC based on information submittedtbg
LSEs.

Lumen 555



CPUC Scaling Up and Crossing Bounds Chapter 1 Scaling Up

In recent history, CAISO has experienced two & { SLIISYOSNI nnuuX /! L{hQa
extreme heat waves leading to systdavel grew to 3.7 GW. Most of the new resources
emergency declarationsThe overall scale and focused on energy time shift, regularly charging
contributions of energy storage fleet in these midday and discharging during evening peak
events were very different. period. Aggregate NQC was 84% of installed MW

_ . (Figure 13, bottom). Despite the software issues
During August 2020, CAISO had 337 MWr@F  CA|SO hadit that time, which prevented storage
scale battery storage. Most resources still focusegasources from charging early in the day, the
on ancillary services and aggregate NQC was 3%gergy storage portfolio provided significant
of installed MW(Figurel3, top). capacity during emergency events.
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Figurel3: CAISO battery storage output during emergency events on August 14, 2020 and September 6, 2022
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CPUC Scaling Up and Crossing Bounds Chapter 1 Scaling Up

T&D Investment Deferral Value Customer Outage Mitigation Value

Energy ®rage resources can defer the need for Qustomer outage mitigation is a crucial component
new transmission investments ffsetting peak of resilient electricity service tserve essential
demands on the transmission systemlf loads and to protect vulnerable customers,
interconnected to the distribution systenenergy ~ communities, and critical facilities. Distribution
storage can defer the need for new distribution connected storage resources can improve
investments by reducing local peak loading on theresilience by supporting islanding and microgrid
distribution grid. As discussed in the 202®PUC capabilities for sections of the distribution grid and
Energy Storage Procurement Studyd despite thus hep to mitigate the risk of power
the existing Distribution Deferral Investment interruptions at the community level. Storage
Framework discussed irChapter 2 (Crossing resources interconnected behind the utility meter
Bounds)of this report,thesestorageuse cases are can also provide backup power to ngéite impacts
still in early pilot and demonstration phase. of power outages.

Overall, none of the resources ur historical The majority of the griescale storage resources in
analysis deferred an actual transmission orthe CAISO markets are not sited or configured to

distribution investment, so these benefit streams provide outage mitigation, which underscores the
are set to zero. challenges with crosdomain valuestacking
However, some more recent distribution
Energy ®rage resourcesprocured as notwires  connected microgrids which include energy
alternativeshave faced major challenges as the storage are designed to support customer
size and timing of the identified needs have resilience while also providing bulk grid services.
changed over time, and the development plans _ . o o
and utility-contracted use cases were not flexible Due to their hybrid participation and/or limited

to adjust(Lumen2023, 6L62). operating history, these new microgriprojects
were either not included in the historical benefits

In the 202@2021 Transmission Planning Processanalysis, or were not assigned an outage mitigation
CAISO identified two storage projects as preferredvalue in dollar termsHowever we did include
non-transmission alternatives to address reliability these projects and discussed their unique
needs in the PG&E service aread5 MW 4hour  characteristicas a part othe crossdomain multi
battery storage at the Kerhamont 115 kV system use application (MUA) case stugiiseeChapter 2
and a 50 MW 4our battery storage at the Mesa (Crossing Boundsiind Appendix E(Case Study
115 kV substation. PG&&  LINE O dzNE Y $attiiShebtF T2 NI & 2

LJdzNB dzl yu 02 [/-02004Qcfartave OA & A 2y HH

not been successfPG&E 2022a; PG&E 2022b)

Three projects originally procured fadistribution
deferralare included in our historical analyist
not assigned any distribution deferral valugcorn

I and two Wildcat | projectsAs of late 2023, none
have yet been used for distribution deferral.
Chapter 2(Crossing Boundgjiscusses challenges
with the distribution deferral use case in more
detail.
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TotalQuantified Benefits

Figurel4 shows thetotal quantifiedelectric system provided system benefits above $15/kWnonth,
benefits over the 20172023 timeframe. The top comparable to the higher end dhe 20172021
charthighlightsthe aggregate benefits, color codedresourcelevel system benefits calculated in the
by project group, while the bottom chaprovides 2023 study l(lumen2023, A29).

a breakdownof benefit metrics. ) ) ]
The relatively high benefits of newer resources,

The results demonstrate¢he CAIS@participating higher system RA capacity value on a $/k\nth
energy storage fleet provided substantial andoasis, and higher energy value are all interrelated
increasing benefitso the electric systemAcross and contribute to an increasing trend sfystem
the resources analyzedwe estimate median benefits from the energy storage fleet.
guantifiedsystembenefits at $21/kWmonth, with ] o ]
individual resultsranging from $3/kWmonth to Appendix A (Historical Energy Storage Benefits)
$36/kW-month.  Quantified system benefits Provides more detail on these calculations. The

include avoided cost of energy, ancillary service@Ppendix also_includes project scores reflecting
system and local RA, and Rieited investmers. I OK NbazdNDSQa s@BYIMNRA 6 dzi A 2
goals ofgrid optimization, renewables integration,

Most newenergy storageesources incremental to and greenhouse gas (GHG) emissions reductions.
the 2023CPUC Energy Storage Procurement Study

- & t NRaSc A storage in the 1st study
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* Each bar represents an individual project; width scaled based on size.

o1

o

Figureld: Estimatedsystem(gross)oenefits ofenergystorage resources in CAISD233).
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Outage Patternms LargeScale Battery Energy Storegystems

We analyzed the actual resourempecific capacity of 11.5% over thawo-year period analyzedlant

derates and outage events publishedthg CAISO trouble, including quipment failures was the

for the 20222023 period to understand primary causef unavailable capacity durirthese

availability and performance of the energy storagdorced outags. Heetwide average forced outage

fleet during gridstressed periods. rates were higher in 2022, at around 148#ative
to 10% in 2023.

Average fleetwide outages over time _ _
Theseresults arggenerallyconsistent with datahe

Figurel15 shows theestimatedcapacityweighted / | L { hQ& 5SLJI NIYSyd 2F al NJ S
average outage rates for thieattery storage fleet presented in alanuaryl6,2024resource adequacy
over time and by outagetype. The CAISO working groupmeeting showingthe availability of
designatesresourceoutages as either planned or the grid-scaleenergystorage fleetat 90%in 2023
forced based on how far in advance the outage i$CAISO 2024b)
reported. Outage requests within 7 days prior to
the start of the outage evenare designatecas Safety events at Moss Landing facilitieshad a
forced outagesremaining outages are designatedstriking impact on overall fleet performance,
as planned.2 2 N] (& LIS 06 S d3 odespagially Beptdmbet R LZhrougk May 2022
provides additional information on the nature of These events contributed to the relatively high
the outages recorded by the CAISO fleetwide outagelevel shown inFigurel5 during
JanuargMay 2022. Both forced and planned
Forced (unplannedplant derates and outages outageratesare impactedsinceextended events

reduced the available capacity béttery storage can bereclassifiedrom forced toplanned outages
resourcesn the CAlSQnarketplaceby an average after an initial period
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Figurel5: Capacityweighted average outage rates of thattery storage fleetin CAISO
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Outagegduring CAISO grid emergemgyiods

We inspect energy storage performance durindiybrids,hourlyoutageratesrange from 8% to 20%
actual grid emergency periods further validate and average 12%gcross emergency hours

our findings oraverage outage ratesnd patterns _
and in terms othe classification of forced outages. The figure also shows outages by woyge. Plant
troubles related to equipment failureswere

Planned versus forced outage is an importantesponsiblefor most outages duringthe CAISO

distinction in longterm resource planning~or that emergency period analyzed. Other types of work,

purpose planned outages can be rescheduled if ancluding plant maintenanceand unit testing

grid emergency is anticipated, while forced outageaccounted fornon-trivial amountsof the outages

tend to be unexpected and cannot be reschedulecexperienced by theenergy storage fleet This

AY I INAR SYSNHSYOe © 2indicdes thdtsande plahimaioténanecdahdiigstodg u A 2 Y 2
is not immediately cleafor our purposeswhich are not actually being reschedul@ugrid-stressed

types offorced outages can be postponed whenperiodsand thus are appropriately categorized

the systemhas its greatesheedfor capacity. forcedfor longterm planning purposes

Figure 16 shows the aggregate hourlyforced Furthermore most of the unavailable capacity for
outage profile of theenergystorage fleet ovean plant maintenance and testinguring emergency
extended heat wave in September 2022 resigin  hours came fronenergy storage resources with a
CAISO system emergency declarations for fiveet qualifying capacity for September 2022.
consecutive days 5 dzNA y 3 /" L{hQa SYSNHSyOe o
eventsl 29Q760 MW Ofenergystorage Capac|ty With these f|nd|n®, we conclude that it is

was unavailable due tderates and outages. appropriate toinclude allCAlS@lesignatedorced
outage events in our analysend that exclusion of

Inspection of this Hlay heat wave yields resultsany forced outages based on work type (e.g.,
consistent with our broader analysis of outagesnaintenance) will inadvertently understate
during peak periodsWith 3.7 GW of totaknergy availability of the planned energy storapertfolio
storage capacity installed at the time excludingvhen the systentas its greatesteedfor capacity.

Outages during A Plant trouble
O .
30% CAISO emergency even A Maintenance oo
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Figurel6: Aggregate hourlyjorcedoutage profile of the battery storage fleet in CAISO, Septeni8r2922.
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Outages bynonth andpeakperiod

The 20222023 historical dataindicate significant Consideringheseseasonal and daily patterns, we
variation in monthly and daily forced outageestimate that, during 2022;2023, the norhybrid
patterns of thebattery storagefleet participating fleetwide actual battery storage forced outage rate
in the CAISO marketplace in Augustand September evening peak periods
_ o (hour endingl7through21)averagedl2.6% one
been consistently higher in spring and summeponths and hours of the year.
months compared to the rest of the year.
Specifically, during August and Septemistoyage These results highlight # actual realized average
forced outage rates averaged 3 percentage point$orced outage rate of the CAIS@participating
above annual levels. battery storageresourceswvere significantly higher
o _ than longterm resource planning assumptiorior
This ispartly offset by 2percentagepoints lower example, K / t !/ Q& L wt Y2RStf a |
outagesduring evening peak hoursthroughout eypected forced outage rate for battery storage
the day, storage capaciterates and outages have (cpuUC2023d 131), based on early dafar the

been lowerin the evening hours compared to  energystorage fleefust as it was reaching the GW
morningandlate-night periodsWhile itis not clear gcgle

exactly why outage rates waby time of daywe
believeit couldbe relatedto the effectsof battery
state of charge (SOC) levels on maximum power
output, and other technical and operating
constraintsmanageahrough outage reports
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Figurel7: Monthlyand daily variation oforced outage ratsof the battery storage fleet in CAISO.
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CPUC Scaling Up and Crossing Bounds Chapter 1 Scaling Up

Distribution ofdaily forcedoutages during Augus$eptember peak period

For grid planning, it is important to consider notWe have not analyzed the impacts of weather on
only the average outage rates, but also the rangfleetwide battery storage outages or correlations
of possible outcomes. While the fleetwide averagef outage events across resourceé$owever, the
forcedoutage rate provides a useful metric, it doesseasonal outage patterns described earlier could
not fully capture the risks associated with more be indicative of such interactions, which warrants
widespread simultaneous outage events across thieirther investigation as more operational data
fleet. becomes available in the future.

If outage evats were all random and independent Figure18 showsthe distribution of forced outage
acrossresources, thepercentagevariabilityof the ratesduringthe evening peak hours from 4pm to
aggregate fleetwide outage rates would declee 9pm (HE 1¢21). The results highligha higher
the fleet grows. This is due to increased diversity average anda fatter upper tail for outages in
resources and outage evenis a larger fleetFor August and SeptembéFigurel8, right), compared
example if the fleet hal only one resource, the to the rest of the yea(Figurel8, left).

outage rate would be either 0% or 100% each da)B ) ) )
excluding deratesWhen the total number of During AugustSeptemberevening peak periods

resources in the fleatises tg say,1000r more the  the forcedoutage rate of thebattery storage fleet
fleetwide outage rates should become Was15%or higherin about 1 out of ever days

considerably less volatile, clustered closer toOVer thetwo-year period analyzedn the same
expectedoutagelevels. timeframe, he observed fleetwiddorced outage

rateshave reache@0%or higherin 1 out of every
If, on the other hand, the outageventssharea 16 days.
common driversuch as weatheithen it becomes
more probable for a disproportionately large share
of the fleet to experience outages simultaneously,
thereby increasing the likelihood of more extreme
outcomes.

I £ I dz3 ¢aSiLJu S
Fleetwide
| outage rate

Fleetwide 1—> was 15% or
outage rate higher in
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higher in every 5days
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Figurel8: Frequency idtribution offorcedoutageratesduringeveningpeakperiods(HE1%21).

Lumen 555




CPUC Scaling Up and Crossing Bounds Chapter 1 Scaling Up

Key Observatiorfer Chapter 1%caling U)

System reliability and resource adequacy needs continue to drive significant growrgmgmission
connected energy storage capacity.

A large share of new energy storage resources in the CAISO marketplace is paired with solar PV.

The characteristics and operations of hybrid and custesiied energy storage in the CAISO marketplace
continue to be nortransparent.

The predominant energy storage use case in the CAISO marketplace continues to transition from ancillary
services to energy time shift.

With increased focus on energy time shift, CAfa@icipating energy storage resources provide
significant GHG emissions reductions.

On average, energy storage-lozated with solar PV providdigher GHG emissions reduction benefits
than standalone storage.

Energy storage resources, especially ones paired with PV, are also helpingneitlable integration by
reducing curtailments.

RA capacity value accounts for an increasing share of the total quantified benefits providecehetipe
storage fleet.

Overall, the CAlS@articipating battery energy storage fleet provaisubstantial and increasirgystem
benefits.

With increased focus on energy time shift, the RA capacity contributions of @At8€pating energy
storage resources during gridress periods have improved.

Actual average forced outage rates of CAISO maolidicipating battery energy storagae significantly
higher than longerm resource planning assumptions.

Actual forced outage rates during August and September peak periods are higher than the annual average,
and they indicate a larger share of hightage days than the rest of the year.

The historical record is too short to analyze yaayear variability in CAISO markmdrticipating battery
energy storage outages, bihtoss Landing safety evertad a striking impact on overall fleet performance
September 2021 through May 2022

Lumen 555



R

-

CHAPTER CROSSINEBDUNDS
R 5 R AR

Distribution-connected and customesited energy storage resources also have the potential to provide
benefits at a larger scalebut their development pathways and the services they provide cro
traditional industry boundaries and require novglolicy, planning and procurement mechanisms.

We focus on addressing challenges with two types of resources capable of reaching the GW s
through crossdomain multi-use applications.

Communitylevel resourcesdeveloped forcommunity outage mitigationare closer to customers but
they are still connected to the distribution system. These resources offer distinct advantages and
could be broadly scalable across the statéut they face significant barriers. We find that stacking RA
capacity and energy valueith outage mitigation isa scalable use casend could significantly reduce
financial barriersto community- and customerdriven resilience solutions

The visibility of a large number of energy storadestribution deferral opportunitiesis limited by

challenges with distribution deferral planning and procurement processes. Vatecking RA capacity
and energy services is an important ingredient to the economic feasibility of distribution deferral, a
our analysis demonstrates this creslomain use case is feasible and beneficial.

——
— -_
= ¥

TheCPUC Energy Storage Procurement Stighfights low success rates and lack of market acceleration
in distributionconnected energy storage resource development, despite: (a) growing needs for
community resilience solutions, (b) a need for distributed solutions to naturaifiges peaker
replacementsin order to avoid or reduce transmission upgrades for otherwise-efisttive resource
solutions (c) the unique ability to produce value streams both to the transmission system and distribution
system, ad (d) evidence that these smaller distributed resources can produce high ratepayer value.

The 2023 study also highlights a disconnect between custaitet energy storage resources and
services they could provide to the broader grid, coupled with increasing pressure for financially accessible
customersited resilience solutions. Vahstackingacross grid domains, through multiple use applications
(MUA), has been demonstrated in the market, and it is key to overcoming the financial barriers to
distribution-connected and customesited resources. But many questions remain about feasibility of
crossdomain MUAS to scale up in the number of installations, and in the benefits they provide to both
ratepayers and customers.

In this chapter we explore a set of case studRS A Iy SR (G2 AYLINROGS GKS /1t
understanding of what types of cresemain MUA are feasible and likely scalable; to what degree a
resource can provide RA capacity service when it is built for the purpose of outage mitigation or
distribution deferral (or vice versa); and how MUA operations can optimize -d@ssin services when

the need for those services conflict.
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Scopeof CrossDomain MUA Analysis

We utilize four types oflata to develop and learn from a set of craksmain MUA case studies:

(1) drcuit-level outage data at 8 selected locations to understand a diversity of outage risks faced by
customers,

(2) The characteristics of 63 individual distribution deferral opportunities (DDOSs) identified by
utilities,

(3) System RA capacity and local (sluBP) energy market prices, and

(4) The characteristicsf 10 actual energy storage projects Appendix E (Case Study Fact Sheets)

Figure 19 shows the scope of possible services provided by transmissionected, distribution
connected, and customesited energy storagelhe focus of this chapter is on the specific grid services
emphasized inFigure 19 (purple areas). We model and analyze the valtacking opportunities of
distribution-connected resources (middle column).

However, the architecture of this table does not fully capture the complexities of outage mitigation
services provided to customers. Accordingly, we also emphasize services from cusitecheesources
(last column) due to the important relationship betes distributionconnected resourceand outage
mitigation services providedirectlyto customers through a combination of onsite residential resource,
onsite nonresidential resources, and communigvel resources.

To estimate crosdomain MUA opportunities, operations, and value we simulate energy storage
operations under alternative MUA scenarios using an hourly (8,760 consecutive hours for a year) dispatch
optimization model.

DNAR 52YI Ay
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Figurel9: Scope of possibénergy storagservicesand focus of crostomain MUA analysis (purple).
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The Customer Outage Problem

Outage trendsand risks Figure 20 shows a needs of individual customers and communities
metric that multiplies the grid reliability metrics This includes consideration of theurrent and

SAIDI (average duration of outages per year) bjuture underlying hazards driving outage risks, key
SAIFI (average frequency of outages per year) tailure points on the gridputage characteristics,
approximate systemwide average total outage andcustomer and community vulnerabilities and
hours per year experienced by customers. Theisk tolerances. A series of workshops and
figure blends metrics reported to the CPUC by thel Y T2 NI UA 2 y I § asSaaiezd a f
3 large I0Usboth on major event days (MEDs) andResiliency and Microgrideamdevelops a illar
non-MEDs The transmissiotevel interruptions Methodology reflecting best practices in resilience
are adjusted to include rolling blackouts in 2020. planning, and explores several reabrld

applications and case studies using atth

The figure illustrates how ast (99%)customer  methodology(CPUC 2024b)
outage experiences and risks are driven by hazards
tot and failures om the distribution system. The role of energy storagAs a highly modular

_ _ . and flexible resourceenergy storage provides
The figure also demonstrates why transmission many types of _tailorable outage mitigation,
O2yySOUSR NbBaz2diNDSa  oHNidds  fof S tAdghvidal Neudtdtnersd 2brd S
distribution-level grid failures, and why resilience communities, and for parts of the distribution
solutions must include investments in the system. Energy storage can provide backup power
dlStl‘IbutIOﬂ SyStem and customer SlteS, |nC|Ud|ngas a Standalone resource, or |t can provide
distributed energy reources (DERs). extended outage relief through microgrid
configurations. For all of the above, the solution
can be installed in individual homes, ataxiety of
non-residential facilities, in acommunitylevel
configuration, and all the way upstream to
distribution feeders and substations. Energy
storage can be paired with renewable resources
and/or conventional resources. And the resource
sizecan betailored, both in terms of MW capacity

Another limitation to these indicators is that they and MWh capacity, to meet the local needs.
do not fully reflect the recent and likely future
acceleration of hazards to the grid and grid
failures, particularly as climatdriven hazards
amplify and as grid infrastructure ages. 20

(V)
pu

One drawback from these average systefide
reliability indicators is that they do not shothie
wide range of customer experiences with
electricity service interruptions, nor do they
provide information on how outages can hase
different degree of impact across different
customers and communities.

A Transmission

Several CPUGfforts and proceedings aim to ~ *° 2 geruion s 2 0o B
more deeply understand anaddressrisks to the 16

reliability and resilience of electricity service to 14

customers including efforts towards climate 12

adaptation and vulnerability assessments, grid 10

resiliency and microgrids development, and
integrated resource planning

Outage mitigation solutions must crucially be p—
tailored to the unique eliability and resilience -—-_—--_----
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

o N A O @

Figure20: Average hours of electricity service interruptions per
customer per year (SAIBSAIFI).
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CustomerSited Resources for Outage Mitigation

Motivation.About 25% of households with energymicrogrid (campus)(Liebman 2023) and AVA
storage have experienced an outage lasting longérnergf2 aResilient Critical Municipal Fac#ii
than a day (Verdant 2022 ustomersited storage Program (resilience huap (Energy resilient
resources, both residential and neasidential, municipal critical facilities 2023)

can effectively provide outage mitigation for a wide

range of hazards and potential failure points on theXalability —of — customersited  resources
electricgrid. Customersited resources provide scalable outage

mitigation serving individual customers and the
Residential resourceThese include standalone surrounding community.
energy storagandhybridresourceserving single
or multi-family homes As illustrated inFigure21,
these systemgypicallyinclude Level 1 microgrids,
which provide outage mitigation for individual
buildings through a single meter. Exampbes be
found inresidential SGHnded storageand solar
plus storageprojects.

Qustomersited energy storage installations hae
alreadyreachedthe GW scalewith over1.6 GW of

capacity interconnected through November 2023
(Energy Solutions 2023). Thapid growthof the
customersited resources iglriven byO dza i 2 Y S NE Q
outage mitigation needsA recent survey found

that, depending on funding categorg4c99% of
Nonresidential resources These include customers withenergy storage stated backup/
standalone or hybrid resources servinghon- €mergency powewasamong the top 3 drivers of
residential facilities, which can be configured agheir installation decisioifvVerdant 2022)

Level 1 microgrids providing outage mitigation for,

individual buildings or Level 2 microgrids s,ervin&'nergy storage is a key component of clean

: - i ids built to improve the resilience of
multiple buildings, controlled byone meter. MCrogr . _ ence ot &
Distributed resources at neresidential sitesuch electricity service / | t AT 2 NJ Al Qa SY SNH

as critical facilities, community centers, and othef@rketplace presentseveral examples of (a) nen
facilities providing essential services can suppofSidential onsite and (b) campisvel microgrids
broad communityevel outage mitigatiomeeds Serving - a pr(_)ader _communitysee (Energy
They canalso be designedas resilience hubs reslllent municipal crltl(;al facilities 2023nd

offering community members reliable power for(L'Ebman 2023), respectively

their essential needsn emergendes. Examples

include non-residential SGHunded standalone

and hybrid storageprojects, Santa Rosa Jr. College

Residential onsite resources (BTM) Non-residential onsiteresourcegBTM)

w7t~ @
| '

J
S
—

o~

N
Single Multi ﬁ

B BH
family family ;
e e (Ll
(I Campuse
=
Singlefamily homes Resiliency hubs
Multi-family homes Campusesndschools

Figure21: Example of customesited resourcgfor outage mitigation
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Chapter 2: Crossing Bounds

DistributionConnected Resources for Outage Mitigation

Motivation. Substatiorifeederlevel dstribution-
connected resourcesan be designedo address
one or moreentire communitie® y SSRa
mitigation at once

Topology osubstatiorifeederlevelresources
Resourcest this levelmitigate outage risken the
substation or further upstream on the
transmissiorsystem.However, astomersmay

still be exposed to outages within the distribution
system downstream fromthe substation or
feeder.

Figure 22 illustrates configuration okubstation/
feederlevel microgrics. Substation and feeder
level projects can be an effective solution for
outage mitigation, but only ithe downstream

footprint, but still at risk because circuits feeding
them go through highfire-threat areas upstream

Taon M@ @idil dthar $asedike the Borrego Springs

microgrid,the community isat the end ofa single
transmission line,at risk of an outage if that
transmission line fails or needsaintenance.

Scalabilityof distributionrconnected resources
Existing outage mitigatiofocused distribution
connected microgrid projectslike the examples
mentioned earlier,effectively serve communities
exposed to outages further upstream on the grid.
But these types of resilience and reliability resource
solutions address a relativelynique grid topology
and/or outage risk situation and thus are not
broadly scalable across the state.

distribution system does not pose major outageAs described abovenost (99%) customer outage
risks or if thatsystem is hardened against currentexperiences and risks are driven by hazards to
and potential future hazards and stressors such and failures om the distribution systemFor most
storms and wildfires customers, the relevant outage problem is likely to
be downstream of the nearest substation/feeder

Examples of these resources inclu®®G&R a |evel and thus unlikely solved for a resource sited
temporary substation microgridsand SDG&E & as such.

Butterfield and Shelter Valleymicrogrids which

have been developedas a part of wildfire

mitigation planning efforts to address public safetynore

power shutoff (PSPS) outage rigksemote areas

These microgrid areas are outside of the PSPS

Substation/feederlevel microgrid
(dx-connected)

al A®
a%% ~%%
& H

&

B

m
K3

Special gridopologies/cases

Appendix E (Case Study Fact Shegqtspvides
information on the aboweeferenced
resources.

9EI YL S 2F tDg9Qa uSsS’
microgrid configuration
hon T Substation outside
source of PSPS footprint,
55 =8 indirectly impacted,
| and a candidate for
""l" substation generation
/“\ Line shut off
A duea to PSPS
4.\ | 3 H
Example ! -
substation | -
microgrid Substation within f

service area

‘ PSPS foolprlm
High Fire

Threat District

PSPS footprint

Electrical lines in the
substation microgrid

I Transmission/
distribution line

Backup generation

Figure22: Example osubstation/feededevel distributioaconnectedesourcafor outage mitigation
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CommunityLevel Resources for Outage M

Motivation. These resourcesrgeta set of critical
and essential sites in communities with

itigation

can be configured surgically to meet community
needs, such as serving the most critical sites

distribution-connected resources electrically closemeeded in an emergency or clusters of homes in

to customers They reduce the amount of
distribution grid hardening needed for outage
mitigation, while still offeringbroad community

level benefits.

Distribution-connected microgrigcannot mitigate
failure pointsfurther downstream unlesthe local
distribution grid is hardened which can be costly.
However, ompared to customesited resources,
distribution-connected energy storage offers lower

per unit resource cost due to economies of scal&calability of communitylevel

and reduced soft cost$:or example, s described

vulnerablecommunities(Figure23). See Redwood
Coast Airport, Ramona Air Attack BaBeulevard,
Clairemont, Elliot, and Paradise Microgrids
Appendix E(Case Study Fact Sheet®&yew build
resiliencefocused housing developments can
optimize for multiple layers of electricity service
redundancy through a mix of gritbnnection,
communitylevel resources, and onsite resources
(Carpenter 2022; Dean 2022)

resource
Targeted communitylevel microgrids, closer to

in the 2023 CPUC Energy Storage Procuremeicustomers, offer distincadvantages and could be

Study alkin installed cost ofstationary storage
projectshas beermaround$320/kWhfor grid-scale
systems $400/kWh for commercialsystems and
over $1,400/kWh for smallerresidential systems.
This difference is largetjue tosoft costs.

Also, h didribution-connected microgrigrojects

DERs can be designed/operated more efficientlyzommunityt S @ S ¢

taking advantage of load diversignd resource
sharing opportunities. Thisould reducethe total

capacityinvestmentneeded for resilienceglative

to a set ofindividualcustomersited resources.

Topology ofcommunitylevel resources While
UKSeé regiss Qivery specific topology like

substation/feeder microgrids community and
circuit-level distributiorconnected resources

Communitycircuit-level microgrid

(dx-connected)
~/ ﬁ

)

Community
resources

1 =

Critical circuit

s 0}

: %
o /e
New housing
development

Critical circuit and town center microgrids
Residential neighborhoods

Figure23: Example oEommunitycircuit-level distributioaconnected
resourcafor outage mitigation

scalable, but cstomers and communities face
challenges tadeveloping multiproperty solutions

on the distribution systengoing beyond onsite and
campust S@S ¢ G0 SKAYR (KS
Connecting to all customers in an existing
community to form a microgrid can be difficult and
expensive, especially if customers are spread out.
203y a68BY YAONR3
offer a more targeted community solution, but

there is limited deployment to date. Such projects

are also ree at the national level See (Pfeiffer

2021 for a discussion of technical, financial, and

policy barriers limiting development natiemide.

The Redwood Coast Airport MicrogfiRICAM)

w/la 2FFSNER 2yS 2F (GKS AyRdz
successful development and application of a multi

property distributionconnected outage mitigation

solution. RCAM is a template for policy
advancements to create a mujroperty

operating agreement and tariff under CPUC
Rulemaking 199-009.

N>

w»

RCAM is an $11MM pilot and demonstration

project inMcKinleyville CA, funded through grants

facilitated by G KS adl 64SQa 9f SOUG NX
Investment Charge (EPIC) program ($5MM) and
Redwood Coast Energy Authori($6.3MM). As

part of the project, key value streams were

identified and the business case was evaluated.

Chapter 3 (Recommendations)ncludes more
discussion of valuable lessons learned from RCAM.

ENERGY
STRATEGY
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ValueStacking Opportunities for Outage Mitigation Solutions

Selected case studieFThe 8 selected locations for outage mitigation solution case studies are
summarized irFigure24. These locations represent areas with relatively high actual total outage hours
and frequency of outages historicalMost outage profiles are developed based on detailed distribution
circuit outage data in the-gear period 201§2019.Thecase study locationalso are meant to represent

a diversity of built environments and community types, geographies, weather conditions and other
environmental hazards to the grid, and electricity market conditions.

Napa

Redding

Placerville

Hanford

Twentynine

Palms

(o) < __North
Mountain

Santa Paula

Watsonville

Community profile

Wine country hub in

Napa County

Largest city in Californi
north of Sacramento
and gateway to the
Shasta Cascade regior

Historic town in the
Sierra Nevada foothills,
located in El Dorado
County

Smalitown commercial
and cultural center

in the southcentral
San Joaquin Valley

in Kings County

Rural naturebased
desert community in
Yucca Valley,

southern part of

San Bernardino County

Ruralareanearthe
north-central edgeof
San Diego County

Small agricultural
community near the
coastlinein

Ventura County

Coastal city in the
Monterey Bay area, at
the southern end of
Santa Cruz County

Outage profile
] [ -

Wholesale value profile

Figure24: Selected locations for the MUA analysis with outage mitigation.
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CPUC Scaling Up and Crossing Bounds Chapter 2: Crossing Bounds

Wholesale market value potential

We consider 3 value streams for the wholesal®PS benefitsCharging storage during periods with
market use case, including energy arbitrage, RR&newable oversupply can reduce curtailments and
benefits, and system RA capacity value. \ieot lower the need (and cost) to procure additional
include ancillary services in this analysis du@égo resources to meeRenewables Portfolio Standard
relativelysmall market sizevhere we already see (RP$and other clean energy targets. To estimate
signs of saturation the amounts of renewable curtailments that
_ . storage resources can avoid at selected locations,

Energy arbitrage \We estimate energy value by e consider intervals with very low or negative
simulatingenergystorage dispatch under historical |ocational marginal priced MP$ as indicators of
prices from 2019 to 2022. We map each location teenewable oversupply. Weguantify associated
a CAlS@efined subload aggregation point penefits at $32 per MWh of avoided renewable
(SUbLAP) and ugke corresponding subLAP pricescyrtailments based orthe RPS addebrecastfrom
as inputs to our model. In the optimizationthe / t ! /|@est Power Charge Indifference
algorithm, the energy storage dispatch is set to Agjustment(CPUR0239).
maximize market revenues assuminghdurs of
duration and 85%f roundtrip efficiencyWe limit The averageestimated RPS benefit ranges from
cycling toonce perday on averageind appy a $1to $2.2 per kWmonth depending on location
11.5% forced outage rate, consistevith historical The results vargeasonallywith a significant share
levels of the benefits concentrated in the sprimgonths

_ _ when renewable curtailment risks argypically
Flgur925ShOWanonth|y resultsTheestimatednet h|g|‘er Durlngthat penod’RPS benefits reach w
energy arbitrage value ranges fron$5 to $7per  g6/kw-month. Locations in southern California
kW-month, on average over the -dlear period tend to have higher RPS benefilse to increased

analyzed Locations in southern California haverenewable curtailment risks, compared to northern
higher energy value potential due to more cgajifornia.

opportunities for market price arbitrageelative to
northern California.
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Figure25: Estimated monthly energy and RPS benefits by location @023
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SystemRA valueEnergy storageapacityavailable Figure 26 shows total estimated market value
to discharge during peak periods can help meet thpotential for the energy storage resources in
RAcapacity needs to ensure system reliability. Weelected communities. The RAlue is kept the
estimate associated benefits at $1BW-month, same across all locations at $15/kWbnth, which
consistent with the2024 system RAprice forecast translates to $180/k\Ayear annually. This accounts
in the /t |/ Qa t 26 SN / KI MEafarge shgfdok theTofaMdankeOvalue potential.
Adjustment(CPUQR0239 and recent RA contract Energyand RPS benefits a&¥5to $115kW-year
data. of value,depending on the location.

We allocate the system RA capacity value to Augushesefindingsassume 100% market participation,
and September evening hours, based on findingsith the full capacity of the resource offered to the
FTNRY O0OKS [/t] /] Qa HnHH CHSQEArkeS Througiodt $heljesr HolwevisE A Y
study(CPUC 2022byhis allocatioralso alignsvith  under the multple-use application (MUA) analysis
the historical record of CAISO systemergencies discussed next, whei KS NX & 2 dzZNOSQa Ol
observedin recent yearsgduringthe heat waves of reserved for outage mitigation, the realized market
AugustSeptember 2020 and September 2022. value of storage resources would be lower than the
levels shown here.

$350
$300
$250
Energy Arbitrage
$200 Value
$150
$100 System RA
Value
$50
$0
\O‘b QQQ \.’5\(\ 6& b\(&’ ’b\)\@ %&‘: \\\\\e,
¥ N ol @ & « o
& ) & 6‘*0 N
<
< e

Figure26: Total estimated market value potentiay location(2023%).
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Valuestacking scenariand results

For theMUA casestudies, we develop founvaluestackingscenarios with different priorities on market
participationvs.customer outage mitigation use cases

1 No mitigation scenario Energy ®rage is 100% Figure27 demonstraesthat storage in most areas
available in wholesale market (benchmark casegan capture significant market value without giving
 Market focus scenarip Sorage capacity is up much outage mitigation. In some areas though,
offered to market to captureat least80% of power outage risks coincide with high market value
market value and held in reserve during monthgeriods (e.g., in summer/early fall). In those areas,
with low value potential; valuestacking opportunities would be more
1 Resilience focus scenarid®orage capacity is limited. For instance, customers in Twentynine
held in reserve to achieve 90% outage mitigatioffalms would give up nearly half of their outage
and offered to markein months when outage mMmitigation benefits with a market focus due to
risk is the lowest; and outages concentrated in summer, while a resilience
{1 Full mitigation scenarioEnergy ®rage capacity focus to mitigate their outage s would result in
is 100% reserved for customer outage mitigatior® l0ss of around 90% of market value
(benchmark case).

Hanford

Napa

North
Mountain

Placerville

TwentyninePalms .
w%uld give uf Reddmg
nearly 50% c

outage mitigatior
with a market focus
due to outage
concentrated i SantaPaule
summer month

\) Twentynine

Palms

Watsonville

Figure27: Results for alue-stackingwith outage mitigationby scenario
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Ouranalysis does not incorporate the full flexibilityNon-RA benefitenergy arbitrager RPS benefi}s
of valuestacking, considering eatherdriven are distributed more evenly throughout the year
outages (e.g., PSPS, winter storms) are seasowmaimpared to RA value, which is concentrated in
and customers often get some notice of an outagéugust and September. Thus, a maratused use
risk. Considering risk profiles and grid needs;ase would require extended participation in the
customers can dynamically adjust reserve targetwholesale market to achieve the same revenue
to balance their outage exposure and valuetargets. This wold reduce the periodswhen
stacking. energy storage capacity can be reservefor
customeroutage mitigatiorandlimit overallvalue

Impact of RA CapaCity revenuesigure 28 stackingopportunities

illustrates the results for a sensitivity case
excluding resource adequacy (RA) vaMéthout
RA attributes, the total estimated market value
potential of energy storage resources would be
significantly lower, accounting for approximately
one-third of the total value with RA capacity.

Stacked value shar
(max = 200%)
50% 100% 150%

Outage mitigation capture
(hours/year)
20 40 60 80 100 120 140

o

0%

200%

No mitigation
Market focus
Resilience focus
Full mitigation

Excluding RA
lowers
potential
market value
by ~2/3

J

Hanford

No mitigation
Market focus
Resilience focus
Full mitigation

Napa

No mitigation
Market focus
Resilience focus
Full mitigation

North
Mountain

No mitigation
Market focus
Resilience focus
Full mitigation

Placerville

No mitigation
Market focus
Resilience focus
Full mitigation

Redding

No mitigation
Market focus
Resilience focus
Fullmitigation

SantaPaule

No mitigation
Market focus
Resilience focus
Full mitigation

Twentynine
Palms

No mitigation
Market focus
Resilience focus
Full mitigation

Watsonville

Figure28: Results for valustackingwith outage mitigation sensitivity case with no RA value
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Optimalcrossdomain MUA strategyith outage mitigation

We compare the scenarios to quantify the risk Example Hanford (top left on the chart below)

value tradeoff, based on the amount of market ¢ annual market value potenti&i280KkW-year

revenues that a customer would need to give up for ¢ annyal expected outages 26 hoursiyear

each additional MWh _Of_ reducthn in expected 1 Translates to 13 kWh of lost load assuming 1 kW at

outage levels. Results indicate optimal MUA zones ' 50%load factor R )

as a function ofdza U 2 YSNER Q A Y U NRA ¥ 003 -1 sfkwilzps21200mwd 2 & U

load (VoLL) level at selected locations. VoLL varies; L ¥ odzad2YSNDa «2[[ Ad 0208 (KA :
cki

by customer, depending on how inconvenient or  revenues are not sufficient to justifialuestacking
costly power outages aréor them. Interrupting beststrategyA [full mitigation
discretionary loaddlike heatinga swimming p00|, 1 Market focus scenario captures 80% of market value

($225kW-year) while reducing expected outagesm

is not much of an inconveniencand thus yields a 26 hoursyearto 9 hourslyear

9 T/ dzEG2YSNI 2dzi - 38 YAGATFGAZY Hebd

VoLlsaremuch higher. translates to 8.5 kWh/year per 1 kW at 50% load factor

Figure29 summarizes our results. In areas wiggs | $55+ 8.5 =56.5kWh or $6,500MWh . ) |
LT Odzai2YSNRE +2[[ Aa 0S8f26 OGKA:

i T
outages CUStO.merS need to give up a lot of mitigation is not sufficient to justifyaluestacking
revenues to mltlgate/eryfew outages,so value beststrategyA market only
stackingis attractive even under high VoLL. Full q vaestackingh a 2 Li0AYFE 2yte AF Odaizy
mitigation comes at a high opportunity cost in most  between these two levels, froi$6,500to $21,500MWh:
areas,so market participation in periods with low best strategyA
outage risk tends to be more casffective

Optimal MUA strateg Optimal MUA strateg'
with RA value without RA value

$0 $5,000 $10,000 $15,000 $20,000 $25,000 Hanford WOUld $0 $5,000 $10,000 $15,000 $20,000 $25,000 &
have to give up

significant .
Hanford _ €— market revenue l VoLL in
$/MWh

to mitigate
relatively few
S . outages I Best strateqy

North

_ Full mitigation - A Market focus
Mountain

_ comes at high ~ .
opportunity cost A Resilience focus
: Mostareas B Market/resilience
Placerville - ~ capture most
market value by
y bé

tolerating a few

. outages l
Reddmg g Without RA,

value stacking
would not be

SantaPaule 2 I >~ as attractive
except for customers
with low VoLL

Twentynine ) I (discretionary load)

Palms
Watsonville . I
Low VolLL High VolLL Low VoLL High VoLL
Discretionary €€—> Essential Discretionary €€—> Essential
Loads Loads Loads Loads

Figure29: Optimal MUAstrategy based on value of lost load (VoLL) levels.
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Challenges with the Distribution Deferral Planning and Procurement Framework

Systematic undeforecasting in DDOsThe The thin market and procurement challenges
current distribution deferral opportunity (DDO) ultimately reduced viable energy storagéigible
screening and selection process aggressivefpportunites to  19% of  procurements,
eliminates energy storage as a solution. Most of théepresenting <1% of total potential DDOs and only
LINEOGESY alSYai FNBY F2 NER@rpiidozey Projects in total. Third party
methodology through which the 10Us cannotdevelopers thus have a low ahee of securing a
identify a DDO il it is too late to procure a non revenue stream through this procurement process.
wires solution for it.

This systematic unddprecasting of procurement

opportunities, plus other elimination screens,

excluded 95% of opportunities identified over the 5% scopeof DIDF & pilot procurements
past 5 yeargFigure30). Figure31shows the impact B i i

A 4 M Viable or TBD (<1%)
2y {/9Q4 ob &SI NJ F2NBI NF \‘“ »

Without those restrictions, on the order of 10
200 energy storage development opportunities
would be identified and procured every year.

1,300+ DDOs
from 2018-2022
planning cycles

Impact on distribution deferral procurements
Given the planning challenges, the resulting
distribution deferral procurement marketplace,
representing only 5% of potential opportunities, is
so thin that 45% of the procurements were
unsuccessful due to lack of offers, lack of a feasible
portfolio, or lck of coskffectiveness. Another
16% of procurements were canceled or delayed
during the procurement process due to stringent

. . ! - Figure30: Screening and selection process for distribution
requirements on project size and timing.

deferral opportunities

2018 DDOR 2019 DDOR 2020 DDOR 2021 DDOR 2022 DDOR 2023 DDOR

Range of
actual
(realized)
investments

[
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Figure31: Systematiznderforecasting of distribution deferral opportunities (# projects per year).
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ValueStacking Opportunities for Distribution Deferral Solutions

Selected DDO case studies

As of August 2023, the IOUs have selected a totdfigure32 showsthe locations of thesé&3 projects
of 98potential DDO projects based on distribution we selected for DDO case studiesd their
deferral (DD) procurement cycles from 2017/18characteristics

through 2022/2023. The DD needs are concentratéa the summer

We start with a dataset for these 9grojects ~ Period,mostlyfrom June through Septembeand
developed by PA Consulting and releasedier ~ extending into October for about twihirds of the
Rulemaking 206017, which includesproject —CcasesMostDD needs occur throughout all days of
location, MW/MWh need, delivery period, and the week, typically spanning the afternoon and
limit on DD calls. evening peak periods.

In approximately half of the casesiraual DDcalls
are limited to 30per yearor less, while for some
projects, it can be as high as 185 per year.

Energy storage attributes were suitable for 73 of
these DDO projects, of whicimly 63 had sufficient
public data needed for our analysiBotal capacity
needed for these 63 projects were 210 MW andln all cases, the DD calls are scheduled to occur on
1,084 MWh. a dayahead basis.

Of these DDOs, nty 3 projectswere actually
installed Acorn| and two Wildcat | projects, all
with energy storage
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Figure32: Distribution deferral case study characteristics.
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Analytical approacto DD MUA

We analyze hypothetical energy storage projectsWe consider 3 value streams:
to meet the distribution deferral (DD) need at each

location, assumin®D is the primary use cagenly Energy arbitrage Each location is mapped to a

. . : . CAISO sulmad aggregation point (SUbLAP);
residual capacity after serving Dieedis used to ,
provide wholesale market serviceshis glves us a market value estimated based @mergystorage

O2yASNDI GABS GASe glieRatgh agginsthistorical LMBS,Qf,00398% 2 v ¢
from a wholesale market perspective RPS benefits Energy ®rage charged during
periods with renewable oversupply can reduce
curtailments and lower the need (and cost) to
procure additional resources to meB®enewables
Portfolio Standard (RP@hd other clean energy
targets; benefits quantified at $3/MWh
consistent with the RPS adders frame / t | / Qa

months, and on days when DD services are no ower Charge Indifference Adjustment (CPUC

called, we assumeenergy storage is subject to 0239.

charging constraintsrecognizing the need to System RA value Energy trage capacity
minimize creation of a new peak load on the available to discharge during peak periods can help
distribution system meeting the RA capacity needs to ensure system
reliability; benefits estimated at $15/kWhonth
consistent withthe 2024system RA price forecast
in CPUQ Bower Charge Indifference Adjustment
(CPUC20239 and recent RA contractdata
Allocated to AugstcSegember evening hours
basedonF AYRAyYy 3da FNRY (GKS /t! /O
reserve margin study (CPUC 2022b)

DD services ar@assumedcalled at the annual
maximum number of times for the maximum
number of hours, and on days when wholesale
market value (opportunity cost) is highest
providing avery conservative estimate of the
valuestacking opportunig. Within DD peak

We characterize market valdgased onthe same
approach weused for the MUA analysis with
outage mitigationFigure33 shows the estimated
value potential under 100% market participation
(benchmark).
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Figure33: Total estimated market value potential BAISO subLAP0233).
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DD MUA esults

Figure 34 illustrates the estimated share of Extended DD service window require storage
potential RA benefits capturedersuslost due to  configurations \ith longer durations, which
distribution-related constraints includingDD  reduces RA value per kWh of investmanter the
service calls, minimum duration, and chargingcurrent RA program parameterds suchwe find
limitations. that storageeligible DDOs with 6+ hours of
. . duration would capture only 30% of the value
The DDOsrequiring fewer hours of service and provided by RAnly storage.
lower limit on annual calls allow for high RA value.
We estimate that most distribution deferral A hHgh limit onthe numberDDservice calls is also
opportunities analyzed can capture at least 50% ot barrier to RA value, because dispatch signals do
the potential RA benefits throughaluestacking  not always line up with RA needs. Our analysis
while the top 1/3 of the storageeligible DDOs shows projects with up to 2DDservice callper
capture more than 80% of the value provided byyear would capture 2x more RA value than projects
RAonNly storage. with 50or morecallsperyea.

100%

90%

80%

70%

60%

50%

40% .

o il plisltee,
[ b
10%

I

63 storageeligible dxdeferral opportunities
sorted by potential RA value captured

Figure34: Share of potentiaRA capacity benefits captureaderdistribution deferral related constraints.
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Impact on financial feasibility of DDOs

As shown inFigure35, RA capacity benefit is an At currentprices the total wholesale markevalue
important component to this crosdomain multi  potential of storage is ~$60/kWArear, including
use application. As with the pridfigure34, this energy arbitrage, RPS benefits, and system RA
figure shows incremental energy and RA benefityalue We estimate that most storageeligible
that could be captured bgnergystoraga even DDOs could capture at least 50% of this value
conservatively assuming each project operates t830/kWhyear or more.

meet its maximum distribution deferral service
calls and is subject to operating constraints whe
not called.

hiswholesale market valueould pay for a large
ortion of storage investment and accordingly
reducethe distribution deferralservice payments
The relatively high share of RA capacity benefits ieeded. In the 2023 CPUCEnergy Storage
driven by gstem RA capacity pricésrecasted at Procurement Studyve estimated griescale energy
$15/kW-month (CPUC20239, up fromabout $3 storage project costs ranged from $9 to $14 per
prior to 2019, and $£8 in 202@2022 kW-month based on aifin utility contracts
approved during the 2022021 timeframe. This

Energy ®rage can also stack significant amount : :
of energy market valuand RPS benefits because2SIates t0 $2¢$42 per kWhyearin total project

operating constraints from distribution deferral costs
serviceneedstend to be minimal whermarket
opportunities are high (e.gin the gringtime).

$70
$65
$60
$55
$50
_ $45
> Grid-scale
s‘ $40 storage cost
; $35 range based on
IOU contracts
g $30 approved in
20202021
$25 w/ all attributes
$20 MNNERRE Y SRS L ||y
k0% C iy Ly 1 I
oy 1My, _fi.ﬂ.fl oL, ]
$10
$5 ySNBE
$0 NDAUNI IS

63 storageeligible dxdeferral opportunities
sorted by potential total market value captured

Figure3sY t 2 Sy Al f aadl Ol of SistribBighSeddma sefvigeR w! OF LI OAG& GAlF

Lumen 555
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Key Observationf®r Chapter2 (Crossing Boung

Crossdomain MUA with customer outage mitigation

Customersited resources provide scalable outage mitigation serving individual customers and the
surrounding community.

The scalability of distribution substatioand feedetlevel resources for outage mitigation is limited by
prevalence of distributioslevel outage risks.

Targeted distributiorconnectedcommunitylevel microgrids offer distinct advantages and could be
scalable, but they face significant barriers.

The Redwood Coast Airport Microgrid provides a template for an LSE/I@&Velmpment process,
operating agreement, and tariff, but financial barriers have yet to be overcome.

Stacking R&apacity and energy value with outage mitigation is possible; the optimal MUA strategy
depends on outage characteristics & risk tolerance.

Exclusion of RA capacity value reduces potential market revenues to offset resilience investment cost by

2/3, and it reduces the incentive for those in need of a resilience solution to participate in the wholesale
marketplace at all.

Crossdomain MUA with distribution deferral

Current distribution deferral planning and procurement processes face several challenges that limit the
visibility of a large number of energy storage opportunities.

Review of the distribution deferral planning and procurement process confirms the current policy
framework as an unreliable revenue source for 3rd party developers to build a viable business case.

The operating requirements of most distribution deferral opportunities synergize well with system RA
capacity needs.

Valuestacking wholesale market services with distribution services significantly improves the economic
feasibility of most storage solutions to meet distribution deferral needs, and it is an important
ingredient to a viable business case for distributitafierral.

But for developers to consider distributia@onnected projects rather than transmissionnnected
projects, they need a positive revenue outlook for distribution deferral services.
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A massive grid transformatiorsiunderway in California in order t&"
and achieve carbon neutrality by 2045.

The 2023CPUC Energy Storage Procurement Stestymatesthe energy storage fleet has the potential
to yield $835 million to $1.34 billion of annual net grid benefitdy 2032 compared to a grid without

energy storage. A large share of that potential is likely to be realized uraarent policies and planning
practicesas transmissiorconnectedenergy storage scales up to 10 GW or more.

Novel and emerging resource types and use cases offer additional, buupguantified, benefits.The
benefits of reducing barriers to community resilience investments, and to distribution defer
resources, for example, are not currently quantifiable but are likely substantRé&commended policy
actions reaffirm and build upon several recommendations from the first evaluatitay, the foundation
for better understandingimportant new or maturing energy storage resource types and use cases
they emerge,andfocus on removing barriers to thepotential benefits

Based orkey observations otthe performance of energy storage resources participating in the CAISO
marketplace in 2022 and 2028 Chapter 1 $caling Upandon the opportunities and challenges with
crossdomain multiple use applicatioria Chapter 2 Crossing Boundsin thisthird chapter weidentify
policy actions that would furtheexpand benefits of the energy storage fleet

The 2023CPUC Energy Storage Procurement Stualye policy recommendations in 6 categories, all of
which continue to be relevant and important to the development of an energy storage fleet that
effectively and efficiently meets state goals:

Evolve signals for resource adequacy capacity investments;
Bring stronger grid signals to customers;

Remove barriers to distributienonnectedinstallations;

Improvethe analytical foundation for resilieneeslated investments;
Enhance safety; and

Improve data practices.

ok wnNE

This report reaffirms and builds upon several of thomsommendations, with additional policy actions to
support improved planning and procurement of margtrticipating energy storage, and to support
crossdomain MUA with outage mitigation and with distribution deferral. Additional recommended
categories dscribed in this chapter aim to:

Continue to improve data collection practices;

Update outage and performance assumptions;

Improve investment synergies of community resilience solutions; and
Remove barriers to the distribution defernalarketplace.

PwnE

Lumen 555




CPUC Scaling Up a@dbssing Bounds Chapter 3: Recommendations

Recommended policy actions to support improved planning and procurement of market
participating energy storage

We observe the energy storage use case in the CAISO marketplace continued to transition from ancillary
services to energy time shift. Most of the CA4S@ticipating energy storage resources now regularly

charge at lowpriced periods in the day and disclyarat highpriced periods in the evening. This has
important implications for GHG emissions reductions and avoided renewable curtailments. With more
SYLKIaAa 2y SySNHe& GAYS aKATOX GKS YlI22NRGE 27F /!
helping with integration of renewable energy resourc8arage colocated with solar PV provided higher

benefits than standalone storagepartly due tomore operational focuson energy time shiftand partly

due to location in southern California where the marketplace signals a higher need.

Overall, the CAISfarticipating storage fleet provided substantsstembenefits in the 20172023
timeframe. Average energy value of storage resources in CAISO grew by abouv2r $5/kWmonth,
relative to results fronthe first evaluation RA capacity accounts for an increasing share of the value
provided by the storage fleet. These observed #&atld results and market trends are consistent with
the forwardlooking analysis included in the 20€RUC Energy Storage Procurement Study

One challenge, however, is that energy storage configured as part of a hybrid resource, and customer
sited energy storage, continue to be ntmansparent in the CAISO marketplace. As emphasized in the
CPUC Energy Storage Procurement Stagyrovements in data management are imperative as energy
storage scales up in different forms and across all grid domains. The 2023 study recommendations include
development of universal and standardized data collection, retention, quality control, epatting of
interval-level operations for all ratepaydunded energy storage resources.

With our analysis, we see a negal continue to improve data collection practicesfor energy storage
evaluation purposes.

RecommendationsOngoing efforts to improve data collection are needed to enable meaningful
evaluations and policy adjustments as the energy storage fleet grows and changes.

In 2023 the CPUC and CAISO worked together to update theirsdatang arrangements to include
ongoing and standardized reporting of energy storage performance in the CAISO marketplace (CPUC
2023a). Understanding the operations of the energy storage carapts of hybrid resources and behind
the-(utility)-meter resources (Proxy Demand Resources, or PDRS) participating in the CAISO marketplace,
however, continues to be a challenge.

As a next step, onecommendations for the CPUC are to:

9 Continue to monitor the reported hybrid data collected by CAISO; work with the CAISO to refine those
reporting requirements if needed; and, when those data become available and geo@aititsolled,
include an analysis of hybrid resources in future energy storage evaluations

I As recommended in th€PUC Energy Storage Procurement Stuatyyire that ratepayefunded
resources participating as Proxy Demand Resources (PDRs) in the CAISO mariegipiadbeir
complete (charge and discharge) intervigvel operations modeled after the SGIP requirements for
Performance Based Incentives and expanded to include information on state of charge, standby losses,
and operations during upstream grid outagelm future energy storage evaluationgse that
information to better understand tie capabilities of customer aggregatiofs.g., Virtual Power Plant,
or VPP) to provide RA capacity servieasl how they might balance the tradeoffs of services to the
CAISO marketplace with onsite customer needs.
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Energy storage operating performance is increasingly important as its contributions to the RA capacity
market and system reliability grows. We investigated historical availability and performance of the storage
fleet in CAISO market in 2022 and 2023, idiclg during griestressed periods, to help validate and
improve future resource planning and procurement efforts in California.

We find that energy storage resources experience@ Zhigher forced outage rates relative to
FdaadzYLliAz2ya Ay GKS adlridsSQa ANAR LA FYyyAy3a adGdzRASaE
variation on forced outages of storage resources. In the months of August and September, when the
CAISO grid typically the most strained, average outage rates @me percentage point higher thahe

average across all months and hours of the yBaring the evening peak hours of August and September,
outagerates of the storage fleet averaged at about@, exceeding 15% in 1 out of evérgays. This is

in comparison to the 5% outage rate currently assumed in grid planning studies.

The historical record is too short to analyze yaayear variability in CAISO markgdrticipating battery
energy storage outages, but safety eveatMoss 100 andloss 300 clearly had a major impact on overall
fleet performance September 2021 through May 2022.

Moss 300 for examplejs a 300 MW/1,200 MWh transmissimonnected system installed at the end of
2020. The entire resource went on outage in September 2021 due to a safety event then mostly restored
in June 2022. The outage was recorded as a forced outage in September abgrQ021, then as a
planned outage for the remainder of 2021 and in 2022. The entire outage is not included in our forced
outage analysis described above.

az2zada onnQa 2dApedchtage PoRiS ® fleetwide forced outage rates in September and

October 2021, then 116 percentage points to fleetwide planned outage rates in November 2021

through May 2022, after the outage was recategorized. The magaibf impact on fleetwide outage

NI §Sa Aa RdzS (2 GKS NBaz2dNOSQa NBflIGAgSte I NBS a:
at the time.

Energy storage operations in 2022 and 2023 points to a neefddataand further explore some energy
storage aitage andoerformanceassumptions

Recommendation§. A YA I NI &> Fa ¢S 20aSN@#SIdaop&d&ionSan@maEmkét & G 2 NI
performance change over time, those operating patterns and trends will need to be incorporated into
planning and procurement assumptions regularly and on an ongoing basis.

As part of its ongoing planning and procurement updates, our recommendations for the CPUC are to:
f Validael y R dzLJRF S GKS SySNHe& ai2N}r3S F2NOSR 2dzil 3s
planning and RA program activities to incorporate the most current information. This includes

incorporation of a higher (11.5%) annual average forced outage rate, and consideration of the hourly,
daily, and monthly outage patterns and variatiomsparticularly during summer evening peak periods.

1 Consider and incorporate market trendswards lower ancillary services revenues, slightly higher and
leveling2 dziT Sy SNH& NB@SydzSa Ay GKS /t!/Qa w! OFLI O
evaluation methodologies.

1 As recommended in th€PUC Energy Storage Procurement Sitmiytinue to explore the safety
reliability link, firstly to inform improvements in safety practices, but also to identify and reduce risks
to the reliability of the bulk grid.
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Recommended policy actions to support crdemain MUAwith outage mitigation

We observecustomersited resourcesprovide scalable outage mitigation serving individual customers

and the surrounding community. Actual development of solar plus stotagerotect against the most

impactful long duration outages, ggowing especialllamongstresidential customers. As discussed in the
2023CPUC Energy Storage Procurement Skey influencers to crosgomain valuestacking are retail

rates and programst Kl &G aiddzRéQa NBO2YYSyRIGA2ya G2 oOoNAy3 ai
applicable here.

The scalability ofubstation and feedeflevel distribution-connected resource$or outage mitigation is

limited by the prevalence of distributielevel outage risks. Resilienf@used microgrids installed on this

part of the grid for example,primarily address special situations in which outage risks are mostly
upstream (e.g., on the transmission systerfje downstream distribution system within the microgrid

thusis not in need ofmajorinvestment cost tdarden against outage riskbhis use case ikély to remain

an important tailored solution for some communities, but niche compared to other use cases, and unlikely

G2 NBIFIOK D2 &ao0ltS Ay /[ FTEATFT2NYAIFI Qa NB&a2dzNOS LR NI T2

In comparison,community-level distribution-connected resources including those serving entire
communities or clusters ofvulnerablecustomers and communitgerving facilities are sited closer to
customerswhilestill connectedt T N2 y i 2 F ( K StheddazfibutiorsiistemCoMBunigIdiEl 2 v
resources offer distinct advantagés individual customesited resources in cogffective mitigationof

both transmissionanddistribution-level outages. fiese types of resources are tailorable to a diversity of
communities and thegould be broadly scalable across the state

Howevercommunitylevel resourceare a new paradigm in local energy system planning and operations,
and theyface significantechnical, financial, and polidyarriers (Pfeiffer 2021)As a consequence, the
industry has very few examples of this resource type nationwide, and even fewer examples of community
resources serving crogsomain MUA. New-construction resiliencefocused housing developmerst
provide examples of what is possibl€arpenter2022; Dean 2022), but they cannot be realistically
implemented in an alreadyuilt environment.Alternatively, he use case is sometimes proxieith a
collection of customesited resources without the benefit of resourpeoling Energy resilient municipal
critical facilities2023)

Wholesale market revenues are essential to the community resource businesshea®edwood
Coast Airport MicrogrigRCAM]s one of the fewdemonstratiors of crossdomain MUAof community
level energy storage the industry RCAMprovides a templatainder CPUC Rulemaking-Q9-009 for
addressing several technical and policy barriersulti-property microgridsincludingdemonstration of
a workableLSE/IOU cdevelopment process, operating agreement, and tariff

The energy storage in RCAM happens to be part of a mictrogddare many examples of community
level energy storage. Our discussion and recommendations around comnhewetyresources are not
aimed at microgridper se but at any communityevel energy storage resource.

One goal of the RCAM project is to assess business model viability, reco¢mitivag the resourceis
nearly fully subsidized through state and local grant programs, (ahdhat RCAM itselfdoes not
demonstrate a business case absent those grants.

RCAM provides outage mitigation for its community, and it provides services to the CAISO marketplace.

At the time of this report, RCAM does not qualify for anyountofRAcapacit. y w/ ! aQa LI I yYAY
its outage mitigationvaluewasassessed through @mmunityengagemenprocessRevenues from the

gK2t SalrtsS YIN]SGLE I OS thdzdikg/banefilsddr pzviding eriegy, DGR A G A 2 y
services, renewable energy credits, and RA capacity serweere alsoestimated and weighed against

project costs. Theseholesale marketevenueshave been identified by the RCAM project partners as

important to a viablebusinessnodel
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w/ ! aQa | 4a53aaYSy i askessméndsfiefign siofagedsts gabililyio pede dervices,

and performance, both in thEPUC Energy Storage Procurement Stadyn this reportTheCPUC Energy

Storage Procurement Studgcommend actions to enable multiple use applications as part of a strategy

to remove barriers to distributioftonnected energy storageinstallations.Our case study analysis,

described further below, confirms the importance of wholesale market revenues in reducing financial
barriers to resilience investments. Blue sky services including, but not limited to, wholesale market

LI NGAOALI GA2Yy FFNB faz NBO23IyAl SRPilanyMethokdbgy/for ! / Q& v
resiliency resource planning and developm@PUC 2024bAs suchwe emphasize her¢hat the ability

to develop crosglomain MUA, and access associatedssdomainrevenue streams, is essential for the

business case of communilgvel resources.

Lack ofRA capacity market participatioss amajor concern.In the few availableexamples of
communitylevel resourcesincluding RCAMye find thatfinancial barriers are stilpparent and have yet
to be overcomeParticularly we findthat RA capacity market participation is not well demonstratéte
recommend more policy focuslescribed further belowon ensuringhe RA capacityevenue stream is
not de factoinaccessible for a diversity of communigvelresources that can actually and demonstrably
provide the service. RA capacity revenues sigmificant:nearterm RApricesare forecasted atabout
$15/kW-month, compared to about $5/k\Wnonth average energy revenueand weexpect prices to stay
high over the longerm as the state moves towards its clean energy gdus regardless of price levels,
RA capacity revenues algoovide a longerm hedge toenergyand ancillary servicemarket price
volatility and trends

CNRBY gKS 02 Ydey)\HG g 0a LISNa LJSC)}EA (ZSAZ gK2tSalrtsS YIN]S
5SLISYRAY3 2y | O2YYdzyrdeQa @GrFtdzS 2F t2aid t2FR Iy
resilience benefits alone might not justify the local resilience investmé@nis crossdomain MUA

including RA capacity servicesakes resilience investments financially feasible for more communities

and customers

As demonstrated by RCAM, which provides services to the CAISO marketplace in nearly every hour of the
year and settles with CAISO 24/7, and by our case studies, a wide range of comnoonitiesfer RA
capacityservices from this use case while retaining most or all of their outage protettionr case study
analysis, we find that stacking RA capacity and energy value with outage mitigation is possible and could
significantly reduce financial barrieBxclusion of RA capacity revenue reduces potemiaket revenues

to offset resilience investment cost by 2A8/e also find that eclusion of RA capacity as a revenue stream
reduces the incentive for those in need of a resilience solution to participate in the wholesale marketplace
at all.

From a bulk grid planning perspectiuaclusion ocommunity resources built for outage mitigationthe

RA capacitynarketopens the market to a more diverse set of resouraeady being developedhus

providing more opportunity for the entry of innovative and legost capacity solutionsfdditionally, &

described abovef community resources successfully compete in R capacitynarket, these market

revenues are part of the equatidn facilitatingcommunityresilienceinvestments This can be a pathway

for LSEs to addreszalifornia Public Utilities Code Section 454. 52(a)(1)¢(/ﬁ):hreqU|resLSEs through )

the IntegratedResourcePlanning(IRPprocesstoY & { i NB y3uKSy UKS RA GSNAEA uez
2T (0KS o6dzZA 1] UGNXyavYAaaizy |yYyR RAAGNAROdziAZ2Y &deaidsSvya

Considering both perspectivesuccessfuRA capacity procurementsf outage mitigation resources

enable customer and community resilience mvestmemdprowdemore options for, andnoreresource |
diversity in, RA capacity procurementa I { Ay 3 GKAa O2yySOUGAz2y A& | 1 ¢
recommendations.Several types of policies need to work together to suppodre integration of

community resources in the RA capacity marketluding those around the RA capacity planning process

(i.e., integrated esource planning) resource interconnection and deliverability, and RA capacity
procurements.
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Opportunities for inclusion of community resources in RA planni2923the/ t | / Q&4 wWS&AAf A S
and Microgrids team hosted a series of workshops and informational sessioezplore resiliency

standardd YR | @I NASue 27F [ -RilaXMethddalofyXof r@siliéngy resddrSe plarining Qa n
and developmen{CPUC 2024bJhe2023 workshops and informational sessions build from GEUC
wSaAftASyoOe | yR aAi ONB BPErKand &lelsmidest fractitdskeSiacesrBRN]
management including work under its Resiliency and Microgrids Working Group and astivitder

CPUC Rulemaking -09-009. As part of the series, applicatiaf the 4-Pillar Methodologyin IRP was

explored with stakeholdersncluding discussion of relevant definitions, metrics, and methodologies in
resilience planningThe tential IRP applicatiomdentified mutually beneficiabpportunities to connect

(a)local perspectives and resilience investments With.SEand statelevel grid planning.

Those findingare highly relevant to our recommendations he¥ée recommend further exploration and
consideration of the process to integrate community resilience resource planning with IRP, as
documented irthe referenced CPU&orkshops and informational sessions.

Two important outcomes of such a process wilfdae(1) IRP to gain a better understanding of distributed
capacitygrowth, use cases, and resources attributes availabketoethe bulk grid and (2) local planners

to gain a better understanding of grid needs and the benefits and tradeoffs of providingdoossn
services. Thesplanningoutcomes will set the stage for a more successful exchange in the RA capacity
procurement marketplace.

Considerations for community resource interconnection and deliveraltioty.a resource is
interconnected and to what degree & services can reach load delivery points on the transmission grid

RAZNAY 3 LISI{1 LISNA2R&a> FNB AYLRNIIYd RSIGSN¥YAyYylFylGa 0
not conduct an interconnection or deliverability study on any of the hypothetical casdies we

analyzed but we did review available data on the characteristics of actual resources online and under
development as shown imPAppendix E(Case study Fact Shegtdhe RCAM project, through project
documentation and interviews of the project partners, provides among the most comprehensive
information on challenges with interconnection and deliverability.

RCAM includes 2.2 MWhbur energy storagand 2.2 MW solar P{Carter 2020)Onsite peak load 330

kW. Through an mterconnectionagreement with its IOU and project partner, PG&E, RCAM is subject to
an operatinglimit of 1.48 MW for imports and 1.778 MW for exparBCAM:s interconnected through

t Dg9Qa 2 K2f Sal f &ndpakicipatdslaadabiiddesourtd iMtiie TAISO marketplace, just
as transmissiostonnected solar and storage hybrid resources participaAtethe time of this report,

RCM does not qualify for any amount of RA capacity. Currently, a transmission deliverability assessment
and potential transmission upgrades are needed to qualify for its operating limit of 1.778 MW. To qualify
for its full 2.2 MW ofenergy storagecapacity, RCAM would need (a) establish deliverability to the
distribution system, including required distribution upgradesd (b) establish deliverability to the
transmission system, including required transmission upgrades.

Whether or notidentified distribution and/or transmission system upgrades deliverabilityshould be
implemented and who should pay for themis a complex topiof debatethat is not included in the
scope of this reportBut two issues are apparent in the RCAM demonstration that likely pose challenges
to other resources with this use case.

The first issue is that RCAM does not qualify for RA capacity up to its onsite load without a transmission
deliverability studylt is unclear whyransmission deliverabilitis neededo serve onsite loadThisis a

G2LIAO 27F RA aOdzRasdutey Adigyiadylodelg andProgramQesign Working Group

(CAISO 20). We recommend that the CPUC works with the CAISO and their stakeholders to align these

NHzE Sa G2 NBO23IyAlT S (KAxdzUILEE ¢ TFli2KNdvbugROHenfonsiratid (dfdl F@BA G &
actual net load reductionsimilar in concept to howoad reductions qualifdzy RSNJ / ! L{ hQ& t NR EGE
Resource (PDR) patrticipation model.
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The second issue is that the transmission deliverability assessamdrRA capacity qualification process

is difficult for communitylevel planners, with relatively limited resources, to understand and navigate.
RCAM chose to not immediately pursue RA capacity qualificatidmugh RCAM was used to examine
business model viabilily 0 KS LINR2SOuUu LI NUYSNBQ RSOAaAZY 02 |0
installation is not necessarily indicativé the longterm private-sector economics of doing so. Aes
demonstration project lhey are subject to the project schedule and (gross) cost constraints which are
conditions of their grant funding arrangements. interviews, RCAM project partnehgghlighted nor
transparency and challenges in the RA capacity qualification prodgssn, we did not conduct an
interconnection or deliverability study, but we understaritht Wholesale Distribution Access Tdriff
Wholesale Distribution TarifiWDAT/WDTinterconnectionis knownby developersas a difficult process

(for example see(Schwartz 2023))

Regardingv/ ! ap&tkato future qualificationit is not clear to us whthe storage component dRCAM
Aa y2 0 f A &vboksule PigtributitnsT &rifugue (PG&E 2024)f or how RCAM was considered
inl KS / subseduédi@nnual distributed generation deliverability assessmg@alSO 2024ahor
what the outcome of those assessments means for REpédifically(including whether or not it needs
toapplydi 2 GKS /! L{hQa Ofntz@dniedtivn aulesiz&e extteidyQcbndpkwe
recommend the CPUC explorefinementsto bring moe clarity to this process for communitgvel
plannerswho seekto determine if RA capacity qualification is worth pursuiregardless if the resource
is in a planning stage or already installed

One cesired outcomedf this clarificatiorisfor communities tanore easily access and understasjkecific
information on howto qualify their WDAT/WD1interconnected resourdg) for RA capacityincluding
timeline, roles and responsibilities of each party involved, and resource operating requirements during
the qualification process.

A ¥ 4 A x

For any WDATWDTA Yy 1 SND2yySOGSR NBaz2dzZNOSa AyadlttSR I a
deliverability established) or with partial deliverability, another desired outcome of this clarification is for
resource ownerso automaticallyreceiveresourcespecificinformationon how much of the resource can

qualify without additional wiresipgrades plus a time and cost estimate upgrade to full deliverability A
CKAA YIe 0S I OKASOIofS GKNRdAdzZZK NBFAYSYSyhuted G2 KS
generation deliverability assessmentboth in the data IOUs provide the assessmentgnd in the way

IOUs communicate results to thaWDAT/WD1interconnected resources.

We understand thaboth the design andmplementation of WDAT/WDTis driven by the utilities and
under federal jurisdiction. #a consequenceghe CPUC is extremely constrained in what it can do to
improveWDAT/WDTandWDAT/WDTs less amenable tGalifornia stakeholdedrivenrefinements and
Y2ZRSNYAT FGA2Yy O2YLINBR (2 GKS /t!/Qa wdzA S uwm |
resourcesRecognizing thoseonstraints we see progressin 2 O f NB a2 dzZNOS RS@Sft 2 LIS
WDAT/WDTas essetial to enabling a more robust market for communigvel resourcesOngoing,
meaningful, improvements taNVDAT/WDTshould be a priority for enabling community resources,
observing thatWDAT/WDThas been problematic for developerand with the understandng that
interconnectionprocessesan createmajor barriers to resource developers through lengthy and highly
uncertain timelines, and through large and highly uncertain upgrade costs.

Through itsadvocacy at FERC with other state agencies, the CPUC established a Transmission Project
Review Process (TPR Process), launching January 1, 2024, which enables more robust engagement of

I TEAF2NYAL &l 1SK2f RSNB Ay -jurigistional Srahdnisgidd¥néegtment2 T K &
plans(CPUC 2023bA similarconcept forstakeholder review may be possible for futWeDAT/WDT

refinements and modernizatiomVe recommend that the CPUC continue to seek amaleément solutions

to help smalle local developers overcome the logistical and financial roadblocks to IOU and CAISO
deliverability assessments and potential wires upgrades neeietyding consideration of a THiRe

process foWDAT/WDWwhich exploresadditional fast track optionandfinancing options for identified

wires upgrades.
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Integration of community resources in RA capacity procurements, evaluations, and contracts.
Through the abow@roposed planning refinements, when lotgrm RA capacity is procured, local
resource owners will better understand what services provide the most value to the gridiapadity
procuring LSEs will better understand the attributes and availability of commiavigyresources

As demonstrated through our case study analysis, community resources providingdonasn MUA

with outage mitigation wilbe available talifferent degrees to the wholesale marketpladependlng on
GKS GAYS LINRPFAES 2F | O2 YoomUAiti fe€@nd priduities@ 8 SNR &1 & QR Y
RA capacity program architecture already allows for RA capacity procurement on a monthly scale,
although, in practice, that is used for shor@rm capacity procurements rather than lotgrm
O2YUNJI OQuad ¢KS [|of-Day feadewsk YrovidEsAeyeA mdref patéhtal for community
level resourcesto participate in the RA capacity marketplace, tigfining RA capacity needs and
obligations both by month and howf day (CPUC 2022c)Ve recommend further exploration of how
communitylevel outage mitigation resources can integrate with the SticBay framework develop
monthly and hourly profile to their RA capacity supply offgrand compete sidéy-side with
transmissiorconnected resources in the RA capacity marketplace.

We alsorecommend consideration of how community resilience resources can be recognifedi KS [ { 9 Q.
RA capacity procurement$or their attributes tovards California Public Utilities Code Section .

npn®pHOLVOMUODO NBIdZANBYSyGa F2NJ Lwta G2Y a{dNBy3
odzf {1 GNI}yavYAaarzy FyR RA&AGNROdziAzYy aeaidsSvyaz FyR f

To be clear, we are not proposing a procurement carveout for community resources. But one way their
resource attributes which strengthen diversity, sustainability, and resilier@n be recognizedfor
SEFYLX S A& GKNRdzZAK LINA2NRARGATFdGAZ2Y Ay (KS [{94Q &

Not all customerand communityserving resources will be able to provide RA capacity services to the
transmission system.

In some parts of the state,ubagerisks mostly do not compete with system RA needs, such as in areas
with a distinct winter outage problem. In these areas, customers could operate energy storage normally
during an RA emergency, accepting somedR¥en outage risks, and provide RA capavilue through

a Sliceof-Daybased mechanism

In other parts of the stategutagerisks compete with system RA neettsd crossdomain MUA is more
challenging such as in areas with a summer and fall outage problem. In these areas, the policy approach
should seek to limit the situation in which energy storage is held fully on reserve for outage mitigation
and the customer is withdrawing from the grid during &\ emergency. An RA participation or
contribution model that compensates customers for islanding eedfiably selfsupplying RA during RA
emergencies, for example, would improvgnsrgies with customers and the grid, and would support
energy independence for these customevge recommendurther exploration of this issue, in tandem

with the issue raised above on RA capacity qualification up to onsite load without a transmission
deliverability study.
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Recommendationdmproving access to the wholesale marketplace for all types of resources that can
provide actual and verifiable services to the transmission grid will unlock the potential ofdwossin
multiple use applications (MUA), reduce financial barriers to lmsdurce solutions, androvide more

RA capacity options to support system reliability

Towards this strategy that starts with enabling crdssnain MUA, our recommendations to the CPUC are

to:
1

As recommended in th€ PUC Energy Storage Procurement Stedylore opportunities tdoring
stronger_grid signals to customerand, as part of that effort, consider mechanisms tlzdiow
customers to tailor their participation in programs$ased on their reliability and resilience risk
tolerances, and based on the time profile (e.g., monthly and hourly) of their local outage risks.

Explore planning and procurement refinements for communiigvel resources to access and better
synergize with the RA capacity marketplaseich asncorporation of newnformation on community
level resources and community resilience planning activitieshe IRP process, exploration of
appropriate procurement mechanisms for commuHdigyel resourcesand consideration of how
communitylevel resources can utilize the ShokDay framework to enter the RA capacity
marketplace.

Implement solutions tohelp smaller local developers overcome the logistical and financial
roadblocks to 10U and CAISO deliverability assessments and potential wires upgrades neseadd R
asOf SFNBENJ AYF2N¥I GA2y &a2dz2NOSa 2y | aLISOArafdh O NB Az
consideration of a Transmission Project Reviike stakeholder engagemenprocess forfuture
WDAT/WDTefinements and modernization

Consider RA capacity market participation models for resources in parts of the state where local
outage risks compete with providing RA capacity to the bulk gridr example, program and
compensation mechanisms to verifiably salfpply RA capacity during grid emergengciegardless of
upstream distribution and transmission deliverability
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Recommended policy actions to support crdemain MUAwith distribution deferral

The 2023CPUC Energy Storage Procurement Sthdgrved, in the advanced stages of procurement,
distribution-connected energy storage developed to defer specific distribution investments faced major
challenges as the size and timing of identified needs changed over time.

Digging deeper into the underlying distribution deferral (DD) planning and procurement processes, we
Ffa2 FAYR aS@SNI ¢ OKIfftSy3asSa (Kl fAYAOGD GKS O@Ara
distribution deferral opportunity (DDO) forecastingethods cannot foresee nearly 90% of DDOs more

than 3 years ahead of time, yet their timing screens only consider a DDO viable if identified far in advance.
¢tKAda A& RNAGSYI Ay LINIGZI o0& akz2NI y2u7\OSavaey§ alyzge
solution is already partly through the planning proce3sis yieldsl G-id-dza o S ¢ T2NBOI adu
methodology through which the IOUs cannot identify a DDO until it is too late to procure-aines

solution for it in other words, systematic undéorecasting of DD procurement opportunities

LY FTRRAGAZ2YZ GKS dziAfAGASAQ YIEINJSG aONBSya O2yair
across a large enough geography such that an aggregator would have a relatively high chance of enrolling
enough customesited resources excluding, inhe process, DDOs that would be best met by the more
centralized and more easily scalable solution of distributionnected energy storage.

Combined, the DDO timing and market screens excluded 95% of opportunities for distribominacted
storage identified over the past 5 years. The resulting distribution deferral procurement marketplace,
dominated by distributiorconnected energy storage@viders (not customer aggregators), is so thin that
45% of the procurements were unsuccessful due to lack of offers, lack of a feasible portfolio, or lack of
costeffectiveness Another 16% of procurements were canceled or delayed during the procurement
process due to stringent requirements on project size and timing.

It is clear that developers relying on the current distribution deferral procurement prdeass a low
chance of securing revenue stream.

For the economicviability of storage procured for distribution deferraéctual installations plus our
analysis of 63 potential projects highlighth the feasibility andhe importance of valuestacking with

RA capacity and energy markeBut for developers to considdwildingdistribution-connected projects
at a cost premiunrather than transmissioitonnected projects, thegruciallyneed a positive revenue
outlook for distribution deferral services.

Our research and analysis indicdlbat removing barriers to the distribution deferral marketplace could
unlockaresource potential on the order of 1QR00 distribution deferral projects every year.

As a replacement tthe current DD procurement frameworkntegration of DD witlthe more robustRA
capacity procurements would facilitate this beneficial ckdemain MUA, but three issues would need to

be addressed for a successful marketplace. Firstghanisms to access, improve upon, and expand the

3+ year forecasts of DDOs across all potential distribution faciliéied to be irplace Secondly, bidders,
developers, and resource operators would require clear and detailed information from the G&N22xO
planning processes in order to best understand the likely timing, call windows, and DD payments of each
potential DD@ plus assurances that if their resource is installed at the right time and place they will have
the option to provide DD service$hirdly,contracts need to be clear about the prioritization of services
and valuestacking rules when RA capacity needs conflict with DD needs, but contracts should also provide
the flexibility needed tenable valuestacking(rather thand | £ £ 2 NévehaelstikcanysH £

¢CKS /t!/Qa ¢NIOl ™ tKIa&asS wm-060f7dEctssds Al#uiniesof challamge®k S NJ w
in overall distribution system planning, especially in light of rapid transportation electrification and a need

to identify priority investmentgCPUC 2024dpur suggested policy changes to enable a more robust DD
marketplace would remove major barriers to cadtective communityfocused MUA energy storage

solutions when and where needed wires investments are likely to be delayed or costly.
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Recommendationsa 244 2F GKS StSySyita 2F GKS /t!/ FyR Lh
planning process can be-feamed into a planning and procurement procegsich improves both (a) the

success of distribution deferral procurements and (b) the business case for developers to consider
resources capable of providing distribution deferral services. This is achieved by circumventing the many
planning and procuremeén 6 F NNASN&E &d4GSYYAy3a FNRBRY GKS Lh'!'aQ aadz
storage development) forecasts of distribution deferral opportunities.

To better enable scaling of distribution deferral services, our recommendations to the CPUC are to:

f Reframe the GNAs and DDORsJNE RdzOS |y | yvydz f £ & dzLJRFGSR RFGIF £ .
best and most granular information on when a distribution deferral need is likely to occur on each
distribution feeder and substation

o This is similar to what the GNAs/DDORSs produce today, but stops short of the filters, screens, and
rankings (tiering) the IOUs apply to narrow hundreds of potential DDOs to a handful of
procurements. It also provides more comprehensive information on idigion deferral
characteristics across all feeders and substations.

o Importantly, the information should include an estimate of distribution deferral call windows and
of potential deferred distribution investment costs.

9 Provide this information on a timely basis to developepstentially participating in the RA capacity
program, with sufficient data granularity and accessibility to enable developers to refine the 3+ year
forecasts of when and where distribution deferral needs will occur.

9 Allow developers to offer distributiononnected resources into RA capacity procurements with
O2y iGN Ol IINPPAEGAZ2YE (KFG 3IdzZ NI yiSS AF YR 6KSy (
deferral needs they will have the option to provide that service and be compensated accordingly
o0 This option to provide distribution deferral service should be available regardless if their siting
OK2AO0S A& o0laSR 2y (GKS Lh! Qa 55h FT2NBOlFad 2NJ i
{1 During the RA contract term, to determine when and where actual distribution deferral needs occur,
dzaS GKS Lh!3aQ SEA&GAYI Db! YR 55hw IylIteadaolf
counterfactual without the contracted resourcdf a DDO is identified, the contract option to provide
distribution deferral service is activated, and avoided distribution deferral payments are based directly
or indirectly on the planning estimate (above).

9 Assuming RA capacity is the primary use callew distribution deferral service to be provided
voluntarily, with performancebased distribution deferral payments and a wires upgrade backstop
Ly GKS Lh!&aQ Db! YR 55hw Fylfteaira olo2@0S0 AYLX
backstop distribution wires upgrade. The backstop would be implemented based on actual distribution
facility loadings and energy storage resource performahaing distribution deferral call windows.
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GoncludingRemarks

CPUC Scaling Up and Crossing Bouogaffirms and builds upon several recommendations from the
inaugural evaluation in 202&PUC Energy Storage Procurement Stdlyecommendations from the
2023 evaluation continue to be relevant and important to the development of an energy storage fleet
that effectively and efficiently meets state goals.

Installed energy storage capacity participating in the CAISO marketplace is growing rapidly as the state
continues to build storage to meet future reliability needs while also decarbonizing it$rotie last half

of 2021actual gridscale battery resources in the CAISO marketplace more than dofnbiecibout 1,100

MW to about 2,500 MW. Then, by the end of 2023, installatiached nearly, 500 MW. This growth is

driven by procurements to meet system resource adequacy needs.

In 2022 and 2023 the energy storage use case in the CAISO marketplace continued to transition from
ancillary services to energy time shift. Most of the CAp8@icipating energy storage resources now

regularly charge during lowriced periods in the dayna discharge during highbriced periods in the

evening.¢ KAd& UGNBYR TFTdNIKSNI a0NBy3aIiKSya (KB @&I@aINI S| (74
electricity grid optimization, renewables integration, and greenhouse gas (GHG) emissions reductions

As transmissioitonnected battery energy storage scales up, this report offers a few recommegadiey
actions incremental to recommendations in the 20Z3PUC Energy Storage Procurement Stiadly,
support improved planning and procurement of energy storgggticipating in the wholesale
marketplace.

But distributionconnected and customegited energy storage resources also have the potential to
provide benefits at a larger scaleand they have the unique ability to provide services to the distribution
system and directly to customers and their comnii@si. This report offers case studiesfaxilitate a
better understanding ofthose opportunities, and it presents recommended policy actions to reduce
barriersto development while also improvirigvestment synergies for both customers and ratepayers.

Inour evaluatonss S SELJ yR dzll2y G(KS adlrads8Qa LXIFyyAy3a FyR |
resourcespecific storage operations, at a fine temporal and spatial granularity, across all grid domains,

and across all potential services offered by energy storageurees.n future studies we recommend

continuing to build uporthis framework We expect themes in future evaluations to include ongoing

policy adjustments towards data collection improvements and refinements, updates to grid planning
assumptions, and new and refined procurement strategies as the energy storage fleet scales up and
resource types evolve.
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Appendix A: Historical Ener8torage Benefits

This appendix provides details on our analysis of actual energy storage operations and repeugifie
benefits as the energy storage fleet scaled up dramatically in @IZB. Figure Al shows the list of
resources considered ithis analysisincludng 6 GW of griescale energy storage resources that were
online by September 2023 and participated in the CAISO madastunderthe Non-Generator Resource
model Due to several data collection barriers discussed in our report, we exclude hybrid and customer
sited resources in our analysis.

CAISO Commercia Storage Paired with CAISO Commercial Storage Paired with
Resource ID Online Date MW Renewables | Resource ID Online Date MW Renewables
ALAMIT_7_ES1 12/4/2020 100.5 KRAMER_1 R2BX2 8/30/2023 40.0

ALMASL_2 AL6BT6 6/27/2022  50.0
BIGSKY_2_AS2BT1  9/2/2022 127.0
BIGSKY 2 ASLBT2  7/30/2022  100.0
BLKCRK_2_GMCBTI1 6/30/2021  230.0
BLKDIA 2 BDEBT1 3/17/2022  200.0
BLMW 2 COSBT1  2/28/2022  60.0
CALFTN_2_CFSBT1 8/31/2021  60.0
CENTPD_2 _BMSX2 12/21/2022 112.0
CHINO_2 APEBT1 12/31/2016  20.0
CHINO 2 PESBT1  7/8/2023  20.0
CRELMN_6_AABBT1 8/15/2023 0.5
CRIMSN_2 _CRMBT1 9/16/2022  200.0
CRIMSN_2_CRMBT2 10/28/2022  150.0
DRACKR_2 DSUBT1 8/12/2021  63.0
DRACKR 2 DSUBT: 4/8/2021  115.0
DRACKR_2 DSUBT: 7/23/2021 115.0
DRACKR_2 DSUBTZ 9/28/2022  47.0
DSRTHV_2 DH2BT1 6/10/2021  35.0
DSRTSN_2 DS2X2  8/28/2022  230.0
ELCAIN_6_EB1BT1 2/18/2017 7.5
ELKHRN_1 EESX3  4/7/2022 182.5
ESCNDO_6_EB1BT1 3/6/2017  10.0
ESCNDO_6_EB2BT2  3/6/2017  10.0
ESCNDO_6_EB3BT3  3/6/2017  10.0
ESNHWR_2_WC1BT 10/13/2021 3.0
FALBRK 6 _FESBT1  5/3/2023  40.0
FIFTHS_2 FSSBT  9/15/2023  137.0
GARLND 2 GARBT1 1/31/2022  88.0
GASKW1_2 GW2BT. 5/5/2023  20.0
GATEWY_2_GESBT: 9/16/2020  250.0
GOLETA 2 VALBT1  2/4/2021  10.0
HENRTA 6_HDEBT1 11/4/2021  10.0
HIGHDS_2 H5SBT1 12/8/2021  50.0
JOANEC_2_ST3BT3  6/2/2023  40.0
JOANEC 2 STABT1 6/11/2021  20.0
JOANEC_2 STABT2  6/6/2022  20.0
JOHANN_2_JOSBT1 10/29/2021  10.0
JOHANN_2_JOSBT2 10/29/2021  10.0
JOHANN_2_OCEBTZ 12/7/2021 9.0
JOHANN_2_OCEBTZ 12/7/2021 6.0
KEARNY_ 6_NESBT1 3/10/2022  10.0

KEARNY_6_SESBT2 3/10/2022 10.0
KRAMER_1_R1BX3 7/1/2023 75.0

KYCORA_6_KMSBTI 2/13/2020 1.0
LECONT 2 _LESBT1  9/1/2022 125.0
MARVEL_2 MARBT: 7/24/2023  74.9
MARVEL_2_MARBX: 7/18/2023 325.0
MIRLOM_2_MLBBTA 12/30/2016  10.0
MIRLOM_2_MLBBTB 12/30/2016  10.0
MONLTH_6_BATTRY 4/8/2016 8.0
MOORPK_2_ACOBT 3/31/2021 2.0
MRGT 6_TGEBT1  6/30/2021  30.0
MSTANG_2_MTGBT: 11/1/2021  75.0
NORCNV_1_NCVBT: 8/30/2023 132.0
PEASE_1 TBEBT1  6/1/2022 6.0
PRCTVY_1_MIGBT1 12/12/2018 2.0
SANBRN_2_ESABT1 11/19/2021  100.0
SANBRN_2 _ESBBT1 11/1/2021  100.0
SANTGO_2_MABBTI1 1/14/2017 2.0
SISPRG_2 DS3BT2 8/24/2023  60.0
SISPRG_2_DS3BT3  9/5/2023  12.5
SISPRG_2 _DS3BT4 8/24/2023  15.0
SNCLRA 2 SILBT1  4/1/2021  11.0
SNCLRA 2 VESBT1 4/20/2021  100.0
STANTN_2_SBEBX2 7/19/2023  68.8
SUNCAT 2 _AIABT1 8/1/2022  47.0
SUNCAT 2 A1BBT1 8/1/2022  63.0
SUNCAT_2_A2ABT2 8/16/2022 132.0
SWIFT_1_NAS 6/30/2013 4.0
TRNQLT 2 RETBT1 3/16/2022  72.0
VACADX_1_NAS 7/30/2014 2.0
VISTRA 5 DALBT1 3/23/2021 100.0
VISTRA 5 DALBT2  3/23/2021 100.0
VISTRA 5 DALBT3  4/6/2021 100.0
VISTRA 5 DALBT4  7/28/2021  100.0
VISTRA 5 PLABT1 5/13/2023 100.4
VISTRA 5 PLABT2  6/1/2023 100.4
VISTRA 5 PLABT3 5/16/2023  74.6
VISTRA 5 PLABT4  6/2/2023  74.6
VLCNTR_6_VCEBT1 11/29/2021  54.0
VLCNTR_6_VCEBT2 12/16/2021  85.0
VSTAES_6_VESBT1 6/26/2018  40.0
WESCAN_2_BDSBT: 6/23/2023 131.0
WSTWND_2_M89BT: 5/25/2023  70.6

WSTWND_2 SBSBT 5/23/2023  80.0
YELPIN_2_YP2BT1 7/26/2023  65.0

<KZ2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2<KZ2ZZ2Z2<X<X<KXKZ2Z2Z2Z2Z2Z2Z2<<XK<XK<XK<KXK<XK<KXK<KXKZ2Z2Z2<X<<X<<KZ2<K<<Kx=<x=<x2Z
<K<K <XZ2Z2Z22Z222Z2Z22222<K2<XK<XK<X2Z2Z2<XK<XK<KXKZ2<XK<XK2Z22<x2Z222Z22222+<

Figure Al: List of energy storage resources included in the 20023 historical analysis
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Data Sources

For our analysis, we primarily yain market data provided by the CAISO, including intdexad| resource
specific storage operations, danead and realime market settlements, market prices, and other system
data fromJanuary2017 throughNovember2023. CPUC provided updated information on RA contracts
and prices for the study.

We also use the data and documents previously compileth®023CPUC Energy Storage Procurement
Study including storage resource characteristics, procurement details, and a variety of other supporting
information.

Benefit Analysis and Metrics

The study focuses dital electric systenimpacts and benefits, developed using the same methodology
applied for the 202 PUC Energy Storage Procurement Study

We consider the following benefit metrics:

1 Energy and ancillary services valuget of storage charging costs;

1 GHG emissiasreduction value already captured under energy value;

1 RPS benefitsassociated with avoided renewable curtailments;

1 Resource adequacy (RA) capacity valireluding system, locadnd flexible RA attributes;

1 T&D investment deferral valugset to zero as none of the CAISO resources in our study
deferred an actual wires investment;

9 Customer outage mitigation value private benefit to customers installing distributed storage;
not applicable for the grigcale CAISO resources analyzed, except distribuabanected
storage in microgrids.

As shown irFigure A2, estimated benefits are expressed in $/kiibnth, which allows for comparison
among resources with different sizes and operational periods. All final metrics are converted to real 2023
dollars by adjusting for inflation using the GDP deflator.

C208¢STA

dzRe LJS

Figure A2: Calculation ofotal systembenefit metrics for final comparisons.
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Energy and Ancillary Services Market &alu
Energy storage can provide various bulk gddel energy and ancillary services benefits, including

1 Energytime shift by charging at lowpriced hours and discharging at highiced hours,

Frequency requlatiod & | dzi2YF GAOlItf& NBaALRYRAYy3a G2 /! L{h
random variations in supply and demand,

Contingency reserves (spin and napin) to quickly respond in case of an unexpected loss of
supply on the system,

Flexible rampingby providing upward and downward ramping capability to help CAISO manage
rapid changes in the system due to demand and renewable forecasting errors,

Voltage supportto help dynamically maintain stable voltage levels in the distribution system or
transmission gridand

Blackstartby selfstarting without an external power supply and helping the grid recover from a
local or systemevel blackout.

= = =4 =4

We rely on actual metered data and resousgeecific settlements in the deghead and realime markets
to calculate energy and ancillary services market benefits ofsgate storage resources participating in
the CAISO markplace

Figure A3 shows themonthly and 12month rolling average value of energy and ancillary services
provided bythe/ ! L { h Q& & {2 NI 3 §202D thigiSrévenuesoppeduritids imthiemegulation
markets attracted many of the resources and resulted in use cases that are more focused on ancillary
servicesStarting 2021, with significantly more battery storage connected to the CAISO system, the share
of storage capacity used for ancillary services declined rapidly and the wholesale market value proposition
moved to bulk energy timshift.

Energy Ancillary Services

12-month

rolling

average
M0 000 HO Lo OO 1NN M~ 00 000000 HOVHOC OO T 1NN D
A G DS AN QNRNNNNANNNANSNN A ome eSS ITRQRRNN N NN aNNNS NN
e L L A L LN N e U L UPE L Ay U Dy U Iy U D U L U B U )
G 3(_)“5 30(‘5 30(‘5 :5(_)(5 3(_)«5 30(-5 >0 I 30(-5 30(-5 30(-5 30(5 30(-5 3(.)(-5 S50
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Figure A3: Average CAISO energy and ancillary services revenues across energy storage flee$)in 2023
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Figure A4 (right) compareshistorical energy and  $16 A Energy
ancillary services revenues across all CAISO %15

participating storage projects included in our study. ¥

Each bar corresponds to a project, with the stacked ***

value sorted from highest to lowest. The values are

within the 201%2023 timeframe. g $9
For early storage projects included in our first studyg $

I SN 3SR 2 @S NJ eatiofeK peridiiP2 82§Cl 1Qa 2L

a large share of wholesale revenues came from the .

/' L{hQa NIB Id#okvevdr,2of many diJ Sl

the new storage projects installed in recent years, s

energy revenues accounted for the bulk of CAISO s3

market revenues. For these new projects, average $2

energy revenues have been @& per kWmonth, $1 ||| | | | | |
which is consistent with the future value potential ~ *° ) R
we estimatedin the 2023 CPUC Energy Storage %

Procurement Study Figure Ad: Average CAISO energy and ancillary services
revenue by storage project (in 2083

GHG EmissieriReduction Value

We estimate net GHG emiss®impact of energy storage resources based on their actual energy output
multiplied by historical marginal GHG emission satithe 5minute interval level. Energy storage reduces

emissions at the marginal rate when discharging, and it increases emissions at the marginal rate when
charging Werely on2 | G (i ¢ Ristoc@l deatime marginal GHG signathich wascreated to evaluate

emissiors impacts of SGIP projects. CPUC adopted the use of this GHG signal in 2019 une§-0019

to align resource perfonance with theLINE I NJ YQa SY A & & Alngler tNSapuip®ed A 2 y 3 2
methodology, the GHG signals are derived frommiBute realtime marginal energy prices. Within the

CAISO, the GHG signals are calculated for each of the three IOUs: PG&E, SCE, and SDG&E.

Figure A5 (below) illustrates the distribution of marginal GHG intensity based on a heatplot of GHG signals
used in the studyBlueindicateslow emission rateand redindicateshigh emission rate Pixels moving
horizontallycorrespond toeach 5minute interval of the dayand pkels moving verticallgorrespond to

each day of the year over the study period.

February 22, 201

kg/kWh

e

|Day of yeafh

i
il

ol

-minute intervals of each dayy

Figure A5: Heatplot of historical marginal GHG emission rates used in the study.
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Forenergystorage resources to reduce GHG emissions, (a) they need to be highly efficient, and (b) their

use cases should allow shifting bulk energy from periods with lowdbti€sionsntensity to periods with

high GHGemissionsintensity. The 2023CPUC Energy Storage Procurement Shidhlighted the

drawbacks of the frequency regulation use case resulting in GHG ersiss@rases. With more
emphasis on energy tméd KA FG X GKS YI22NRGe 2F /!L{hQa &aid2NJ 3
emissions.

Total fleetwide GHG emissions reductions over the 22023 study period were around 1.6 million
tonnes, most of which were realized in recent yedilse CAlISQarticipating energy storage resources

our analysissnablednearly 1 million tonnes of GHG emissions reductions during thend2th period
ending in November 2023. The subset of resources analyzed in the @BRBC Energy Storage
Procurement Studyprovided almost 200,000 tonnes in reductions. Newer resources scaled up those
benefits as the fleegrew, providingclose t0800,000 tonne®f additional GH@missiongeductions in

that year.

Figure A6 shows the resourcspecific results. On average, energy storagdocated with solar PV
provided higher GHG emissions reduction benefits than standalone energy storage. Among the newer
resources analyzecanergystorage cdocated withsolarPVreduced19 tonnesof GHG emissions per
MW-month, compared to 10 tonnes/MWhonth for standalone storage. This difference is partly due to
more operational focus on energy time shift, and partly due to location. Mosb@ated energy storage
resources are in southern California, where the GHiBicgon potential tends to be higher due to lower
marginal GHG rates during the day.

The GHG emissiemreduction dollar value based on allowance prices observed in the-araghtrade

YEN]SG FNB FENBIFRe NBFESOGSR Ay GKS /!'L{hQa YI N
discussed in our first study, electric sector GHG targets implemented in the IRP may resstents

Fd | O2aild KA3IKSNI arfdtrade piicksS but thist idcrergeNtyl £dstGGHG @dder) is
estimated to be zero through 2030 due to the amount of renewables already procured for reliability and

tax cedits./ 2y aAauSyu ¢gAUK UKAA FTAYRAYI FNRBRY UKS [t/ Qa
adder to $0 for our study period 2042023

GHG Impact vs. Roundtrip Efficiency GHG Impacby Resource
30

25

A Storage in the 1st study
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Figure A6: Estimated average GHG emissionpact of energy storage resources in CAISO.
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RPS Benefits

Curtailing the output of renewable resources is a hecessary tool for CAISO to manage oversupply, when
there is excess generation above what can be consumed within the system or exported. With rapid growth
in solar and windesources, the curtailments in CAISO have been rising steadily. In 2017, CAIS€2 curtail
around 400,000 MWh aenewable generation. By 2023, curtailments reached almost 2.7 million MWh
per year.

Energy storage can reduce renewable curtailmentshi®rging tomitigate oversupply conditions, which

may becomanore challenging as California continues to decarbonize its electric system. As illustrated in
Figure A7, charging oenergystorage when the system has oversupply can reduce the excess renewable
energy that would otherwise get curtailed.

The aoided renewable curtailments reduce the need (and cost) to procure additional resources to meet
Renewables Portfolio StandarBR$and other clean energy targeté/e estimate the impact of energy
storage on renewable curtailments based on their net charge during intervals with actual curtailments,
using system data provided by CAI8COrecent yearslocal congestion accounted for aroui@@;80% of

the renewable curtailments in CAISO, whhe remaining20-30%was due tosystenwide oversupply.To
determine if an energystorage resource is in a curtailment zone when the curtailnesants are driven

by local transmission congestion, rather than systemwide oversupply, we higiogicalnodalreattime

LMPs Duringsuchevents, the local areawhere the renewable resources are curtailexperiencevery

low or even negative LMPsvhile prices for the rest of the system remaionsiderablyhigher.On the

other hand, during curtailments related to systemwide oversupply, the entire CAISO system experiences
significantly redced or negative LMP levels.

Based on historical data, we estimatieat most of the energy storage resourceswere at locations
experiencingl to 2 hours of curtailments per day, on avera@hargng at full capacity in these hours
wouldyield 30¢60 MWhof monthly curtailment reductioaper MW of storage capacitiffhe 2023CPUC
Energy Storage Procurement Studiyeiledmuch smallerealized benefitsasvery few resources focused
on bulk energy time shiftat that time. However, as the wholesale market us&se continues to evolve,
most CAIS@articipating energy storage resources now regularly charge duringtimed periods in the
day and discharge during higiiced periods in the eveningvhich facilitategenewable integration by
reducing curtailments

Renewable Curtailments RenewableCurtailments
without Energy Storage with Energy Storage
30 30

25 25

Curtailment Curtallment Gross Load
20 20 e + Export
15 =
515
10 16
’ Other ° Other
Supply Supply
0 0
1 3 5 7 9 1113 1517 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23
Hour of Day Hour of Day

Figure A7: lllustration of energy storage impact on renewable curtailments
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Figure A8 shows the resourcspecific impacts on 55
renewable curtailments. The results highlight that

the energy storage fleet is increasingly helping with 50
the integration of renewable energy resources by

A Storage in the 1st study

N 45
mitigating oversupply. <
Avoided renewable curtailments are significantly & =
higher for the newer resources, especially energyg 35

storage celocated with PV, because they were sited?®)
in areas experiencing higher curtailments and they— 30
charged more regularly when oversupply conditions ¢
emerged. X

We quantiyy the benefits for avoided renewable ~ 20

curtailments using the RPS adders published in 15
/It /] Qa t26SN) / KFNHS LYRAT
reflecting incremental value of RieSgible energy 0
based on historical transactions. The RPS adders g

were in the range of $13 t$16.5/MWh through || “I
2022, but increased to $30/MWh recently in 2023, 0 o i
GKAOK AYRAOFGSE GKIFG GKS Ogeaibar @ @FensnSSidiahoyfed G KS aidl
RPS is rising.

These results translate to RPS benefits of up tdrigure A8: Estimated average renewable curtailment impac
$1.5/kW-month for the top resources and around of energy storage resources in CAISO

$0.5/kWsmonth for the energy storage fleet, on
average.

Resource Adequacy (RA) Capacity Value

Energy storage resources can be available to discharge during peak periods to help with meeting the
system RA, local RA, and flexible RA capacity requirements to ensure grid reliability in California.

Our analysis of the RA capacity value reflects the avoided cost of market alternatives to the energy storage
resource analyzed, which varies based on its location and circumstances under which it was procured.
Most energy storage resources in our study vg@rocured to address various reliability and resource
adequacy needs in California. Specific RA needs, development timelines, and available alternatives
depend on the procurement track, thus require a different counterfactual for the purposes of estgnatin

RA capacity value. For each storage procurement track, we reviewed numerous documents including the
underlying procurement orders, utility applications, solicitation materials, and related data and reports to
develop counterfactual cases that reflect tlspecific environment under which the resources were
procured.

The significant growth of energy storage installations in 2020 through202d was driven by various
procurements to addresi®cal capacity needsear load pockets, with a relatively high RA capacity value.
Most gridscale projects included in our first study were procured for local reliability to replace retirement
of oncethrough-cooling(OTC) poweplants, address challenges caused byphl@ongednatural gas leak

at Aliso Canyon and eliminate the need for reliabifitystrun (RMR) contracts. An ovéew of these
procurement tracks, counterfactual cases, and estimated RA values ranging from $7 to $20rmpenkw

are provided in the 2028PUC Energy Storage Procurement Study

Energy storage installations from the second half of 2021 through 2023 are primarily a result of the
procurement orders to address emergiggstem reliability needs RSy G ATFASR Ay [/t !/ Qa LY
Planning (IRP) studies. To estimate the RA capacity value of these projects, we relied on the historical RA
contract and price data compiled by the CPUC based on information submitted by LSEs.
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First, we filter the data for annual strips to get an estimate of average-gamd RA prices, excluding
short monthly or seasonal RA contracts. After that, to approximate marginal RA values, we use the 90th
percentile (P90) of the RA prices for contmadtlere, the use of P90 rather than the highest price is to
exclude possible outliers of small RA contracts priced at a premium

Figure AO summarizes the results. The prices reflect

the combined value of system and local RA capacity
attributes, rising from $3 in 2018 up to over $10 per

kW-month by 2022. Current prices agsen higher. ~ CAISO System | $2.8 $3.1 $7.9 $8.2 $10.9
¢CKS HAnHO YIFENJSU LINAMOS o T sad
Power Charge Indifference Adjustment show Bay Area $3.3 $4.7 $8.1 $8.3 $13.6
average system RA price at $14 33t kW-month _

(CPUC20239 which is nearly 2x higher than the Big Creekventura $3.9 $4.7 $8.1 $8.4 $124

level published in prior PCIA. _
_ _ _ LA Basin $3.6  $5.5 $8.0 $9.0 $14.0
While storage can also provide flexible RA to meet

forecasted net load ramps, our initial study found  san DiegdV $2.7 $4.1 $8.0 $8.1 $16.4
no historical price premiums for this service. Thus,
we did not incorporate any additional value for it,
beyond what is already captured under the system
and local R&apacity values

Figure A9: Estimated marginal RA value basedbiateral RA
contracts (in 202%/kW-month).

T&D Investment Deferral Value

Energy storage can defer the need for new transmission investments by charging during periods with low
transmission use and discharging when local transmission system is constrained. If interconnected to the
distribution system, energy storage can alsoalld¢he need for new distribution investments by reducing
local peak loading on the distribution grid. As discussed in the @023C Energy Storage Procurement
Study these storage use cases are still in early pilot and demonstration phase.

Energy storage resources procured as-ares alternatives faced major challenges as the size and timing
of the identified needs have changed over time, and the development plans and-ctilityacted use
cases were not flexible to adjust. None of thes@arces in our historical analysis deferred an actual
transmission or distribution investment, so these benefit streams are set to zero.

Customer Outage Mitigatiovialue

Customer outage mitigation is a crucial component of resilient electricity service to meet essential loads
and to protect vulnerable customers, communities, and critical facilities. Distribationected storage
resources can improve resilience by suppartislanding and microgrid capabilities for sections of the
distribution grid and thus help to mitigate the risk of power interruptions at the community level. Storage
resources interconnected behind the utility meter can also provide backup power tpatetimpacts of
power outages.

Most grid-scale storage resources in the CAISO markets are not sited or configured to ustici@er
outage mitigation, which underscores the challenges with cdmseainvaluestacking However, there

are some recent distributiogonnected microgrids with storage designed to support customer resilience
while also providing bulk grid services. Due to their hybrid participation and/or limited operating history,
these new microgrid projestwere not part of this analysis. But separately, we included thesgeqis

and discussed their unique characteristics as a part of the-dassin multiuse application (MUA) case
studies seeAppendix ECase Study Fact Shegts

G
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$/kW-month

$/kW-month

Total Quantified Benefits

Figure AL0 shows the total quantifie@lectric systenbenefits over the20172023timeframe. The top

chart highlights the aggregate benefits, color coded by project group, while the bottom chart provides a
breakdown of benefit metricdEach bar represents an individual resource, with its width scaled based on
size.

The results demonstrate th&AlSGparticipating energy storage fleet provided substantial and increasing
benefitsto the electric systemAcross the resources analyzege estimate median quantifiedystem
benefits at $21/kWhmonth, with individual resultsranging from $3/kWmonth to $36/kWmonth.
Quantifiedsystembenefits include avoided cost of energy, ancillary services, system and local RA, and
RP&elated investmens. As described earlierhe GHG emissiameduction value islready reflected in

the/ ! L{ hQa Y I NésnatedeledyyOr8lide oflstgr&ye projecthown here.

The relatively high benefits of newer resources, higher system RA capacity value on-am&kh\basis,
and higher energy value are all interrelated and contribute to an increasing tresydtEmbenefits from
the energy storage fleet.
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$15 |
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* Each bar represents an individual project; width scaled based on size.
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o

Figure Al10: Estimatedsystem(gross)oenefits ofenergystorage resources in CAISO2023%).
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Project Scoring towards State Goals

Following the same methodology developed for the 2@RUC Energy Storage Procurement Stwdy
estimate project scores towasdmeeting the policy goals identified in the CPUC Decisioch0i10,
including grid optimization, integration of renewable energy, and reduction of greenhouse gas (GHG)
emissions.

Figure Al1shows the list of services and associated Contribution towards State Goals
benefits considered in our study. Our approach to
scoring involves several steps, as described below:

Grid Renewables En%-'s(i;ors
Optimization | Integration et iEtor
1. First, we map each of the services and benefits

to the stated policy goals, as shown in the table; Energy Vv indirect indirect

2. Then, we determine a project score for each . . o
service and benefit category based on the use Ancillary services \' \' indirect
case, utilization of capacity towards providing

that service, and observed grid impacts; igfcgg;l'ssm V
3. Later, we calculate a normalized scorg100 _
€100) RPS benefits Vv indirect

towards each policy goal by averaging individual
scores for the relevant services and benefits
mapped to that policy goal, and+ale them so  RA capacity \Y indirect
that project at the bottom gets 0 and project at

the top gets 100 ggflgrr;\llestment VvV
4. Last, we develop the final project scores based customer outage V
on the average of their scores for grid  mitigation
optimization, renewables integration, and GHG
emissiors reduction. Figure AL1l: Benefit metrics and contributions to state goals.

Grid Optimization

We consider several services and benefits contributing to grid optimizalimmughenergy timeshift

and ancillary servicegnergy storage projects help with more optimal scheduling and dispatch of
resources in the wholesale markets, reducing the overall system production/éitistesource adequacy

(RA) capacity, transmission deferral, and distribution deferral, storage projects help with meeting grid
reliability needs more efficiently at a lower co#tnd by providingcustomer outage mitigationthey
increase resilience of the grid and reduce cost of power interruptions.

Renewable Integration

9y SNHe& ai2N)r3IS LINRP2SOGaQ O2y(iNROdziAzyad (261 NRa NB
on energy time shift, and another based on ancillary services.

With energy time shift, energy storage can enable renewable integration by charging when the system
has oversupply to reduce excess renewable energy that would otherwise get curtailguti(sdagure A

8). The scores areormalized between 100 for the project with the highest avoided renewable
curtailments and 0 foprojectsnot reducingcurtailments.

By providing ancillary servicemjergystorage projects help with meeting the flexibility needs to address
increased variability and uncertainty of the net load driven by renewable generafioe.scores are
normalized between 100 for the project with the highestcillary servicesalue and 0 foprojectsnot
providing ancillary services
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GHG Emissions Reduction

Energy storage charge and discharge patterns impact the GHG emissiongyaon.thAs described earlier,

we estimate net GHG emiss®impact of energy storage based on actual output multiplied by historical
marginal GHG emission rat€Energy storageesourceseduceGHGemissions at the marginal rate when
discharging and increas@HGemissions at the marginal rate when charg(sgeprior Figure A6). The
scores are normalized between 100 for the project with the highest GHG emissions reduction and 0O for
projects not reducing emissions

Final Scores

Figure Al2 showsthe scoringfor contributions towards meeting state godiased on operations during

the 20172023 period. Final score (height of bar) is an average of 3 individual scores for grid optimization,
renewables integration, and GHG emissioaduction normalized between 0 an@l00 in each category.

New storageresources paired with PKanked relatively high, indicating that their use case aadiices

are well-aligned with all three state goaltn contrast, nost standalone storage projects ranked lower
because their operationdid not yieldthe same level of GHG emissions reductions or avoided renewable
curtailments.
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Figure A12: Final project scores towards state goals.
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Appendix B: Historical Energy StorBgeformance during Gr8ltressed Periods

This appendix provides details on our investigation of the patterns in, and challenges to, energy storage
resource availability in recent years, including during-gtidssed periods. Analyzing historical availability
and performance of storage resourcesring periods such as recent heat waves and system emergency
events can help validate and improve future resource planning and procurement efforts of the CPUC and
its stakeholders.

The 2023CPUC Energy Storage Procurement Stxdgnined the 201q2021 period. Nearly all CAISO grid
emergencies in that timeframe were observed during the extreme heat waves in August and September
of 2020, when there were only a few gisdale energy storage resources participating in the CAISO
market. Since then, energy storage capacity in CAISO grew by more than tenfold as a result of the
procurements for system reliabiliffFigure Bl). Evaluating the operations of this expanded storage fleet
during recent grid events, including during the September 2022 heat wave, provides valuable insights on
their contributions to system reliability and RA capacity needs in California.

Our analysis includes the same set of CAl&@icipating gridscale energy storage resources considered
for the historical benefit analysisseeAppendix A(Historical Energy Storage Benefifey a complete list

of resourcesDetails inFigure B2 through Figure B15 show the charge and discharge patterns of the
energy storage fleet during CAISO systemwide grid emergency events fromH68gh2023 using
intervaklevelresourcespecificmeter data provided by the CAISO. The redhitgklight how the scale and
contributions of the resources during gritiressed periods have changed over time.

In addition to investigatinghe historicaloperations of the energy storage fleet during grid emergencies,
we also analyzactual resourcespecific capacity derates and outage evemiblished by the CAISO for
2022¢2023.

7,500
7,000
6,500
6,000 Bysystenwide
emergency events
; 5,500 experiencedn early
September 2022,
S 5,000 I T L {nbn@ybrid
storage fleet grew tc
@ 4,500 3.7 GW
8 4,000
© 3,500 i
E L
@ 3,000
< 2,500
CAISO had ~350 MW
2,000 of installedgrid-scale
1.500 storagecapacityduring
' summer 2020

1,000 emergency events )
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Figure BL: Gridscalenon-hybridenergy storage capacity in CAISO
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Outage Patterns in Grisicale Battery Installations

We analyzed the actual resourempecific capacity derates and outage events published by CAISO for the
2022;2023 period to understand availability and performance of the energy storage fleet during grid

stressed periodst KS KA &G 2NROFf 2dzil
start and end times of all outage events that occurred during the previous trade date.

Average fleetwide outage rates over time

Figure BL6 shows theestimated capacityweighted average outage rates for the battery storage fleet
over timeand by outage categonfCAISO designates resource outages as either planned or forced. This
distinction is important for resource planning which panned outagesre those that cabe rescheduled

if a grid emergency is anticipated, while forced outages tend to happen unexpectedyeleds flexible

if rescheduling is needed.

Forced (unplannedjlantderates andoutages reduced the available capacityaftery storage resources
in CAIS®y an average 011.5% over theéwo-year period analyzedgquipment failuresnvere the primary
causeof unavailable capacity durinfpeseforced outage eventsThe fleetwide average forced outage
rates were higher in 2022, at around 14%, and averaged 10% inT2@28.results aregenerall
O2yaraitaSyid oA0GK GKS RFOGF /1 L{hQa 5SLJ NI YSyin
a resource adequacy (RA) working graupeting, WhICh highlighted the availability @nergystorage
fleet averagedat 90%during2023 which aligns with our results for the 2023 period.

27T

CAISO classifies outage requests within 7 days prior to the start of the outage event as forced outages.
With this classification, is unclear which forced outages can be postponed vs. not when system needs
capacity. Our investigation of data during grid emergencies reveals the storage fleet experienced outages
due to various types of work, including plant maintenance and testing, nelysdlie to plant trouble, in

these capacityconstrained periods. Planned outages represented a relatively small pasfidotal
outages and were scheduled during remmmer months when the grid stress was lower. However, there
were instances of extended events initially triggered by forced outages in 2021, but subsequently
reclassified as planned outage after an initi@ripd. These events contributed to a relatively high
fleetwide outage level observatlringJanuargMay 2022
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Hourly outages during September 2022 heat wave.

The extended heat wave in September 2022 resulted in CAISO systemwide emergency declarations for
five consecutive days.

1 September 5, 2022EEAL 17:0€21:00, EEA2 18:83R0:00

1 September 6, 2022EEA1 16:0621:00, EEA2 16:QR1:00, EEA3 17:£20:00
1 September 7, 2022EEAL 16:0€21:00, EEA2 16:QR1:00

1 September 8, 2022EEAL 15:0¢21:00, EEA2 16:QR1:00

1 September 9, 2022EEAL 16:0620:00

*Seehttps://www.caiso.com/informed/Pages/Notifications/NoticeLog.ash2 NJ I RRAGA2Y It AYyF2NNI(GAzZ2Yy 2
emergency notifications and details on historical grid emergency events.

Flgure Bl7 illustrates the aggregate hourly outage profile of the storage fleet over that period. During

'L{hQ& SYSNBGG MV ofe@esyy siofage capdrity was unavailable duetates and
outages. Inspection of this@ay heat wave yields results consistent with our broader analysis of outages
during peak periods. With 3.7 GW of total energy storage capacity installed at theetioleding hybrids,
hourly outage rates range from 8% to 20%, and average 12%, across emergency hours.

The figure also shows a breakdown of the outages by the nature of work. Plant troubles related to
equipment failures were responsible for the majority of outages during the CAISO emergency period
analyzed. Other types of work, including plant maintenannd anit testing accounted for netrivial
amounts of the outages experienced by the energy storage fleet. This tells us some plant maintenance
and testing, categorized as forced outages, are not actually being rescheduled -atrggibd periods.
Additionally, most of the unavailable capacity for plant maintenance and testing during emergency hours
came from energy storage resources with a net qualifying capacity for September \2B2these
findings, we conclude that it is appropriate to include all CAl&€)gnated forced outage events in our
analysis, and that exclusion of any forced outages based on work type (e.g., maintenance) will
inadvertently understate availability of thplanned energy storage portfolio when the system has its
greatest need focapacity.

Outages during| A Plant trouble
CAISO emergency even A Maintenance

highlighted in colors: 1.000

/;\ Metering Telemetry
A Transmission Induceg 900
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Figure BL7: Aggregate hourly outage profile of the battery storage fleet in CAISO, Septegdhan32.
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Outages by month and peak period

The historical data indicate significant variation in monthly and daily forced outage pattehatefy
storageresources

Figure B18 shows the estimated capacityeighted average forced outage rates of the storage fleet by
month and time of day based on 202223 data. @Qtage rates have been consistently higher in spring
and summer months, compared to the rest of the year. Specifically, during August and September, storage
forced outage rates have averaged 3 percentage points above the annual Tehisl$s partly offset by 2
percentage points lower outages during evening peak hours. Throughout the day, storage capacity
derates and outages have been lower in the evening hours than morning enilgite periods While it is

not clear exactly why outage rateary by time of day, we believe it could be related to the effects of
battery state of charge (SOC) levels on maximum power output, and other technical and operating
constraints, managed through outage reports.

Considering these seasonal and dailyagepatterns, we estimate that, durintpe 2022;2023timeframe,
the nonthybrid fleetwide actual battery storage forced outage rate in AugustSeptember evening peak
periods (hour ending 17 through 21) averaged 12.6%e percentage point higher than the average
across all months and hours of the year.

These results highlight that actual realized average forced outage rates of the-akti8Pating battery

storage resources were significantly hlgher than the i@rgn resource planning assumptions. For o
SEFYLX S GKS /t!/ Qa L wtforved Butgedatelfod Battky StordgespeicesS E LIS O (i
(CPUQRO023d 131),based on early data for the storage fleet just as it was reaching the GW scale.

Hour
Ending Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec Annual
1 69% 8.2% 10.1% 14.0% 12.0% 13.8% 12.6% 15.3% 14.7% 12.4% 10.2% 8.1% 11.5%

2 72% 83% 10.5% 14.6% 12.1% 13.8% 12.9% 15.7% 15.4% 12.9% 10.5% 8.2% 11.8%
3 73% 82% 10.6% 14.6% 12.0% 13.8% 13.1% 15.8% 15.6% 13.1% 10.4% 8.0% 11.9%
4 71% 82% 10.7% 145% 12.1% 13.9% 13.3% 15.9% 15.8% 13.3% 10.2% 8.1% 11.9%
5 7.0% 84% 10.4% 14.7% 12.3% 14.1% 13.3% 15.9% 16.0% 13.6% 10.2% 8.1% 12.0%
6 7.0% 8.6% 10.6% 14.7% 12.4% 14.2% 13.1% 15.8% 16.0% 13.8% 10.6% 8.0% 12.1%
7 75% 9.0% 11.4% 153% 13.0% 14.5% 13.7% 15.8% 16.1% 14.3% 10.9% 8.1% 12.5%
8 82% 9.9% 12.3% 159% 13.3% 14.5% 14.0% 16.4% 16.8% 155% 11.5% 8.3% 13.1%
9 84% 10.0% 12.6% 155% 13.2% 14.1% 13.7% 15.6% 16.2% 14.8% 11.6% 85% 12.8%
10 8.0% 9.5% 12.2% 14.9% 13.0% 14.1% 13.4% 152% 15.2% 13.8% 11.1% 8.2% 12.4%
11 74% 92% 12.0% 14.8% 13.0% 13.5% 12.9% 14.4% 14.7% 13.2% 10.4% 7.9% 11.9%

12 7.2% 9.0% 11.5% 14.6% 13.0% 13.6% 12.7% 14.2% 14.4% 13.3% 99% 7.5% 11.8%
13 6.8% 9.0% 11.5% 14.2% 12.8% 13.3% 12.8% 13.7% 13.9% 13.0% 9.5% 7.2% 11.5%
14 6.6% 8.8% 11.4% 13.6% 12.5% 13.2% 12.5% 13.4% 14.0% 12.6% 9.3% 7.1% 11.3%
15 6.6% 8.6% 11.1% 13.6% 12.7% 12.5% 12.4% 13.0% 13.8% 124% 9.1% 6.8% 11.0%
16 6.5% 8.1% 10.8% 13.4% 12.6% 12.2% 11.9% 12.7% 13.1% 11.9% 8.9% 6.6% 10.7%
17 6.6% 8.0% 10.5% 13.8% 12.0% 11.8% 11.5% 12.4% 12.8% 11.4% 8.6% 6.3% 10.5%
18 6.4% 8.0% 10.3% 13.4% 11.7% 11.9% 11.2% 11.8% 12.8% 11.1% 8.7% 6.3% 10.3%
19 6.4% 8.0% 9.7% 13.2% 11.7% 12.1% 10.6% 11.8% 13.2% 11.1% 8.7% 6.4% 10.2%
20 6.4% 8.1% 10.0% 13.4% 11.9% 12.1% 10.7% 12.4% 12.7% 11.0% 8.8% 6.5% 10.3%
21 6.6% 85% 10.2% 13.5% 11.9% 12.4% 11.4% 13.1% 12.6% 10.8% 9.2% 6.8%  10.6%
22 6.9% 9.0% 10.4% 13.8% 11.9% 12.9% 12.1% 14.0% 13.7% 11.4% 10.0% 7.1% 11.1%
23 7.2% 9.0% 10.6% 14.7% 12.1% 14.1% 12.8% 15.0% 14.4% 12.0% 10.9% 7.8% 11.7%
24 6.9% 8.6% 10.4% 15.4% 12.3% 14.6% 12.8% 15.5% 14.8% 12.3% 10.1% 7.6% 11.8%

Allhours 7.0% 8.7% 10.9% 14.3% 12.4% 13.4% 12.6% 14.4% 145% 12.7% 10.0% 7.5% 11.5%
HE1%Z21 6.4% 8.1% 10.1% 13.5% 11.9% 12.0% 11.1% 12.3% 12.8% 11.1% 8.8% 6.5% 10.4%

Figure B18: Monthly and daily variation of forced outage rates of the battery storage fleet in CAISO
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Distribution of daily forced outages during Audi$tptember peak period

For grid planning, it is important to consider not only the average outage rates, but also the range of
possible outcomes. While the fleetwide average forced outage rate provides a useful metric, it does not
fully capture the risks associated with more eggpread simultaneous outage events across the fleet.

30%

If outage evats were all random and independent

across resources, the percentage variability of the
aggregate fleetwide outage rates would decline as
the fleet grows. This is due to increased diversity of

AugcSep
2022
25%
AugcSep
2023

resources and outage events in a larger fleet. Fog ***
example, if he fleet had only one resource, the % .
outage rate would be either 0% or 100% each dayg

excluding derates. When the total number ofg

resources in the fleet rises to, say, 100 or more, the
fleetwide outage rates would beconmonsiderably
less volatile, clusterk closer to expected outage
levels.If, on the other hand, the outage events share
a common driver (such as weather) then it becomes
more probable for a disproportionately large share
of the fleet to experience outages simultaneously,
thereby increasing the likelihood of more extreme
outcomes.
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Figure BL9: Dailyfleetwideaverage forced outage rates
duringevening peak period$1E1¢21).

We have not analyzed the impacts of weather on fleetwide battery storage outages or correlations of
outage events across resources. However, the seasonal outage patterns described earlier could be
indicative of such interactions, which warrants furtheréstigation as more operational data becomes

available in the future.

Figure B19 andFigure B20 showthe distribution offorcedoutage ratedor the evening peak hours from
4pm to 9pm. The results highlight higher average and fattgper tail for outages in August and

Septembeycompared to the rest of the yeaburingAug

ustSeptemberevening peak periodshe forced

outage rate of thebattery storage fleetwas15%or higherin about 1 out of everp days over thdwo-

year period analyzedn the same timeframe, the obs
20% or higher in 1 out of every 16 days.
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Figure B20: Frequency distribution of forced outage ratkgingevening peak periods (HEPL)in 2022,2023
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Appendix C: MUA with Outage Mitigation

This appendix provides details @oir crossdomain multiuse application (MUA) analysis, focusing on
valuestackingopportunities for customer outage mitigation solutiofise diagram ifrigure €L shows 8
locations selected for outage mitigation case studrepresentngareas with relatively high actual total
outage hours and frequency of outages historically. Most outage profiles are developed based on detailed
distribution circuit outage data in the-gear period 201§2019. The case study locations also are meant

to represent a diversity of built environments and community types, geographies, weather conditions and
other environmental hazards to the grid, and electricity market conditions.

Wine country hub in

Napa Napa County

Largest city in Californi
. north of Sacramento
O Redding and gateway to the

Shasta Cascade regior

Historic town in the
. Sierra Nevada foothills,
é) Placerville located in El Dorado

County

Smalitown commercial

and cultural center
Hanford in the southcentral

San Joaquin Valley
O in Kings County

Rural naturebased

F desert community in
VBl Yucca Valley,

Palms southern part of
San Bernardino County

North Rural area near the

O — M . north-central edge of
ountain San Diego County

O Small agricultural

- community near the
Santa F)aUIacoastlinein

Ventura County

Coastal city in the
Monterey Bay area, at
the southern end of
Santa Cruz County

Watsonville

Figure €L: Selected locations for the MUA analysis with outage mitigation.
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Community and tage Characteristics

Hanford

9 Utility: mostly SCE, some PG&E custorr

1 Smalitown commercial and cultural
center in the soutkcentral San Joaquin
Valley, in Kings County

9 About 3,000 people

9 Qustomer mixX(% of2023electricity use)
21% residential7 % non-residential

1 CalEnviroScreen 4.0 scov@.4percentile
62.3% pollution burden
74.%% population/socioeconomic

 DERapacityt & 2F 5S0QHuoO
~6,800 installations
110,000kW solar+1,800kW storage

9 Total of891distribution circuit-hours on outage per yeg2015%2019 average)
9 Number of circuits =8
1 Average B.2hours ou per year
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al

1 Utility: PG&E
1 Wine country hub in Napa County
9 About 78,000 people

9 Customer mix% of2023 electricity use)
38% residential62% nonresidential

&

Sacra(r’nemo

1 CalEnviroScreen 4.0 scoB8.3percentile > o
38.8%pollution burden
38.1% population/socioeconomic

1 DEReapacitht & 2F 580QHo0 N—— o SaeAy
~5,100 installations - - —— = AR
53,100 kW solar+4,300kW storage

9 Total of @7 distribution circuit-hours on outage per yeg2015%2019 average)
9 Number of circuits 21
9 AverageB2.5hours out per year
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