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1 Introduction

~

11{aGFGdza 27F t-S@reesRFR wt |y R | f f

t dzZ3S4 {2dzyR 9ySNHé&Qa o6t {90 Yz2aild NBOSyild Lyl
April 2021 jndicateda need for new resources, to meath peak capacity needs

and compliance undethe state ofWashingtof2 €lean Energy Transformation

Act (CETA). In respse to this, PSE filed a draft-8lburce Request for Proposals

(RFP) with the Washington Utilities and Transportation Commission (WUTC) that

same month. This draft filing initiated a4y public comment period. In June

2021, the Commission approved tAd-Source RFP. However, given stakeholder

comments on the draft RFP regarding the effective load carrying capability (ELCC)

for generic resources, especiabgttery storage resources, the WUTC required
FRRAGAZ2YIE AYF2NNIGAZ2Y Mdafing effediv@ JoadY ST K2 R2 2.
carrying capability (ELCC). Specifically, this included a primer on ELCC and a

workshop on the subject in August 2021.

1.290Qa wSOASSg |yR {O2LS 27F 22N

To ensure that its ELCC calculations are rigorous and acci®@te,retained
Energy ad Environmental Economics, Inc. (BByough its Independent
Evaluator, Bates White, 85 @A S¢ t { 9Qa YSGK2R2f 2,38 F2NJ OI f

to provide an opinion on its reasonablenessid to recommend any necessary

© 2021 Energy and Environmental Economics, Inc. Page| 1]



_ Review of Puget Sound Energy Effective [Gmdying Capability Methodology

improvementsE3has extensive expamce with ELCC estimation across different
jurisdictions and for different stakeholders, as well as resource adequacy analysis
more broadly. In addition to direct ELCC modeling, E3 regularly delivers
presentations and expert testimonyon ELCC topics incind background,

application, and ELCC methodology.

90 NBGASHSR t{9Qa 9[// YSGK2R2fz23& |yR (KS NBa
required reviewing modeling methods and available documentation. The goal
glra G2 S@Ffdad GS GKS NBiona afELCTifdBayfedya a 2F t { 9 Q& C
storageon its system. To do so, this review aimed to answer the following

guestions:

1) Does Puget Sound Energy (PSE) use indsistnglard methodology for
calculating ELCC?

2) Does PSE use reasonable input data in its ELCC modeling?
a. Does PSE reflect the relevant correlations between data inputs?

b. Does PSE appropriately capture regional dynamics in its

calculation of ELCC?

3) 5284 t{9Qa O9[// OLtOdAlGA2y VYSGiK2R2f238& |

interactivity between intermittent ananergylimited resources?

LY FTRRAGAZ2Y (G2 GKS NBOASSG F020Ss 90 LI NIAOALI G

workshop.
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1.3 Summary of FAndings

90 FTAYRa OGKIFIG t{9Qa 3ISYSNIf I LGNR| OK G2 9]
t { 9Qa { NB I-Q do8sydisad@radetterik storage ELCCs, there is no

industry $andardfor how to address the issue of external market equilibrium,

and whether it is appropriateo assume an adequate regional system is a real and

difficult question. Beyond the question dbw to treat the external markethe

other topic requiring immediate attentiorin the current RFP process tise

presentation of generic battery storage operating characteristics, which does not

NE lj dzA NB O K [EMEc@léulatiory methdgddlda@vhile it would be ideal

to addressthdl NB I GYSyid 2F /2yliAy3aSyoe wSaSN®BSa | yi
NWPP Reserve Sharing Program under its battery storage scenarios, this may

require continued analysis beyond what is feasibaéthin the current RFP

timelinea2 @Ay 3 F2NBFNRZ t{9Qa (ONBIGYSyl 2F NBa2
data, and hydropower operationsmerit additional analysis and potential

adjustments but without additional analysis it is unclear i€hanges in the

treatment of these topics will producsignificant changgin battery storage

ELCGCsin the case of hydropower operationspdates to the PSE modeling

approach coulgroduce a reductiornn battery storage ELCCs.

E3 recommends that PSE do the following befoomducting the portfolio

analysis in the REP

1) Conduct an additional GENESYS model run assuming regional capacity
additions such that the region meets a 5% LOLP standard before

recalculating ELGC

© 2021 Energy and Environmental Economics, Inc. Page| 3]



_ Review of Puget Sound Energy Effective [Gmdying Capability Methodology

2) Restate ELCC values for battery storage in a manner more aligned with
industry standardssuch that storage can discharge at maximum capacity
for X hours if the storage is defined as having X hours of duratiuh
align the presentation of ELCC valueshwihe characterization of
minimum, maximum, and nameplate MW values in RFP documentation

and

3) ReOl £t OdzAf  GS oFGGSNE &G2Nr3S 9[// &

treatment of AG&A 26y [/ 2yGAy3ISyOe wSaSNBSa

Sharing Program is the same &sy t { 9Qa .l &asS /I as

storage, and investigate the significance of the revised results.
E3 recommends that PSE do the following in future IRP cycles:
1) Utilize weathermatched load that is aligned with wind and solar data

2) Reevaluate its currd@napproach to considering temperatures in
developing load shapdsased on (1) the use of two different weather

stations, and (2) thehanging climate;

3) Update modeling to incorporate hydro dispatch capabilities and hydro

energy limitations

E3 expects thateven in the context of the recommendations above, battery
storage ELCCs are likely to be relatively low in a hydropdeendent region
like the PNW comparetb other regions. To confirm this judgment, however, E3

recommends the additional steps above.

Pagel| 4]
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2 ELCC Background

2.1 Defining ELCC and Applications

First introduced as a concept in the 1960s, ELCC has gained popularity in recent
years as amethod to express the capacity contribution of intermittent and
energylimited resources in terms of equivalegperfect capacity (capacity that

is always available). In this respect, ELCC is technology agnostic: a system with a
given quantity of ELCC gmwatts will achieve the same level of reliability,
regardless of what types of resources are providing those megavdtesmore

the construct of ELCC is applied across resources within a resource adequacy
program, the more adequately prepared that prograwill be to accurately
capture the effects of future portfolio changes, and the more level a playing field

it will create for all resources that can contribute to resource adequacy needs.

¢KS OFftOdA GA2Yy 2F 9[ [/ / -ofIndSprdblSEA f Ayi & & 2 LIKA 3
modeling, which simulates the electricity system under many decades of different

load and resource conditions. These models, which allow system planners to

calculate the expected frequency, duration, and magnitude of reliability events

on a systemwith a given portfolio of resources, can be used to compare the

reliability contributions ofdifferent resources; including conventionathermal

generation, hydro generation, andtermittent and energylimited resources; to

aperfect capacityesource While ELCC calculatioreqjuirerigor and complexity

in theirderivation, ELCC produces capacity vaktamatesthat capture the most

© 2021 Energy and Environmental Economics, Inc. Page| 5|



_ Review of Puget Sound Energy Effective [Gmdying Capability Methodology

significant challenges that will arise with increased penetrations of renewables,

storage, and other resources
The ELCC of a resource depends on the following:

é Coincidenceof productionwith load ¢ A positive correlation with load
means higher capacity value

é Production variabilityg Statistically, the possibility of low production
reduces the value of a reso@.c

é Reliability targetc Effective capacityhas a nodinear relationship with
system Lossof-Load Expectatio (LOLE, meaning that incremental
additions of a given resource do not necessarily translate éottstant
improvements in reliability

¢ Existing gantity of other resources; The same or similar resource
shapeshave a diversity penalty, while complementary resousbapes
haveadiversity benefit

é Sustained peak The ability to sustain output for loegdurations

Because of the interactions betweeasources in a portfolio, there is no single
value that accurately captures the contribution of an individual resource toward
the reliability of a portfolio under all circumstances. Instead, there are two types
of ELCC values that can be uniquely defiaed calculated, from which all

practical applications of ELCC must be derived:

¢ Portfolio ELCC: the combined capacity contribution of a portfolio of
intermittent and energylimited resources. Because all resources are
evaluated together, this method inherdiy captures all interactive
effects and combined capability of the resources. This method is most
important for assessing system reliability

Pagel| 6]



é Marginal ELCC: the incremental capacity contribution of a specific
resource (or combination of resources), measiirelative toa specified
portfolio. This method is most important for procurement and assessing
how a new incremental resource will contribute to system capacity
needs.

2.2 Importance of ELCC for Assessing Resource
Adequacy

Historically, simple and practicakuristic methods have been used to assign
capacity credits to individual intermittent or enerdijnited resources. These
simplifications have been adequate in many places due to the low penetration of
renewables and energy storage. However, they do pgrapriately capture the
reliability dynamics of the system at higher penetrations when the need for

accurate representation of their characteristics is most critical.

Specifically, resource adequacy programs across the US regularly employ ELCC for

the following reasons:

¢ It captures how intermittent and energiimited resources can interact to
meet resource adequacy needs.

o For example, the finite duration limits the ability of energy
storage to meet demand across extended periods. This effect can
be intempreted in multiple ways: either (1) the marginal ELCC of
storage with a fixed duration will continue to decline as more is
added to the system, or (2) storage with progressively increasing
duration is needed to sustain a high capacity value.

© 2021 Energy and Environmental Economics, Inc. Page| 7]



_ Review of Puget Sound Energy Effective [Gmdying Capability Methodology

é Its ability to highlight the diminishing marginal returns of a specific
resource with increasing scajeghat is, continuing to add more and more
to an electricity system will produce lower and lower marginal resource
adequacy benefits.

é ELCC on a portfolio lewvetposes synergistic and antagonistic interactions
between different resources in a system. Synergrsgansthat different
resources complement each other and, together, have a higher ELCC,
than the sum of their partsConverselyan antagonistic relatioship
would produce the opposite effect.

¢ lts ability to devel the playing fielél mears the methodologycan
reasonably be used to compare drastically different capacity portfolios
with the same ELCC

2.3 ELCC Practices and Industry Standards

2.3.1 LACK OBINGLE NATIONWIDE STANDARD FOR RESOURCE
ADEQUACY

Many factors affect resource adequacy, including the characteristics of load

(magnitude, seasonal patterns, weather sensitivity, hourly patterns) and

resources (size, dispatchability, forced outage rateg] ather limitations on

availability). There is no unified standard or method for determining resource

adequacyacross the industry Rather, each power system defines its own

resource adequacy requirements, acting under oversight from state, provincial

or local authorities, based on a variety of factors including, in some cases,

evaluations of the costs and benefits of achieving higher or lower reliability

A0FYyRIENRAED LF | LI26SN a2aGSYyQa NBaz2dz2NOSa | NB A
American Electric Rell 0 Af AG& [/ 2dzyOAf 6ab9w/ €0 aidl yRINRa N
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curtail serviceduring aresourceshortfallto protect against the possibility of an

interconnectionwide reliability event.

Utilities use many metrics to quantify the frequency, magnitude, duncition of

lossof-load eventsSee Table 1 belofor a summary of the reliability metrics.

While there is no continentvide requirement for resource adequacy, many

power systems in North America are planned based on a standaittddy-in-

10yearg. Ths standard requires that there be sufficient generation and

transmission resources to serve load during all but one day every ten years. It is

frequently implemented as requiring alesét 2+ R SELISOGF GA2y 64 h[ 9
days per year. Because directlgasuring the LOLE reliability of a system is-data

intensive and computationally complex, lesload studies are often used to

RSTAYS I LXFYYyAy3a NBASNBS YINAAY o6d4atwacgids
needed above the median year peak load to meet LHOLE standard, to serve as

a simple and intuitive metric that can be utilized broadly in power system

planning.

© 2021 Energy and Environmental Economics, Inc. Pagel| 9]



_ Review of Puget Sound Energy Effective [Gmdying Capability Methodology

Tablel. Summary of Reliability Metrics

Metric Units Description Examples
Loss of Load ggreng;%b:)t()gg)e/(;)i:]s%itgm Northwest Power and
Probability % available eneratir? capacity Conservation Council: 5%
(FLOLPY , generating cap loss of load probability
during a given time period
The average number of loss of |\, o Systems: 1 loss-
Loss of Load load events per year, of any of-load event per decade
Events Events/year|duration or magnitude, due to or 0.1 event 2r car Seé
(LOLEVO system demand exceeding . peryear.
- ; . below
available generating capacity
The average number of days
Loss of Load per year with loss of load (at
Expectation Dayslyear |least once during the day) due | See below
(LOLEQ to system demand exceeding
available generating capacity
The average number of hours
Loss-of-Load per year with loss of load due
Hours (LOLHQ Hours/year to system demand exceeding See below
available generating capacity
. The average total quantity of
Normalized unserved energy (MWh) over a
Expected
MWhlyear |year due to system demand See below
Unserved Energy : ; .
\ exceeding available generating
(FEUEQ .
capacity

2.3.2 DIVERSITY OF ELCC PRACTICES AMONG UTILITIES

ELCC is a widely used metric throughout the United States. Due to its popular
adoption in the 1960s, it has gained significant traction amotilities, utility
commissions and Independent System Operathmvever, many employ ELCC

in different ways. Below are some examples of how ELCC has been implemented:

1 p2tt HAM®DI GOELX 2NAY 3 I wSa2dzNDS I RS|jdz-O@ t N23ANI Y F2NJ
https://www.nwpp.org/private -media/documents/2019.11.12 NWP_RA Assessment Review Finat 10
23.2019.pdf
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https://www.nwpp.org/private-media/documents/2019.11.12_NWPP_RA_Assessment_Review_Final_10-23.2019.pdf

é The Q@lifornia Public Utilities Commissiarses marginal ELCC for RPS
program bid ranking and selectipand average ELCC for the RA program

¢ The MidContinert Independent System OperatotM{SQ allocates
systemwide ELCC as its capacity credit to ascertain religbility

é The New York Independent System OperatdiYISQ uses ELCC to
guantify the capacity contributions of limited duration resources like
storage and

é Many utilities use marginal ELCC for evaluating the capacity contribution
of new resources, including PSE, Avista, Portland General Electric,
NorthWestern Energy, NV Energy, Xcel Energy, El Paso Electric, Duke
Energy Southern Compay andothers.

2.3.3 NORTHWEST POWER AND CONSERVATION COUNCIL RA
COMMITTEE AND MODELING

'YRSNJ AGa OKIFNISNI G2 SyadzZNB LINHRSYyd YFyl3S
system while balancing environmental and energy needs, the Northwest Power

and Conservation CouncdNPC&), with oversight from itsResource Adequacy

Advisory CommitteedRAAE), conducts regular assessments of the resource

adequacy position for the portion of the Northwest region served by the

Bonneville Power Administratioftonsisting of Washington, Qgen, Idaho and

the portions of California, Nevada, Utah, and Montana that are in the Columbia

River Basin)

In 2011, the NPCC established an informal reliability target for the region of 5%
annual LOLR a metric thatdetermines the capacity needed fdine region to

experience reliability events in fewer than one in twenty years. The 5% LOLP is

© 2021 Energy and Environmental Economics, Inc. Page| 11|



_ Review of Puget Sound Energy Effective [Gmdying Capability Methodology

unique to the Northwestegionand is not widely used throughout the rest of

North America.

NPCC uses GENESYS, a stochastic LOLP model with a robust treatment of the

NB 3 Avarigledhydroelectric conditions and capabilities, to examine whether

regional resources are sufficient to meet this target on a-figar ahead basis.

These studies count only existing resources, planned resources that are sited and

licenseday R 0 KS SySNHe SFFTAOASyOe al @gAay3aa Gl NBSGSR
The studies provide valuable information referenced by regulators and utilities

throughout the region and are meant to be an early warnofgpotentially

insufficient resource developmeniVhile the work of NPCC is widely regarded as

the most complete regional assessment of resource adequacy folattyer

region, ultimatelyeach individual utility must conduct its owesource adequacy

planningto determine its need for new capacity

NPC&NEB &4 2 dzNDOS | RSIljdzZ 08 Y2RSftAy3a KSIFI@Afte& AyTFtdzsSyC
Y2RSEfAYy3A:Z yR dz GAYIFGStfe AdGa 9[// FrylLftearaod [
aims to achieve a 5% LOLP and tunes its reliability modhigstandard when

beginning its ELCC anadydit also uses GENESYS to help calculate the overall

regional resource adequacy conditiggpecificallyits starting point for the 2021

IRP modeling was the GENESYS model from the NPCC power supply adequacy

assessment for 2023. That specific versioBBNESY S conducts 7040 simulations

that consist of permutations of 80 different years of hydro conditions and 88

years of temperature conditions. These 7040 simulations reflect the

combinations of load antlydro resource conditiongor each separate analysi

that ultimately maks up the ELC@alculations.

Page| 12|



3 PSEApproach

3.1 PSE Model

PSE uses three models for its ELCC analysis. The primary model is the Resource
Adequacy Model (RAM), which uses 7040 individual simulations that consist of
combinations of 8distorical hydro yearofdata and 88 temperature yesofdata,

along with loaddata, resource operating dajand external market modeling for
shortterm market purchases. The results of the simulations allow for the
calculation of reliability metrics @LP, LOLE, EUE, etc.), as well as the quantification

of the need for reliabilitydriven capacity to reach reliability standards and ELCC
calculations for intermittent and energimited resources. Testimateavailability

for shortterm market purchasesywo other models are used: GENESYSthad

2 K2fSaltS t dz2NOKI a\8PCMIBHENESY&sY deycilbediirgtie St 0 a
section abovels a model of the Pacific Northwest region and shapes regional hydro

to minimize regional curtailments and fully utiliggalifornia imports. Using the
outputs of the GENESYS model, WPCM is used to allocate those regional

curtailments tothe PSE system.

3.2 Input Data

E3 requested, received, and reviewed the following input data used by PSE for its

ELCC calculations:

© 2021 Energy and Environmental Economics, Inc. Page| 13|
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é 8760 profiles for load, solarand wind, along with battery storage
charging and discharging schedules

¢ Nameplate capacity dhermal resources
é Hydro availability data
é Mid-Cmarket availabilityestimates and

é Generic battery storage operating characteristics

3.3 Output Data

E3 requested, received, and reviewed the followmgputs from PSRa 9 / /

modeing:

é Hourly energy production estimatelsy resource type (including the
external MidC market and its components) and other componargsd
to calculate hourly unserved energy and loss of load eyents

¢ Reliability metric results (e.d-OLP, EUE, LOLE)

¢ Outage duration and frequency results fdanuary and February (the
months with the most reliability eventsand

é ELCC calculation results

Model input and output data was reviewed for the years 2027 and 2031 in the PSE
forecast, each representing 7040 combinations of 80 hydro years and 88
temperaure years While E3 didbbtainRI G FNBY t {9Qa ¢ SYLISNI dzNB
OFraS RSaAONAOSR Ay Ala HnAnum LwtI 90Qa NBGASH

Base Case, since the ELCC results of this case are reflectedurnrémeRFP.

Page| 14|



4 Key Issues

4.1 General LOR Approach

4.1.1 ISSUE DESCRIPTION

90 AYy@SAaGA3aAlIGSR 6KSGKSNI t{9Qa LI AOFK{GAZ2Y
adequacy modeling is appropriate, and whether its approach for estimating

battery storage ELCCs as an extension of this approach is reasonable.

4.1.2 PSBEMETHODOLOGY AND INDUSTRY PRACTICE

In alignment with the practice of other entities in the region, PSE tunes its system
to meet a 5% LOLP standard, providing the starting point for evaluating the ELCCs
of generic resources in future years. For storage and variable resources, an
additional $ep is taken by adding storage capacity to a system that already meets
the 5% LOLP standard and then removing perfect capacity until expected
unserved energy (EUE) returns to its previous level that is equivalent to the 5%
LOLP standard.

While LOLP is @mmon reliability metric in the Pacific Northwest region, LOLE is
the most commonly used loss-load reliability metric throughout the industry

and specifically a standard of 0.1 days of LOLE per year ébé=?).

© 2021 Energy and Environmental Economics, Inc. Page| 15|
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Table2. Reliability Metrics in Various Jurisdictiohs

Reliability

Standard

Jurisdiction Metric(s) value
AESO monitors capacity and can take
AESO EUE 800 MWhl/year | action if modeled EUE exceeds
(0.0014%) threshold; 34% PRM achieved in 2017
w/o imports
System operator monitors forecasted
Australia EUE 0.002% reliability and can intervene in market if
necessary
CAISO PRM 15% Stipulated, not explicit.
Tracks PRM for information purposes.
ERCOT N/A N/A PRM of 13.75% achieves 0.1
events/yr.
. 15% PRM required in addition to
Florida LOLE 0.1 days/year ensuring LOLE is met
Great 5% (Target PRM 2021/22) 11.7%
Britain LOLH 3 hourslyear | opserved PRM 2018/19)
LOLH determines total capacity
. A -
ireland LOLH 8 hours/year reqmreme_nt (10% PRM) which is used
to determine total payments to
generators (Net-CONE * PRM)
Multiple LOLE targets are used to
ISO-NE LOLE 0.2/0.1/0.01 establish demand curve for capacity
days/year
market
MISO LOLE 0.1 daysl/year 8.4% UCAP PRM; 17.1% ICAP PRM.
Nova Scotia | LOLE 0.1 dayslyear 20% PRM to meet 0.1 LOLE standard

2 For additional examples and context, setps://irp.nspower.calfiles/key -
documents/presertations/2019080702_-E3CapacityStudy-Overview.pdf

Page| 16|
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LOLE is used to set capacity market
demand curve; Minimum Installed

NYISO LOLE 0.1 daysfyear Reserve Margin (IRM) is 16.8%;
Achieved IRM in 2019 is 27.0%
0 .
PacifiCorp N/A N/A 13% PRM selected by balancing cost

and reliability; Meets 0.1 LOLE

LOLE used to set target IRM (16%)
PJM LOLE 0.1 days/year which is used in capacity market
demand curve

PRM assigned to all LSEs to achieve
SPP LOLE 0.1 days/year LOLE target: 12% non-coincident
PRM, 16% coincident PRM.

The NPCC has chosen LOLP as its reliability metric and has used it since 2011,
driving its annual resource adequacy assesdménthe region and influencing

the decision of utilities in the region, including Avisia well ashe NPCatself.2

Further, it { @018 IRP, PSE modified its reliability standard to be driven by the
value of lossof-load to its customers. However, this resultecaimexpressn of
concern from the WUTC, and led to a return to the use of a 5% teDaPbility

a0l yRIFINR Ay t{9Qa HamT Lwt®

Unlike LOLE, LOLP does not account for event duration and the number of events
in a year. This matters because LOLP does not effectively takeatmme
characteristics like production time and duration into account when assessing

system reliability. Sizing the system for LOLP reduces the chances of having a

3 graldl Qa Wwawm Lwt y2iSa GKFEG AG& 1 dzNBNF OF LI OrA(Ge SELI yarAzZy
NEBfAlFLoAtAGE BKSYy aStSOlAy3a vySa19 Nbs/AdeNdySEiddm/-0! A a0 HAHM
/media/myavista/content-documents/aboutus/our-company/irp-documents/202 telectric-irp-w-cover

updated.pdf)

¢KS b2NIKgSad t26SNI YR /2yaSNBlI A2y [ 2dzyOAt obt/ /0
ALISOATAO &SIND& LIHSNI adzllLt @ SEGNY OGSR FNBY |y wta |
ranges between2y6R p LISNDSy (i ®¢ 46b2t// wnamcI LA wmm
https://www.nwcouncil.org/sites/default/files/7thplanfinal _allchapters_1.pdf.)

i1
It e
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single event but it does not necessarily minimize the event duration or
magnitude. While LOLd®es not account for the magnitude of the event (supply
shortfall), it does seek to limit the duration and frequency of events in a year.
Although a system may be designed to have g¥8bability of LOL occurrence,
when an event does occur, it may be sl hours long. Alternatively, LOLE, while
possibly having a higher event probability than 5%, would produce a system with

limited event duratiors.

4.1.3 E3 CONCLUSION

90 FTAYR&a (KFG t{9Qa ILIXAOIGARZ2Y 2F GKS [hJt

modeling, andhe 5% standard in particular, is appropriate for two reasons:

1) There is precedent in the region for this standasith the NPCQa w! ! /
using it for the last decade to annually assess reliability in the reg®n
well as its use by other utilities in thegion, andt { 9 Qa dzal 3S F2ff26Ay3
feedback from the WUTC aftes 2015 IRPGiven the complexity of LOLP
analysis and ELCC calculatioBS8, believeshere is value inutilizing
methodologies that areconsistentover time, that are in keeping with
common rgyional practices that stakeholders are familiar with, and that
have precedence in application to regulatory proceedings in a given
jurisdictiont { 9 Qa4 OdzNNBy (i YSiK2R&a | NB O2yairaidasSyd
evaluated ELCCs in the past, are in keeping ariith indeed explicitly
linked to the regional analysis performed by the NPCC, are similar to the
methodologies utilized bgther utilities, are familiar to PSE stakeholders,

and have been previously accepted for use by the WUTC.
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2) The LOLE of the Base Casetlie two years that were tested for ELCC
(2027and2031) and were tuned to a 5% LOLP by adding reliadiiiygn
perfect capacityisin the 0.100.12 days/year range, which is very close
to the 0.1 standarddiscussed aboveGiven thisE3 would expecthat
tuning the system to 0.1 LOLE rather than 5% LOLP would result in very

minimal changes to the portfolio, and hence to the resulting ELCC values.

4.2 Treatment of MidC Market Availability

4.2.1 ISSUE DESCRIPTION

90 AYy@SAaGA3Al G§SR K 2availdiftydiarkel puisHasesT™dn i 2F (G KS
the Mid-Columbia (MidC) trading hub impacts its ELCC calculations in general,

and whether it disadvantages battery storage ELCCs in particular.

4.2.2 PSE METHODOLOGY AND INDUSTRY PRACTICE

Utilities rely on acombination of selowned generation, bilateral contracts, and
front-office transactions (FOTS) to satisfy their resource adequacy requirements.
FOTSs represent sheterm firm market purchases for physical power delivery.
FOTs are contracted on a morshead, dayahead and hourahead basis. A
survey of utility IRPs in the PNW reveals that most utilities expect to meet a

significant portion of their peak capacity requiremebtsusing FOTS.

4 For additional discussion, sé#tps://www.ethree.com/wp -
content/uploads/2019/03/E3_Resource Adequacy in_the Paelfiorthwest March 2019.pdf
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FOTs may be available to utilities for several potential reasocisiding regional

capacity surplus with some generators uncontracted to a specific utility or natural

load diversity between utilities. The use of FOTs in place of designated firm

resources can result in lower costs of providing electric service, asoteof

contracting with existing resources is generally lower than the cost of

constructing new resources. However, as loads grow in the region and coal

ASYSNIGA2Y NBOANBaz (GKS NBIA2yQa OF LI OAGe adzNd
emerging about whetér sufficient resources will be available for utilities to

contract with for monthahead and dayhead capacity products. In a market

with tight loadresource balance, extensive reliance on FOTs risks under

investment in the firm capacity resources neededreliable service.

At the same timefailure to consider the availability of surplus energy in the

regional market would result in ovgrrocurement and higher costs for PSE

ratepayerslt is reasonable for PSE to assume that some amount of energy would

0S T OFAfTIIo06ftS Ay GKS YIN]JSG RdzS G2 GKS yI (Gdz2NB 2
base which produces surplus energy during most yeB&E must therefore strike

a careful balance betweethe potential reliability implications and cost savings

associatd with reliance on theegionalmarket

Mid-C marketinteractions arean importantconsideration fot { 9 Q&4 Ase@ a1 SY ®
sucht {9 Ay Of deRSY @XKRINIA IS o0alLRRiovo YIFN]SG LHzZNOKIE

available firm transmission import capability from the M8 | & +y SEA&GAY 3
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resource in reliability planningReferring toFigurel, this is currently roughly a

guarter oft { Q€xk capacity.

Figurel. PSE Preferred Portfolio Meeting Electric Peak Capécity

Figure 3-6: Preferred Portfolio Meeting Electric Peak
and Reducing Market Risk
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In its ELCC modeling, PSE does not assume that relidbiNign (perfect)

capacity additions are made to the broader Pacific Northwest region to achieve a
reliability standard. Instead, given thBSE is testing future years 2027 and 2031,
G§KS NBIA2YL §

PSE assumgebkased on NPGGENESYasesii K |

degrades below accepted resource adequacy thre

grow and plants retireHowever, as mentioned in the s@m above, PSE adds

5 PSE 202FinallRP, pg 1.
6 PSE 202FinallRP.

shakldoadcontinues to

© 2021 Energy and Environmental Economics, Inc.
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reliability-driven capacity to bring itewn system up to a 5% LOLWith more

local capacity added as the reliability of the external market degrades.

Mid-C marketavailability declires over time Ay t { 9 Q& restilgng $f A y 3
increasedforecasted curtailment from the Mid Y I NJ Sd F2NJ t {9Qa a&aeaids
Huctuations in energy fromMid | NB G KS f I NBSad O2y i NROdzi2NJI G2
modeling and are the most frequent primary contributor (in MW) to longer

duration outags (5+ hours)Table3 below shows the frequency of outages of

different lengths in January 2027 in the Base Chkese longer duration outages

reduce the ELCC for the eneflgpited battery storage resources

Table 4shows statistics for how the median capacity by resource type changes
during hours with and without unserved energy and depending on the duration

of the outage event.

Table3. Summary of Outage Events by Duration in PSE Base Cimauary
2027

Frequency of loss dbad eventoccurrence

lhour 1-2hour 34hour 56hour 7-8hour 9+ tour

131 95 155 72 31 82

7E3 analysis of PSE IRP data.
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Table4. Summary ofResource Performance During Outages in PSE BasecCase
January 202%

Median MWh of Energy, byOutage Duration

No All

Resource Outages Outages 34 hr 56 hr 7-8hrs 9+ hr
Contracts 740 747 747 747 747 740
Hydro 596 515 562 524 502 492
Load 3,344 5,371 5,554 5,375 5,322 5,182
Mid-C 1,415 370 1,307 495 380 190
Solar 0 0 0 0 3 1
Thermal 1,959 1,880 1,880 1,826 1,927 1,899

Given that load growth is assumed in the modeling of the-®iexternal market

and no generic capacity is added, the reliability of the -Ridegrades further
between the two ELCC test years, 2G8¥ 2031. Thismay result in longer
durationreliability events on the PSE systesince availability of MieC imports

is the key driver of these events. PSE does add more perfect capacity to its own
systemin 2031 (1,361 MW) tham 2027 (907 MW) This additional capacity
reduces the frequency of losd-load eventsto bring the system up to a 5% LOLP
standard and increases battery storage ELCCs (see Taltievi@ver itdoes not

changethe shape of outages on the systdimacause it imlways available.

8 E3 analysis of PSE IRP data.
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Table5. Peak Capacity Credit f@attery Storage in 2021 PSE IRP

Figure 2-6: Peak Capacity Credit for Energy Storage

Capacit Peak Capacity Peak Capacity
BATTERY STORAGE pacity Credit Credit
(MW) Year 2027 Year 2031

Lithium-ion, 2-hr, 82% RT

efficiency 100 12.4% 15.8%
Ie.:ihi'um-ion, 4-hr, 87% RT 100 24.8% 20 8%

ciency

Flow, 4-hr, 73% RT efficiency 100 22.2% 27.4%
Flow, 6-hr, 73% RT efficiency 100 29.8% 35.6%
Pumped Storage, 8-hr, 80% RT

efficiency 100 37.2% 43.8%

Typical industry practice assumes that a utility will tune its own system to a
specific reliability standard before calculating ELCCsyhiutot necessarily also
tune the external market. The treatment of tlegternal markets varies across the
industry ranging from excluding the market entirely to making simplified
assumptions such as a fixed shape based on import lifdts.example, Duke
Energy has applied a modeling framework timabdelsimports as a dynamic
resourceon an hourly basjsdriven bythe estimated relationship between net
load and market purchasé€By contrastthe California Public Utility Commission
(CPUChassumes a fixedonstraint on imports, with an additionalonstraint
applied only during hours where gross electric demasteeds the 95
percentile!! Similarly, the PubliService Company of New Mexico assumes a

constant constrainthat 50 MW of market purchases will be available durits

9 PSEinal2021 IRPpg 213.
10 See page 120: https://dms.psc.sc.gov/Attachments/Matter/41d424e5077b-4{f9-8bb3-3c31467b2638
11 See pages 223: https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M331/K772/331772681.PDF
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net peak period? PSE isncludingthe externalmarket but is modeling it as a
dynamic resource accounting for hydro energy, outages and other competing

transmission needs.

Because the Mk market is modeled as a dynamic resource with varied output
and outagesa less reliable ML market may result in moteng duration events
with low import availability, reducinattery storage ELC(d4oweverthere is no
single industry standard for how to address unreliable external markets.
Excluding the market altogether is not realistic for PSE. Conversely, determining
whether it is appropriate to add reliabiligiriven capacity to the external market
before beginning ELC@Iculations is a real and difficult question and has real
world implications. PSE does not have control over the reliability of the external
system, and how much they would have to contribute to achieve a reliable
broader PNW system is an open questionttiier, if reliability-driven capacity
were added to the MieC market that would likely result in less reliab#ityven
capacity needed for the PSE systefhe ultimate impact on storage ELCC

calculationscannotbe known without further modeling.

To illistrate the impact of potential additions to regional capacity, E3 generated
the dispatch plots below from the week of January 25, 2027 in the PSE Base Case.
This week was chosen because of énd@r outage that occurs in draw 1687 (out

of 7040, representng the combination of hydro calendar year 1947 (in which
streamflow was the lowest of all 80 hydro years) and temperature calendar year
1943. InFigure2>  t { 9 Q AdispagiRiSshawiR IRigure3, E3 has added 500

12 See page 5https://www.pnmresources.com/~/media/Files/P/PNMResources/ratesand-
filings/PVNGS%20L eased%20Capaci@f21-04-02-PhillipsExhibitsAff. pdf.
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MW of available hourly capacifyom Mid-Cduring the outage events in the Base

Caseandremoved 500 MW of perfect cagity from the PSE system.

Figure2. DispatchPlot, Week of January 25 (2027), PSE IRP Base Case
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Figure3. DispatchPlot, Week of January 25 (2027), PSE IRP Base Case With 500
MW of Additional MidCOutput and 500 MW Reduction of Perfect
Capacity
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As shown above, modifying the PSE Base Catbmatshlid-C output is increased
by 500 MW during unserved energy events reduces the duration of tHeod2
outage by only 1 hour, illustrating the impact ®id-C on the outage
characteristics against which battery storage is testddwever, it can also be
seen that increasing the Mi@ market availability bgn additionab00 MW would
reduce outage duratiom substantially by effectively segmenting the long

duration outage shown above into multiple smatduration outages
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4.2.3 E3 CONCLUSION

¢2 laasSaa GKS LRAOGSYdGAFt AYLIOG 2F OKIFIy3aSa Ay
market on ELCC values, E3 recommends an additional GENESYS model run (and

subsequent calibration ith the WPCM model) where reliabiligriven capacity

is added to the broader region to achieve a 5% LOLP, as well as the PSE system.

PSE should then perforBLCC calculations with a reliablestem(to a 5% LOLP

standard) where both the Mi€€C market and 8E system are in a reliable state.

How the battery storage ELCCs change could inform how PSE possibly rethinks its

current modeling of the MidC market. If the changes to ELCC results are

negligible then PSE would be comfortable that its current modedirayfficient.

If the ELCC results change significantly then broader considevatiold need to

be given towhat reliability standard (and relatedly how much added reliability

RNAGSY OF LI OAGe0 Aa NBlFLazyloftS G2 aadzyS 3IA

capacity additions and retirements in the region.

&\

To be clear, E3 is not recommendatghis timethat PSE make resource planning
decisions based on this new GENESYS run, but tathederstand whether this
singleassumption about reliability in the regional syster ieydriver of battery

ELCC results.

4.3 Hydro Operations

4.3.1 ISSUE DESCRIPTION

E3invesl G SR 6KSUKSNI t{9Qa I LIINRIFIOK (42 Y2RStAy3
impacting its ELCC results in general, and battery storage ELCC results in

particular.
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4.3.2 PSE METHODOLOGY AND INDUSTRY PRACTICE

PSE models the output of its own hydro plants (Baker RRreject and
Snoqualmie Falls), as well as its hydro contracts with the Chelan, Douglas and
Grant PUDsas dfixed hourlyshape rather than a dispatchable (flexible) resource.
This shape is aligned with ttetreamflow data inherent in th&0 hydro draws

that are assumed in GENESYS and the hydro in the broader PNW, agion
results in a single MW value being modeled in every hour of a single day and draw.
This single MW value is the maximum available capacity in any hour within that
day within that draw the implicit assumption being that PSE could rely on its
owned and contracted hydro to dispatch up to its maximum available capacity in

a given hydro year during any time period in which a resource shortfall is possible

In typical resource adequacy modejiand ELCC calculations across the industry,

hydro is modeled with the extent of its dispatchable (i.e. not -afimiver)

capabilities. Further, energy limitations are typically accounted for in modeling of

hydro resourced®L y NXB I f Jdiodrésoute§ @lhéat aliays dispatch to

their maximum capacity to meet a long duration outage event (e.g., the 42 hour

event shown above) due to water availability constraidtsthe same time, PSE

generallyhas flexibilityon a diurnal time scale to dispatch itgdro resources to

avoid lossoff 2 R S@Syliad ¢KdzAaz t{9Qa I LIINRIF OK 0:

assuming it is always available at its max capacity)daes not account for its

13 For a more detailed dddza & A2y 2F (GKA&a Ay GKS tFOAFTAO b2NIKgSald O2y
https://www.ethree.com/wp -content/uploads/2019/03/E3_Reource Adequacy in_the Pacific
Northwest March 2019.pdf
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diurnal flexibility, which would compete with energy storage to fulfill a limited

need for shorfduration services.

To illustratethe A YLI- Ol 2F OKIFy3Sa Ay t{9Qa I LILINRI OK
operations, E3 generated the dispatch plots below from the week of January 14,

2027 in the PSE Base Case. This week was chosen because it contiites mul

shorterduration outages in draw 1687 (out of040, representing the

combination of hydro calendar year 1947 (in which streamflow was the lowest of

all 80 hydro years) and temperature calendar year 1943Fiture 4,t { 9 Qa

modeled dispatch is showm Figure5, E3 has modified the capabilities of hydro

resources to operate with energy limitations (50% capacity factor, pmin of 25%)

and dispatch capabilities (i.e. output can be increased to pmax wienre is

unserved energy).
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Figure4. DispatchPlot, Week of January 14 (2027), PSE IRP Base Case
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Figureb. DispatchPlot, Week of January 14 (2027), PSE IRP Base Case With
Dispatchable and Energyimited Hydro Resources
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As shown above, modifying hydro resources so they are edenifed and
dispatchable illustrates the ability of hydro minimizeunserved energy needs

over shorterduration periods (e.g4-6 hours).

4.3.3 E3 CONCLUSION

A lack ofdispatchability and considerations of energy limitations both lead to an
overestimation of storage ELCCs. If the hydro resources were modeled as

dispatchable, this would enhance the operational capability of a compedimg) (
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likely more robust) energlimited resource Thiswould, in turn,reduce the ELCC
estimates for battery storage resources. If the modeling were enhanced to add
energy limitations this would remove energy from the systemgucingthe

energy available for battery resources to chaigeding to lower ELCC estimates.

For future IRP cycles, E3 recommends that PSE update its modeling to incorporate
hydro dispatch capabilities and hydro energy limitatidi® recognizes, however,

that modeling hydro as flexible is highly complax the fleibility depends on

water conditions, operational constraints, and other factors that are difficult to

guantify in a planning model.

4.4 Resource Correlations

4.4.1 ISSUE DESCRIPTION

E3 investigated whether PSE applies appropriate correlations to different
resources between resources and load, between hydro and regional market

purchases and between weather and load in its modeling.

4.4.2 PSE METHODOLOGY AND INDUSTRY PRACTICE

E3 found the following:

é PSE preserves the correlation between solar and wind generation by
using digned wind speed and solar irradiance data from NREL.

é PSE preserves the correlation between weather and load by using 88
years of temperature data and correlatitigis datawith historical load.
PSE uses several variables to generate its load forecast: population,
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unemployment rates, retail rates, personactome, total employment,
manufacturing employment, consumer price index (CPIx Gross
Domestic Product (GDP), transmission and distribution losses, and
weatherdata fromSeaTac Airport.

é PSE preserves the correlation between hydro and regional market
purchases through modeling in GENESYS. This captures regional worst
case conditions likely to impact both PSE and external hydro resources
FYR A& AYLERNIIyYyd 3A0SYy (GKFG NRBdAKf& om: 27F
is expected to be met by the shetdrm marke.

é Through modeling in GENESYS and WPCM, load and hydro are not
correlated but rather permutatedicross7040 draws (88 temperature
years, 80 hydro years). Correlating weather and hydro is likely not
appropriate: dayof weather conditions are unlikely to e hydro
resource availability, which is driven by snowpack and not siiaye
temperature spikes or dips.

¢ No correlation is being modeled between weather and renewable (solar
andwind) output, nor between load and renewable output.

0 The renewable outpuprofiles are determined exogenoushy
taking samples of NREL data from potential development sites
and then taking the median 250 samples. These sets of 250
samples of wind and solar profiles are then randomly applied to
the 7040 temperature/hydro draws.

4.4.3 E3 CONCLUSION

The correlations being applied between wind and solar, as well as between
weather and load, are reasonable and aligned with industry practice. Further, the

permutation of hydro output and weather is also aligned with how other
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reliability forecasting models approach the sameinputs (P w+xtax 90 Qa

model).

Correlations between weather/load and wind/solar output are traditionally used
in resource adequacy system modeling, which helps capture conditions which
may drive los®f-load everts. In the Pacific Northwest, this would primarily result
from intense cold weather driving increased demand and decreased renewable
output. For future IRP cycles, E3 recommends utilizing weattaéched load

that is aligned with wind and solar data. Ti# impact the ELCC results for wind
and solarresources(see Appendix for additional detalhut should not have a
major impact on storage ELC@hich are largely driven by high load and low

hydro events.

4.5 Temperature Data

4.5.1 ISSUE DESCRIPTION

E3 investigated whether the temperature data used by PSE as an input in its

resource adequacy modeling is impacting its ELCC results.

4.5.2 PSE METHODOLOGY AND INBYFRACTICE

PSE uses 88 years of hourly temperature data (Z22%) to inform its historical
load forecast. Much of this hourly temperature data comes from the-Bea
Airport. However, Sedac temperature data is only available from 1948 onward
following its construction, so data prior to 1948 is synthesized using daily high
and low temperatures from the University of Washington weather station and

hourly shapes from SeBac data.
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This brings up important questions regarding whether the synthesized yhourl

GSYLISNI G§dzZNB RIFGF A& KIFE@AYy3 +y AMikd OG 2y t{9Qa
the outage events across hydro input years that are relatively evenly distributed,

2dzi 3S S@Syida Ay t{9Qa Y2RStAy3I INB y2i S@Syft:
input years.33%- 35% of the simulated draws that have loss of load events in

January 2027 and January 2031 occur in the temperature years prior to 1948, a

period representing 21% of all weather years.

However, E3 analyzed this pi®48 temperature data and found that is
reasonable andloes notdemonstrate any apparent bias compared to the other
temperature years that would unfairly impact ELCC resTtitis.minimum annual
temperatures, as well as the median temperatures do not show a clear bias in the

data that isformed with the synthesized data.
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Figure6. PSE Temperature Year Data, by Source
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But looking at the temperature data further reveals thagamly 95% of the
simulated drawghat have losof-load events in January 2027 adahuary 2031

occur in the first half of the temperature years, prior to 1982eFigure?).
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Figure7. Number of PSE Base CasevzaVith Loss of Load Events, by
Temperature Year, January 2027 and 2031
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This raises important questions regarding whether, given that PSE is a-winter
peaking system, there are clear warming trends that make the use of temperature
dataas farbackasm pH op f Sada dzaSTFdzZ © az2@Ay3ad F2NBINRZ t{9Q
reduced relatived summer peaks based on more recent climate warming trends,
GKAOK KlFa (KS LRAIGSYydArt G2 AYLIOG t{9Qa& NBaz2dzN

Including warming trends in load modeling is an evolving area of research and
application and there is no prevailing industry standangktitermore, there is
precedent in the PNW region for using 88 historical years of temperature data in

GENESYS modeling, in line with the modeling by the NPCC.

| ¢SYLISN} GdNB {SyardGAodride sla Y2RSESR Ay t{9Q2
three models thathe NPCC has been using in its resource adequacy analyses that
account for warming trends in the PNW region. This change only impacted the
SYSNHE& RSYFYR TF2NBOFad dASR Ay t{9Qa NBA&2dNI
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importantly it changed the nature of the demandofile and lowered winter
peaks. Given that PSE is a wirpeiaking systemthis results in less reliability
driven capacity needed to start the ELCC analysisT Sige6.

Table6. Peak Capacity Need in PSE 20211RP

Figure 7-32: Peak Capacity Need

Temperature Sensitivity

2027 peak need 907 MW 328 MW

2031 peak need 1,381 MW 1,019 MW

Given the change in the demand profiles and the amount of reliafaifityen

capacity that is added to the systerthis then results in much different ELCC

results. SedablelOA Y ! LILISY RAE F2NJ I O2YLI NRaz2y 27

Case and Temperature Sensitivity.

4.5.3 E3 CONQJSION

t {904 adyiKSaAa 2F GSYLISNI (dNB RIGI

reasonable based on data E3 has reviewed.

E3 recommends that PSE analyze the impact of the Temperature Sensitivity

shown in its IRP on the current RFP and investigatentiatenodifications of the
temperature data set to reflect a changing climate in light of its findimgss is

especially relevant to the bigpecific analysis that will be conducted in Phase 2

14 PSHinal2021 IRPpg 745.
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of the RFP but can also inform future IRP cycledpecificdy, PSE should

investigate

(1) Whether the use of two different weather stations to derive temperature
data at different times introducelias into the analysis. This can be done
by analyzing théemperature data from the time period when data from
both weather stations is available and performing statistical tests to
determine whether the two data sources can be considered part of the
same dataset, or whether there arstatistically significandifferences in

the mean, medianor standard deviations

(2) Whether PSEshould truncate the amount of temperature years used to
inform its load data if it believes that earlier temperature years are no
longer applicable given a changing climaamd where this truncation

might be most reasonable

4.6 Generic Battery Stage Characteristics

4.6.1 ISSUE DESCRIPTION

E3 investigated whether the generic operating characteristics and capacity
O2y(NROGdzGAZ2Y & 2F ol GOSNE ad2N)r3IS NBa2dzNOSa& NBF

reasonable.

4.6.2 PSE METHODOLOGY AND INDUSTRY PRACTICE

PSE assues round trip efficiency (RTE) of 82%7% for generic tion battery

storage resources and calculates emay efficiency applied to both charging and
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discharging of the storage. During the charging process, the maximum charging
capacity is nameplate capigy and the state of charge (SOC) increase is
(Nameplate Capacity) x €lOne Way Efficiency). During the discharging process,
the maximum discharging capacity is hameplate capacity and the SOC decrease

is (Nameplate Capacity) x (1 + One Way Efficiency).

Besides RTE, PSE also applies the minimum state of charge (SOC) for battery
storage when calculating storage ELCC. Minimum state of charge (SOC) for
oF GGSNE adG2Nr3IS A& wWmE: AY t{9Qa Y2RStAy3o

Both RTE and minimum SOC assumptions i@ @&®8el will decreas the ELCC

of storage. Fothe RTE assumption, even though the RTE input is reasonable, the

duration of the storage is dmted due to the size of the energy capacity. For

example, for dattery with 4 hoursduration and100 MW of nameplate capacity,

the energy capacity is assumed to be 400 MWh. However, during the discharging
processmodeled by PSH takesless than 4 hours to deplete the storage, which

is different from the common convention of storage duration. A typical practice

is to expand the eneggcapacity by the efficiency losses so that the discharging

duration at nameplate capacity can achieve the target duration. In addition, the

YAYAYdzy { h/ FaadzYLJiAz2y dzaSR Ay t{9Qa Y2RS
YAYAYdzY &a0G2NF 3S f AYArépart (deiN@BEBY 1SR Ay t{9Qa |
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“z

Table7.. F GG SNE {LISOAFAOIGA2YyAE Ay® t{9Q&d DSYSNARO wSa

I_)? Puget Sound Energy | Generic Resource Costs for IRP

Report Mumber: 10111615-0ZR-P0001 Rev. 4
Table 9.3-1. BESS Performance Comparison

Parame ter/Technology Lithium lon Vanadium Redox Flow
Capacity (M) 25 25 25 25
M Storage Limit (M&h) 50 100 100 150
in Storage Limit (MW 2 2 2 2
Leakapge Riate (% fhr) 0.05% 0.05% 0.00% 0.00%
Discharge Duration (hrs) 2 4 4 6
Recharge Time (hrs) 25 4.5 4.5 65
Round Trip Efficiency B2% BT% T3% T3%
Cycle Life (2 cycledday 20 yrs) 14,600 14,600 14,600 14,600
Expectad Annual Avaitsbility B8% 8% 958 95%

4.6.3 E3 CONCLUSION

t { 9 Q& -tripNdfidish& assumptions are reasonable.

2y S
9[// N

t {9Qa
ai2NF 3SQa

FLILX A OF GA 2y -ay effitientyl béttizivhpagt bdtteryt Y R
YFEAYdzY FYR 2@SNItf LRGSYGAL T

E3 recommends that:

15 Page 65https://oohpseirp .blob.core.windows.net/media/Default/PDEs/HDR_Report 10111603R
P0001 PSE%20IRP_Rev4%i2020190123).pdf
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1) PSE models battery storage in a manner morenatgwith industry
standards such thatstorage can dischaegat maximum capacityor X

hours if the storage idefined as havinghours ofduration; and

2) PSE aligns the presentation of ELCC values with the characterization of
minimum, maximum, and namepkt MW values in its RFP

documentation

If these recommendations are reflecteah additional ELCC analysisaguired.

4.7 Battery Storage Dispatch

4.7.1 ISSUE DESCRIPTION

E3 investigated whether the dispatch of the generic battery storage resources

tested forELCC calculations is reasonable.

4.7.2 PSE METHODOLOGY AND INDUSTRY PRACTICE

Proper storage dispatch behavior has a direct and significant impact on storage
ELCC results. Standard practice is for battery discharge to occur whenever

possible during a loss of loadent in utility resource adequacy modeling.

Ly t{9Qa . théuBLiion baitedy>disohdtgds im265 of a total 7040
simulation draws in 2027. In January 2027 in the Base Case, there are 197
simulated draws with loss of load eventsith a totd of roughly2,900 hours with
unserved energyurthemore, each draw ithe January 2027 Base Case that has

unserved energy in any hour, also has battery discharge at some hour in the draw.
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E3 investigated whether storage dispatch within a given drawarord to our
expectation that storage dispatch occurs in response to loss of load events. In
general, storage dispatch behavigrreasonable and in line with expectations:
when there is an unserved energy event, storage dispatch occurs to the extent

allowable by capacity.

As part of this investigation, E3 confirmed that PSE modeling includes the ability

to call upon reserves from thBorthwest Power PooINWPP)Reserve Sharing

Programduring the first hour of an unserved energy evdntthe extent there $

energy available in the external markéfFurthermore while50%of contingency

NEASNWBSa NB (GeLAOFffe | RRStiscanXlipfo2t R Ay t{9Q4&
a subtraction from load in the first hour of a loss of load event, after which PSE

mustreplace these reserves with either imports or increased production from its

internal units.

It was beyond the scope of the current engagemfemtE3 toaudit each ofthe

calculations used bySEto account for the net impact of reducing perfect

capacity,adding battery storage capacity, and calling ugba NWPPReserve

SharingProgram on unserved energy evenso gl & |60t S G2 O2y FTANXY GKI {0
accounting forunserved energyn its Base Casgithout battery storagereflects

all the relevantdynamicsas eyected based on data E3 reviewebh battery

storage scenariosPSE modelingssume a limit on the ability to call upon

Assistancdeserves from the NWPP Reserve Sharing Prograesponse to the

first hour of a lossof-load eventof once per daythis is inconsistent with Base

Case modelingf this assumption is relaxetthe duration of a second (or third, or

16 For more information, sedttps://www.nwpp.org/about/workgroups/2 .
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fourth, or fifth, etc.) outage within a given day would be reducedhg hour.

| 26 SAGSNE o6F &SR 2y RIGF 90 KIenaribsbvithh S6 SR TNRY
battery storage, the impact of relaxing this assumption on ELCCs is likely to be

minor, asthis onlyalters thenumber of hours with unserved energy by roughly

1% (from a base ofroughly 2,700 hours under battery storage scenarios)

Furthermoe, there isa rationale for assuming that multiple outages within a

given day are unlikelo be remedied by energy available at M@l sincethis

would likely occur during periods when the region is stressed and Assistance

Reserves are less likely to bansistently availableHowever, this inconsistency

betweenBase Case and battery storage scenaisoa minordisadvantageor

battery storage ELCCs.

4.7.3 E3 CONCLUSION

Ly 3ISYySNIfzX 90 FAYRA GKIFIG t{9Qaandy2RSfAy3a 2
reflects theappropriate dynamic$or calculating ELC®&s noted above, therés

ONBRAOGE S NI GA2yI ftBe filstzholl df 4 I6sQ¢f loall Wikt & YSy G 2 F
the Base Casgiven the NWPP Reserve Sharing Program

E3 recommends that PSE align its treatment efftist hour of losof-load events
across its Base Case scenarios without battery storage and its scenarios with
battery storageto reflect the proper utilization of the NWPP Reserve Sharing
Programand consistent treatment of its own Contingency Resengs this

inconsistency createsrainor disadvantage for battery storage ELCCs.
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5 Additional Topics Reviewed

In addition to the key issues covered above, E3 investigated the questions listed
below, representing inquiries PSE has received from stakeholders in the RFP
LINEOS&dad C2NJ SIIOK 1jdzSaiA2y>Y 90Qa NBAaLRYyasS Aa y

5.1.1 GENERAL

Whyl NB t { 9 Q& 9 fhdséotiothér Btiliti&sNsLich & PGE and California

utilities?

While E3 did not conduc deepdive analysis into the ELCC calculations and
methodology of other utilities in the western U.S., PSE differs from many other
utilities in general and evenfrom other utilities in the western region. First, PSE
is a winterpeaking system, while mamgher utilities, including PGEre summer
peaking system Secondly, hydro dominates the regional system, whieb
enabled the Pacific Mrthwest to build relatively fewer gasfired peaking
resources. This means that during a drought year, the energgitde¢comes the
biggest driver ofong durationloss of load events, which has a negative impact

on battery storage ELCC results.
Are the operating data for different norstorage technologies reasonable?

E3 recommended that PSE utilize output shapes for wind and solar resources that
are correlated withtemperatures in the PSE service argd.did not uncover any

other issues with norstorage operating data.
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E3 recommends that PSBvestigate (1) Whether the use of two different
weather stations to derive temperature data at different times introduces bias
into the analysisand (2whether it should truncate the amount of temperature
years used to infion its load data if it believes that earlier temperature years are
no longer applicable given a changing climate, and where this truncation might

be most reasonable.

5.1.2 PUMPED STORAGE

AlG dzyNBlFaz2ylof$S F2NJt{9 (2 hgetoh i LIzY LIS

L R
GadrasS 2F OKIFNBSéU G2 Ttm: 2F GKS NBazdNDSQa

QX

E3 did not specifically analyze{ 9iffpdt assumptions for pumped storage
resourcesThe key issues covereid this report in the context abattery storage

are relevant to the discuseh of pumped storage, andhese issues(e.qg,
hydropower operationgs a supply factotemperature dataas a demand factor

will also impact ELCCs for pumped stordgeyeneral E3normally assumes that
pumped storage units can be fully dispatched, but also recognizes that sometimes
specific characteristics of specifismped storageplants can require them to

hold back a portion of thieenergyin their respective ponds.

© 2021 Energy and Environmental Economics, Inc. Page| 47|



_ Review of Puget Sound Energy Effective [Gmdying Capability Methodology

5.1.3 HYBRIIRESOURCES

Does PSE unreasonably limit hybrid resources by only allowing them to charge

from renewables over the entire lifecycle of the resource?

90Qa lylrfteaira FryR NBOASHG RAR y20 ALISOAFAOLIT T &
t { 9Qa HHBigrésdlicebattery storage paired with another resource)

Thekey issues coverdd this report in the context of battery storage are relevant

to the discussion of hybrid resourcéhesekey issues (e.gtreatment of MidC

external marketavailabilityy will also impact ELCCs faybrid resourcesiIn

general E3 recommends thathe energy storage component of hybrid resources

should be allowedo be charged by the grid after the window fiovestment tax

credit eligibility expiressubject to the combinethterconnection limit

5.1.4 MARKET LIMITATIONS

5 iKS NBRAOGAZY Ay I @FAtlFoAfAGE 2F YIN] S

Q)¢

2
2

<
QX

o) GNIAYy (GKS FoAfAGE 2F adG2Nr3aIS NBaz2dz2NDOSa G2

l'a RAA0dza&dSR | 620Ss: -Cuaia(MiiCNEding by & 2F GKS aAi
does impact its ELCC calculations in general and battery storage ELCCs in

particular. As detailed above, E3 is recommending additional modeling where the

external region is brought up to a 5% LOLP reliability standard and the ELCC

analysids rerun under those conditions. The result of that analysis will inform if

any further changes are needed for how PSE models the external market.
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Does the IRP impose a market import limitation across the fulttsur window
on all days in January and Februaryin§ R 2 F 2y f 8JSRA4zMRA 3 RaG & dzLJIS |
GKSH @& Ré¢ K2 dzN& K

Based on the data that E3 reviewed, as well as conversations with PSE, the high
level import limit did not change based on month or supegak or heawjoad

hours.Market import curtailments are derived from NPCC GENESYS model runs.

I 26 R2Sa t{9Qa lylfeara NBFtSOl GNryavyArAaairz
Transmission constraints are definedthg physical capability to import power

AyiGz2 t{9Qa adeailiSys todtraashhathave rightsioiitseNS a 2 dzZNO S a
lines andcouldtherefore potentially reduce the ability for PSE to make short

term market purchases in some hours. These skemin market purchases are

GKSY AYyO2NLR N} GSR AydG2 t{9camndujehkey  yI f &8aA4

driver oflongerdurationlossof-load eventsandlow storage ELCC results.

5.1.5 BATTERY STORAGE

Are the ELCCs foribin (2-hour and 4hour) overly conservative, considering that
the resources are standlone and charging and discharging sdies will not be

constrained by a cdocated renewable generation resource?

The reason for low battery storage ELCCs is not whether they are charged by

renewable resources or ngbut rather the nature and length of the outages

t {903 42a05%0SHBYEARD dzb BB /systerF has Maert { 9 Q4

brought up to a 5% LOLP standard by adding perfect capacity, are very long in

RdzN} GA2y® {SS 900Qa RA &y ndr@détaile T t { 9Qa& G NBI
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52534 t{9Q&a Lwt L} NI T 2hdurdbatterpsodgeicofict LINSFSNBy OS 7T

with an industry-standard of4-hour battery?

PSE calculatedeLCC values fanultiple generic battery storage resources
including a twehour and fourhour Liion battery, as well as four-hour and six

hour flow battery.

What changed between the cases utilized in 2020 and amended in 2021 that

resulted in a decrease in the assessed ELCC of energy storage?

E3 did not analyze the ELCC calculations from the last IRP. However, the first
reference year for which ELCC results weraethavas updated from 2022 to
2027.Given thateliability-driven capacitys not added to the external market to
make up for growing load and hydro shortfabis earlier reference year (2022
compared to 2027) woulgresumably have fewer long duration oggswhich

would benefit battery storage ELCCs

5.1.6 OTHER

I'NB t{9Q&a 9[// SabtAayYlLdSa AyOfdaAi@gS 2F (GKS LlRaa

peak event?

Yes, forced outage rates are accounted for in the modeling and ELCC analysis.
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How did the temperature sensk @A G& aOSYy I NA2 Ay (GKS HAaum L

resource plan?

900Qa dzy RSNERGFYRAY3I A& GKI G -dlécSandySiy LIS NI G dzNB
that did not directly infornresourceplans resulting from the 2021 IRP. However,
as noted in this report, E3 recanends that PSEeevaluate the appropriateness

of its current approach teonsidemgtemperatures in developing load shapes.
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6 Summary

90 FTAYR&a GKIFIG t{9Qa 3ISYySNXft I LWubNRI OK G2 9[ 1/ /

t { 9Qa { NB I-Q dosytisad@Tademtterik storage ELCCs, there is no

industry $andardfor how to address the issue of external market equilibrium,

and whether it is appropriateo assume an adequate regional system is a real and

difficult question. Beyond the question dbw to treat the external markethe

other topic requiring immediate attentionin the current RFP process tise

presentation of generic battery storage operating characteristics, which does not

NB lj dzA NB O K IEpTc@l&ulatiory methgddla@ivhile it would be ideal

to addressthdl NB I § YSyd 2F /2yiGAy3aSyoOe wSaSN®BSa IyR t{
NWPP Reserve Sharing Program under its battery storage scenarios, this may

require continued analysis beyond what is feasibaéthin the current RFP

timelinea2 Ay 3 F2NBEFNR=E t{9Qa GNBFGYSYyld 2F NBa2dND
data, and hydropower operationsmerit additional analysis and potential

adjustments but without additional analysis it is unclear i€hanges in the

treatment of these topics will producsignificant changgin battery storage

ELCGCsin the case of hydropower operationgpdates to the PSE modeling

approach coulgroduce a reductiornn battery storage ELCCs.

E3 recommends that PSE do the following befoomducting the portfolio

analysis in the REP
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4) Conduct an additional GENESYS model run assuming regional capacity
additions such that the region meets a 5% LOLP standard before

recalculating ELCC

5) Restate ELCC values for battery storage in a manner more aligned with
industry standardssuch that storage can discharge at maximum capacity
for X hours if the storage is defined as having X hours of duratiuh
align the presentation of ELCC valueshwihe characterization of
minimum, maximum, and nameplate MW values in RFP documentation

and

6) ReOl £ Odzf S oFGGSNRE &G2Nr3aS 9[//a dzy RSN
treatment of AG&A 26y [/ 2yGAy3aSyOe wSaSN¥
Sharing Program is the same &sy t { 9Q& .+FaS /+FasS o6A0K2

&
(o))
QX
<,
Py

storage, and investigate the significance of the revised results.

E3 recommends that PSE do the following in future IRP cycles:

4) Utilize weathermatched load that is aligned with wind and solar data

5) Reevaluate its currdnapproach to considering temperatures in
developing load shapdsased on (1) the use of two different weather

stations, and (2) thehanging climate;

6) Update modeling to incorporate hydro dispatch capabilities and hydro

energy limitations
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E3 expects thatven in the context of the recommendations above, battery
storage ELCCs are likely to be relatively low in a hydropdejgendent region
like the PNW comparetb other regions. To confirm this judgment, however, E3

recommends the additional steps above.
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7/ Appendix

7.1 Mid-C Data Visualization

Figure8. Mid-C Output During Draws With No, Some, and Many Unserved
Energy Events

Draws With No UE Events
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1"PSE IRP data. E3 bysis.
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Draws With Some UE Events
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