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Executive Summary

Introduction

From August 31 through September 9, 20Z2lifornia and much of the Western United States
experiened recordsetting heatresulting inal-time high demand for electricity across ttregion
(September 2022 heat wave)he polonged heat event precipitated an unprecedented number of calls
for consumer conservatiorhisincluded 10 consecutive days of voluntary Flex Alextsl new state
programs that provided nomarket resources to address extreme events culminating on Sdyge,

the only day when the ISO system reached its highest emergency alert level

Despite the sustained heat wave and unprecedented load levels, the California Independent System
Operator (ISO) did not order rotating outages and mairgdireliable systenoperations at all timesThis

would not have been possible without the significant mobilization of new generating resources and the
enhanced communication and coordination between the ISO, state and federal agencies, and industry
that have occurred ovethe past two yearsAt the same timeji K S &an@lysi©df the event revesl
several issues thded to unintended consequences that impactsgecific components ahe market

The ISO is addressing those issues in a transparent and rigorous fashidwyaack discussedn detail

later in this report.

The I1SO has been publishitggmonthly Summer Market Performance Reports sidaae 202Jand this
final publicationfor summer2022 includesn indepth analysis of the September 2022 heat wave, with
particular focus on Septembertbrough 8, which were some of the most challenging days in the history
2F GKS L{hQa SahalySshélBarochses@faRonR thaehayfledité maintain reliability
throughout the event, including annprececdented level of coordination and public conservation. At the
same time, the report identifies additional softwair@provementsthat are needed, especiallpr the
clearing of exportsand the resource sufficiency testsed in the Western Energy Imbalance kr
(WEIM) Lastly, the report covers a wide range of topiegardingresourceand market performance
during theextremeheat event and througbut the month of September.

The Heat Wave and Its Impacts

There have been other extreme heat events in recgsdrs that caused stressed conditions for the ISO
grid, but the grid has never faced anything like the September 2022 heat Wtide. historic high
maximum and minimum temperatures in many parts of California, demand on the ISO grid reached a new
instantareousgrosspeak record load of 52,061 megawatts (MW) on September 6 at 4:583ystem
demand had exceeded 50,080/ on the ISO grid onlyvice beforet on July 24, 2006 an&epember
7,2017. The 1ISO observed the highest ever hourly average load of 5SM¥V@n September 6, 2022, and
demand within the Reliability Coordinator footprint in the West also saw record load that day of
130,920MW.

After the gross peak, the IS@ces its period of maximum stress on the grid because the sun is setting,
reducing sar production to zero, even as demand remains high, largely due to air conditioning use. This
period is known as the net load peak. Although the ISO regularly operates successfully through the net
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load peak, the intense heat wave meant that temperaturas bt cool down overnight as they usually
R2 YR FAN) O2yRAGAZ2YAY3 f2FR gl a Foy2N¥Fffte KAZ
45141 MW at 6:58p.m.

Althoughthere are severalwvaysto contextualize howthe severity of thelO-day heat wavedrove this
record level of demandpothing illustrates it better than some of the record high temperatures seen
around California and the WesODn Sepember6, Downtown Sacramento reachdd 6 Fahrenheit (F),

an alltime high; Livermore hit 16~on Septembeb and 6, the hottest temperature ever recorded there.
Riverside had its warmest-day and 1@ay mean maximum temperatures for the period ending
September 5 and 6, respective@NB Y ! dzZ3dzad om UGKNRdzZZK {SLIGISYOSNI o
maximum daily eémperatures 5-15° F above normal with some cities gperiencing maximum
temperatures of up to 30F above normalin addition to the maximum temperature records broken, 17
all-time minimumhightemperature recordsl34 September monthigninimumhigh tempeature records
and 773 daily minimunhigh temperaturerecordswere tied or broken More detailed weather data is
highlighted in Section 2 and Appendix A.

Maintaining Reliabilitythrough an Unprecedented Heat Wave

Despite the sustained heat wave aretord-breakingload levelsthe ISO never orderaabtating outages.
It maintained systemneliability throughout thel0-dayeventdue tomultiple factors:

1. Increased capacity through resource adequacy procuremsince summer 2020, including more
than 3,500 MW ofithium-ion battery storage (Section 9);

2. Enhanced coordination, awareness, and communicatioimgernally, and with neighboring
balancing authority areas, including those participating in the WEIM, external stakeholders such as
business and customer grps, investorowned and publichowned utilities, state agencies
including the California Public Utilities Commission (CPUC) and the California Energy Commission
60/ 9/ 03 YR GKS D2@SNYy2NRa h¥TFAOS o0{SO0A2Yy PHO

3. Market enhancements developed and implementedver the past two years including
clarification of scheduling priorities, enhancements to resource sufficiency evaluations and
electricity market pricing designed to incentivize generation during periods of high demand.
(Section 9);

4. The use of new state mgrams to provide normarket resources to address extreme evenes
gStt Fa GKS /FTEAF2NYALl D2 QS CBSpWRIEss Bnergehe Bler2 T 9 Y
urging consumers to reduce neessential electricity use if it was safe to dotke evenng of
September 6. (Section 2.5 and Section 2.6);

5. Close coordination with loagit SNIA Y3 Sy iAiGASa Rdz2NAYy3a GKS L{hQa
Energy Emergency Alert e afternoon of September 6 that allowed utilities to arm firm load
after beingnotified by the 1SO of the need to prepare for rotating outages, which were ultimately
avoided. (Section 2.5 and Section 2.6);

6. Geographic diversity of extreme heat across the Waashich, because the heat was not as intense
or prolonged throughout the DeseSouthwest or Pacific Northwest compared to California, better
positioned the 1SO to import power when it was most needed. This included net imports of more
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than 6,500 MW during net peak on September 6 as well as an additional I\80tom WEIM
transfers (Section 2 and Appendix A); and

7. ThelSO both received emergency assistance energy and provideddther balancing authority
areas experiencing stressed system conditions (Section 9.3).

Market and Resource Performance

Since 2020, efforts have beemade to improve the performance of the aging thermal generation fleet.
These resources were critical during the most stressed part of the heat wave; however, some of these
resources still experienced high levels of unavailability during other times efvira.

As noted aboverecentimprovements to the ISO market positively contributed to reliability by ensuring
appropriate marketincentives During the heat wave event, the { h Q& RIAf & | dSNI 3S
$600/megawatthour (MWh) with maximum price®aching $2,000/MWh in the redgilme market.Day

ahead average pricagached$300/MWh. Given the impacts of the September 2022 heat wave, the
average daily market costs were $100 million for the month, materially higher than the daily average
market prie of $84 million in August. These prices and costs were influenced by higher natural gas prices
(trending up to $15/MMBTU) and higher demand levels settling at higher energy Bitseralprices

outside of the ISO markeiso increased during the heatave Further, these bilateral pricésggeredan
increaseimMi KS 6AR OF LI Ay (KS L{hQa YI NJ SdertamN®rs. TieB™M>nnnk
increase allowd for the ISO market to more accurately reflect the scarcity conditions experienchd in t
system and attract imports(See Section 3.4 and Secti@8.)

The high loads experienced during the September 2022 heat wave far exceeded the 49\R48f
resource adequacy capacity shown to the IF3iring the September 2022 heat wawesource adeqacy
capacity alone was insufficient to cover both the gross peak and the net load peak later in the day. On
average, resource adequacy resources performed to their expected output, including new resources on
the grid such as battery storage. The ISO masdted called uponi.g., dispached) up1,300 MW of
demand responsen September scompisedof 500MW of voluntary demand response bid in the market

and 8@ MW of emergencydemand responseActual performance based on meter data is not available
until the end of the year. It is important to note that extreme heat is a challenge to resource availability.
For example, thermal resources often cannot run at their maximum output, and the record dry conditions
limit hydroelectric production in California andetWest.Reservoir levels for California and the West are
significantly below normal, with storage in major reservoirs statewide only at 54 percent of average and
32 percent of total capacity. (See Section 2, Section 3.1, and Section 9.6.)

New state prograns providing nonmarket resourcesto address extreme event@and conservation

efforts alsoplayed a key rolen supplementing the resource adequacy programprovide relief during

the most critical times.Market-integrated resources are visible to the I18ptimization and can be
dispatched when and where needed to reduce load on the system. On the other handnarkat
resources and conservation efforts are not visible to nor controlled by the IS@e@hrelated stress on

the gridtriggered 10 consecute days of Flex Alertsalling on consumers voluntarily to conserve their
electricity usage during the evening hours. In addition, other conservation efforts were deployed this
summer outside of the core resource adequacy program. Because voluntary\ctimeefforts and non

market resources are not visible to the ISO, the ISO can provide only an estimate of their impact on load.

MPP/MA&F/GBA 14



Summer Monthly Performance Report

Organized, programmatic efforts from a diverse set of entities including customer and business groups,
localregulatoryauthdlh G A Sa > GKS adl S [S3aAatl ddzNBX FyR GKS /|
1,200MW of potential load reduction. Perhaps most significantly, immediately following th©Eal

Wireless Emergency Alert on September 6 at 5:45 p.m., therew&%kl RSOt AyS Ay (GKS L{
2y GKS L{hQa 06Sad SaioEskléetSwlungry redpdhseltd2thyeFISx Ale and KS  /
other nonprogrammatic conservation efforts, there wapproximately 1,510 MW of conservation

between 6:00p.m. ard 7:00p.m. (See Section 2.5.)

Both resource adequacy and neesource adequacy imports were critical in providing 6,300V of net

imports to the ISO during the net load peak on September/Ai.the same timethere were about

1,000MW of WEIM transfers io the ISO. Despgtthe stressed system conditions during the heat wave,

the market hmoredall wheelingthroughmarkettransactions that enable electricity to flow through the

ISO but do not serve ISO load. As an imgdependent system, it is criticahat the 1ISO support and
Sljdadlrofe GNBFG SELRNIA ySOSaalNE (G2 YFIAYyGlIAy 20K
exports, and WEIM transfers reflects a careful balance and optimization based on all the system conditions
affecting the IS@nd the West. (See Section 5.3 and Section 9.5.)

Areasfor Improvement

¢ KNRdzAK2dzi Y2ad 2F GKS KSIFdG ¢ @Sz GKS L{hQ&a YIN
designed. Scarcity conditions led to higher prices, which in turn brought additional sotoptlye market.

Because of greater regional coordination, reciprocity, and cooperation within the market, significant
amounts of imported energy were available during the most stressed grid conditions. Despite this, several
factorsadverselyaffectedspecific components of market functionalignd led to unintended outcomes.

As discussed in this report, the ISO has already addressed these issues or is in the process of addressing
them. Thesdssues include:

1. Ensuring storage resources are appropriatelyacfped and accounted for in ISO systems to avoid
manual corrective action.California leads the world in gritale battery integration and
continues to evolve market rules and advanced algorithms for shaping the most efficient use of
energy storage over eh operating dayWe continue to learn how best to integrate storage into
the market, and the high prices experienced during the heat wave presented new scenarios for
the ISO to learn about the complexities and challenges of managing battery state géchae
ISO identified doftware issuehat resulted instorage resourcesot charging sufficiently early in
the day. Specificallgtorage resourcgthat bid above $150/MWHo charge were not charged by
the market Despitethis, ISO operatorsvere able b position storage resourceduring the
September 2022eat event to meetnet peakrequirements byleveragingminimum state of
chargemarketfunctionalitythat wasimplementedas part ofa package d2021 summer readiness
enhancements.The ISO has now éid the software issue. (See Section 9.8.)

2. Ensuring exports are awarded based on their intended prioriti&ports in the ISO market have
different priorities ranging fronthose supported by economic bidis thosesupported by non-
ISO resource adequacesources. When the ISO marketist curtail exports to ensure it can
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serve ISO load, it will do so based on these priorifiaging the extreme conditionsof the
Summer 2022 heat waythe software mintentionally curtailed highepriority exports(i.e., those
supported by norresource adequacy resources) while allowing loyeority exports to flow.
Although thelSO largely caught and reversed #reor in highpriority curtailments it deployed
a software upgrade on October 13, 2022 to ensure thprapriate export curtailment orders
followed going forward (See Sectio®.5 and Section@); and

3. Over and undefcounting of capacityavailable tothe ISO in the WEIM resource sufficiency
evaluation. The WEIM allows for the beneficial, economic, aefticient transfer of energy
between balancing authority areas. The WEIM resource sufficiency evaluation ensures each
participating balancinguthority area has sufficient capacity and flexibility to serve its load needs
prior to participating in the redlme market. If a balancing authority fails the resource sufficiency
evaluation, transfers into it from other WEIM participants are limited until the insufficiency is
resolved. On September 6, the ISO faitegiresource sufficiency evaluatiimtwo instancesand
transfers into the 1ISO were limitetut not material This is becausthe transfer limitswere well
above the actual available transfers of 1,000 MW from the WE#¥ransfers intothe 1ISOwere
not restricted Upon further investigation, theSO found thathere was both overand under
counting of capacity, the net impact of which would have potentially led the ISfailtthe
resource sufficiency evaluatiarp to an additional fourinstances Some oveicountingresulted
from the export prioiity issues noted abovand also from the incorrect accounting of capacity of
storage resources procured to meet ancillary servidé® 1SO has already addressed sahe
these issues, such as the export priority isane over-accounting of ancillary seog capacity
and it is evaluatingixes or potential enhancementsr the others (See Sectiofi4, Sectiorp.6,
and Section @.)

Conclusion

The ISOecognizathere are areas of improvement and enhancement that demand attention going
forward andisaddrest A y3 GKSY | a ljdzAOlfeé& FyR a4 GK2NRdIAKC
important to focus on everything that worked well during one of the most extreme and prolonged

heat events in California memory. Reliable delivery of electricity was maintainasthoat the event

due to unprecedented levels of regional, state and federal, coordinatmvust advance planning

utilization of both market and nemarket resourcesntegration of new capacity, including the highly

effective use of recently added litih-ion batteries and conservation. As we continue to integrate

new resources onto the grid and make other necessary adjustments, our experience and lessons
learned during the September 2022 heat wave will help us navigate the next cliimegs challeng.
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1 Background

In midAugust 2020, historicalheatwave affected thavestern United States, resultirig energysupply

shortages that required two rotating power outages in s®balancingauthority area(BAA)n August

14 and 15, 2020rhe heat vave extended through August 1%Odeclared Stage emergencies faugust

17 and 18 bu avoidedrotating outages.Overthe 2020 Labor Day weeken@alifornia experienced
another heat wave and again th8Oavoidedrotating outages.

In a joirt effort, the Glifornia Public Utilitie€ommissionthe California Energg¢ommissiorand the ISO
initiated an analysis of the causes foethotating outagesThe findings were documented in tikénal
Root Cause Analysisport.*

That analysifound three major causdhctors contributing to the rotating outages of August 14 and 15,
2020,

1. The extreme heat wave experiencedrimd-August2020was a 1in-30 year weather event in
California and resulted in higher loads tlexteededRAand planning target This weather evat
extended across th&/estern United States, impacting loads in othetdmgingauthority areas
(BAA)and strainingsupply across thé/est.

2. In transitioning to a reliable, clean, and affordable resource mesgurceplanningtargets have
not kept pace ® ensure sufficient resources that can be relied upon to meet denf@ambth the
gross and net loadyfosspeak of demandesssolar and wind production) peaks.

3. Someexisting practices in the dasphead energy markeat that time exacerbated the supply
challenges under highly stressed conditions.

Effective September ,52020, while still facing higlhoad conditions,the ISOidentified one area of
improvement to existing market practiseegarding the treatment of export prioritie.helSOmadean
emergencybusiness practicemanualchange toaddresshis issue. The firgiart ofthe change was to use
the intertie scheduleslerived fromthe scheduling run, instead of the pricing run, in tieiability unit
commitment RUGprocess to more accurately reflettie feasible export schedules coming from the -day
ahead marke{DAM) These schedules serve as a reference f@agging. The seconghart of thechange
was tousethe RUC schedules, instead of the integrated forward market)$eNedulesin determining
the dayahead priority utilized in th&TMfor exports beingelf-scheduledPrior to this change, any export
cleared in the IFM market received a dayead priority in theRTMup to the clearedFM schedule. With
the change exports cleared in th®AMrecdave a dayahead priority up to the cleared schedule in the
RUC procesgifter the implementation of the export priorities in August 2021, phacticeof using RUC
schedules as the reference for feasible export schedules resimapiace

1 California Independent System Operator, California Public Utilities Commission, and California Energy Commission. Final Root
Cause Analysis Miflugust 2020 Extreme Heat Wea\Jamary 13, 2021http://www.caiso.com/Documents/FinaRootCause
AnalysisMid-August2020-ExtremeHeatWave.pdf
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Followingthe publication of the Final Joint Root Cause Analysis,|8@initiated an effort to identify
issues discusghem with market participants and propose enhancements across different areas of the
market practices. This effowasinitiated with educational workhops togive everyone the same level of
understandingof existing market practices atideir implications. This was followed by tfmallaunch

of the Market Enhancemesfor summer2021 Radiness initiative

The summer 2021enhancements includk

Loal, export and wheeling priorities

Import market incentives during tight system conditions

Realtime scarcity pricing enhancements

Reliability demand response dispatch and +take price impacts

Additional publication of intertie schedules

Addition of uncetainty component to theVEIMresource capacity test

Management of storage resources during tight system conditions

Interconnection process enhancements

bS¢ RAALI I &a Ay ¢2RI&Qa 2dzif221 F2NJ LINR2SOGSR

© N GOrWNE

These enhancementsere implementedat different times during summer 202Eor the summer 2022,
the following enhancements continue to be in place:

Import market incentives during tight system conditions

Realtime scarcity pricing enhancements

Reliability demand response dispaiahd realtime price impacts

Additional publication of intertie schedules

Management of storage resources during tight system conditions

Interconnection process enhancements

bS¢ RAALIE I &@a Ay ¢2RI&Qa 2dzif221 F2NJ LNR2SOGSR

NoOMWDNE

After the assessment of the performance of the capacity test, the enhancement to include the uncertainty
requirement in the capacity test was disabled from the production system effective Febrbiz2922.

Furthermore, as early as July 20&Dstarted thesecond phase of th&ransmission service and market
scheduling prioritieswith the aim atdevelopng a longterm, holistic, framework for establishing
scheduling priorities in the 1ISO mark&iven the limited timeavailableto develop ths policy and how
soonit could be implemented to be ready for summer 208SC0filed at FERC to extend the scheduling
priorities phase Ipolicyuntil 2024 while still working otinalizing the second phase of the policy initiative.

Finally, ISOimplemented several additial enhancements in preparation for summer 202Bese
include

2The policy initiative matéal can be found atttps://stakeholdercenter.caiso.com/StakeholderInitiatives/Market
enhancementgor-summer2021readiness

3 Market notice about the suspension of the net load uncertainty adder can be found at
http://www.caiso.com/Documents/Updat&VEIMResourceSufficiencyEvaluatioaSuspensioNet-LoadUncertaintyAdder
from-CapacityTestEffect021522.html

MPP/MA&F/GBA 18


https://stakeholdercenter.caiso.com/StakeholderInitiatives/Market-enhancements-for-summer-2021-readiness
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Market-enhancements-for-summer-2021-readiness

Summer Monthly Performance Report

1. Enhancementsathe WEIMresource sufficiency test. These include changes to the logic of the
capacity test to improve the accounting thie supply available ineaHime. This also include ¢h
consideration of the supply infeasibilities projected in REMinto the flexible ramping test.

2. Further visibility to norRA capacity for resources supporting exports. This includes notifications
when high priority exports schedule exceeds the 4tk @pacity of the supporting resource.

3. Enhancements to ensure variable energy resources (VER) supportingribigly exports are
based on the most recent forecast ahead of the +tgak. Therefore, when the forecast changes,
the exports needs to bid accorjly.

4. There werealso additional transparency improvements to post oASIS data related to load
forecast adjusmentsacrosshe applicablemarkets, as well as export reductions in tR&JCand
Hour Ahead Scheduling Process (HASRkets.

Tablel summarizes the different enhancementsplace insummer 2022
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Tablel: Summary oénhancementsn place fosummer 202

Summer enhancement Date Implemented Trigger DatesTriggered
WEIM resourcesufficiency test 1-Jun2022 Permanent feature Continuous
Import market incentives during tightipply

conditions 15-Jun2021 Warning or Emergency  September 5
Intertie schedules information on OASIS 26-Juk2021 Permanent feature Continuous

Enhanced reaime pricing signals during tight

supply conditions 15Jun2021 Warning or Emergency  September 67
Management of storage resources during tigh

system conditions 30-Jun2021 RUC undersupply Septemberl-9
Reliability demand response dispatch and fea

time price impacts 4-Aug2021 Activation of RDRR September 57
Load, export and wheeling priorities 4-Aug2021 Permanent featuré Continuous
L{hQa LlzoftAO O2YYdzy A 29May-2021 System Event driven September 19
¢ 2RI & QAadisplaisi f 2 2 ] Aug 182021 Permanent feature Continuous
Resource sufficiency test Jun 1, 2022 Permanent feature Contiruous
Enhancements tsupportingresources for

exports June, 2022 Permanent feature Continuous
Further visibility for supporting resources June, 2022 Permanent feature Continuous
Additional transparency for load conformance June, 2022 Permanent feature Continuous

4 The wheeling through pridies the 1ISO placed into effect are interim with an original sunset date of May 31, 2022. ISO filed at FERC to extend tHesdmmvisine 1,
2022 through May 31, 2024 while it develops a long term policy for reserving higher priority wheel thohegtuking rights.



2 Weather and Demand Conditions

Weather, such as temperatures and hydro conditippiy a key role in the variables affecting the market
and system operations, @uding hydro production, renewable production and load levels.

2.1 Temperature

Nearly all of theWestern United States hatemperatures significantiabove records forwarmest
September conditions for thenean daily temperature.This is shown irFigure 1 The areas that
experienced the record warmest September wevielespread covering much of Nevada and Utah, as
well as parts of California.

Figurel: Mean temperature percentiles f@eptembe2022

Ranking Period: 1895-2022

ST 3
%

‘l

Created: Thu Oct 06 2022 Data Source: nClimGrid

Figure2 shows the spatial extent of how much above the maximum and minimum temperatures were
from average in September. Most of the western half of the US had b@kimumand minimum
temperatures at least 3 degrees abavermal forSeptember, with a large aredminimum temperatures
being 6 or more degrees above normiiere wereslightlymore widespread minimum departures from
normalacross Arizona and parts of Califordize to the middle of the month featuring below normal
maximum temperatures, but above moal minimum temperatures.

5 https://www.ncdc.noaa.gov/temgand-precip/usmaps/
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Figure2: Maximum and minimum CONUS temperature departures from nérmal

Average Period: 20" Century

National Centers for
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6 https://www.ncdc.noaa.gov/tempand-precip/usmaps/
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Figure3: Maximum and minimum temperaturéeparturefrom normal forlISO

California ISO (CAISO) California ISO (CAISO)
High temperature departure from normal Low temperature departure from normal
September 2022 September 2022
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As shown irFigure3, the first nine days of the month weraot onlythe hottest throughout Californian
September, buthey were hottestfor the entire summerAcross California from Septembetall0, there
were 41 tied or brokenrecords foral-time hottest temperatures, I4 tied or brokenmonthly hottest
September records aréd7tied or broken daily hottest temperatures recordé®owntownSacramento
reachedits al-time hottest temperature of 1150n September 6with recordsdating back to 1877
Livermore also reached 116 on September 5 and 6, whaéthts record of hottest temperature ever
recordedsince records began in 1983 addition tothe maximum temperature records brokethere
were alsdl7 all-time warmminimum temperature records tiedr broken 134 tied or brokerrecordwarm
Septembemonthly minimums and73 daily warm minimum records tied or brokehhe 1S@veighted

overnightminimumtemperature was on average 8B above normal for September, much more above
I.

normal compared to thelaytime high&

minimums

~

a
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a
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Sacramento and Livermore each had 6 days of tagtperaturesabove 108F, tying the longest streak
for Sacramento and breaking the record for Liverm@&@acramento &b set records for the warest 5-

day, #day and 16day average maximum temperature for the period ending on September 9. Riverside in
southern California also had their warsi®-day andl0-day mean maximum temperatures for the period
ending September 5 ahSeptember 8, respectivelyOn September 6, the hottest day of the event for
California, there were over 58.7 million people in the US under a heat alert, many of those in California or
in the West™! This includes an excessive heat watch, heat advisoexaessive heat warning.

Comparing 2022 to previowsxtremetemperature years such as 2020, 2017 and 2b0®6able2, the
hottest 3-day period of the 2022 heat wave rank$'ahowever,it is the hottest rankingveekday

7 https://www.ncdc.noaa.gov/cdaveb/datatools/records
8 https://twitter.com/NWSSacramento/status/1568438344836874240
9 https://www.ncdc.noaa.gov/cdaveb/datatools/records

10 http://xmacis.rccacis.org/
11 https://www.heat.gov/
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Table2: The top 20 hottediSCthree-day weighted temperature days

3-day weighted
Rank Year Month Day 7?Tlr;3(égm ASQ;E ! Weekday W: c?lli((;aar\];/j/
percentmin®?

1 2006 7 23 99.10 Sun Weekend
2 2020 9 6 98.67 Sun Weekend
3 2006 7 22 98.38 Sat Weekend
4 2022 9 6 97.99 X Tue
5 2006 7 24 97.7 X Mon
6 2022 9 5 97.14 Mon Holiday
7 2022 9 7 97.09 Wed
8 2017 9 96.93 Sat Weekend
9 2017 9 1 96.02 X Fri
10 2006 7 25 95.89 Tue
11 2022 9 8 95.76 Thu
12 2020 8 18 95.67 X Tue
13 2020 8 15 95.59 Sat Weekend
14 2022 9 4 95.52 Sun Weekend
15 2020 8 16 95.51 Sun Weekend
16 2020 8 19 95.16 Wed
17 2017 9 3 95.01 Sun Weekend
18 2020 9 7 94.73 Mon Holiday
19 2020 8 17 94.48 Mon
20 2022 9 3 94.18 Sat Weekend

Comparing the length of the 2017, 2020 and 2022 heat everfiigime4> (KA a &SI NRa KSI

longest period of temperatures 10 or modegreesabove normal for the given dat&VhileTable2 above
only takes into consideration aday temperature rankingsigure4 below shows the full duration of the
heat events, showing that the 2022 heat wawas also the most extreme of the 3 events, with 10
consecutive days wittemperatures5 or moredegreesabove daily normalThe other more recent heat
eventand second hottest-8lay period for ISO wdsabor Dayveekend202Q The period oSeptembels-

7, 2020the 1SChad aweighted maximum temperaturep to 18 degrees above normal. Although more
extreme in magnitudehan the 2022event, it was much shorter in duratiand the hottest day was on
Qunday, September 6, versus a weekgayhich isshown as the 2 hottest ISO day ifable2 above.

12 3-day weighted temperature is calculated using 70 percent of the maximum heat index of the last 3 days with a 60 percent
weighting on the day displayed, 30 pent®n day-1, and 10 percentn day-2 and a 30 percenteighting of the daily minimum
temperature. Note that the weather stations and weightings utilized in this table differ slightly from those used in Bigunes

4, but both are representative of th&O area.
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Figure4. Comparing the duration and magnitude of the 2017, 2020 and 2022 heat events

California ISO (CAISO) California ISO (CAISO) California ISO (CAISO)
High temperature departure from normal High temperature departure from normal High temperature departure from normal
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Regardinghe frequency of this type of weather event, by calculating®Oweighted weather index using
20 yearSworth of weatherdata, thehottest 3-day weighted temperaturef the September 2022 heat
wavehad a weather index of 97.989 and was 1-in-11 year eventA 1-in-11 year @ent means that in a
given yearthe event has a 9% chance of occurribging 28year€worth of weatler data, the ISO
weighted 3-day temperaturethrough September Bvas a 125 year eventA 1-in-25 year event means
that in a given yeathe event has a 4% chance of occurrifigese two values are shown belowTiable
3. The reason theveather indexranking are different using different data sets is theditional8 years
of data in the bottom tableepresent a frequency of lower temperaturésan what is projected to be
normal By having more periods of below norhtamperaturesin the set, that brought down the 2gear
observed temperature acroghe IS BAA making thi® S | HéaR éventrelativdly more extreme, and
thus more unusualMore information regarding why the 2@ear and 28sear data sets are used cae
found in the2022 Summer Loads and Resources Assessthent.

13 See the Probabilistic Study Key Parameters, beginning on page 4 and the Annual Peak and Energy Forecast beginning on page

26 of the assessment. The ISO has worked closely with California Energy Commission (CEC) staff who have a similar
methodd 2 38 odzi dza8S &t A3dKdGt e RAFFSNByYyld ¢SAIKGAOD ¢CKS 9/
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Table3: 2022 20year peak3-day weightedweather ranking (top) and 2022 3&ar peak weather ranking (bottofd

2022 Summer Peak Load and Peak Day Weather Ranking Across the CAISO
(based on 20 years of historical weighted average of
24 weather stations data across the 1SO)

. Actual Peak | Weather Index . Weather
Area Load Time (MW) (deg. F) Percentile Event
ISO Load 9/6/22 17:00 51,479 97.99 91% 1-in-11
Notes:

1. The weather data is based on a weighted average of the 24 weather stations across the 1SO that the ISO uses for
day ahead and summer assessment load forecasts.
2. This weather event analysis is based on 20 years of weather data from 2003 to 2022.
3. Loads are based on hourly average load data. Hourly average load figures are what are reported to FERC in the

Form 714 report and to WECC/NERC.

2022 Summer Peak Load and Peak Day Weather Ranking Across the CAISO
(based on 28 years of historical weighted average of
24 weather stations data across the ISO)

. Actual Peak | Weather Index . Weather
Area Load Time (MW) (deg. F) Percentile Event
ISO Load 9/6/22 17:00 51,479 97.99 96% 1-in-25

Notes:

1. The weather data is based on a weighted average of the 24 weather stations across the ISO that the ISO uses
for day ahead and summer assessment load forecasts.

2. This weather event analysis is based on 28 years of weather data from 1995 to 2022.

3. Loads are based on hourlyaverage load data. Hourly average load figures are what are reported to FERC in
the Form 714 report and to WECC/NERC.

Following the recorébreaking heat wave, a prolonged period of below normal temperatwes
observed from September 122, the start of whictwasassisted by the arrival of Hurricane Kay off the
coast of Baja. Thied to the heat finally breaking dowas well as somenuchneededrainfall across
Southern California. Once the moisture from Hurricane Balysidedjt was followed by a robust feature

of upperlevel cool air that not only brought temperaturésat wereup to 20 degrees below normal, but
also an early season rainfall to much of northern CalifoNMah the arrival of cooler air, the maximum
temperature in Thermal went from 104°F on September 8 to 88°F on Septerfio@n @brupt end to the
heat. This lager drop off in temperatures for interiduthern Californiaon the 9" signaled the beginning

of the end of the heat waves the rest of the state saw large temperature improvements on September
10" and 11" as seen irFigures.

Looking at theWestern United Statesemperature recordsn Figureb, there were 3,306 daily highest
maximum temperature records tied or brokand3,065daily highest minimumsied or broken Of these,
2,864 (86 percend of the maximum records an?,074 (67 percend of the minimum records occurred
between September-10. There weret4 alltime hottesttemperatures tied or broken across the weast

14 Load values displayed below are hourly averaged.
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Septemberd1 of which occurred i€alifornia and 26 altime hatest overnight low temperaturesied or
broken, 17 of which occurred in California

Figureb: Highest maximungleft) andhighest minimuntemperature (ight) in Septembé
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Excessive heat, depending on the day of weekthmapotential to bring load to the electrical system that
maybe higher thandemandanticipated during longerm planning and forecasts about the suppiat is
anticipated tobe necessary to meet demand. In addition, during excessive heat events, segiplyces
(thermal and renewable) typically operate less efficiently, creatingaties on the maximum energy that
can be produced depending on the temperature and other characteristics, sutlag.

2.2 Hydro conditions

TheSouthwestern US and most ofalifornia experience nearto-above normal precipitation conditions
in Septemberwhile the Pacific Northwest mostly saw belawerage precipitatiort® This is shown in
Figure6. With the arrival of clouds andiinfall assodated wih Hurricane Kapetween SeptemberQ1,
Ramonareceived 0.94¢ 2T NI Ay Tppfofiniately 68 Ap€rdent df &s normal September
precipitation. Downtown LA received 26@ercentof its usual September rainfadin just the9"™ and 10th.

With the midSeptember system that brought rain tidorthern California, Napa received 10g86rcentof
its normal September rainfall in just one day the 18h and SacramentdReceived 25@ercentfrom
September 18 and9. Between theséwo systems, this led to most of ¢érstate of Califaria seeing above
normal precipitation for the month of September, as showfigure6. However,despite thisthere was
Y2 AYLNRZSYSYyid Ay GKS adFdiSQa RNRIAKIG

15 https://www.ncdc.noaagov/cdoweb/datatools/records
16 https://www.ncei.noaa.gov/access/monitoring/usaps/
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Figure6: The United Stateprecipitationpercent ofnormal for Septembe202217

Average Period: 20" Century

National Centers for
Environmental
Information

Created: Thu Oct 06 2022 Percent Data Source: nClimGrid

Due to the lack of total precipitation throughout thiast water yearfor California and the Desert
Southwest the majority of the Western United States remains in drought conditions, extending from
abnormally dry to exceptionally dry. The extent of the drought coverage is showigime7 below.
Comparing the beginning &eptembetto the end despite increased rainfall across Califorriieere has
been little-to-no improvement in the droughtacrossthe state. Throughout théWest, there wasan
increase in the totadroughtareaby 6.46percent primarily due to a lack of precipitation across the Pacific
Northwest which is also shown Figure?.

Figure8 below, shows the soil moisture ranking across nearly all of California and the West has improved
in 2022 compared to the same time 2021. Increased monsoonal coverage for the deserts and early
season rainfall for both theorthern and southern portions of the state have assisteithis improvement

and should assist going into the fall months with keeping fire risk lower than it was last year, but still
elevated.

17 https://www.ncdc.noaa.gov/tempand-precip/usmaps/
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Figure7: The Western United S&s drought monitoras ofOctober 4 202218

U.S. Drought Monitor October 4, 2022
(Released Thursday, Oct. 6, 2022)
We St Valid 8 a.mj./ED'Ir'

el

Intensity:

I:l None

I:l DO Abnormally Dry
[ o1 moderate Drougnt
|:| D2 Severe Drought
- D3 Exireme Drought

Il o: Exceptional Drougnt

The Drought Monitor focuses on broad-scale
conditions. Local conditions may vary. For more
information on the Drought Monitor, go fo
https#/droughtmonitor.un.edu/About.aspx

Author:

Brad Pugh
CPC/NOAA
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Figure8: The United States soil moistifoe September 2022 (top) and September 2021 (bottém)

Soil Moisture Ranking Percentile Last day of SEP, 2022
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18 https://droughtmonitor.unl.edu/CurrentMap/ StateDroughtMonitor.aspx?West
19 https://www.cpc.ncep.noaa.gov/products/Soilmst_Monitoring/US/Soilmst/Soilmst.shtml#
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Calculated Soil Moisture Ranking Percentile

SEP, 2021
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Because oall the factors discussed above related to temperatures, precipitatioomyght conditions, and
soil moisture levelgnanyreservoir conditions for California and thi¢est are significantly below normal,
as shown irFigure9. The statewide storage imajor reservoirs is currenty4 percentof averageand at
32 percentof capacity’® This is compared t68 percentof average an@3 percentof capacity at the end
of September2021. Lake Mead in Nevada had a water level 684 feet at the end ofSeptemberbelow
the average September elevation of 1,¥82andthe lowest level recorded for the end 8Eptembersince
1936 the year after the level tracking beg&f?

20 https://cdec.water.ca.gov/reportapp/javarepos?name=STORSUM
21 hitps://www.usbr.gov/Ic/region/g4000/hourly/meaeklv.html
22 http://lakemead.waterdata.com/

MPP/MA&F/GBA 30


https://cdec.water.ca.gov/reportapp/javareports?name=STORSUM

Summer Monthly Performance Report

FiguredY / It AT 2Ny Al Qa N&GoERNIZRZINI O2y RAGAZ2YaE a 27

CALIFORNIA MAJOR WATER SUPPLY RESERVOIRS Midnight - October 16, 2022
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¢KS L{hQa St S Oliyiapdtuctioritiraugh@iMhe geario me@Iémand Due to the
significant reduction in available water capacity currently observed in the reservoir§@oentinues to
seereduced capacity in hydro production this ye&igurel0 below shows the historical trend of total
energy produced from hydro resources, as well as renewable resources, in which hydro production for
2022so far has beerelativelyhigher than in2021 Hydro production irBeptember2022 wasaboutthe

sane compared toSeptembe021 Althoughdroughtconditionscontinue toreduce the overall available
energy available over the summer, hydro resource operators typically strive to conserve their more
limited water to provide peaking energy, which helps nait@gthe adverse impact of limited hydro.

23 hitps://cdec.water.ca.gov/resapp/RescondMain
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Figurel0: Historical trend of hydro and renewable production
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2.3 Renewable forecasts

Figurell and Figurel2: below show the solar andind dayahead renewable forecasts compared to
actual plus supplemental dispatch.

Figurell: Dayl KSI R a2t | NJ F2NBX Ol ada F2NJ L{hQ& | NBI
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on their bids. Adding supplemental dispatch back into the actuals allows the ISO to measure the
performance of the fulfuel forecast that is utilized in RUC and the RTM optimization.
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The high bias to the daghead solar forecast for Septembend 7 is likely due to the reduction in
efficiency of the solar sites in extreme temperatures, as observed during this p&emtember 8o 10
saw decreased solar productioas Hurricane Kay brought cloud cowerd rain to Southern Califimia.
Comparedto September 7, which saw nearly clofrde skies, solar generation was reduced by 39.5
percenton September 8 and by 51gercenton September 9 due to the large spatial extent and heavy
thickness of the clouds ascated with Hurricane Kayhe averagday-aheadsolarabsoluteerror for the
September5 to 8 heatwave event is shown iable4, along with the MW bias from the peak and net

load peak hours*#

Table4: Day-aheadsolar accuracySeptembeb to 8

Date DailyAverage Load Peak Hour  Net Load Peak
PercentError MW Error Hour MWError

5-Sep 2.3 +490 -7

6-Sep 3.3 +596 +31

7-Sep 2.7 +510 +440

8-Sep 7.3 +826 +178

Figurel2 Dayl KSI R gAYy R FTeakB Ol ada F2NJ L{hQ
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The averageerror for the dayahead solar forecast in September was 3.57 percent. The average
observed in September 2022 is lower than the -déngad solar forecastrror observed for September

24 percenterror is measured with thdlean Absolute Percentagerror(MAPE); ((Forecastctual)/Nameplate Capacity).
25 Peak hour MWerror = forecast; actual. Positive values represent forecast coming in over actuals, and negative values

represent forecast coming in under actuals.
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2020 and 202%° This is likely due to the impaeh solar generation from smoke in September 2021, while
2022 had minimal smoke impacts to gddale solar.

Figurel2: shows the dayahead wind forecast compared to the actuals plus curtailments throughout the
month of Septemberf2 NJ 6 A YR AY (iThSavdrafdiap dheadwind dccirdagerror for the
September 58 heatwave event is shown ihable5, along with the MW bias from the peak and net load
peak hours’

Table5: Day-aheadwind accuracySeptember %o 8

Date DailyAverage Load Peak Hour  Net Load Peak
percentError MW Error Hour MWError
5-Sep 4.2 -321 +377
6-Sep 3.2 +169 +319
7-Sep 2.7 +117 -684
8-Sep 2.8 +385 +579

The averageerror for the dayahead wind forecast in August was 4.p2rcent.”® The averageerror
observed in September 2022 is comparable to the-alagad wind forecastrror observed for the month
of September in 2020 and 2024..

Figurel3: Solar+wind day-aheadforecast and uncertainty compared to actual
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26 http://www.caiso.com/Documents/PresentaticiMarketP erformancePlanningForudun162022.pdf

27 peak hour MWerror = forecast; actual. Positive values represemtrécast coming in over actuals, and negative values
represent forecast coming in under actuals.

28 Accuracyerror is measured with the Mean Absolute Percentdgeor (MAPE); ((Forecagtctual)/Nameplate Capacity).
29 http://www.caiso.com/Documents/PresentaticiVlarketP erformancePlanningForudun162022.pdf
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In Figurel3 above, the solar and wind daahead forecasts are shown compared to the actuals. The low
confidence solar and wind band was formed using meteorological information riegatd uncertainties

with the dayahead forecast due to weather. The low confidence band is providdektoperationsteam

in the dayahead for awareness of these uncertainties améssist if further actions are needéal cover
these uncertainties. Dumg the peak of the heat on September 6, the actual solar and wind ended up
coming in closer to the lovend of the confidence band instead of the eayead, likely due to the impacts
from the extreme temperatures on resource efficienci€@n September 8,he large reduction in the
daytime renewable generation was due to the increase in cloud cover a@unghern California
assodated with Hurricane Kay. This also resulted in the renewable production coming in below the day
ahead and closer to the low codénce ban during the daylight hours.

2.4 Demand forecasts

ThelSOproduces load forecasts for the dapead andeal time marketdor all areas participating in the
ISOmarkets including WEIM entitieVith historicheatin manyparts ofCalifornia electrcity use on the
ISO grid hit a peak of 5830 megawatts (MW), keakingprevious loadrecords by almost 2,000 MW.
Previous peak loads on the system reached 50,270 MW in 2006 and 50,116 MW.H 2017

¢KS /9/ Y2yGK | KSFR T2 NB @453MWT EhalhigheStLdouByYavesayd &
Septembeioad 0f51,4 MW was observed oeptember 62022when thelSOfootprint was running
15degrees F above normal for maximum temperatyi@sning ir6,900MW above the CEC forecast. The
instantaneougeakload of52,061 MW was7,483MW above the CEC forecast

Figure14: Preliminarytemperaturef2 NB Ol aia F2NJ L{hQ&a | NBI
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30 http://www.caiso.com/Documents/Californial SOPeakLoadHistory.pdf
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Figureld shows the progression of the ISO weighted max temperature forecast for each treedef dae

heat event. The light blue bars represent the discrete temperature forecast, while the dark blue lines
represent the maximum forecast observed from various weather models. The maximum forecast assisted
in determining risk for temperatures and k& come in higher than anticipated.

As the heat approached in early September, preliminary load forecasts were completed a®ifgintas
days in advance to assist in analyzing potential dem&iglurel5 shows the trend of peakorecasts
updatedeightdays prior to the trade date up through the day ahead forecasthe hottest temperatures
moved fromSeptember4 to 6 with each forecast update, the load forecast for September 4 gradually
decreased while the load forecast forgsember 6 gradually increased with each update. The load and
temperature forecasts for Septemb8rand9 following the heat event had high levels of uncertainty due
to the impact on Southern California temperatures with HurrecKay.

Figurel5: Pogression of theeak load forecast for ISBAA
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Figurel6 belowshowsthe load dayahead forecasts compared to the actuals and confidence bands. The
load confidence bands are formed by referencing days withlainveather as well as historicatror
patterns, and provided to operations in the dafiead for awareness of uncertainties in the load forecast.
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Figurel6: Day-aheadload confidencebandsSeptembeb to 8
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The peak accuracyerror®! for September5 to 8 is shown iriTable6, comparingday-aheadpeak load
forecast to the instantaneous peak load observed each Naje that the instantaneous load values are
observed and do not incorporate impact from engigpnservation.

Table6: Day-aheadpeakloadforecasterror

Date PeakpercentError Peak MW Bias
5-Sep 0.1 -53

6-Sep 18 -917
7-Sep 0.6 -316
8-Sep 5.6 +2703

Figurel7: shows themonthlytrend2 ¥ { K recastetid@diersus actual demantf. The ISOcalled
on a Flex Alert foBeptember 1 through September*din order to compare thalay-aheadforecast to
estimateddemand, the scheduled Demand Response MW as well as the estimated respomsnéngy
conservation areaccounted for in theactuals shown inFigure 17:;, these are referred to as the
reconstituted actuald-urther details on thenergy conservatioanalysis is described below in the section
on Impact of Engy Conservation.

31 MW Bias = forecast actual. Pogive values represent forecast coming in over actuals, and negative values represent forecast
coming in under actuals.

32 Demand trend data used to examine forecastor does not include pump loads and battery storage that is charging on the
system.

33 TheFlex Alerts for September 1 through September 9 were effective from 4pm to 9pm.

MPP/MA&F/GBA 37



Summer Monthly Performance Report

Figurel7:Dayl KSI R RSYFIyR F2NBOlFaid FT2NI L{hQa I NBI
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Some of the largeerrors seen in September were observed in the days following the hweat.
September 9and 10 resulted in large ovdorecasting due to Huicane Ka &npact in Southern

California and temperatures cooling more than anticipated.

The average accuraeyror* for the dayahead demand forecast Beptembemas2.4 percent, while the
error for peak hours wag.7 percent. The averagerror obsened in2022is lower than the dayahead
demand forecaserror observed forSeptember2020 andhigher thanthe dayahead demand forecast

error observed ir2021

2.5 Demandresponseandnon-market resources
During the September heat wave, there were both masikéégrated demand response programs as well
as nonmarket resourcesjncluding state programs to address extreme evenptayed a key role in
providing relief. Under tight supply conditionggemand response is a critical tow balance thelSO
system.The goal of the demand response prograim$oreduce demand based on system neddsmand
response programs have differing trigger criteria, allivere utilized throughout the heatvave to reduce
demand.In addition, there were several nemarket resource that supplemented the resource adequacy
programto address extreme events As described below, these ranged from wmoarket demand
response, to behindhe-meter backup diesel generators, and temporary ghiite natural gadired
resources that were depyed by utilities and state agencies with coordination from a wide variety of
government, utility, and customer and business grodpee sectionbelowsummarizenow both market

34 Accuracyerror is measured with the Mean Absolute Percentd&yeor (MAPE); ((Forecagtctual)/Actual).
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integrateddemandresponseand nonmarket resourcesvere usedin the ISOfootprint throughoutthe
Septembetheatwave with a focus on the more stressed days of September 5 through September 8.

The timing and magnitude aharketintegrateddemand esponseand norrmarket resourceutilization
coincided with the severity of the heatave. At the start of the heavave fromAugust31to September
4, daily market @mandresponse schedules ranged betweefh BW and 344vMW while ron-market
resourcesranged from174 MW to 902 MW. The latter half of the heatvave saw larger amountsf
resourcesbeing called uponvith September6 having the largest amount oharketdemand response
and ron-marketresourcegalled at 1,26 MW and 1216 MW, respectively at HE8. Over the heatvave,
the largest amounts dhese resourcesvere typically called betveen HE 18 and HE ZThe timing and
magnitude of demandeasponse utilization coincided with the severity of the heatve. At the start of
the heatwave from Aug 310 Sep 4daily market @mandresponse schedules ranged betweeh QW
and 344MW while ron-market resourcesanged from174 MW to 902 MW. The latter half of the heat
wave saw larger amounts okthandresponse with September 6 having the largest amounnhafket
and ron-market demand response called at 1,267 MW and1B MW respectively ahour ending HE
18. Over the heatvave,the largest amounts alemand esponse werdypicallycalled between HE 18

and HE 20.

Marketdemandresponse

Ly GKS L{hQa YIN]JSdazx GKSNB IINB (62 YIAY LINEBINI
emergency demand sponse. These programse modeled in the ISO markets aagplytype resources

that can be dispatched similar to conventional generating resources.

Figurel8: PDR Dispatches DAMand RTMin September
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Figure61 shows the dispate for economic demand response, known as proxy demand resources (PDR),
in both the dayahead and RTMs. PDRs are dispatched economically in either market based on their bid
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in prices. During the month of September, PDRs were consistently dispatched thé@AM and RTM.
The largest volume of PDR dispatches intiea¢ occurred on September 7 at about 504 MW.

Figurel9 shows the dispatches famergency demand response, knowsraliability demand response
resources (RDRRsh both the dayahead andRTMs. In theDAM, these types of resources can be
dispatched based on economics. RiEMwill consider thes®AMscheduleslispatches as seffichedules.
Therefore, these RDRRs will be dispatched inRfi&#even when there is no Enerdgmergency Alert
declaration. Although most RDRRs are only deployed in theinealwhen thelSOhas declared at least

an Energy Emergency Alert 2, some RDRRs mdry éanomically into théSODAM In that case, any
cleared RDRRs will come into R&Mas a selschedule and be dispatched generally at the same level of
the DAMaward.RDRRs were dispatched in R&Monly onSeptember 5 through 8p to 816 MW.

Figurel9: RDRR dispatchesbiMandRTMfor September
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At the timethis report was prepared, there were no estimates yetdemand response performance.
Estimates become available about two months after the trade date based on settlement data submitted
by the scheduling coordinators and are used to measure the perforenaihdemand response resources
relative to a baseline. TH&Owill report on their performance when the data become available.

Non-marketresources
This section will focus ovarious noAamarket resourcesmany of them new state prograso address

extreme eventswhich are triggeedii K N2 dzZ3 K RAFFSNA y3I O2 yTResdirasduytds 2 Y
include formalized demandideprograms not integrated into th&SOmarket, coordinated conservation
efforts during the heatvave, and normarket generatiorauthorized byCalifornia legislatiorin addition,

some of the nommarket resourceswere provided by baclup diesel generation if authorized under the

0 K
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f20Ff NBIdzZA I 62N | dZiK2NAG@Qa LINRPINFYY RSaAdIy 2N
b S a2 Yoflamatibn of a State of Emergency issued on August &id extended through to
September §° Forthe ISOsome ofthese programs can be trigget by conditions such aBlex Alerts and

EEA categories.

ThelSOfootprint has had some level of neanarketresponse, most visibly through the Flex Alert system,
a voluntary call for consumers to conserve electricitytiated in 2000In addition, the investepbwned
utilities in thelSOfootprint also havdoad reductiorprograms that are not integrated into tH&Omarket.
These are generally referred to as load modifying demand response (LRI{dRall, the response from
these programs collectivelyasresulted in hundreds of MWs in conservation during critical hours.

Since 2020, there has been an increasddreby local regulatory authorities and the state of California
to increase the level of demarside response and load reduction capabilities, though due to time
constraints and cost concerns the vast majority are not integrated intéS@enarket. Conseguently, the
ISOmarket optimization cannot directly reflect the level or timing of any conservation from these new
programs.In 2021, the California Public Utilities Commission created the Emergency Load Reduction
Program (ELRP) for its jurisdictionaldstor-owned utilities to incentivize demanrside load reduction
from residential, commercial, and industrial custom&Funded through 2025 and expanded in 2022,
ELRP is a pdgr-performance program, rather thaRAcapacity, where participants may be gaip to
$2,000/MWh for successful resporss&he ELRP is dispatched by the investened utilities but may use
ISOwarning levels (such as a Flex Alert or any of the Energy Emergency Alerts) as theliritiigeRA
demand response, backup diesel generatmay participate in ELRP.

In 2021, Governor Newsom authorizéite use of temporary generation to address extreme h¥at.
Consequently, thé&tate Power Augmentation PowéBPAP) resources were secured to provideadut
market generatiorto be deployed dting a grid emergency due to a sudden energy supply shortage in
California resulting from an extreme heat wave or wildfire event, as designated and directed I8Qthe
Lastly,AssemblyBill (AB) 205? approved in June 2022, createdstatewide Electriciy Supply Strategic
Reliability Reserve Program (Strategic Reserve) and the DeBidadsrid Support (DSGS) program to
bolster system reliabilityunder extreme eventsUnder the Strategic Reserve, the state deployed
temporary outof-market generation, sirmar to the SPAP resources, duritg0Osystem emergencies.
Similar to ELRP, the DSGS program was focused -af-matrket demanesideresponse, which included
both traditional load drop as well as generation from backup diesel gener@eesseen by the Gédrnia
Energy Commission, the DSGS program was originally meant to focus on load within theGdiferofia,
whichwas not eligible to participate in ELRRvas expanded during tH&022early September heat wave

to overlap with some ELRP territoffhe DSGS has both eaftmarket and iamarket options but only

the out-of-market option was in effect during early Septembsake ELRP, participants may be paid up to
$2,000/MWh for successful performancieastly there were numerous organized and coorated efforts

to reduce energydemandfrom state agencies such as the Department of General Services, military

35 hitps://www.gov.ca.gov/wpcontent/uploads/2022/08/8.31.2HeatProclamation.pdf?emrc=78e3fc

36 hitps://www.gov.ca.gov/2022/09/06/asecord-heatwaveintensifiesgovernornewsomextendsemergencyresponseto-
increaseenergysuppliesandreducedemand/

37 https://www.cpuc.ca.gov/elrp/

38 https://www.gov.ca.gov/wpcontent/uploads/2021/07/Energ§EmergencyProc7-30-21. pdf

39 California State Legislature. 2022. Bill Tegssembly Bill 2055acramento, CA:

California Legislative Information.

MPP/MA&F/GBA 41


https://www.gov.ca.gov/wp-content/uploads/2022/08/8.31.22-Heat-Proclamation.pdf?emrc=78e3fc
https://www.gov.ca.gov/2022/09/06/as-record-heat-wave-intensifies-governor-newsom-extends-emergency-response-to-increase-energy-supplies-and-reduce-demand/
https://www.gov.ca.gov/2022/09/06/as-record-heat-wave-intensifies-governor-newsom-extends-emergency-response-to-increase-energy-supplies-and-reduce-demand/
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202120220AB205

Summer Monthly Performance Report

installations,businesses, water districts, and others. Some of these efforts were captured in ELRP and
DSGS participationAs outof-market resources, the ISO cannot assessticipant response foeither

ELRPr DSGS.

Figure20 below provides a breakdown of the major categories of nuarketresourcedor each day of

the eventincluding load modifying demand respor®#1DR), Emergency Load Reduction Program (ELRP),
State Power Augmentation Power and Strategic Reserve (SPAP and Strategic Reserve}Sidentzumdl
Support (DSGS), and Othés noted, the ISO cannot assess actual participant response but provides an
edimate below of the overallpotential that could have been usedtime 1ISO grid.

Figure20: Estimatednonrmarketresource impaeside activity
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At the time this report was prepared, there were no estimates yeay marketintegrated demand
responseor norrmarket resourceparticipant performance. Estimatemay become available after the
fact. The ISOwill report on any performancedata for marketintegrated demand response once the

meter-basedsettlement databecomes availableowards the end of the year

2.6 EnergyConservation
ThelSOissued Flex Alertdon September 1 through ® assist in meetingystem and net load peaine

periods The estimated response to Flex Aleldsks at thebackcasted modekesults taking actual
weather and behind the meter (BTM) solar conditions into accoimaddition, thelSOalso estimates
the hourly modekrror that exists by reviewing similatay model performancé Thereconstituted peak

on September 6, 2022 at HE 18 i®2B850MWs Ths is an estimate of what energy demand would have
been after taking into consideration demand response and energy conservation.
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Theconservation estimatehighlighted inTable7 summarizes the estimated range of conservation,oluhi
fluctuates based on hourly impacts during the declared Flex Além. conservation values are the
remaining customer response after adding back in the scheddérdand response andon-market
resource estimated responstheseadditivevalues include pgramssuch a£LRPA,MDRDSG Sandthe
resources from th&SPARINd Strategic Reserve

Table7: Estimated Conservation impact

Date ConservationMW)
Septemberl 0-500
September2 230-795
September3 0-550
September4 0-540
September5 0-245
September6 560-1,510
September7 None Observed
September8 320720
September9 85-1,410

On September 7, 2022, the Flex Alert had limited impact on the overall energy demand. On September 1,
3,4, 5, and9, the hourly conservamn impacts from the Flex Alerts ranged from 0 MW & 3MW. On
September 2, 6, and 8, hourly conservation impacts from the Flex Alerts range@3®MW to 1510

MW; thelargestconservation impacts occurred between HE 19 and HE 21.

Figure21shows the estimated load reduction for September 6, the peak day of the heat daxieg this

day, you can see large participation 88Odemandresponse reflected in the difference between the
Observed Load (red) and the Observed Load {daghed yellow}° In addition, conservation savings
were observed, especially during HE TBe conservation savings can be seen looking at the difference
between the Reconstituted Load Actuals (Blue) and Observed Load + DR.

40 The Observed Load and the Observed Load + DR does not include pump loads and battery storage that is charging on the
system.
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Figure2l: Estimated load reduction for September 6
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Figure22: Load profile following theaLOES emergency call
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On the peak load day, September 6, the largest of load reductions came at HE 19 in response to the
CalifaniaD 2 @SN} 2 N& h F T A OS CaOES) BiSg\uH &nérgeincy alestiltha OrBigiof a
phone call and text message to California residents at 5:45 d@sumers to reduce neessential
electricity use if it was safe to do $bFigure21 depicts the estimated savings for September 6, while
Figure 24llustrates the reatime reduction in demand that ISO operators saw in response tCHIOES

41 hitps://news.caloes.ca.gov/statefficialssentcellphonealertsto-protect-public-safetyamidstongoingrecord-heat
energygrid-shortfalls/
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text messageAs seen ifrigure22, a significant mount of demand reduction wagbserved when the grid
needed it the most from 17:48 to 18:@h September @ollowing theCalOES alertDuring thigime, the
ISO observed a load drop from 50,409 MWSs to 48,024 MY thisreduction approximatelyl,510 MW
during HE 19 iattributed to energy conservation brought about by the Flex Algnt CalOESalert and
other factors impacting the energy demarideto a lack of metedata, the preciseimpact of the @IOES
message is unable to be determined.

Lastly on September 9savings from HE 21 could have been caused-dgyncancellation of ELRPhis

day the grid was impacted by Hurricane Kaydlower temperaturesvere observedwhile loadcame in

in lower than what was anticipated during thday-ahead timeperiod. Due to this there was an in day

change of EEA statuét this time, it is unknown whether cancellatiasf EEAL and EEA Watch on

September 9, 2022 at 6:00 PM weegecutedin time to affect Odza (i 2 Y S NA Q . [Hudyihé OA LJ- { A
conservationeffort observed in the Flex Alert analysis could be an -@atimation of approximately

800 MW.

42 hitp://www.caiso.com/Documents/GrieEmergenciedlistoryReport1998 Present.pdf page 4243
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3 Demand and Supply

3.1 Resourcedequacy

ThelSOmanagesa RA progranunder its tariff that operationalizethe RArequirementsestablished by
the local regulatory athorities in its balancing authority area, including tlestablished byhe CPUGor
its jurisdictional loadserving entities (LSEghe CPUC program applies to theestorOwned Utilities
(I0Us), Community ChoidggregatorCCAs)Energy Service Priolers (ESPg)nd Direct Access (DA)
customers which ollectivelycoversabout 90percentofthe L { h Q & hid cAnstRensares through
contractual obligations that there is sufficient supply capacity to meet the sy@u@rds and to operate
the gridreliably.

The CPURA program includesetting the monthly obligations based @m electric load forecast and
planning reserve margin (PRM)he California Energgommission estimatethe electric load forecast
used by the CPUC in its RA program.-8&uUQqurisdictional LSEs can set theivn RAprogram. RA
capacity from both CPUC and rRGRUC jurdictional LSESs shown to the ISOannually and monthly
following a process established by the 1SO.

Through the RA program, there are three types of capacgystesh, Local and Flexible. All three products
serve a purpose in ensuring a reliable operation of the system. The eve@sptémber 2022vere
primarily a result of insufficient system supply to meet the overall system demand. For system capacity,
the RArequirement ensures the contracted capacity is sufficient to cover tre2tyear (average) peak

load plus a 15 percent PR¥This PRM is to cover the 6 percent of operating resewhie the rest is a
contingent headroom to account for high#ran-expected load forecast and resource outages.

The monthly RA showing f@eptember2022 was49,748MW, which ishigherthan{ S LJi S Y2026 NI a
monthly showing 0f48,623 MW.* Figure 23 compares the total monthly RA capacity September
between2021and 2022by fuel type. Although the total RA capadity{ S LJi S Y @2Sidaboat 1,125

MW higherthan that of 2024, there are some marked variations in the RA compositiRA capacity
increase by 1,210MW instorage resourcavhichfully offsets the reductionof 587 MW of static imports

along with a reduction ilhydro RAof about 443 MWiwhereasgasfired RAsaw an increaseof 63 MW.

StaticRAiImport showing decreased frond,259MW in September2021 to 3,671 MW in September
2022.° The compotion by intertie varied between years as showirigure24. RAimports through Malin
decreased fron2,162MW to 1,634MW from SeptembeR021 toSeptembe022, while imports through

43 The official planning reserve margin is 15 percent for the CPUC jurisdictional entities. Per Decl¥306@1the CPUC
AYONBIaSR (GKS aSTFSOUAGS: LI yyAyad NBASNBS YINBHAY (2 wmtop LIS
resources that may also not be in the wholesale market.

44 These values are based on the monthly showings estimataBahle at the time of preparing this report. These monthly
showings are provided through the supply plans to meet the final RA obligation. The final RA obligation is composed of the
forecast plus PRM and then all credits, including DR, are deductedofthdRA values can change through the month, with
weekend showing typically a significant reduction. For simplicity in the reporting and comparison, the simple average through
the month is used as a reference in this report. Also, the total RA valuesseried in this report include any CPM and RMR
capacity.

45 Dynamic and pseudo tie resources are grouped into the corresponding fuel type instead of the generic import group. Generic
imports are referred as Static imports in this report.
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NOB decreased fror,046 MW to 997 MW across lte same timeframe. Imports on Malin and NOB
account for abou®0 percent of all static RA imporkoth September2021 andSeptember2022

Figure23: SeptembeR 2022 RA organized by fuel type
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Figure24: Monthly RA organized by tie
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RAstaticimport showings (without pseudeties and dynamic resourcedgclinal in September2022 to
3,671MW relative to4,259MW in September2021. Overall RAandRAImportstend to increase through

summer.These trends are®wn inFigure25: and Figure26.
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Figure25: Monthly RA showings
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Figure26: Monthly trend of statidRA Imports
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3.2 Pealoads

Peak loads irSeptember2022 exceead 40,000MW on multiple days and indeed exceestl the
50,000MW mark Theaveragepeak load inSeptembemwas about37,705MW, lower than the average
peak load oAugust2022 0f40,148MW mainly due to the lower demands observed in the second par
September Figure27 shows the 5-minute daily load peak for thdune toSeptemberelativeto the CEC
month aheadforecast used to assess tArequirements.The highesinstantaneouspeak load in the
month happened orSeptember 6 at 5961 MW and wasabovethe CEGnonth-aheadforecastof 44,578

MW.

Figure27: Daily peaks of actual loddom Augustto Septembef022
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The actual load did exceeldg monthly RA showings for the month®éptembei2022 during theperiod

of September 50 8, asillustrated inFigure28. Thegreenlineindicatesnominal monthly RA showingas

discussed later in this reporthe actualcapacityY I RS | @1 Af | 6t S A@atdoanting&rS L { h Q
outages and other factorggan vary from dayo-day. In subsequent sections, the actual RA capacity made
available in the market isepresented as drend over for the month on an hourlypasis which more

accuratdy representdRAcapacity available to meet demand
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Figure28: Daily peaks and RA capacity fargust and Septemb@022
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3.3 Demandscheduling

In the ISObalancing authority areahe IFM in theDAM uses bids for energy andncillary servicefor
supply and demandrhelFM allows the demand to bid into the market and clears based on th@abid
demand and supplyThe IFM bidn demand for the same trading day and hevas below the dayahead
demandforecastduring theheat wave fromSeptember 1o 8, whereas followingthe heatevent, bid-in
demandcame inover theday-aheaddemandforecast Figure29 below shows the difference between
IFM bidin demand andiay-ahead forecasted demandrhe positive number indicatesd-in demand was
overthe dayahead forecastFigure30 shows the hourly averages for the difference between IFMitbid
demand andday-ahead forecasted demanir the month of ptember 2022 0n average, theid-in
demand wasigher thanthe load forecastrom 9 to 15hours whereas thebid-in demand waselow the

load forecasduring the peak hours.

Figure31 below shows the averagdifference between the bidn demandfor the metered loador the

month of September 2028rganized by loaderving arealn addition Figure32 shows the hourly profile

of theload differencedy areafor the month d September 2022Based on théessons learned during the
summer of, this analysismay suggesthat load-servingentities continue to experience challenges in
coming to the marketwith accurate load forecast toconstruct theirbid-in demand. The load fooast for

the extreme heatvave posed a challenge since it reached levels not seen before and there were not many

historicaldatapoints to rely on.
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Figure29: Difference between IFM bid demand and DA forecast for September 2022
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Figure30: Hourly averages of the difference between-tnidlemand and DA forecast for September
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3.4 Marketprices

Market prices naturally reflect supply and demand conditi@ssthe market supplfightens prices rise.
Locations marginal pricdEMPshave three componets: the marginal cost of energy on the system, the
marginal cost of congestion reflecting constraints, and the marginal cdessés.Themarginal energy
componentreflects the impact of supply and demand conditio@®ngestion conditions may also creat
local or regional price separations.

Figure33compares the averagdailyLMPsacrosd. { m&rketsfor the monthsof Augustand September
2022 Pricing trends for June and July 2022 can be referenced jorévéously publishedummer 2022
reportson thelSOwebsite Prices spiked in the first week of September corresponding to the heat event.
On averagepricesthroughout the month of Septemberwere higher than previous summenonths,
though monthly averages we heavily influenced by the high prices at the beginnin§egftember For

the last two weeks oEeptember prices were lower and generally consistent with pricing trends from
previoussummermonths

Figure33: Average daily pres across markets
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Figure34 shows average hourly LMPsacrtssL { h Q& Y I NJ] SGaT LINAOS RAGSNHSY
peak hours, specifically betwedrb-minute market (FMM) and IFM/RTD between hours 16 through 22,
however pice divergence occurs at varying degrees for all hours. Please refer to the section titled
(September5-8 HeatWaveé T2 NJ Y2NBE RSOFAf & 2y LINAOSA RdzZNAy3
event.

46 DLAP prices aregood indicator of overall prices. However, congestion may create price separation among DLAPs. The
metrics presented here are based on a weighted average price of the DLAPs within the ISO area.
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Figure34: Average hourly.MPsacross markets
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Figure35andFigure36 show the daily and hourly distribution of dahead prices with bewhisker plots
for the months of August and September 20ZRe whiskes represent the maximum and minimum prices
in a given day or hour, while the boxes represent th& 46d 90" percentile of the prices. The red dots

representthe average pricefor the dayor hour.

Figure35: Daily dstributionof IFMLMPs
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These plots better illustrate the full distribution of prices observed throughout the days and hours of the
month. As previously discussed, eyead prices in September were much higher on average than past
summer months, including Augustjelto the heat event at the beginning of the month. The average IFM
LMP value was $104.53/MWh for the month of September and the maximum price of $1,379.32/MWh

occurred on September 7.
Figure36: Hourly dstribution ofFMLMPs
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Figure37 and Figure38 show daily and hourly distributions of FMM prices throughout the month.
Consistent with trends displayed abowar 1FM, FMM LMPs at the beginning of September exhibited a
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larger spread driven by the heat event. The average FMM LMP value was $134.54/MWh for the month of
September and the maximum price of $3,416.18/MWh occurred on September 1.

Figure38: Hourly dstribution of FMM LMPs
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Figure 39 and FHgure 40 show the daily and hourly distribution of retiine dispatch (RTD) prices
throughout August and Septaber 2022 Consistent with trends displayed above for IFM and FMM, RTD
LMPs at the beginning of September exhibited a larger spread driven by the heatHveriverage RTD
LMP value was $8IMWh for the month of September and the maximum price of $2,088/h occurred

on September 1There were also some negative prices obserdedng the heatwave period driven by
congestion on the&aliforniaOregon Intertie (COBonstraint.

Figure39: Dally distribution of RTD LMPs
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FHgure 40: Hourly distribution of RTD LMPs
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Becausgéi KS L { hQa 3ISy SoihmeadngiuamduS& gas @yfces) thelgas market and
systemdynamicstypically have an impact on the electric markaid consequently lectricity prices
generally track gas priceBigure41 shows the average prices (bars in rbtie yellow, and gree, and
the maximum and minimum prices (whiskers in black), for the two main gas hubs in California.

Figure4l: Gas priceat the two main Californidhubs
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On average, gas prices were lower in September 2022 as compared to August, but higher than both June
and July. However, gas prices trddggher during the first week of September as the heat eveifvided.

SoCal Citygate saw some of its higktemtled prices of the summer so far, reaching a maximum value of
almost $16/MMBtu on September 1. For the month of September, -daxt gas prices averaged
$8.83IMMBtu and $8.41/MMBtu for PG&E Citygate and SoCiygate, respectively.

Figure42 showsdaily averagelectriaty prices fromthe ISODAM (y-axis) relativedo nextday gagrices

at So@l Citygate(x-axis) and the peak loaaddlor gradient from blue to pinkon a daily basifor the
months of August and September 20Z2e light blue line shows a simple linear regression applied to the
dataset.Figure43 showsthe same metric using nextay gas prices at PG&E Cityg&teak loadsanged
widely and this comparison exhibits a good degree of correlation between etéigtand gas pricedn
addition, it can be observeithat electridgty pricesgenerallyrise when load levelare higher

Figure42: Correlation between electitg prices,SoCal Citygatgas prices angeakload level
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Figure43: Correlation between electricity prices, PG&E Citygate gas prices and peak load level

®
[ ]
300 [ ]

=
= [ ]
= Peak Load
=
& ]
by 50000
@ 200
k] ° 45000
o

40000
=
= 35000
2 ° 4
8 o 30000
o ®
< o

100
7 8 9 10

PG&E Citygate Commodity Gas Prices ($/MMBtu)

4 BidIn Supply
TheL{ hQ& YINJ]SGa NBfe 2y ifeieteldisiiuies, YhcliRiSg integhbl Supplycof S
varioustechnologies and importSupply capacity is bid ta the market with three componentstartup
costs, minimum load costs and incremengalergycosts. Thédid-in capacity is adjusted for any outages
and derates on an hourly basereflect the actual available supplyhat availableid-in capacity is then
considered in the market optimization alomgth the resourc& éharacteristics and system constraints.
In addition to supply capacity from RAs@urces, the market alstonsidersid-in supply fromaboveRA
resources This supply does not have an RA obligatiorelbohomially and voluntarily participatin the
IS & Y I Badged ah dhaubmittedbids, the market will optimally determine thedstcost dispatch
of all resources to meet the bith demand in IFM or the load forecast in RW@& not unusual thaabove
RA capacity be dispatched before all the RA capacéyhiausted since resouralispatchesare based
entirely on prices and resoce characteristics and system conditions, and there is no merit order based
on whether they are RA or not

In the RA programthere are certairgualifiersfor a resourc& @apacity to be eligible to counbwards
meetingthe RA requirements. The CPUCaleped a Qualifying Capacity (QC) requirenierged orwhat
a resource can produce during peak load hours. For conventional resources such aslgas@rine QC
value is basedn maximumoutput of the resource. For wind and sotasourcesthe QC valug are based
on a statistical methodology known as effective load carrying capability (ELKI€)approach will

estimate QC values for wind and solar significantly below their maximum output. Resources are then
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assessed for deliverabilitp determine ther net qualifying capacitywhich isultimately, what isused to
determine ther RA capacity.

4.1 RA capacity and supply
Since the summer 2020 eventhe ISOhas been tracking whetheRA capacity available in tH8@ a

markets could be sufficient to meet theeeds of bothload and operating reserved.o assess this
condition, all supply capacityclassified accordingly relative its monthlyRA value. For any wind or solar
resource that has any RA capacity assigned in the month, the entire su@lgblein the marketfrom

that resource is considered RA. For instaiifcegsolar or windresource has a supply available in haM

for 100MW in a given hour ands RA capacity is 30IW, the full LOOMW are considered RA capacity.

For any other type of resooe such as gas, hydro or imports, RA capacity is determined up to the RA
monthly value; any capacity above the RA value is considatsa/& RA

Figure44 shows the breakdown of the daghead supply capacityasRAcapacity anciboveRAcapacity.
The purple line representsthe dayahead load forecast plus the capacity required to meet operating
reservegOR) which is typically abo@ percentof the load valueThe dashed lineepresensthe adjusted
load forecasplus OR plubkigh-priority export selfschedules, which represesthe overall need to be met

in the DAM

Figured4: Supply capacity availablelative toload forecasin the DAM
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47 This capacity is assessed based on the supply bid in theetrend reflects any outages or derates of resources as long as
they are known and recorded before the market is run.
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Figure45 has the same capacity breakdown but the comparison is relative to the net load, which is
calculated as gross load minus VER forecast. Since this figure represents net load, the supply side is also
reduced by subtracting all VER contributions. Trackiegavailable capacity for the net load peak hour is

as important as tracking available capacity for the gross peak hour.

Figured5: Supply capacity availabtelative tonet load forecast in th®AM
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In both trends, the loagheakead onSeptember 6A more granular view of the suppliemand conditions
are providedn the September § 8 Heat Wave sectiorbelow. The RA capacity was sufficient relative to
the standardday-ahead loadorecast as well as for the adjusted load forecdting the gross andcet

load peak.

For instances in whiatbemandexceed the availableRA capacity, the market will utilize any otlayove
RA available capacity. For the month SEptembey above RA capacity was consistently bid irttee

market.

4.2 Market dearing process
TheDAMis composed of three different passes: local market power mitigation (LMPM), IFM and RUC.

Each of thesenarket runshas a purpose and eadh solvedbased on a coshinimization optimization
problem. The first pass of th®AM, LMPMidentifies structural conditions for the potential exercise of
local market powerenabled by transmission constraints. The outcome is the identification of
uncompetitive constraints and potentiallsesults inthe mitigation of specific resource bids. These
mitigated bids are then used, together with the rest of roitigated bids, in the IFM process to solve the
financially binding market where bid demand is cleared against Kid supply. ThisFM clearsboth
physical and convergence ksdpplyagainstbid-in demand convergence bid demarahd exports and
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produces awardandday-aheadprices that are financially binding for all resources. The RUC process uses
the IFM solution as a starting point to further refine the supply schedules that can meet yrethdad

load forecast. Operators may adjust the etyead forecast to factor in other foreseeable conditions such
as load uncertainty. The RUC process will clear supply against the final adjusted load fbiguest6
compares the IFM schedules for physical resources versus theh#ayl load forecast and the adjusted
load forecast eventually used in the RUC procBssrahead loadforecast variedhrough the month,

going from higHoad dayson September %o 8 and September 2@o other days with very mild loads

Figure46: Dayahead demandorecasttrend in September
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Figure47 shows the differences between the IFM schedules for physical resources versusntimal
day-ahead load forecasfThis is theadditional capacityelative tothe IFM solutiorthat RUGdetermines

is neededo meet the dayahead load forecastEffectively, this igither the shortfall or surplus capacity
from IFMthat RUC has to meethe delta is driven by the difference between cleared-bidlemand and

the load forecast, as well as any displacement driven by convergencelbiglarea in blue is the RUC
adjustment to the dayahead load forecastin cases when RUC is infeasildeme of thé additional
capacity will not be metior most of the firssevendays of the month and with milder loads, IFM was
already clearing naturally above the daliead forecast. As loads increase towards the end of the month,
RUC has to clear additional suppdy meet the dayahead forecast, while RUC adjustments done by

operators were adding to this geirement.
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Figure47: Incremental demand required in RinCSeptember
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The RUC forecast adjustmenttypically guided by a referencef an upper confidence bound arid

estimated bythe ISOwith consideration to weatheand load modeand renewablesincertainty. In some
cases, there may be other factors to consider by operators to determine the final adjustrivéitits.
summerconditionsfrom September Xo 8, IFM schedules and RUC adjustments waredominantly
positive, meaning that RUtad toclear higher physical supply than IFM

Since RUC clears agaiadbad forecast which is not price sensitive, under certain conditions RUC may
relax the power balance constraint due to a surplus or shortfall of supply capacity. A relaxation signals
that there is an imbalance between the load requirements and the sugp@jlable An infeasiblepower
balancecan be in either direction. In hours witbw levels of load ananinimum downward capability

RUC may observe an oversupply conditresultingin a negative infeasibility. Conversely, in hours where
there is insufficient supply to meet the load requiremieRUC may have an undersupiyndition
resulting in a positive infeasibilitfNegative RUCinfeasibilitiesoccur because RUC can only dispatch a
resource down toits minimum loadand cannot actuallyde-commit a resource or set up additional
exports. Conversely positive RUC infeasibiis occur becauseall incremental RUC bidsave been
exhaustecandRUC has curtailed all tleeonomicandLPTexports*® which leaves just the power balance
constraintto be relaxedand reducinghigh priority (PT)exports,to allow RUC to cleaFigure48 shows

48 There are different type of exports participation. They can be based on economic bids with prices between the bid floor and
the bid cap they can be price takers, also referred to as low priority exports and labeled as LPT. Exports can also be high priority
selfschedule labeled as PT (i.e., not backed by capacity that may be committed to ISO load under its resource adequacy program).
If the market clearing process encounters constraints, the ISO will treat PTK exports similar to internal loads, but tesgisrtsPT

as recallable and the market will curtail LPT exports before relaxing the power balance constraint.

MPP/MA&F/GBA 63



Summer Monthly Performance Report

the RUC infeasibilitggainst twareference pointsone infeasibility is relative to the final adjusted forecast
in RUCwhile the other is relative to theaw day-ahead forecast-or the month ofSeptemberthere were
RUQunder-supplyinfeasibiliiesrelative to the standard load forecabm September 1o 8. There were
some over-supply infeasibilitiesespecially on September 1The marked ovesupply in September
occurred duringnid-September whemoads came inignificantly low in comparison to adjacent days.

Figure48: RUC infeasibilitieaa September
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Figure 49 shows the corresponding RTD power balance infeasibilities observed in September; they
reached 3,500MW during the heatwave event signaling the supply shortfall, which were comparable to
the extent of infeasibilities observed in RUC when measured against the standard load forecast.
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Figure49: RTDnfeasibilities in September
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In addition to relaxing the power balance constraint, the RUC process utilized other scheduling priorities
to enforce the power balance. Indeed, before relaxing the power balgand based on current
scheduling priorities RUC wilfirst reduce economic xports (exports bidin at agivenprice)and lower
priority pricetaker exports. Only when RUC lehaustedheseLPT exportdPTexportsmay be reduced
concurrenty to relaxng the power balanceconstraint*®

Figure50: shows thevolume of hourly export reduction in the RUC process, whidly happenedon
September 28 and26 and 27#or volumes otipto 4,000MW ofeconomical bids and loyriority exports.

49 Under the current stup of scheduling priorities, PT exports and the RUC power balance constraint have the same priority
reflected with the same penalty price utilized in the market optimization. What level of curtailment relative to the Ipmbef
balance relaxation iachieved will depend on many other conditions in the optimization process, such as the location of the
exports that may look more or less attractive for reduction in comparison to the power balance. Thus, typically, both export
reduction and power balancafeasibilities can be observed in an RUC solution under tight supply conditions.
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Figure50: Exports reductiom RUC
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Exportscan still participate in thd&k TMby rebidding relative to the DAM solution, or directly irR@M
with either high or low priority, as well as with economical bidsirket participants can sefichedule
exportscleared in the daygheadinto the RTM Underthe newmarket rulesand scheduling prioritiegost

August 4 these cleared daghead schedules are treat@athe RTMas having dayahead priority, which
is abovehe priority ofexportssubmitted in the reatime. Thusgxportscleared in the dayaheadareless
likely to be cuin the reattime. Participants can alssubmitselfschedules in th&TM which are moret

risk of curtailments in thehour-ahead schedulingrocess(HASPprocess.In Septembey the RTMsaw
curtailmentsfor various trade datewith maximum curtailmenbn September &nd7.
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Figure51: Exports reductions in HASP
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5 Intertie Transactions
ThelSQR system relies on importhat arrive into the balancinguthority area throughvarious interties,
includng Malin and NOB from thé&lorthwest and Paloverde and Mead from tt@uthwest, among
others. Interties aregenerally groupednto static imports and exportsor dynamic and pseudo tie
resources, which are generallyresourcespecific Similar to internal sipply resources, interties can
participate in both the dayahead andRTMs through bids and sefichedules. Additionallythe IS &
markets offer the flexibility to organize pawise imports and export to define a wheel. This transaction
defines a staticmport and export at given intertie scheduling points which are paired into the system to
ensure both parts of the transactiowill alwaysclear at the same level. Wheel transactiansist be
balanced thus, do not add or subtract supply to the ovet&0Dsystem, regardless of the cleared level.
However, they utilize scheduling capacity on interties and transmission capacitp@hanternal
transmission system. All intertie transactions will compete for scheduling and transmission capacity via
scheduling pority andeconomichids to utilize the scarce capacity on the transmission system.

Economidids for imports are treated similarly to internal supply bids, while expgmedreated similarly
to demand bidsor fixed load through the load forecast feed$ese bids are bounded between the bid
floor (-$150/MWh) and bid cap ($1,000/MWh or $2000/MWh). Each part of a wheel is also treated
accordingly as supply or demand but its net bid position is defined as thadspetween its import and
exportlegs.

Intertie transactionsalsohave the flexibility toseltschedule ThelS@a Y F NJ S&  dziself A1 Sa |
scheduleswvhich define higher priorities thaaconomicbids based on the attributes applicable to such
resources.Participants with such entittementscan submit intertie seléchedules usingransmission

ownership rights (TORsj ExistinglransmissiorContract§ETCs)as well as PTK and LPT

Thelsdha YIFNJ SGa Attt Of SI NJ A astSoptinizaBon procksy dath®fish 2 y &  dzi
market runs Bids and sechedules are considered in a merit order to determine the clearing schedules,

and all resource bidandcharacteristicg and system conditions are taken into accountin the upward

direction, when supply capacity is limiteimports with selschedules clear first, followed ®conomic

bidsfrom cheapest to most expensivap to the level of the market clearing price. Conversely, exports

will clear first for ETC/TORbken PTKexports,followed byl PTexports and lagy ecanomicbids from most

expensive to cheapest. Wheel transactions havegher priority in the clearing process defined as the

relative spreadf penalty pricedetween the import and exporides.

5.1 Intertie imports and exports

Figure52 shows the capacity from static expdrised transactions in theAMfor the monthAugust and
September2022organized by the various types of expoibis capacity does not include export capacity
associated with wheel transactions afly typebecause wheels are in balance on a basisand thus,
the export side of wheeldoes not reducesupply to thelSOsupply stack.

Thisfigure alsoillustrates the clearing schedules frafme RUC processith the line in purpleThe RUC
schedulesare useal as reference, instead of thH&M schedules, because they are the relevant schedules
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for clearing intertiesn the DAM. As defined in Section 31.8 of theOtariff, in DAM, the ISOenforces a
net physical intertie schedig limit in the RUC procgs and enforces a net physical and virtual intertie
schedules limit in the IFjdrocessof the DAM. This is to ensure thaitertie schedules cleared in tHeAM
are physically feasible and not encumbered by virtual intertie schedules. Prior to May 1t20130
enforced a net physical intertie scheahglimitin the IFM. As a result of this changkere physicabased
flows from the RUC process are the most reliable reference of feasible schedules on inteetik30O

operators use the RUC schedulegt@luate Bags submitted in the precheduling timeframe.

Figure52: Bidin andRUG:learedexport capacity
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The RUC schedule represents the expected delivery gag<that market participants should submit in
the pre-schedulirg timeframe, and not the IFM schedule. While not required to submit theiads in the
day-ahead timeframe, market participants are encouraged to do so and in such cases should bdse their
tag on the RUC schedule. If nottags greater than RUC schedulmay be curtailed by the&5Q This

applies to all dynamic and static intertie schedules.

Exportbid capacity in theDAMvaries by hour antlypicallyfollows a daily profile. About8 percent 12
percent 9 percentand 1 percentof the export capacity weréor economicbids, ETC/TOR, LPT an&KPT
respectivelyThe volume of exports reducestightly die to the heatwave conditionsn September
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Figure53: Bidin andRUClearedimport capacity
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Figure53shows the same illustration for imports. These volumes include both static imports and dynamic

resources. Both ETC/TOR remained relatively stable through the month, while hourly economic imports

continued to see a high volume ovefB0a 2 @ ¢ KS aup inéuliedFeguRtdky must run priority

capacity and the portion ahinimum loadfor dynamic resources with a Pmin abovwv.

Figure54: Breakdown oRUCcleared schedules
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Figure 54 shows the overallntertie schedules organized by type of schedule, as well as the net
interchange based on the RUC solution. The net interchange projected in the RUC process reached its
lowest level on September 1 at about 1700 MW due to the higher level of exports cleardhighest

level of 8930 MW on September 9.

Figure55: shows the hourly sechedule curtailmenbf nonwheel exportsin RUCIn September, the
export curtailments were mostly observed during the healve eventfrom Septemberl through the 9,
in the afternoon peak hours. Majority of the curtailment waslow priority schedules.

Figure55: RUC export curtailment
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Figureb6illustrates thehourly net schedulénterchangedistribution by hour in thesummermonths. This
trend is useful to visualize the hourly profile of schedules and shows that net schedules reduce in midday
hours when solaproduction comesn and start to increase as the solar production fadesy in the
eveninghours. It also shows two weliefined blocks of On and Gftak schedulesThe lowest net
interchange values are attained in hours prior to the gross peak when solar supply is still plentiful.
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Figure56: Hourly RU@et schedule interchange
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generally low ifdunewith milder loadsbut increasedignificantlyin the second half of Jylgnd deceaseal
on aveage in Augustin SeptembeR022 export levels were furthedlecreased compadto August2022

Figure57: Hourly RUC exports
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Figure57 illustrates the hourly distribution of RUC schedules for expants] showsthat the highest
volume occurred during midday hours whére L { h Qa a&aiSy KIFa SEOSaa azf
high demand during the afternoon hours at the end of September.

Figure58 shows the intertiecapacity &ailable in theDAM for HE20 to highlight the conditions around
peak time, wherthe ISAR & & @cediti Yiighestupplyneeds

Figure58: RUGschedules for interties fd1lE20
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Thisfigure includes any imports or exports assiated with explicit wheeling transactions. Including
wheels will increase the volume of imports and exports by the same amount such that the net schedule
remains the same. The red line represents the net schedules cleared in RUC (imports plus dynamics less
exports), while the laickline represents the net schedule in RUC when considering only static imports and

exports.

The RUC process msgheduleadditionalsupply tomeet the load forecastabove what was scheduled in

the IFM Under tight supply conditits, the RUC process may algtentify thatexport schedules cleared

in the IFM procesare not feasible, and signals to the participant titatexportsare not feasiblein the
reaktime. Therefore, ér interties, the RUC schedules are the relevant schesdfdr assessing what is
feasibleto flow into reaHime, andthey arewhat should be tagged if participants submit a ddyead tag

for their export IFM schedules are still financially bindirggure59 compares he net schedle cleared

in both IFM and RUfor HE20, and provides the relative change of schedules between the two processes
as shown withthe bars ingray. These changes can happen for any type of resources and it is not always
limited to a reduction okxports.IFM schedules for exports were reduida the RUC processainly for

September 1to 9
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Figure59: IFM and RUC schedule interchangeH&R0
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Intertie positions ardargelyset from theDAM. Importsor exports clearedh the dayahead may tend to
selfschedulanto the realtime to preserve thddAMaward. There may still be incremental participation
in the RTMthrough the HASP processhich allowsresourcesio bid-in economially to buy back their
day-ahead position, palso enables the procurement or clearingaolditional capacity in th&TM

Figure60: HASP cleared schedules for intertiesAugust- September
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Figure60 shows the @ared schedules in real time for interties of different groups, and the net intertie
schedules cleared, referred as Net Schedule Interchange. The net schedule interchange is at its lowest
valueon September 1 due to the highest level of exports clearedhan day prior to the evening peak.

The RTM largely follows the trend observed in the DAM. On average, for September the net schedule
interchange in HASP was about 7,248 MW for peak hours (17 through 22).

The HASRarketpresents an opportunity for intems to cleathrough the market clearing process after
the DAM is completenterties cleared in th®©AMcansubmitselfschedulesnto the RTM Clearing the
RUC process indicates that these expurése feasible to flow based on the projected system caodg

in RUC? Additionally, exports caparticipate directly into thdRTMwith eitherself-schedule®r economic
bids.

Each market, RUC or HASP, can assess reduction of exports based on the overall system conditions and
economics. Export reductions in Reinot seltschedule into reatime with dayahead priority but they

are able to rebid into thdRTMand be fully assessed based on rgghe conditions. LPT or economic
exports cuts in the RUC process are most likely to be cut again in HASP since thayevifie lowest
priority in the presence of tight supply conditiortisgure61 shows all the exports cleared in the HASP
process and identifies the nature of such exports. TOR is for export with scheduling priorities associated
with transmission rightsThe groups of DA_PTK or DA_LPT stand feaklegd exports coming into real

time as sekschedules with high or low priorities. Similar classification is followed for those high and low
priority exports coming into realme directy (RT_PT and RT_LAEQON stands for economic exports.

The group of wheels stands for all type of wheels observed ifRifd (low- or highpriority. Given the

many different groups for exports, wheeise not shown in this metri@xplicitly. These exporw@re only

for nonwheel transactionsA granularbreakdown of wheels iprovided ina subsequent section of
wheels.

The volume of exports cleared in retine follows the pattern of loads with aslight decreasen
September peaking over 6,000IW onSeptenber 1 InSeptembem significant portion of cleared exports
were those with low priority and economical bids.

50 Based on these rules implemented on August 4, through the summer enhancements described earlier and now in place, the
ISO will no longer provide exports a higher priorftari load in the reatime, and will only provide them equal in priority to load

if the participant demonstrates that they continue to be supported by resources contracted to serve external load.

Details are available &tttp://www.caiso.com/Documents/Jun22021-
OrderAcceptingTariffRevisionsSubjecttoFurtherComplisBisemerReadinessR211790.pdf
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Figure6l: Exportsschedulesn HASP
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Figure 62 shows theexport selfschedulereducedin HASPThe export curtailmentshappened on

Septemberl, and 5through Q
Figure62. HASP exporeductions
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Imports and exports were scheduled ovaultiple intertie scheduling points iSeptembey with Malin,
PaloverdeandNOB seeing the highest volume of transactidfigure63 throughFigure65 illustrate the
trend of import and export schedules clearedHASHRor the topthree intertie points. Although schedules

in the import direction are the predominant schedules, exports cleared at different levels onrtregee
interties when supply was tight Exportson Malin andPalo Verde were higher onlyin multiple days

of July;in somedays,the exports were higher than imports so that the net flow on these interties were

in the export direction.
Figure63: HASP schedules at Mailimertie
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51 The breakdown aifmports and exports at the system or tie level may be subject to different levels of aggregation. For instance,
wheels are in balance and the import side of a wheel nets out with the export side of the wheel. There are some trargactions
TORs that behe like wheels although they are not explicit wheels in the market clearing praaessie market can clear the

AYLENI G F @FftdzS RAFFSNBYUI (KFy GKS SELRNIQa Ol fdSd DSYSNI ¢
demand needsd the system, like standlone exports, even though it is counted in the total volume of exports for a specific tie.
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Figure64: HASP schedules alBVerdentertie

Figure65: HASP schedulesNOBintertie
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