&> California ISO

Summer Market Performance Report
June 2023

July 28, 2023

Prepared by

Market Analysis and Short Term Forecasting

L1l Litii1111 IiHEEE



Summer Monthly Performance Report

The following members of the CAISO contributed to the analysis of this report.

Kevin Head

Scott Lehman

Zhu Liang

Monique Royal
John Rudolph
Jessica Stewart
Katie Wikler

Hong Zhou
AbhishekHundiwale
Amber Motley

Guillermo Bautista Alderete

MPP/MA



Summer Monthly Performance Report

Content
F o] (0] 1)1 01 PP EPPTRRPPPN 6
1 EXECULIVE SUIMIMALY....citiiiiiiiiie ettt ettt e ettt e e e e e e et et e ettt e e e e eeeernbna s 8
P = 7= (o (o | £ 18] o F PP PSP PPPPPPPR 10
3 Weather and Demand CONAItIONS........ooiiiiiiiiiiiiii e 13
TN R =T 00 1= = 1 (0 TP PPPPPTR PP 13
3.2 HYdro CONAITIONS ... .oieiiiieiiiiiit e e ettt e e e et e et e e e e e e e e e e mnn e e e e e eeeeeeenes 17
3.3 ReNEWADIE fOr@CASS ... ...ttt 22
3.4 Demand fOrECASES. ... ..cooiiiiiiiitt e 23
341 /1 L{hQad RSYLY.R.F2NBQL.ALA ., 23
3.5  ENErgy CONSEIVALIQI ... ...uuuiuiiiiiiiiiiittt e e bbb e 24
3.6 DEMANd RESPONSE......uuuuuiitiiiuiietiietanniiiiebaibbbaabbbbbes e s e s a s sessseebabebb bbb bbb s e s s nnnnnnes 25
3.6.1  Market demand FESPONSE. ......cuuiiiiiiiiiiii e eeee ittt e ettt 25
3.6.2 NOMHMAIKEIIESOUITES. ... 26
O B T 4 =Yg o =T (o IR T o] 1 2P 27
4.1  RESOUICE AUBGUACY. .....ceeururuuneeeeeeeeeanaaaeaeeeeeeeeetaassnn i eaaeeestennaaaaeeeaeeeeesssaaaeeeeeeenenes 27
4.2 PEAK IOAAS. ... ettt ann bbbt e e 30
I T Y/ T (= o] o 2SR 31
Lo =110 1 10U o] o] Y2 37
o0 R ST U o] o VA : To 0 N G- o 7= Lo | Y PR 37
5.2  Unavailable RA CAPACILY........uuuiiiiie et eee e e e e e e e e e e e e e eeeeed 40
5.3 Demand and supply cleared in the markets..........ccccoooeeveviiivviiiiiciie e 40
6 INtertie TranSACHONS. ... ..uvveeeiiiiiiiiiiiiiieetttitie e e e e e e e sreasseernrrrssssseeeeeeeeeeesnesnsrnnnnnnnneness 4D
L0 R 1 (=T (=R o] o] S 46
6.2 Resource adequUacy IMPOLLS.........cciieuiiieei et eee s e e et e e e et e ere e e e e eat e e e e eertaeeaeesann 56
6.3 WHEEI tranSACHONS ......cciiiiiiiiiiiiiiiie ettt 58
7 Storage and Hybrid RESOUICES.........uui i e eeeaaas 63
8 Energy Imbalance Market..............uiiiiiiiiiieeeiie e e e e eeerreneeana e L 2
8.1 EIM IrANSTOIS ..t 12
S B |V = (=] O L] £SO PPPPPPPPPTRR 73
10 Import market incentives during tight system conditions..............ccoovvieieeeeiiiiiinie e 75
11 Minimum-Stateof-Charg@CONSIIaAINT. .........oooiiiiiiiieiiiie e 75
12 MAKEE ISSUEBS. ... ..ottt ettt e e ettt et e e e e e e e e et et e s e e e e e e e e e e sabbb e e e eeeas 76

MPP/MA 3



Summer Monthly Performance Report

List of Figures

Figure 1: Mean temperature percentiles for June 2023............oooiiiiiiiiniiiiiii e 13
Figure 2: Maximum and minimum CONUS temperature departures from normal for June 202314
Figure 3: High temperature departure from normal for select Desert Southwest WEIMs........... 15
Figure 4: CAISO high temperature departure from NOMMAal.............oooviiiiiiiiiiii e 15
Figure 5 High temperature departure from normal for select Northwestern WEIMSs.................... 16
Figure 6: Highest marum temperature records broken or tied (left) and highest minimum temperature
records tied or broken (right) in June 2023............ouiiiiiii e 16
Figure 7: The United States precipitation percent of normal for June 2023...............ccevvvueeeeennn. 17
Figure 8: The Western United States drought monitor for June 28, 2022 (left), compared to June 27,
2023 18

Figure 9: The United States soil moisture for June 2023 (top) and the soil moisture rank (bhattod®

FigNE mMnY /I fAFT2NYAF Qa NBASNIZ2ANIL.O2Y.RA.GA2Y.520Fa 27
Figure 11: Historical trend of hydro and renewable production..............cccooooiiiiniiiieeeee, 21

Figure 12: Hourly profile of wind, solar and hydro production for June...................oooeeeeeieeen. 21

Figure 13:Day KSIF R &2f I NJ ¥F2 NB.OL A.4.4.. . F2N.L.L.L{h QA LRSI

Figure 14:Day KSI R gAYy R F2NBQL.AGA.. . F2NL.LLL{.HLQA. . .[L.NBI

Figure 15:Day KSIF R RSYIl yR ¥F2aeB O.l.A.0...F2.N..L.1.L.{.h.Qa4......... 24

Figure 16: PDR Dispatches in-dagad and realime markets in JUNE.............coveeeiiiiiiiceeeiiin e, 25
Figure 17: RDRR dispatches in-dagad and realime markets for June.............cccccoevveieiienennnnnnn. 26
Figure 18: RA capacity organized by fuel type.........ooeeiieiiiiie e 28
Figure 19: Monthly RA imports organized DY.fie...........ouuuiiiiiii e 28
Figure 20: Monthly RA showings, three month trend..............ccoooiiiiiii e 29
Figure 21: Monthly trend of static RA Imports, three month trend.............ccoooviieeiiiiiiin. 29
Figure 22: Daily peak load and CEC maiiad fOreCast............coovviviiiiiiiiieiie e 30
Figure 23: Daily peak load, operating reserves and RA CapaCity............c.uuuurimerieeeeieiiiniinneeeaeen 31
Figure 24: Average daily prices acroSs MarketsS............coouiiiiiiimmiiiiiiiiiiiieee e 32
Figure 25: Average hourly prices across makiiine 2023.............uuuueueeereeermmnniniinnnnenneenenenneeeeeens 32
Figure 26: Daily distribution Of IFM PriCES. ........uuuiiiiiiiiiiiieieiiiiiiiiiiiieeie e eeeieeeeb e eeeeeeeeeeees 33
Figure 27: Hourly distribution of IFM prices, June 2023............ccoooiiiiiieeeiii e e v 33
Figure 28: Daily distribution Of FMM PriCES. ... .cciiiiiiii et e e 34
Figure 29: Hourly distribution of FMM prices, June 2023.............cccoiiiiiiiieeieiiii e eeeann 34
Figure 30: Gas prices at the two main California huls..............ccooooiiieeiiii e, 35

Figure 31: Correlation between electricity prices, SoCal Citygate gas prices and peak load.lev&6
Figure 32: Correlation between electricity prices, PG&E Citygate gas prices and peak load lev&6
Figure 33: Supply capacity available relative to load forecast in thaltegd market...................... 38
Figure 34: Supply capacity available relative to net load forecast in thatasd market................. 38
Figure 35: Supply capacity available relative to load forecast in thaltead marketJune 2830......39
Figure36: Supply capacity available relative to net load forecast in theatlegd market; June 283039

Figure 37: Volume of RAapacity by fuel type on outage in JUNE............uveiiiiieiieeeiiiiiiieee e 40
Figure 38: Dayghead demand trend iN JUNE............oiiiiieiiiiiiiieee e e ee e e e 41
Figure 39: Incremental demand required in RUC INJUNE..........uuuiiiiiiieeeiiei e 42

MPP/MA 4



Summer Monthly Performance Report

Figure 40: RUC infeasibilitiesS iN JUNE.........ouii e et eearaeeans 43
Figure 41: Exports reduction in RUG..... ... e e e e e enaaas 44
Figure 42: EXports reductions iN HASE ... 45
Figure 43: Daghead Bidn capacity and RUC cleared eXport...........oooooviiiiiiiiniiiiiiiee 47
Figure 44: Dayhead bidin capacity and RUGeared iImportS..........ooovviiiiiiiniiieeeiiiieee e 48
Figure 45: Breakdown of RUC CI@RSENEAUIES..........coooiiiiiiiii e 49
Figure 46: HOUrY RUC ©XPAILS........uuueeiiiiee e eeeeeiiiae e e e e e e e eeeeeittsa s s eeeeestinn s s e eeeeeaaeeessnnnaeeeeeeeees 50
Figure 47: RUC schedules for interties for hour ending.20............ooovvviiieeriieiiiiiiiiee e 51
Figure 48: IFM and RUC schedule interchange for hour ending. 20................cooeeeiiniiieiiiinnnnnn. 52
Figure 49: EXports sChedules in HASP.........oo e eeees 54
Figure 50 HASP schedules at Malin iNtertie...........ooviiiiiiiiioir e 85
Figure 51: HASP schedules at PaloVerde iNLErtie. .........ooiveiiiiieeeie e 55
Figure 52: HASP schedules at NOB INtRELE. .........covvuiii e ee e 56
Figure 53: Dazhead RA import for hour endings 17 through 21 for weekdays.......................... 57
Figure 54: Hourly volume of daphead wheel transactions by type of sethedule......................... 60
Figure 55: Hourly volume higand lowpriority wheels cleared in RUC.............ccccvviiiiimeniniiinnns 60
Figure 56: Daghead hourly profile of wheels in June.............oooo e 61
Figure 57 Hourly average volume (MWh) of wheels by path in.June....................oe 61
Figure 58: Maximum hourly volume (MW) of wheels by path in June...........ccccccooceei 62
Figure 59 Wheels cleared in rdBie Markel............cooooiiiiiiiii i e e 62
Figure 60: Bidh capacity for batteries in thdayahead market..............ccccooeoiiiiiee i 64
Figure 61: Bigh capacity for batteries in the redime market...............ccccoeeiiiiiiiieiiiii s 65
Figure 62 IFM distribution of state of charge for May and June 2023..............cccooiieeeiiiiiiinnnnnnd 65
Figure 63: Redime market distribution of state of charge for May and June 2023...................... 66
Figure 64: IFM hourly average system marginal energy price in May.2023............cooeeeeevnnnnnnn. 67
Figure 65: Hourly distribution of IFM energy awards for batteries in May and June 2023........... 67
Figure 66: Hourly distribution of retime dispatch for batteries in May and June 2023................ 68
Figure 67 Hourly average dapead storage AS awards in May and June 2023.................cceveeen. 68
Figure 68 Hourly average reahe storage AS awards in May and June 2023.............cccccoeeeeeenne. 69
Figure 69: Hourly distribution of IFM energy awards for hybrid resources in May and June.20230
Figure 70: Hourly distribution of retime dispatch for hybrid resources in May and June 2023.....70
Figure 71: Hourly average dajiead hybrid AS awards in May and June 2023...............ccccvvvn. 71
Figure 72: Hourly average rdahe hybrid AS awards in May and June 2023...............cccoevveeennn. 71
Figure 73: Daily distribution of EIM transfers for CAISQ.area.........cccoocevvvieeriiiiiieeeeiie e, 72
Figure 74: Hourly distribution of@inute EIM transfers for CAISO area.................uvvvevemeenneennnnnns 73
CAIdzNBE 7tpY /! L{hQa&a.YLN]LS{H.. 024042, . Wdzy.S....H.0.H.04
Figure 76: Redime energy and aagestion offsets in June 2023...............uuuuuuiiiimiiiiiiiiiiiaieens 74

MPP/MA 5



Summer Monthly Performance Report

Acronyms

MPP/MA

AZPS or APS Arizona Public Service

BAA
BANC
CAISO
CCA
CEC
CMR]
CPUC
DAM
DLAP
EIM
ELCC
EPE
ESP
ETC
F

FMM
HASP
HE
IEPR
IFM
IouU
IPCO
LADWP
LMP
LMPM

LPT

LSE
MSG
MW
MWh

Balancing Authority Area

Balancing Authority of Norther@alifornia
California Independent System Operator
Community Choice Aggregator
California Energy Commission
Customer Market Results Interface
California Public Utilities Commission
Day ahead market

Default LoadAggregated Point

Energy Imbalance Market

Effective Load Carrying Capacity

El Paso Electric

Energy Service Provider

Existing Transmission Contract
Fahrenheit

Fifteen Minute Market

Hour Ahead Scheduling Process

Hour Ending

Integrated Energy Policy Report
Integrated Forward Market
InvestorOwned Utility

Idaho Power Company

Los Angeles Department of Water and Power
Locational Marginal Price

Local Market Power Mitigation

Low priority export. This is a scheduling priority assigned to {rit
taker exports that do not have a ndRA supporting resource

Load Serving Entity
Multi-Stage Generator
Megawatt
Megawatthour

NEVP or NVE NV Energy



Summer Monthly Performance Report

NGR
NOB
NSI
NWMT
OASIS
OR
PACE
PACW
PGE
PNM
PRM
PSEI
PST
PTO

PTK

QC
RA
RDRR
RTM
RUC
scL
SMEC
socC
SRP
TIDC
TOR

MPP/MA

NonGeneratingResource
NevadaOregon Border

Net Scheduled Interchange
Northwestern Energy

Open Access SanrT@me Information System
Operating Reserves

PacifiCorp East

PacifiCorp West

Portland General Electric
PublicService Company of New Mexico
Planning Reserve Margin

Puget Sound Energy

Pacific Standard Time

Participating Transmission Owner

High priority assigned to a schedule. Exports are assigned this
priority when they can have a ndRAresource supporting its
export.

Quialifying Capacity

Resource Adequacy

Reliability Demand Response Resource
RealTime Market

Residual Unit Commitment

Seattle City Light

System Marginal Energy Component
State of Charge

Salt River Project

Turlock Irrigation District
Transmission Ownership Right



Summer Monthly Performance Report

1 Executive Summary

The California 1SO regularly reports on the performance of its markets to provide timely and relevant
information. Thisk & GKS FANRG Ay + aSNARSa 2F Odz&ad2YAl SR Y2
performance and system conditions during the 2023 summer months from June through September,

when system conditions are particularly constrained in California and théeWidaterconnection. These

monthly reports will also provide a performance assessment of specific market enhancements
AYLE SYSYGSR Fa LINIG 2F GKS /! L{AhQa adzYYSNJ NBIF RAYS

June 2023 Highlights

The CAISO extended the summer readin@stiative for the period of June 1, 2023 through May 31,
2024.This allows for the continued use of functionality for scheduling priorities for load, exports, and
wheekthrough transactions. There are also a series of summer 2022 enhancements that edniain
place, including enhanced retine pricing signals, management of storage resources, and resource
sufficiency evaluation enhancements.

Overall June2023temperatures came ircooler than normal. On average, the peak loads in June 2023
came at about 28,463 MW which is lower than the 34,249 MW average observed in June 2022. The
highest hourly average load in the month was observed on June 30 at 35,721 MW when CAISO area
experienced temperature8°® F abovenormal. The instantaneous load peak on JBAavas 36,111 MW.

System saw an increase in levels of hydroelectric producti@eservoir conditions for California and the
West were significantly above the historical average. Storage in major reservoirs statewide was 118
percent of average for thisrhe of the year and 86 percent of capacity overallydro production in June

2023 increased by 86 percent relative to the level observed in June 2022.

¢CKS /! L{hQa K2dz2NI& f2FR LISIF] Ay GKS Vgiglaaklev& | LILISy S
wasbelow theJune2022as well as belownonthly showings forecast of 42,373 MW used in resource
adequacy (RA) programs.

Monthly RA capacity was approximate{8,909MW and above the level of load needs, which is demand
plus operating reservesCompared to @22, RA capacity for storage resources increased by 1,555 MW
and also increased by 701 MW for static imports. Hydro RA saw an increase of 564 M\W-faredi dras

saw an increase of 1,415 MW.

1¢KAa NBLER2NI Aa GFNBSGSR Ay LINPGARAY3IA (GAYSEE@ AYyF2NNI GA:
of June. Several metrics provided in this report are preliminary and based on data still subject to change. It is also
important to note thatthe data and analysis in this report are provided for informational purposes only and should

not be considered or relied on as market advice or guidance on market participation.

2 hitps://cdec.water.ca.gov/reportapp/javareports?name=STORSUM
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/ITL{hQ&d LINAOSa aK2gSR Y2 RS NI dglbne @l yadikeiNaatBepeydning ONE a &
and towards the end of the monthThe CAISO energy prices have been generally lower than historical
prices from the same time period due to milder summer conditions and lower gas prices.

The residual unit commitment (RU@rocess was able to meet the adjusted load forecast in peak hours
for all the days in the month of JuneéSmall volume of export reductions were observed on few days for
the month of June mostly for economical Widexports.

Hourly average of net impads was about 2,892 MW for peak hours (#21) in JuneRealtime netimports
reached their minimum levels on JunevBen CAISO experienced the largest volume of exports from the
system in the month. The larger volume of exports was generally observedmtiwr peak hours.

Western EIM transfers into the CAISO area evolved more to imports towards the end of the month.

CNI YaFSNE Ayad2 /! L{hQa 6SNBE FTNRY YdzZ GALX S I NBIax
areas. Overall, EIM transfers raftehe economic and operational benefits that EIM offers to participating

entities by maximizing supply diversity.

About 92 percent of the RA imports bid at $0/MWh or lower prices in both the estyead market and
reaHtime markets. This is assessed for 8aRA imports related to CP@isdictional load serving
entities and for hours ending 17 through 21 on weekdays.

Up to 550 MW out of the 1,412 MW of registered wheels in June were used in the markihtis
represents a 9 percent utilization of the regtered wheels. A maximum 00@ MW of high priority self
schedule wheels in the deahead were scheduled from Malin to Mead230 locations. For low priority
wheels, the maximum transaction was4IMW from Malin to Paloverde locations.

Reliability demand reponse resources were not activated in the retine market in the month of June,
while proxydemand response was dispatchag to 201 MW in the dasphead market , and reliability
demand response was scheduled in the-déwgad market up to 15 MW.

Storage esources continue to increase the level of capacity provided to the marKéke bidin capacity

for energy was consistently over 4,00 for the month of June. The maximum state of charge in real
time was about 16,000 MWh while retiine dispatches reaclieabout 3,500MW. Storage resources
continue to procure a significant portion of regulation capacity.

hy F@SNF3aSs GKS /!'L{hQa RIAf& | &S NieRighesydaipNtoSti 02 &
accrued on June 29 at about $28.1 million. Thest lewels are consistent with milder summer conditions
observed in June.

MPP/MA 9



Summer Monthly Performance Report

2 Background

In midAugust 2020, a historical heat wave affected the Western United States, resulting in energy supply
shortages that required two rotating power outages in the CAISO balancing authority area (BAA) on
August 14 and 15, 2020. The heat wave extended tinodugust 19. CAISO declared Stage emergencies
for August 17 and 18 luavoided rotating outages.Over the 2020 Labor Day weekend, California
experienced another heat wave and again the CAISO avoided rotating outages.

In a joint effort, the California Publ Utilities Commission, the California Energy Commission and the
California 1SO initiated an analysis of the causes for the rotating outages. The findings were documented
in the Final Root Cause Analysis regort.

The Final Root Cause Analysis found thresgor causal factors contributing to the rotating outages of
August 14 and 15, 2020:

1. The extreme heat wave experienced in piidgust 2020 was a-ib-30 year weather event in
California and resulted in higher loads that exceeded resource adequacy andhgldargets.
This weather event extended across the Western United States, impacting loads in other
balancing areas and straining supply across the West.

2. In transitioning to a reliable, clean, and affordable resource mix, resource planning targets have
not kept pace to ensure sufficient resources that can be relied upon to meet demand for both the
gross and net load (gross peak of demand less solar and wind production) peaks.

3. Some existing practices in the daljead energy market at that time exacerbatdutketsupply
challenges under highly stressed conditions.

Effective September,52020,while still facing highoad conditionsthe CASOidentified one area of
improvement to existing market practiseegarding the treatment of export priorite-he CASOmade

an emergency business practicenualchange toaddresshis issue. The first part ¢fie change was to
use the intertie schedules derived from the scheduling run, instead of the pricing run, in the reliability unit
commitment (RUC) process to more acely reflect the feasible export schedules coming from the day
ahead market. These schedules serve as a referencetémulihg. The second part of the change was to
use the RUC schedules, instead of the integrated forward market (IFM) schedulesymidiety the day
ahead priority utilized in the redime marketfor exports being selcheduled Prior to this change, any
export cleared in the IFM market received a ddyead priority in the reaime market up to the cleared
IFM schedule. With thehange,exports cleared in the daghead market receive a daahead priority up

to the cleared schedule in the RUC procédter the implementation of the export priorities in August
2021, thepracticeof using RUC schedules as the reference for feasibleresghedules remains in place

3 California Independent System Operator, California Public Utilites Commission, and California Energy
Commission. Final Root Cause AnalysisMlidust 2020 Extreme Heat Wave. January 13, 2021
http://www.caiso.com/Documents/FinaRootCauseAnalysigVlid-August2020-ExtremeHeatWave. pdf
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Following the publication of the Final Joint Root Cause Analysi§AB®initiated an effort to identify,
discuss with market participantsnd propose enhancements across different areas of the market
practices. This afft was initiated with educational workshops to level the understanding of existing
market practices andheir implications. This was followed by the formal launch of the Market
Enhancemergfor immer2021 Radiness initiative

The summer 202Enhancements included

Load, 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 intertischedules

Addition of uncertainty component to thEIMresource 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 2021.
For the summer 2023, the following enhancements continue to be in place:

Import market incentives during tight system conditions

Realtime scarcity pricing enhancements

Reliabilitydemand response dispatch and rémhe price impacts

Additional publication of intertie schedules

Management of storage resources during tight system conditions

bS¢ RAALIE @& AYy ¢ 2R lsépmaanddériahdoaditionstsevdd dagdhe S Ol ST
advarce

o0k wDdE

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 February 18, 2022

Furthermore, CAISO has completed the @ogffort of the second phase of the Transmission service and
market scheduling priorities with the aim déeveloping a longerm, holistic, framework for establishing
scheduling priorities in the ISO markeiGiven the limited time available to develtips policy and how

soon they could be implemented to be ready for summer 2022, CAISO filed at FERC to extend the

4The policy initiative material can be foundratps://stakeholdercenter.caiso.com/Stakeholderlnitiatives/Market
enhancementdor-summer2021-readiness

5 Market notice about the symension of the net load uncertainty adder can be found at
http://www.caiso.com/Documents/UpdataVEIMResourceSufficiencyEvaluationSuspensiofNet-Load
UncertaintyAdderfrom-CapacityTestEffect021522.html
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scheduling priorities phase 1 policy for 2022 and 2023 while still working on finalizing the second phase
of the policy initiative

CAISO imphaented several additional enhancements in preparation for summer 2022; these include:

1. Enhancements to the resource sufficiency test. These include changes to the logic of the capacity
test to improve the accounting of the supply available in #eak. Ths also include the
consideration of the supply infeasibilities projected in the #ale market into the flexible
ramping test.

2. Further visibility to nofRA capacity for resources supporting exports. This includes notifications
when high priority expos schedule exceeds the n&A capacity of the supporting resource.

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

4. There were also additional transparency improvements to post on OASIS data related to load
forecast adjustments across the applicable markets, as well as export reductions in the RUC and
HASP markets.

Finally, CAIS@ompleted a subsequent phases of the resource sufficiency evaluation process and energy
storage resources. These items were effective as of July 1 and therefore were not in place for the
performance assessment of the month of June. CAISO also filed asierteontinue to use the

Minimum state of charge for the summer 2023 and is currently in place.

MPP/MA 12
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3 Weather and Demand Conditions

Weather such as temperatures and hydro conditions play a key role in the variables affecting the market
and system operationsncluding hydro production, renewable production and load levels.

3.1 Temperature

Much below average and below average mean temperatures were observed across most of California and
the Southwest in June 2023 while the Pacific Northwest observed above andaioeh average mean
temperatures. This is shown in Figure 1.

Figurel: Mean temperature percentiles for June 2023

Mean Temperature Percentiles
June 2023
Ranking Period: 1895-2023

Avorzge Data Source: nClimGrid

Created: Fri Jul 07 2023 Avorsge

InFigure2 it is shown tkat there were more widespread maximum departures below normal versus above
normal. Much of California, Utah, Arizona, Colorado and Wyoming ended June with an average maximum
temperature at least 3 degrees below average while parts of Oregon, Washingabro, &hd Montana

had some maximum temperature areas above average and some areas below average. Minimum
RSLI NI dzNBE& FNRY | SN 3IS | ONRaa (GKS 6Said 6SNByQi
the southwest had below average overnight temperatunghile the Pacific Northwest has the largest
concentration of above normal overnights.

8 hitps://www.ncdc.noaa.gov/tempand-precip/usmaps/
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Figure2: Maximum and minimum CONUS temperature departures from normal for Juné 2023

Maximum Temperature Departures from Average
June 01-30, 2023

Base Period: 1991-2020

National Canters for
Envvonmental
Information

Created: Tue Jul 04 2023 Degrees Fahrenhedt Data Source: nCimGrid-Daiy

Minimum Temperature Departures from Average
June 01-30, 2023

National Centers for
Environmental
Information

Created: Tue Jul 04 2023 Degrees Fahrenheit Data Source: nClimGrid-Dally

Looking at the Desert Southwest WEIMs more closefigure3, the maximum temperature anomalies
varied across the region. Entities further west within Nevada and Arizona saw below normal temperatures

for most of the month but shifting further east inficexas, above normal temperatures were observed the
second half of the month.

7 https://www.ncdc.noaa.gov/tempand-precip/usmaps/
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Figure3: High temperature departure from normal for select Desert Southwest WEIMs

Arizona Public Service (APS) El Paso Electric
High temperature departure from normal High temperature departure from normal
June 2023 June 2023
Sun Mon Tues Wed Thurs Fri Sat Sur Mor Tues Wed Thurs Fri Sat
1 2 3 1 2 3
-9 -8 -2 -7 -6 -2
a 5 3 7 3 5 10 a 5 3 7 ] ) 10
2 3 -4 -6 -8 7 -4 3 -4 -3 -4 -2 -8 3
11 12 13 11 15 16 17 11 12 13 14 15 16 17
-8 -13 -9 -5 -6 -3 =1l 1 -2 -4 =l 0.4 2 2
18 13 20 11 22 23 2 18 13 20 21 2 23 24
2 -2 -l -2 -2 -6 -1 2 5 2 5 8 7 7
25 26 27 8 29 30 25 26 27 28 29 30
2 4 2 -0.7 -1 1 9 10 10 8 5 3
days < normal | days > normal | Deg +/- normal days <normal |days> normal |Deg +/- normal
23 7 -3 13 17 +13

Normais:
1950-2020

Normals:
1950-2020

| above normal below normal | above normal below normal

As shown irFigure4, throughout the CAISO temperatures were below normal almost every day of the
month. Most days featured highsE°F below average, but there were some days where highs dropped
as low as 225°F below average ispots. On June 6 Sacramento only hit a high &F,/ABeir coolest June
high since 2017 and on June 12 Riverside only reacHg B&ir coolest June high since 196he final

day of June was the warmest for the state, ahead of the first warm up adéheon with temperatures
across the interior reaching 180+ on June 30.

Figure4: CAISO high temperature departure from normal

California ISO (CAISO)
High temperature departure from normal
June 2023
Sun Mon Tues Wed Thurs Fri Sat
1 2 3
-8 -3 0.7
a 5 3 7 E 3 10
0.9 -9 -11 -10 6 -8 -9
11 12 12 14 15 16 17
-11 -11 -8 7 5 -3 -2
18 19 20 21 22 23 24
5 -10 -7 5 -11 -10 -8
25 26 27 28 29 30
-9 -8 -7 -7 2 3
days < normal | days = normal | Deg+/- norma
27 3 -7

Normals: |

|abcwe normal below normal 19802020

Unlike CAISO and most of the Desert Southwest, the Pacific Northwest ended June with an above average
high temperature. There were many large temperatures swings, with highs dropping upwards of 20+

8 http://xmacis.rceacis.org/
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degrees in just 2 days for many cities across the Pacific Northwest, but ultimately the hotter days were a
bit stronger and more frequent than the cooler days.

Figure5 High temperature departure from normal for select Northwestern WEIMs

Portland Gas and Electric (PGE) Seattle City Light (SCL)
High temperature departure from normal High temperature departure from normal
June 2023 June 2023
Sun Mon Tues Wed Thurs Fri Sat Sun Mon Tues Wed Thurs Fri Sat
1 2 3 1 2 3
0.2 4 8 0.3 3 4
8 9 10 4 3 10
1 -10 0.1 0.2 2 -11 -9
1s 16 17 11 16 17
2 6 -8 0 0.3 0 -12
22 23 24 13 23 24
6 7 -10 5 8 -3
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Oays <normal |days = normal | Deg +/- normal Tays <normal | days > normal |Deg /- narmal
7 23 +3 14 16 +0.1

= : Normals:
sbovenormal belownormal oo oo

Normals:
1550-2020

|abﬂvemrmal below normal

Looking at the western United States temperature records in Figure 6, there were only 83 daily maximum
temperature records which were tied or broken during the month of June and 627 daily warmest
minimum temperature records which were tied or broken. HoemrVfor the record lowest maximum
temperatures, indicating that locations observed their record coolest high temperature for a given date,
there were 690 daily lowest maximum temperature records tied broken for the west and 766 record
lowest minimum tempesiture records tied or broken. This reiterates the strength and frequency of the
cooler air that was observed across the west in June, both overnight and during the daytime.

Figure6: Highest maximum temperature records broken ed ffleft) and highest minimum temperature records tied or broken
(right) in June 2023
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9 https://www.ncdc.noaa.gov/cdaveb/datatools/records
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3.2 Hydro conditions

The majority of the western United States experienced below normal rainfall in June. This is shown in
Figure?. A lack of monsoon storms across Arizona, New Mexico and the deserts of California led to these
FNBlFa 2yfeée aSSAy3a pir» 2N fSaa 2F (KSANlifora&nd 3 S wWdz
the Pacific Northwest also had below normal rainfall. Frequent afternoon showers and storms across the
{ASNNI Qa fSIR (G2 (GKA& NBIA2Y &SSAy3a [ 06203S y2N)NIf

Figure7: The United States precipitation percefithormal for June 20213

Precipitation Percent of Average
June 01-30, 2023

Base Period; 1991-2020
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Created: Tue Jul 04 2023 Percent Data Source: nCimGrid-Daly

CKS 1 020S y2NXIE AYGSNI N} Ay | y'Rarges shawfal dn fecod) dza SR
and has also lead to drought diminishing significantly compared to this time last'yHais is shown in

Figure8. California nor any other state in the west has any areas that are in extreme or exceptional
drought, a large improvement compared to 2022. In June 2022, extreme or éwapdrought covered

32% of the west. While this is great for reservoirs and water supply, excessive rainfall throughout the
winter months can also aid in leading to longer, taller and more grasses to dry out and could lead to a
more impactful fire seasoim the Summer and Fall for the lower elevations due to larger fuel availability.

0 https://www.ncdc.noaa.gov/tempand-precip/usmaps/
11 https:/fwww.forbes.com/sites/brianbushard/2023/03/29/70@hchesof-snowsierranevadasface 2nd
showiestseasoron-record-stemmingbrutal-californiadrought/?sh=1a88ef4bccOb
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Figure8: The Western United States drought monitor for June 28, 2022 (left), compared to June 27, 2023
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In Figure9 below, the top image shows that soil moisture is above average for this time of year across
almost all of California. During the summer months litdeno precipitation is typically receivedubdue

to the well above normal snowpack that is left in the mountains and continued snowmelt and runoff, this

KFra SR G2 11020S y2NXIt az2iAf Y2AaddNB Ay WdzySo C
likely lead to a later start to theré season. At the end of June 2022, soil moisture percentiles were within

the bottom 1-10% statewide, so this is a large improvement compared to last summer.

12 hitps://droughtmonitor.unl.edu/CurrentMap/StateDroughtMonitor.aspx?West
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Figure9: The United States soil moisture for June 2023 (topXtaadoil moisture rank (bottortd
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Based on all the factors discussed above related to temperatures, precipitation, drought conditions, and
soil moisture levels, many reservoir conditions for California and the west are significantly above normal,
as shown in Figurk0. Reservoir levels amss the state are at or above historical averages for end of June,
including 12 of 17 that are at 90% or more of their capaéifihe statewide storage in major reservoirs is
currently 80% of average and 54% of capatiffhis is compared to 57% of average 39% of capacity

at the end of June 2022As of June 30, the states remaining snowpack contains 325% more water
equivalent than average, which will assist in keeping more snowmelt and runoff later into the $ason.

13 https://www.cpc.ncep.noaa.gov/products/Soilmst_Monitoring/US/Soilmst/Soilmst.shtml#
1 https://cdec.water.ca.gov/resapp/€scondMain

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

16 hitps://cdec.water.ca.gov/snowapp/sweg.action
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FigurelO:/ | €t AT2NY Al Qa
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the CAISO continues to see reduced capacity in hydro production this year. Figure 11 below shows the
historical trend of total energy produced from hydro resources, as well as renewable resources, in which

hydro production for 2022 so far has beeatively higher than in 2021. Hydro production in June 2023

was about 86 percent higher than the production observed in June 2022.

17 https://cdec.water.ca.gov/resapp/RescondMain
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Figurell: Historical trend of hydro and renewable production
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3.3 Renewable forecasts

Figures 12 and 13 below show the solar and windategad renewable forecasts compared to actual plus
adzLJLX SYSydlf RAALI GOK® {dzLJLX SYSy il f RAALI 0§OK NBTFf
NBE&a2dz2NOSQa TFT2NBOI a4l otheZ SISO t@nyeasirk tieipdidormnanBefdhefsk A & | f f
forecast that is utilized in RUC and the rsade market optimization.

Figurel3: Dayl KSF R a2t NJ F2NBOlFada F2NJ /! L{hQa I NBI
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Unusual June showers for parts of the southérh y W2 ljdzAy +FffS@ | yR { ASNN
periods of cloud cover for the deserts accompanied by the systems bringing the cooler June air led to an
increase in cloud cover for the first couple weeks of the month. This caused sorHer@garstng of solar

in the dayahead during this periodhe average errof® for the dayahead solar forecast in June 2023 was

2.60 percent. The average error observed in June 2023 is slightly higher than taleedal/solar forecast

error observed for June 2022ublower than the error observed in June 2091.

18 Accuracy error is measured with the Mean Absolute Percentage Error (MAPE); ((FéctaaifNameplate
Capacity).
19

http://mww.caiso.com/Documents/PresentaticiMarketPerformancePlanningForudun292023.pdf
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Figureld: Dayl KSI R Ay R FT2NBOlF&ada F2NJ /! L{hQa | NBI
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Figure 13 shows the dahead wind forecast compared to the actuals plus curtailments throughout the

month of June forwindyi G KS /! L{hQa a&é& afi& hedayaltesdSvind f@ré&ast id S S NN.
June was 3.55 percent. The average error observed in June 2023 is lower to-tieedalywind forecast

error observed for June 2022 and June 28121.

3.4 Demand forecasts
The CAISO pdoces load forecasts for the dayead and realime markets for all areas participating in

the CAISO markets.

A v

341/!'"L{hQ&a RSYIFIYR F2NBOI aida

The CAISO demand during the month of June 2023 continued to be very responsive to the temperature
changes observed tBrdz3 K2 dziT (G KS Y2y (iK® CAIdz2NE wmn akKz2ga 0GKS
loads included to examine forecast error. The highest hourly average June load of 35,721MW was
observed on June 30, 2023 when the CAISO footprint was ruBiegrees F above nmal for maximum

temperatures.

20 Accuracy error is measured with the Mean Absolute Percentage Error (MAPE); ((FétuajfNameplate

Capacity).
2L hitp://www.caiso.com/Documents/PresentatioMarketPerformancePlanningForudun292023. pdf
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Figurel5:Dayl KSI R RSYFIYyR F2NBOlFad F2NJ /! L{hQ&a I NBI
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Some of the larger errors seen in June were observed in the days with cooler than normal temperatures
and increased cloud covdfor example, the period dlune 5 12saw high temperatures up to 11 degrees
below normal due to increased cloud cover. The significantly below normal temperatures in addition to
the increased cloud cover results in the forecasted peak to come in Higduethe actuals, in addition to

more error during the day due to behiritie-meter solar variability.

The average accuracy error for the ggyead demand forecast in June waB5percent, while the error
for peak hours was 39 percent. The average ar observed in June 2023 was slightly higher than the

error observed in June 2021 and 2022 which was 2.0 and 1.92 percent.

3.5 Energy Conservation

During the month of June the CAISO did not issue any Flex Alerts to assist in meeting the net load peak on
tight supply conditions. Consequently, there are no energy conservation estimates to report for June.
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3.6 Demand Response

3.6.1 Market demand response

The CAISO markets consider demand response programs designed to reduce demand based on system
needs,andt@ 3 SNJ RSYIF YR NBaLRyaS LINPINIYa GKNRIAK YINJ] S
are two main market programs for demand response: economic (proxy) and emergency demand
response. These programs use sugpfye resources that can be dispatched similarconventional

generating resources.

Figure 16 shows the dispatch for proxy demand resources (PDR) in both Hadely and realime
markets. PDRs are dispatched economically in either market based on their jpites. During the
month of June, PDRRsources were consistently dispatched in both the-dagad and realime markets.
The largest volume of PDR dispatches iniea¢ occurred on June 30 at about 201 MW.

Figurel6: PDR Dispatches in dakiead and reatime market in June

Figurel7 shows the dispatches for reliability demand response resources (RDRRS) in both-#eddy
and reaftime markets. In the daphead market, these types of resources can be dispatched based on
economics. The redime market will cosider these DAM dispatches as saihedules. Therefore, these
RDRRs will be dispatched in the #ale market even when there is no energy emergency declaration.
Although most RDRRs are only deployed in the-tiead when the CAISO has declared at lea§&tAISO
Warning, some RDRRs may-ini¢zconomically into the CAISO dalyead market. In that case, any cleared
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