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1 Executive Summary

The California 1SO regulargports on the performance of its markets to provide timely and relevant
AYF2NNIOGA2YD ¢CKAA Aada GKS OGKANR Ay | aSNASa 2F Ooc
performance and system conditions during the 2023 summer months from June th®ejpgember,

when system conditions are particularly constrained in California and the Western Interconnection. These
monthly reports also provide a performance assessment of specific market enhancements implemented

Fa LINI 2F GKS L { keDréles@hdnged5SNJ NBI RAy Saa YI NJ

No emergency events nor flex alerts were called in August. The market and system operated well in
ensuring demand and uncertainties were met.

August 2023 Highlights

Overall August 2023 temperatures were cooler than normal. Average peak loads in Augustvi2®2s

at 37,819 MW which is lower than the 40,148 MW average in August 2022. The highest hourly average
load in the month was observed on August 16 at 4426when the ISO area experienced temperatures

3 degrees F above normal. This load peak was lower than the peak in Augustf 282220 MW or the
al-time peak of 52,016 on September 6, 2022

The system saw an increase in hydroelectric productiBeservoiconditions for California and the West

were significantly above the historical average. Storage in major reservoirs statewide was 118 percent of
average for this time of year and 86 percent of capacity ovérdijdro production in August 2023
increased i 63 percent relative to the level observed in August 2022.

Monthly resource adequacy capacity was 51,688V and above the level of load needs, whiaircludes
demand, operating reservesand supply and demand uncertaintiesCompared to 2022, resource
adequacy capacity for storage resources increased by 2,097 MW and also increased by 228 MW for static
imports. Hydro saw an increase of 729 MW andfgasl supply saw an increase of 486 MW.

¢ KS laveraga &eatime prices were$16.43/MWh higher thanreal-time markets throughout the
month of August, with the largest divergence occurring on August The IS@rea energy prices for
August 2023 saw larger price spreammpared to prices of August 2022, primarily driven by the prices
that materialized @ August 15 and 16.

The residual unit commitment process, which determines supply needed to meet the-alagad load
forecast as compared to supply cleared in the integrated forward market, found there was sufficient
supply to meet the adjustedCalifornia 5Oload forecast in peak hours for all days in Augu®n August
15-16, this process identified the need teduce economic and low priority sel€heduled exportsor
peak hoursThese type of exports are not back up by any specific supply capacity.

lekAa NBLRNI Aa GFNASGSR Ay LINPOARAYI GAYSER& AYyTF2NNIGAZ2Yy NB:
Several metrics provided in this report are preliminary and based on data still subject to change. It is also importEnthatno

the data and analysis in this report are provided for informational purposes only and should not be considered or retied on a

market advice or guidance on market participation.

2 https://cdec.water.ca.gov/reportapp/javareports?name=STORSUM
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Hourly average of net imports was 3,207 MW for peak hours from 17 through 21 in Audtist. ISO
experienced the largest volume of exports on August 14. The larger volume of exports generally occurred
prior to the peak hours and was driven by increasing demarie West as temperatures increased.

Towards the end of the month, WEIM transfers turned to predominant imports for the 1ISO Brsialy

for on-peak hours Overall, WEIM transfers reflect the economic and operational benefits that EIM offers
to participaing entitiesby maximizing supply diversity and transferring supply from where it was available
to where it was needed in rediime.

About 99 percent of the resource adequacy imports to the 1ISO bid at $0/MWh or lower prices in both
the day-ahead and reatime markets.This assessment is for static import related to CRidi€dictional
load serving entities.

Up to 1,602 MW of the 1,776 MW of registerduigh-priority wheel-through transactions for the month

of August bid in and cleared in the daashead market This represents a 90 percent utilization of the
registered wheels. For low priority wheels, the maximum transaction was 110 MW from Palo Verde to
Mirage locationsHo highpriority wheels were reduced in the markets ingAist.

Reliability demand responsessources wereoptimally dispatched at 270 MW in the redlme market
on August 16 after they were bid and cleared in the daljead market economicallyProxy demand
response was dispatched up to 461 MW in the-dagad market and 420 MW in the re@ahe market for
the same trade date.

Capacity offered to the ISO market by storage resources continues to incregse bidin capacity for
energy was consistently over 4,00MW for the month of August. The maximum state of charge in real
time was about 16,50MWh while realtime dispatches reached about 4,000V. This capacity helps to
meet peak conditions. Storage resources continue to procure a significant portion of regulation capacity.

hy @SN 3ISs GKS L{hQa RIAf& I @&ghst BBesentingldn Svéragd2 a i a
daily cost of $85.00/MWhThe highest daily cost accrued on August 16 at about $259.29 million. These
cost levels are consistent with the overall price increases and conditions that materializeclamill.

MPP/MP&AA 9
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2 Background

In midAugust 2020, a historical heat wave affected the Western United States, resulting in energy supply
shortages that required tworief and limitedrotating power outages in thEsObalancing authority area
(BAA) on August 14 and 15, 20Zthe heat wave extended through August T%he ISO declared
emergencies forAugust 17 and 18 huwavoidedrotating outagesOver the 2020 Labor Day weekend,
California experienced another heat wave and again 8t@avoided rotating outages.

In a joint effot, the California Public 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 regonthich foundthree mgor 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 and pléargiets.
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 exacerbated thagpply
challenges under highly stressed conditions.

Effective September ,52020, while still facing highoad conditions,the 1SOidentified one area of
improvement to existing market practiseegarding the treatment of export prioritie§.helSOmade an
emergency business practinoganualchange tcaddresshis issue. The first part tfie 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 accunateiflect the feasible export schedules coming from the-day
ahead market. These schedules serve as a referencetémging. The second part of the change was to
use the RUC schedules, instead of the integrated forward market (IFM) schedules, in detgtherday
ahead priority utilized in the redime marketfor exports being secheduled Prior to this change, any
export cleared in the IFM market received a ddyead priority in the realime 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 feasible expadgies remains in place

3 California Independent System Operator, California Public Utilities Commission, and California Energy Commission. Final Root
Cause Analysis Midlugust 2020 Extreme Heat Wave. January 13, 2024://www.caiso.com/Documents/FinaRootCause
AnalysisMid-August2020-ExtremeHeatWave.pdf

MPP/MP&AA 10
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Following the publication of the Final Joint Root Cause AnalysisS@iaitiated an effort to identify,
discuss with market participantsnd propose enhancements across different areas of the market
practices. This effortvasinitiated with educational workshops to level the understanding of existing
market practices andheir implications. This was followed by the formal launch of the Market
Enhancemergfor the immer2021 Radiness initiative

Enhancements implemented thughoutsummer2021 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 irdrtie schedules

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 2dzif 22vkncd 2NJ LINP2SOG SR

© N GOrWNE

Forsummer2023, the following enhancements continue to be in place:

Import market incentives during tight system conditions

Realtime scarcity pricing enhancements

Reliability demand response dispatch and #@ake price impacts

Additional publicaibn of intertie schedules

Management of storage resources during tight system conditions

bSé RA&LX | &atlook for pibjeckedsipyiand demandonditions seven days in
advance

o aMwNE

After the assessment of the performance of the capacity test, the modment to include the uncertainty
requirement in the capacity test was disabled from the production system effective February 18, 2022

Furthermore the ISOhas completed the policy effort of the second phase of the Transmission service and
market scheduling priorities with the aim developing a longerm, holistic, framework for establishing
scheduling priorities in the ISO markeGiven the limited tine available to develop this polickgOfiled

and FERC approvealextend the scheduling priorities phase 1 policy for 2022 and 2023 while still working
on finalizing the second phase of the policy initiatifeERC is currently considering 8@ a  LsiNdBrLJ2

a more durable framework, which is expected to be in effect spring

4 The policy initiative material can be found dittps://stakeholdercenter.caiso.com/Stakeholderlnitiatives/Market
enhancementgor-summer202Lreadiness

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

6 Seenttp://www.caiso.com/Documents/Jul2023-TariffAmendmemniwWheelingThrougiER232510.PDF
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ThelSOimplemented several additional enhancements in preparatiorsfonmer2022These include:

1.

Enhancements to the resource sufficiency test. réheere changes to the logicfdhe capacity

test to improve the accounting of the supply available in t@mk. This also includethe
consideration of the supply infeasibilities projected in the #@ale market into the flexible
ramping test.

Further visibilityof non-RA capacityor resources supporting exports. This includes notifications
when high priority exports scheduexceed the nofRA capacity of the supporting resousce
Enhancements to ensure variable energy resources (VER) supportingribigly exports are
based orthe most recent forecast ahead of the re¢ahe market Therefore, when the forecast
changes, the exports needs to bid accordingly.

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

ThelSO also filed an extensitm continue to use thanminimum state of charge for summer 2028dit

is currently in placerinally the ISO completedigsequentenhancement®f theenergy storage resources
initiative to require resources tdnavebid in the opposite direction to cover at leads percent oftheir
ancillary service awards the real time Also,effective July the ISO implementedne more phasef
the resourcesufficiency evaluation procesmcluding

M

Implementation of the Assistance Energy Transfer process that allows entities in the WEIM to OPT
in for energy during test failures

Exclusion of the low priority exports from tH8Oarea obligation in the resaue sufficiency
evaluation process, and

Rules for low priority exports to be taggedkism Provisional Energy &)

MPP/MP&AA 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 marke
and system operations, including hydro production, renewable production and load levels.

3.1 Temperature

Below average, near average,above averagemuch above average and record warmaskan
temperatures were observed acroge western United States tbhughoutAugust This is shown in Figure

1’. The last time California had near or below average August temperatures was in 2018; however there
were areas of theobuthwest with below or near average temperatures during August 2022 and parts of
the north central US with below or near average temperatures in August 2021.

Figurel: Mean temperature percentiles férugust2023

Mean Temperature Percentiles
August 2023
Ranking Period: 1895-2023

Created: Thu Sep 07 2023 Average Avorage Data Source: nClimGrid

Figure 28 shows that warmer minimum temperatures were more widespreadthan maximum
temperatures There was even a small area of Californizere the average maximum temperature for
Augustwas below aveage. The Desert Southwest and Pacific Northwessaw the most widespread

7 https://www.ncdc.noaa.gov/temgand-precip/usmaps/
8 https://www.ncdc.noaa.gov/tempand-precip/usmaps/
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maximum and minimuntemperature departuresin some areas théugustmean maximum temperature
was6-9 degreesabove average.

Figure2: Maximum and minimum CONUS temperature departures from normAbigust2023

Maximum Temperature Departures from Average
August 2023
Average Period: 20" Century

National Centers for
Environmental
Information

Created: Thu Sep 07 2023 Degrees Fahrenheit Data Source: nClimGrid

Minimum Temperature Departures from Average
August 2023
Average Period: 20" Century

U

National Centers fo
Enviconmental
Information
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Looking atthe areas of twoDesert SouthwesWEIM entities more closely inFigure3, the maximum
temperature anomalies varied across the regi@alt River Project (SRP) and El Paso ElectricH&PE)
above normal temperatured5 days of the month.For SRP and other Arizoeatities, the hottest period
of the month was tle end, while El Paso h#s hottest stretch at the beginning of Augustloud cover
and cooler air fromhurricane Hilary led to a large drop in temperatures arodngdjust19-21 for WEIM
entities farther westwhile areas drther eastsawimpacts a few daykter. Despite theséew cool days,
Phoenix, AZ haits hottest summer on recordvith a mean daily average temperature from Junaugust
31of 97degreed-. Thabeatthe previous record of 96.degreesset in 2020

Figure3: High temperature departure from normal for sel@ssert SYWWEIMs

Salt River Project (SRP) El Paso Electric (EPE)
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1830-2020

As shown in Figure 4, high temperatures through@®fluctuated from below normatio above normal
every few days throughout the month of August. The largest departures from normad whistch of
below normal conditions from the 19to the 22 due to the impacts from hurricane Hilafpuring this

time, some locationgxperiencedhigh temperaturesas much a0 degrees below their normal mid
August values.
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Figure4. ISOhigh temperature departure from normal

In the Pacific Northwestemperature departurs for August varied for locations closer to the coast and
areasfarther inland. Portland Gas and Electric (PGE) and Seattle City LightdS&tgmple sawwell-

California ISO (CAISO)
High temperature departure from normal
August 2023
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above nemal temperaturesn their service territorie$rom August 1316. Record breakingemperatures
across the area during thisne included highsabove 100 degreem Portland andabove90 degreesin

Seattle
Figure5 High temperature departure from normal for select Northwestern WEIMs
Portland Gas and Electric (PGE) NorthWestern Energy (NWMT)
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Looking at western 1$.temperature records in Figure’ 6there were1,314 daily warmest maximum
temperature recordghat were tied or brokernn Augustand 2,345 daily warmest minimum temperature
records tied or brokenCompared to Julyhts is approximately 1,00@wer daily maximum records tied

or broken comparedut 300 more daily minimum recordsetl or broken There were also 1,011 daily
coolest maximum temgrature records set or broken, which speaks to the strength of both the hot and
cool air that passed through th&est during August at varying times

Figure6: Temperature records broken or tiédr maximuns (left) and minimurs (right)

P EN e g

Vancouver
o N

3.2 Hydro conditions

Nearly albf the western United States experiencailovenormal rainfall inAugust This is shown iRigure

7'°. Hurricane Hilary brought widespread heavy rain and flooding across California and Nevada August 19
21with remnant moisture bringing rain to many other locations acrosdMest Many areas ofouthern
California broke daily rainfatiecordsfor August 28 and summertime daily record rainfafor June
through August Paimdale setn all-time daily rainfallrecord on August 20Most parts of Southern
California saw2,0005,000% of their average August rainfaith Sandberg, CA observioger 13,000%

of average August rainfall Hurricane Hilary also brought the firgver hurricane and tropical storm
warnings issued for California, with the strongest wind gust of 84 mph observed at Big Black Mountain

9 https://www.ncdc.noaa.gov/cdeveb/datatools/records

0 https://www.ncdc.noaa.gov/tempand-precip/usmaps/
https://iwww.cnrfc.noaa.gov/?product=PNM&product2=QPEmonthlyPercentNormal&lat=34.425&Ing=
113.494&PNGtypelD=QPEmonthlyPercentNormal
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near San Diegdn contrast, areas not impacted by tharicane or its remnants ialifornia, Oregon,
Washington, Arizona and much of New Mexiea below normal rainfall

Figure7: The United States precipitation percent of normal&ogust2023

Precipitation Percent of Average
August 2023
Average Period: 20" Century

Created: Thu Sep 07 2023 Percent Data Source: nClimGrid

The above normal winter rain and snowfall caused the SNerzadao seeits secondargest snowfall on
record™ Thishelped to keeghe drought index lower through the first half of summandthe rainfall
from Hurricane Hilary lead to an improvementthre drought between July and August. While the drought
situationin Californiahasimprovedsince 2022, and the extéwnf extreme or exceptional drouglim the
Westalsohasimproved, there are portions of New Mexico, Washington, Montana and Oregon vthere
drought has worsened due to belemormal summer rainfallThis is shown iffigure8®3. During August,
the abnormal and exceptional drougint these areaincreasedoy 2.92 percent; however, the areas with
no drought improved by 4.30 percent.

12 https://www.forbes.com/sites/brianbushard/2023/03/29/70ihchesof-snowsierranevadasface 2nd
showiestseasoron-record-stemmingbrutal-californiadrought/?sh=1a88ef4bccOb
13 https://d roughtmonitor.unl.edu/CurrentMap/StateDroughtMonitor.aspx?West
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Figure8: The Western United States drought monitor

August 30, 2022
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In Figure9*, below, the top image shows that soil moisturesisil above average for this time of year
across almost all of Califorpiaut especiallyn Southern CaliforniaDuring the summer monthshe state
typically receivedittle-to-no precipitatiorsb dzi G K Aeénorma$ sndwPedkarld ds2continuing
snowmelt and runoffled to above normal soil moisture f&ugust The rains fromhurricane Hilary also
contributed to unusudy highsoil moisgure levels.At the end ofAugust2022 soil moisture percentiles
were within the bottom20 percentacross almost all of Californiso August 2023 having much of the
state in the top 20% of soil moisturg a large improvement compared to last summer.

Hhttps://Iwww.cpc.ncep.noaa.gov/products/Soilmst_Monitoring/US/Soilmst/Soilmst.shtml#
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Figure9: The United States soil moisture Aargust2023 (top) and the soil moisture rank (bottom)
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T
on | L ¢ = a v
- l

i N T -

o %ﬁ.‘_

g T
T

0N

SN

30

25N

120% A00E EIW

—=180-140-120-100 —-B0 -&0 -40 20 20 40 B0 &0 100 120 140 180

Soil Moisture Ranking Percentile Last day of AUG, 2023

SN Mg < v ¥ a ¥ ]
- 4 ,—F:'_,.o-'-""
P
&5 -
I"_r
¥
£0H
N
S0
il |
Ta0w T B
I |
1 = 10 o Zo 7o B0 a4 95 a9

Based on all the factors discussed above related to temperatures, precipitation, drought conditions and
soil moisture levels, many reservoir conditiongCalifornia and th&Vestwere significantly above normal

in August as shown in FigurkD'®. Reservoitevels across the state are at or above historical averages for
the end of Augustincluding 4 of the 17reservoirsareabovetheir historical average for this time of year

15 hitps://cdec.water.ca.gov/resapp/RescondMain
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The statewide storage in major reservoirs is currenilyp&rcentof average an@4 percentof capacity®.
This is compared to%percentof average and8percentof capacity at the end dkugust2022.

FigureloY / It AT 2Ny Al Q& NEpednhgd® 2088 O2y RAGA2ya | a 27
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11 shows the historical trend of total energy produced from hydnolother renewableesourcesHydro

production for 203 so far has beesignificantlyhigher than ir2021 and2022. Hydro production iugust

2023 was aboub3 percent higher than the production observedAnigust2022.Figurel2 below shows

16 hitps://cdec.water.ca.gov/reportapp/javareports?name=STORSUM
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the hourly profile of the average energy produced from hydro resources as well as solar and wind
resources foAugust2023.

Figurell: Historical trendf hydro and renewable production
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Figurel2: Hourly profile of wind, solar and hydro production Aargust
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3.3 Renewable forecasts
Figures B and X4 show the solar and wind deghead renewable forecasts compared to actphls
supplementalRA & LI 0§ OK® { dzLJLJX SYSy (Gl f RA&LI GOK NBFtaSOdGa Gf
NE &2dzZNOSQa T ashBEOThs allows théSOtR medgire the performance of the fifllel
forecast that is utilized in RUC and the reale market optimization.

Figure13: Dayahead solar forecasts fé8@ & | NB |
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While much ofAugustwas sunny, there were somgeriods of passing cloudsnd light showersn
Southern Californison August 910, which led to a redation in solar output. Theeavycloud cover and
rain caused byurricane Hilary from the 121 lead to a very large reduction in solar outpiiihe average
error'’ for the dayahead solar forecast iAugust2023 was2.87 percent. The average error observid
August2023 ishigherthan the dayahead solar forecast error observed faugust2022but lower thanin

August20211®

17 Accuracy error is measured with the Mean Absolute Percentage Error (MAPE); ((FéwetcafiNameplate Capacity).
18hitps://www.caiso.com/Documentd?resentationMarketPerformancePlanningForu8ep2#2023. pdf
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Figureld: Dayahead wind forecasts fd6Q@ a
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Figurel4 shows the dayahead wind forecast compared to the actuals plus curtailments throughout the
month of Augustfor wind inthelSaD & ae&aidSYd NS the dayEhehoanghd fSreGhsR i

Augustwas?2.86 percent. The average error observedAngust2023 is lowethan the dayahead wind
forecast error observed fohugust2022 andAugust20212°

3.4 Demand forecasts
ISOproduces load forecasts for the dajpead and realime markets for alareas participating in th&5O

markets.

341 Isaha RSYFYR F2NXBOI ai

ISOdemand duringAugustcontinued to befairly responsive to the temperature changes observed
throughout the month. Figure 3 shows the trend of thdS@Ra f 2 R @A G K2 dzi LizyLJ f 2
examine forecast error. The highesteragehourly Augustioad of44,226 MW was observed oAugust

16, when thelSOfootprint maximum temperatures werg degrees F above normal.

19 Accuracy error is measured with the Mean Absolute Percentage Error (MAPE); ((FéwetcafiNameplate Capacity).
20 hitps://www.caiso.com/Documents/PresentatiolarketPerformancePlanningForuep272023.pdf

MPP/MP&AA 24


https://www.caiso.com/Documents/Presentation-MarketPerformancePlanningForum-Sep27-2023.pdf

Summer Monthly Performance Report

Figurel5: Dayahead demand forecast fés@ a | NI |
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Some of the larger errors iAugustwere observed in thaniddle of the month when abovenormal
temperaturesoccurredfollowed by a large drop in temperatures dueHarricane Hilary. In addition to
the large temperature drop, cloud cover and rain associated Witiricane Hilary also impacted loads
and led to actual demand coming in lower than forecast for the period of Auge&t 19

The average accuracy errfar the dayahead demand forecast iAugus was2.87 percent, while the
error for peak hours wa®.57 percent. The average error Kiugust2023 was higher than the errer
observed inAugust2021 and 2022which were 1.85and 1.9 percentrespectively Hurricane Hilary

contributed to the error inceased.

3.5 Energy Conservation
During the month oAugustthe 1ISOdid 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 repaufost

3.6 Demand Bsponse

3.6.1 Market demand response
ThelSOmarkets consider demand response programs designed to reduce demand based on system needs

and trigger demand response programs through market dispatches. Is@a Y I NJ Sias> G KSNB
main market programs for demand response: economic (proxy)relbility demand response. These
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programs use suppiype participation modelghat can be dispatched similar to conventional generating
resources.

Figure 16 showshe dispatch for proxy demand resources (PDR) in both thealagd and realime
markets. PDRs are dispatched economically in either market based on their ftes. During the
months of Julyand AugustPDR resources were consistently dispatched th e dayahead and real
time markets. The largest volume of PDR dispatchéseiday-aheadtimeframeoccurred onAugust 16
at about461 MW, whereas irthe reaktime market, it was a maximum d20MW of PDR dispatchédsr

the same trade date.

Figurel6: PDR Dispatches in dafiead and reatime markets inJuly and Augus2023
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Figurel7 shows the dispatches for reliability demand response resources (RDRRS) in both-#eddy
and realtime marketdor the month ofJulyandAugust In the dayahead market, these types of resources
can be dispatched based on economics. Thetiead market will consider these DAM dispatches as self
schedules. Therefore, these RDRRs will be dispatched in thémeamarket even when there ison
energy emergencwglert declaration. Although most RDRRs are only deployed in thdinealwhen the
ISOhas declared at leasth EEA Watchsome RDRRs may {indeconomically into théSOday-ahead
market, in whichcase, any cleared RDRRs will come into thetim& market as a sechedule and be
dispatched generally at the same level of the -@dnead market award. RDRRs were dispatched in the
real time market orAugust 160 about270MW for HELO.
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Figurel7: RDRR dispatches in dalyead and reatime markets forJulyand August2023
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At the time this report was prepared, there were no estimates yet of the demand response performance.
Estimates become available abdbitee months afer the trade date based on settlement data submitted

by the scheduling coordinators and are used to measure the performance of demand response resources
relative to a baseline. TH&Owill report on their performance when the data becomes available.

3.6.2 Nonmarket resources

In recent years, variougtate programs$ave been establishetd provide grid supporturingstressed grid
conditions orextreme events These oubf-market programs mape triggered based onconditions on
the ISOBAsystem. These resotes include demandide programs not integrated into the 1ISO market,
coordinated conservation efforts, and nanarket generation authorized by California legislation.
Although ®me programs can be triggered by conditions such as Flex Alerts and EEAiegtegare IOU
demandside programs caalsobe scheduled outside dfieseconditions.

Nonmarket resources were deployed a total of 6 days in August 2023, with a maximum schedul® of 53
MW occurring onAugust 15, 2023Five of the six days whenon-market DR was utilized scheduled
resourceshetween 4053 MW. The remaining day scheduled approximately 14 MW of resourbese
were no other scheduled nemarket resource events in August 2023
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Figure 18: NoiMarket Demand Responses fangust2023
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4 Demand and Supply

4.1 Resource adequacy

ThelSOmanages the resource adequacy (RA) program established by the CPUC for its jurisdictional load
serving entities (LSEs), which include Investor Owned Utilities (I0Us), Community Choice Aggregators
(CCAsand Energy Service Providers (ESPs). Collectively, these LSEs cover about 90 [B@eat off 2 I R ®

ThelSQalso manages the RA program for several other Local Regulatory Auth(iri@ias)n the ISQR a
footprint. The RA program ensures througbntractual obligations that there is sufficient supply capacity

G2 YSSU (0KS &aeaidsSyQa ySSRa I vk respactive LRBMANd shforgeK S 3 NRA

RA program rulefor LSEsvithin their jurisdictional footprint. This includes setgmrmonthly obligations
based on an electric load forecast and planning reserve margin (RRMYyesource counting rule$he
California Energy Commissi@@ECgstimates the electric load forecast used by the CBhlCother LRAS

in respectiveRA prograra. RA capacity from both CPUC and+@&PUC jurisdictional LSEs is shown to the
ISOannually and monthly following a process established byl $t@

Through the RA program, there are three types of capacity: System, Local and Flexible. All three products

servea purpose in ensuring a reliable operation of the systBmring theevents ofSeptember 2022,
there were days withnsufficient system RA&apacityto meet the overall system demand. For system
capacity, the RA requirement ensures the contracted capdsitgufficient to cover the -In-2-year
(average) peak load plus a PRMLhis PRM is to cover the 6 percent of operating reseplas a
contingent headroom to account for high#ran-expected load forecast and resource outages.

The monthly RA showing féugust2023 was51,685MW, which is higher thaAugusti nH H Q& Y2y (i Kf

showing 0f50445MW.?? Figure1l8 compares the total monthly RA capacityAngust2022 andAugust
2023 by fuel typeln general, total RA capaciigcreased across fuel typdmtween yearsvith some
exceptions. RA capacity for storage resources increas@ddBy MW and also increased 328 MW for
static imports. Hydro RA saw an increas@28MW and gadired RA saw an increase486 MW.

Static RA imports increased fro;310 MW in August2022 to 2,537 MW in August2023% The
composition by intertie varied between years as showhigurel9. RA imports through Malidecreased
by 5 MW betweenAugust2022 andAugust2023; imports through NOB increased &MW across the
same timeframeMonthly RA capacity tends to increase as the summer progressasasgenerally on

21 The planning reserve margin is 16 percent for the CPUC jurisdictional entities in 2023 and will increase to 17 percént in 202
Other LRAs may set their own respectiPBMs. Per Decision 22-n mp X G KS /t !/ Ay ONBlF&aSR (KS
margin to 2022.5 percent for 2022 and 2028hich may be met with both RA and ndRA resources thanay not be in the
wholesale market.

22 These values are based on the monthly showings estimates available 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 plusPRM and then all credits, including DR, are deducted. The total RA 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 aa reference in this report. Also, the total RA values represented in this report include any CPM and RMR
capacity.

23 Dynamic and pseudo tie resources are grouped into the corresponding fuel type instead of the generic import group. Generic
imports are refered as Static imports in this report.
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par with quantities from 2022. Monthly static RA imports also increase as the summer progresses, with
more static imports in Augu023thanAugust 2022 These trendsra shown irFigure20 andFigure2 1.

Figurel8: RA capacity organized by fuel type
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Figure20: Monthly RA showing$wo month trend
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4.2 Pealoads

Peak loads iAugust2023wereon par with levelérom the previous montlandat timesexceeded0,000

MW. The average daily peak loaddingust2023 was37,819MW which wadower than the average daily
peak load iMAugust2022 0f40,148MW. Figure22 shows the Sminute average daily load faluly and
Augustrelative to the CEC monidthead forecast used to assess the resource adequacy requirements. The
highestinstantaneous load peak #ugust 2023vas44,226MW which occurred onAugust B, and was

below the CEC monthhead forecast of6,256MW.
<

Figure22: Daily peak load and CEC moathead forecast
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The actual load did not exceed the monthly RA showing8dgust2023 as illustrated ifrigure23. The

green line indicates nominal monthly RA showings. As discussed later in this report, the actual capacity
made available intothéS@a YI NJ S 6F O002dzy GAy3 F2NJ 2dzil 3Sa | yR
In subgquent sections, the actual RA capacity made available in the market is represented as a trend over

for the month on an hourly basis, which more accurately represents RA capacity available to meet
demand.
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Figure23: Daily peakoad, operating reserves and RA capacity
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4.3Market prices

Market prices naturally reflect supply and demand conditions; as the market supply tightens, prices rise.
Locatioral marginal prices have three components: the marginal cost of energy on the system, the
marginal cost of congestion reflecting constraints, and the marginal cost of losses. The marginal energy
component reflects the impact of supply and demand conditiomsigéstion conditions may also create

local or regional price separationsigure24 compares the daily average prices acrt8@ a Y I*NJ SiG a o
Figure25 shows average daily prices acréSER & Y | NJul$atidSAUgESRORB.

24 Default Load Aggregation Point (DLAP) prices are a good indicator of overall prices. However, congestion may create price
separation among DLAPs. The metrics presented here are based on a weighted average lpei@.afRs within thiSOarea.
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Figure24: Average daily prices across markets
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Figure26 andFigure27 show the daily and hourly distribution of dajead prices with bewhisker plots.

The whiskers represent the maximum and minimum prices in a given day or hour, while the boxes
represent the D" and 90" percentile of the prices. The red dots represent the average prices for the day
or hour. These plots better illustrate the full distribution of prices observed throughout the days and hours
of the month. The average dahead LMP iugust2023 was $5.04MWh and the maximum LMP of

$1,288.8¥IMWh occurred onAugust 162023.

Figure26: Daily distribution of IFMres
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Figure27: Hourly distribution of IFM prices
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Figure28 and Figure29 show daily and hourly diributions of fiteemminute market (FMM) prices
throughout the month. The average FMM LMRAigust2023 was $7.35MWh and the maximum LMP
of $2,000MWh occurred onAugust 16 2023.Similar to July,hite August2023 FMM prices exhibited a
larger spreadhan corresponding IFM pricgs part due to the events that unfoldeahtil the reaHtime
market
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Figure28: Daily distribution of FMM prices
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Figure29: Hourly distribution of FMM prices
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4.4 Indexprices

With a meaningful share gheIS@Q& 3ISYSNIF GA2y Tt SSG O2yaratiy3da 27

conditionscan have an impact on the electric market. Electricity prices generally track gas piiees.

30 shows the average prices (bars in @t blug, and the maximum and minimum prices (whiskers in
black), for the two main gas hubs in California, PG&E Citygate and SoCal Citygsuigust?023, next
day gas prices averagedb.$9MMBtu and $6.14MMBtu for PG&E Citygate and SoCal Citygate,
respectivelyThe maximum nextlay gas prices werés®28MMBtu and $.0.1YMMBtu for PG&E Citygate
and SoCal Citygate, respectively.

Figure30: Gas prices at the two main California hubs
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Figure31 shows daily average electricity prices from t®day-ahead market (yaxis) relative to next

day gas prices at SoCal Citygataxis) and the peak load (color gradient from blue to fed)each day

in July and August 2023 he dashed red line shows a simple linear regression applied to the dataset.
Figure32 shows the same metric using neddy gas prices at PG&E Citygate. Peak loads ranged widely
and this comparison exhibits a good degree of correlation between electricity and gas prices. In addition,
it can be observed that electricity prices generally vigeen load levels are higher.
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Average IFM Prices ($/MWh)

Average IFM Prices ($/MWh)
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Figure31: Correlation between electricity prices, SoCal Citygate gas prices and peak load level
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Figure32: Correlation between electricity prices, PG&E Citygatgdess and peak load level
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Energy trading outside thes@Qa F22 G LINAY G 2y GKS oAt FGSNIE LRgSNI

broader price trends and conditions in the West. Prices at liquid hubs likeChligdnbia (MieC) in the
north and Palo Mele (PV) in the south may reflet3Osystem conditions or vice versa. Power trades
bilaterally on both a spot market for physical netety delivery and on a forward basis for future months.

Nextday power trades in blocks fan-peak and offpeak periods?® Trading is conducted for negay
delivery and typically concludes prior to 10:00 AM P3iE. figures below show a comparison between
northern and southern hubs and their corresponding IFM LiMRhe PG&E DLAR Figure33 for the
northern region, the MidC onpeak bilateral pricggenerallytraded lower than the higheshourly IFM

LMP for the corresponding trading deyAugustHowever, dugo the block nature of the bilateral power
prices, the block price for Mi@ was generally higher than IFM LMPs for hours outside the evening ramp
period. The NP15 bilateral price traded more infrequently throughout the month, hence the sporadic
availabiity of data in the trend.

Figure34for the southern region shows a similar pattern of bilateralpmak prices at Mead, PV and SP15
trading lower tlan the highest hourly IFM LMP for the SCE DItARid-August the SCE IFM LMBgike

to exceed orpeak bilateral priceand were generally elevated above the bilateral prices throughout
August Mead and PV prices traded closely while SP15 prices tendetilower, for both orpeak and
off-peak periods.

Because bilateral prices trade in block interviigure35 and Figure36 below show a similar trend with

the correspondingSOIFM LMP averaged over the-peak or offpeak block interval. This trend attempts

to smooth out the highest peak prices and provide a similar comparison to the block nature of the bilateral
prices. Once averaged, tH8OIFM LMPs are generally lower théme corresponding bilateral prices
throughout the month.This divergence is particularly noticeable in sAiggust when bilateral prices in
both regions traded around $1,000/MWh.

25peak is typically defined as hotesding 722 on weekdays and Saturdays;-p&ak is typically defined as howesding 16 and
23-24 on weekdays and Saturdays, and heemsling 224 on Sundays and holidays.
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Price ($/MWh)
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Figure33: PG&E IFM LMe&dmpared to bilateral nortérn prices
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Figure34: SCE IFM LM@mpared to bilateral southern prices
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Figure35: Northern hub prices and PG&E IFM LMP (block average)
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Figure36: Southern hub prices al8CE IFM LMP (block average)
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Figure 3hows a yeato-date trend of orpeak future power prices traded for the 2023 summer months
of July, August and September. Price trends are captured folQvidd PV, as well as the NP15 and SP15
options that tradebilaterally. On-peak future prices have traded dynamically for summer months, spiking
in early January 2023 following the December gas price voladility declining in recent months,
particularly for September 2023 futureBrice separation can be obsedsbetween the two groups of
hubs, with MidC and PV generally trading higher than SP15 and NP15.

Figure37: Onpeak future power prices for summer 2023
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5 BidIn Supply

Thelsaa YI NJ Sda NBte 2y adzZlJi e YIRS F@FAfFofS FNRBY
various technologies and imports. Supply capacity is bid into the market with three components: startup
costs, minimum load costs and incremental energy cddis. bidin capacity is adjusted for any outages

and derates on an hourly basis to reflect the actual available supply. That availaliiehjhcity is then
O2yaARSNBR Ay GKS YINJSG 2LWGAYATEFGAZY Ff 263 6AGK
In addition to supply capacity from RA resources, the market also considerssagply from above RA
resources. This supply does not have an RA obligation but economically and voluntarily participates in the
ISAha YINJ] Sdao . I a8K themnarket WilSoptinditp deterinineSiie leasost dispatch

of all resources to meet the bith demand in IFM or the load forecast in RUC. It is not undsuabove

RA capacityo be dispatched before all the RA capacity is exhausted since resdispzgches are based

entirely on prices and resource characteristics and system conditions, and there is ho merit order based

on whethersupply isRA or not.

Ly GKS w! LINPINIYZI GKSNB | NB OSNII Ay | dadwardsT A S N&
meeting the RA requirements. The CRU@ other LRAsstablishQualifying Capacity (QCalculations

which are generallypbased on what a resource can produce during peak load hours. For conventional
resources such as gas and hydro, the QC valbased on maximummotential output of the resource. For

wind and solar resources, the QC values are based on a statistical methodology known as effective load
carrying capability (ELCC). This approach will estimate QC values for wind and solar digiétamt

their maximum output. Resources are then assessed for deliverability to determine their net qualifying
capacity, which is ultimately what is used to determine their RA capacity.

5.1 Supply and RA Capacity

Since the summer 2020 events, theOhas keen tracking whether RA capacity available in I8&R a
markets could be sufficient to meet the needs of both load and operating reserves. To assess this
condition, all supply capacity is classified accordingly relative to its monthly RA value. Forchoyseiar
resource that has any RA capacity assigned in the month, the entire supply available in the market from
that resource is considered RA. For instance, if a solar or wind resource has a supply available in the day
ahead market for 100 MW in a givéaour and its RA capacity is 30 MW, the full 100 MW are considered

RA capacity. For any other type of resource such as gas, hydro or imports, RA capacity is determined up
to the RA monthly value; any capacity above the RA value is considered or above RA.

Figure38 shows the breakdown of the deghead supply capacfyas RA capacity and above RA capacity.
The purple line represents the dajead load forecast plus the capacity required to meet operating
reserves (OR), which is typically about 6 percent of the load value. The dashekdowsthe adjusted

26 This capacitys assessed based on the supply bid in the market and reflects any outages or derates of resources as long as they
are known and recorded before the market is run.
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load forecastplus ORplus highpriority export sefschedules It represents the overall need to be met
in the dayahead market
Figure39 hassimilar convention fothe same capacitipreakdown,but the comparison is relative to the

net load (gross load minus VER forecast). Since this figure represents net load, the supply side is also
reduced by subtracting all VER contributions. Tracking théadole capacity for the net load peak hour is

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

Figure38: Supply capacity available relative to load forecast in theatesad market
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Figure39: Supply capacity available relative to net load forecast in theadteead market
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In August, both th@rossload andthe net load peaked oAugust 16n the day market Fa instances in

which the load needs exceed the available RA capacity, the market will utilize any other above RA available
capacity. For the month oAugust aboveRA capacity was consistently available into the markiéie

supply available in the marketas sufficient to cover the load forecast, and also the load forecast plus

the RUC adjustments.
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Figure41 Dayahead sipplycapacity availablend net load forecasfor August 15 17
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5.2 Unavailable RA capacity

Generating units can face operating conditions that require them to be deratéal le offline. ThelSO

tracks these outages through the outage system and thegedaare reflected in theesourcecapacity

made available in the market. The markeinsidersthe outagesand derates tampose these limitations

on the units, making them unavailable or derating their capacity accordingly. Some outages may be
planned while others may be forcedrigure42 provides the trend of RA capacity by fuel type on outage
during the month ofluly andAugust It shows that the capacity on outage decreased over the month. On
average, the average daily capacity on outage is abbb W .

Figure42: Volume of RA capacity by fuel type on outagéuiy and August
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5.3 Demand and supply cleared in the markets

The dayahead market is composed of three different passes: local market power mitigation (LMPM), IFM
and RUC. Each dfese market runs has a purpose and each of them is solved based on-a cost
minimization optimization problem. The first pass of the -@dngad market, LMPM, identifies structural
conditions for the potential exercise of local market power enabled by trassor constraints. The
outcome is the identification of uncompetitive constraints and potentially results in the mitigation of
specific resource bids. These mitigated bids are then used, together with the rest-afitigated bids,

in the IFM process toodve the financially binding market where bBiddemand is cleared against bid
supply. This IFM clears both physical and convergence bid supply agaimstibrdand, convergence bid
demand and exports, and produces awards and prices that are fingrioiatling for all resources. The
RUC process uses the IFM solution as a starting point to further refine the supply schedules that can meet
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the dayahead load forecast. Operators may adjust the-dhagad forecast to factor in other foreseeable
conditions sich as load and renewable uncertainty. The RUC process will clear supply against the final
adjusted load forecasEigured3 compares the IFM schedules for physical resources versus thaheayl

load forecast and the adjusted load forecast eventually used in the RUC proceasidadyoad forecast

varied through the monthwith relatively mild levels, with the exception ofetspike observed on August

16. Since RUC adjustments were used consistently, the adjusted load forecast used in the RUC process

followed similar trend, spiking on August 16.

Figure43: Dayahead demand trend in Buand Augus2023
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Figure37 shows the differences between the IFM schedules for physical resources versus the nominal
day-ahead load forecast. This is the additional capacity relative to the IFM solution that RUC determines
is needed to meet the daghead load forecdsEffectively, this is either the shortfall or surplus capacity
from IFM that RUC has to meet. The delta is driven by the difference between cleatieddbitand and

the load forecast, as well as any displacement driven by convergence bids. The dreaigithe RUC
adjustment to the dayahead load forecast. In cases when RUC is infeasible, some of this additional
capacity will not be met. As loads increase towards the end of the month, RUC has to clear additional
supply to meet the dayphead forecastwhile RUC adjustments done by operatamdd to this

requirement.
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Figure44: Incremental demandequiredin RUC idulyand Augus2023
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The RUC forecast adjustmentgigided byhistorical uncertaintyof load wind and solarfrom the day
aheadto the real time market In some cases, there may be other factors to consider by operators to
determine the final adjustments’herewere RUC adjustments for several days for the month of didly
August ISOcontinues to assess the ogitions and the need for RUC adjustments and in lB@Qstarted
using a methodology similar to the imbalance reserves proposed for thaliegd market enhancement

as guidancéor RUC adjustments.

Since RUC clears against a load forecast which is netg@itsitive, 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 supply available. An infeasible power
balance can be in either direction. In hours with low levels of load and minimum downward capability,
RUC may observe an oversupply condition, resulting in a negative infeasibility. Conversely, in hours where
there is insufficient supply to meet the loadg@rement, RUC may have an undersupply condition,
resulting in a positive infeasibility.egative RUCinfeasibilitiesoccur because RUC can only dispatch a
resource down toits minimum loadand cannot actuallyde-commit a resource or set up additional
expats. Converselypositive RUC infeasibilts occur becausall incremental RUC bidsave been
exhaustedand RUC haseduced all the economic and LRKports®’ which leaves just the power balance

27 There are different type of exports participation. They can be based on economic bidprigiés 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
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constraint to be relaxed and reducing PTK (high priogitypports to allow RUC to cledfigure45 shows
the RUC infeasibility against two reference points: one infeasibility is relative to the final adjustealsio
in RUC, while the other is relative to the raw ddwad forecast. Theravas RUC undesupply
infeasibilities forAugust 1617. There were ovesupply infeasibilities for few daysr the monthof July

Figure45: RUGnfeasibilities injulyand Augus2023

4,000
=
=
S 4 3,000
L
o) HIE]
Z HE |
5 2,000 i
. 1,000
= 0
=
W -1,000
]
2
£
W
9 2,000
e
-3,000
=
o
£
o 4,000
S TEEEs oo
g S T 3T 3 3 3 3 3 T 3 3 5 5 5 S T Y WoWomoWowomow owouwomwmoww
o B T L T i o s T T S T S s T T s s s
i R R S N L I O e R B G e R = e =
L B B B Y ¥ I o T o AV I o Y I 4 |

—— RUC Infeasibility with load forecast =~ =eveees RUC Infeasibility with adjusted forecast

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 balance (and based on current
scheduling priorities), RUC will first reduce econoexigorts (exports bidn at a given price) and lower
priority pricetaker exports. Only when RUC has exhausted these LPT exports, PT exports may be reduced

concurrently to relaxing the power balance constréfht.
Figure46: shows the volume of hourly export reduction in the RUC process, which happened only for
economic exportaind low priority exportacross the month.

selfschedule labeled as PTK (i.e., not backed by capacity that may be committ8@lwad under its resource adequacy
program). If the market clearing process encounters constraints Swvill treat PTK exports similar to internal loads, but treats
LPT exports as recallabnd the market wilteducedLPT exports before relaxing thewer balance constraint.

28 Under the current setup 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 levedaictionsrelative to the level ofpower

balance relaxation is achieved 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. Thuallytypath export
reduction and power balance infeasibilities can be observed in an RUC solution under tight supply conditions.

MPP/MP&AA 51



Summer Monthly Performance Report

Figure46: Exports reduction in RUC
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Exports can still participate in the reahe market by rebidding relative to the DAM solution, or directly
into the reaHime market with either high or low priority, as well as with economical bids. Market
participants can sechedule exports cleared in the dafiead into the reatime market. Theschedules
cleared from the RUC procesie treated in the reatime market as having a dahead priority, which is
above thecorrespondingpriority of LPT exports submittedirectlyin the reattime market Thus, exports
cleared in the dayahead are less likely to be cut in the réiale. Participants can also submit LPT-self
schedules in the redglme market, which are more at risk ofductionsin the hourahead scheduling
process(HASP) proces$he PTK or higpriority exports can be bid in either the dajead or reatime
market and will have the same priority, which is higher than thepolerity exports. Inthe chart below

the reaktime marketissuedsignificanteductionsduring July 25 and July B@inly for low priority exports
and economical exports
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Figure47: Exports reductions in HASP
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6 Intertie Transactions

Thelsaha &a@adSYy NBtASa 2y AYLRNIAa GtKbughvarkdsht@rtes Ay (2
including Malin and NOB from the Northwest and Péodeand Mead from the Southwest. Interties are

generally grouped into static imports and exports, or dynamic and pseudo tie resources, which are
generally resourcspecific.Similar to internal supply resources, interties can participate in both the day

ahead and realime markets through bids and sed€hedules. Additionally, ths@ & Y I NJ Sda 2 FF ¢
flexibility to organize paiwise imports and expostto define whees. This transaction defines a static

import and export at given intertie scheduling poimtghich are paired into the system to ensure both

parts of the transactioswill always clear at the same levBecause Wweel transactions must be balanced

they do notadd or subtract supply to the overdbOsystem, regardless of the cleared level. However,

they utilize scheduling capacity on interties and transmission capacitd@a Ay (G SNy | f 0N y
system. All intertie transactions will compete for schedulargl transmission capacity via scheduling

priority and economic bids to utilize the scarce capacity on the transmission system.

Economic bids for imports are treated similarly to internal supply bids, while exports are treated similarly
to demand bids, ofixed load through the load forecast feeds. These bids are bounded between the bid
floor (($150/MWh) and bid cap ($1,000/MWh or $2,000/MWh). Each part of a wheel is also treated
accordingly as supply or dematmlit its net bid position is defined as therspd between its import and
export legs.

Intertie transactions also have the flexibility to sethedule. ThéSGR& Y I NJ S dziA e AT S&a |
schedules which define higher priorities than economic bids based on the attributes applicable to
resour@s. Participants with such entitlements can submit intertie -selfedules using transmission
ownership rights (TORS) or Existing Transmission Contracts (ETCs), as well as PTK and LPT.

ThelsSGRa YIF NJ SGa oAttt Of SI NI A edstoptiniza8on protkesy ia ¢ahibfit® y &  dzil
market runs. Bids and sedthedules are considered in a merit order to determine the clearing schedules,

and all resource bids and characteristics, and system conditions, are taken into account. In the upward
direction, when supply capacity is limited, imports with ssthedules clear first, followed by economic

bids from cheapest to most expensive up to the level of the market clearing price. Conversely, exports will

clear first for ETC/TORSs, then PTK exportgwed by LPT exports and lastly economic bids from most
expensive to cheapest. Wheel transactions have a higher priority in the clearing process defined as the
relative spread of penalty prices between the import and export sides.

6.1 Intertie supply

Figure48 shows the capacity from static expdyased transactions in the dahead market fodulyand
August2023 organized by types of exports. This capacity does not include export capacity associated with
wheel transactions of any type because wheels are in balance on a netdvasike export side of wheels

does not reduce supply to tH&Osupply stack.
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This figure also illustrates the clearing schedules from the RUC process with the line in purple. The RUC
schedules are used as reference instead of the IFM schedules because they are the relevant schedules for
clearing interties in the daghead market. A defined in Section 31.8 of th8Ctariff, in the dayahead

market, thelSOenforces a net physical intertie scheduling limit in the RUC process and enforces a net
physical and virtual intertie schedules limit in the IFM process of theatiegd marketThis is to ensure

that intertie schedules cleared in the dajead market are physically feasible and not encumbered by
virtual intertie schedules. Prior to May 1, 2014, t&®©enforced a net physical intertie scheduling limit in

the IFM. As a result ofits changewhere physicabased flows from the RUC process are the most reliable
reference of feasible schedules on interties, tB®operators use the RUC schedules to evaluatags
submitted in the prescheduling timeframe.

Figure48: Dayahead Bidn capacity and RUC cleared export
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The RUC schedule represents the expected delivery d#agsEhat market participants should submit in

the pre-scheduling timeframe, and not the IFM schedule. While not required to submitEiags in the
day-ahead timeframe, market participants are encouraged to do so and in such cases should base their E
tag on the RUC schedule. If notggs greater than RUC schedules magdijastedby thelSQ This applies

to all dynamic and static intée schedules.

Export bid capacity in the daahead market varies by hoand typically follows a daily profile. Abos®

percent, 26 percent, 13 percent and 1 percent of the export capacity were for economic Hi&T,
ETC/TOR and PTK, respectively. tousild load conditionsand robust level of supply the day ahead
conditionsin August there wasa high volume oexportsexcept for the heat wave events.
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Figure49: Dayahead bidin capacity and RU€eared imports
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Figure49 shows the same illustration for imports. These volumes include both static imports and dynamic
resources. Both ETC/TOR remained relativelilstthrough the month, while hourly economic imports
O2yGAydzSR (2 &aSS I KA I& KSENEdZEANPAAS NI ypOt /dzR/6 da 2N WK 3
capacity and the portion of Pmin for dynamic resources with a Pmin abbi&/' 0

Figure 50 shows the overall intertie schedules organized by type of schedule, as well as the net
interchange based on the RUC solution. The net interchange projecte@ IRWC process reached its
lowest level onJuly20 in HE 16 at abou2800 MWdue to the higher level of exports cleargdllowed

by the a net interchange 62,000 on August 14
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Figure50 illustrates the hourly net schedule interchange distribution by hour for the montbubfand
August This trend is useful to visualize the hourly profile of schedules and shows that neukeshe
reduce in midday hours when solar production comes in and start to increase as the solar production
drops offin the evening hours. It also shows two wadfined blocks 0bn- and off-peak schedules. The
lowest net interchange values are attainedmid-day hours prior to the gross peakhen solar supply is

still plentiful.
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Figure44: Hourly RUC net schedule interchange
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An area of interest since summer 2020 is the trend of exports ilSE & & & a U SWubtradtidzNS
hourly distribution of RUC schedules for exports and that the highest volume occurred during midday
hours wherthe ISADE a8 a G SY KI & .o Yérain high demandl duritay Jhdt aiernoon
hours for the month ofuly
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Figue 51: Hourly RUC exports
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Figure52 shows the intertie capacity available in the ealyead market forthe hours ending 20 to

highlight the conditions around peak time, when @@ a A48 adSY FI 0Sa (GKS KAIKSaA
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Figure52: RUC schedules for interties for hour ending 20
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This balance does not include any imports or exporsoaiated 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 éss exports), while the blue line represents the net schedule in RUC when considering only
static imports and exports.

The RUC process may schedule additional supply to meet the load forecast above what was scheduled in
the IFM. Under tight supply conditis, the RUC process may also identify that export schedules cleared

in the IFM process are not feasible, and signals to the participant that their exgyentst feasible in the
reaHime. Therefore, for interties, the RUC schedules are the relevantdsib® for assessing what is
feasible to flow into reatime, and they are what should be tagged if participants submit aatiesad tag

for their export. IFM schedules are still financially bindiFigure53 compares the net schedule cleared

in both IFM and RUC for hour ending 20 and provides the relative change of schedules between the two
processesas showrby the bars in green. These changes can hapioe any type of resources arate

not always limited to a reduction of exports. IFM schedules for exports were reduced in the RUC process
for few days in the monthof Julyand August
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Figure53: IFM and RUC schedule intercharfor hour ending 20
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Intertie positions are largely set from the dapead market. Import or exports cleared in the ddyead

may tend to sekschedule into the redime to preserve the dagmhead award. There may still be
incremental participation inhe realime market through the HASP process, which allows resources to
bid-in economically to buy back their dajead position oto procure or clear additional capacity in the
reaktime market.

Figure47: showsboth the cleared schedules in real time for interties of different groups, and the net
intertie schedules cleared, referreéd asnet scheduleinterchange. The net schedule interchangasat

its lowest valueon Juy 5 due to the highest level of exports cleared on that day prior to the evening peak.
The realtime market largely follows the trend observed in the d#yead market. On average, fduly

and Augustthe net schedule in HASP watsout 1909MW and 376 VW respectivelyacross all the hours

of the month and abou740MW and 3207 MW respectivelfor peak hours.
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Figure47: HASP cleared schedules for interties Iy dod August
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The HASP market presents an opportunityifieerties to clear through the market clearing process after
the DAM is complete. Interties cleared in the dstyead market can submit sedthedules intoeaktime.
Clearing the RUC process indicates that these exports were feasible to flow based mjabieg system
conditions in RU& Additionally, exports can participate directly in the riade market with either seif
schedules or economic bids.

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

are able to be rebid into the rediime market and be fully assessed based on-tiea¢ conditions. LPT or
economic exports cuts in the RUC process apstriikely to be cut again in HASP since they will have the
lowest priority in the presence of tight supply conditions.

Figureb4 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 rights. The groups of DA_PTK or
DA _LPT stand for daahead exports coming into reime marketas selschedules with high or low
priorities. Similar classification is followed for those high and low priority exports coming inttmeal

directly (RT_PTK and RT_LPT). ECON stands for economic exports. The group of wheels stands for all type

29 Based on these rules implemented on August 4, 2021, through the summer enhancements described earlier and now in place,
the ISOwill no longer provide exports a higher priority than load in the 4tgak, 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 ae available ahttp://www.caiso.com/Documents/Jun22021-
OrderAcceptingTariffRevisionsSubjecttoFurtherCompésBicmmerReadinesSR211790.pdf
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of wheels observed in the redime market (low or highpriority). Given the many different groups for
exports, wheels are shown in this metric explicitly. These exports are only feximesl transactions. A
granular breakdown of wheels is provided isubsequent section of wheels.

The volume of exports cleared in real time follows the pattern of loads with a fair increase idegrly
peaking ovefl0,419MW on Jly 20 and about 10,110 MW on August.l4h Juy and Augusta significant
portion of cleaed exports were those with low priority and economical bids.

Figureb4: Exports schedules in HASP
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Imports and exports were scheduled over multiple intertie scheduling poindaly with Malin Palo
Verde and NOB seeing the highest volume of transacti®igsire55 throughFigure57 illustrate the trend

of import and export schedules cleared in HASP for the top three intertie points. Although schedules in
the import direction are the predominant schedules, exports cleared at different levelbes®e tmajor
interties when supply was tight. Throughout July and around August, Bxports onMalin were higher

than imports so that the net flows on the intertie were in the export direction.

30 The breakdown of imports and exports at the system or tie level may be subject to different levels of aggregation. Fea, instan

wheels are in balance and the import side of a wheel nets out with the export side of thel.\Winere are some transactions like

TORs that behave like wheels although they are not explicit wheels in the market clearing process; i.e., the markettb@&n clear
AYLRNI Fd | @FfdzS RAFFSNBY G GKIy (K Sandteepiidsi@eimayhbt adiz8etand Sy S NI f f
needs to the system, like staralone exports, even though it is counted in the total volume of exports for a specific tie.
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Figure55 HASP schedules at Malittertie
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Figure56: HASP schedules at Pslerde intertie
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Figure57: HASP schedules at NOB intertie
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6.2 Resource adequacy imports

Imports can be used to meet Resource Adequacy (RA) requirementiegndan be resourespecific or
non-resource specific. For simplicity, this analysis reliestatic imports as a proxy for nespecific
resources. The other type of imports are dynamic or pseudo tie resources, which typically will be
resourcespecific The total amount of RA supported by static importdugwas abou2,082MW related

to LSEsnder CPUC jurisdiction.

Under RA rules, neresource specific RA imports for LSEs under CPUC jurisdiction mgsheelifile or

bid economially with pricesbetween -$150/MWh and $0/MWh at least for the availability assessment
hours. Figure58 is an approximation of the supply bid in the ealyead market bytatic RA imports
associated with LSEs under CPUC jurisdiction and for hours ending 17 through 21 of weekdays only. This
supply is organized by price range, including-sefiedulesand alsadifferentiates between RA capacity

and above RA capacity. Basedthis subset, about Bpercentof all RA import capacity bid with either
selfschedules or economic tg@t or below $0/MWh in the day ahead for June. This plot also shows the
cleared imports, which largely utilized all the fiidvolume for RA andboveRA.
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Figure58: DayAhead RA import for hour endings 17 through 21 for weekdays
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Figure 54 shows the same information for the rale market using the HASP bids. AboudtApercent
of the RA imports submitted in the retiine market were with seléchedules or bids at or below $0. Small
volumes of bids associated with RA imports bid in above their RA level wiitketfules.

Figure 54: HASP RA import for hour endinghddugh 21 for weekdays
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6.3 Wheel transactions

With the summer enhancements for exports, loads and wheeling scheduling priorities extended for
summer 2023, wheels seeking a high scheduling priority in the market equal to 1ISO load are required to
register their wheel transactions up to 45 days prior to the start of month and meet specific
requirements® If the requirements are not met and the wheel transaction is not registered, the
transaction receives a low scheduling priority.  For the monttAodust 2023, the ISOreceived
registration requestgor atotal of 1,776 MW from ten different scheduling coordinators. Table 2 shows

all the wheelthrough paths registered by scheduling coordinatSrs.

Tablel. Wheelthrough quantities registered fokugust2023

Source  Sink MW
CFEROA PVWEST 50
CFETIJ MEAD230 75
CTW230 LLL115 105
IPP SYLMAR 25
MALIN500MEAD230 425
MALIN500MCCULLOUG500 100
MALIN500PVWEST 400
MIR2 RANCHOSECO 30
NOB MEAD230 208
NOB MCCULLOUG500 150
NOB PVWEST 198
PVWEST SYLMAR 10
Total: 1776

Once these transactions are registered, they can be scheduled ifs@ea Y I NJ Sia FyR NBO
schedulingpriority. Scheduling coordinators can opt to utilize these wheels on an hourly thasigh
the month.

Figure59shows the hourly wheels cleared in the RUC process throughout the month. Wheels participating
in the dayahead market iPAugustwere ETC/TOR, highnd lowscheduling priority, peaking at about
1931MW onAugustl7, with628MW of ETCTORs1223MW of high priority and80 MW of low priority
wheels. Thee was only one economical bid with 50 MW for wheels on Julyhe. volumeof explicit
wheels associated with ETC/TOR was stable throughout the month with higher values in peak hours.

31 Market Operations Business Practice Manual, section 2.5.5 (2021).
32 Some requestfor wheels provided both Malin and NOB as possible sources. For simplicity in the aggregation, half of the split
MWs were assigned to Malin and half were assigned to NOB to split the MW quantity evenly between the two potential sources.
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Figure 56 provides an hourly breakdown of highd lowpriority wheels, with the maximum hourly
cleared RUC volumes abdl223MW of high priority wheels oAugust 17

Figure6l: Dayahead hourly profile of wheels Julyand August
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ForJuly and Augushigh priority wheels exhibit an gmeak block with largely the same MW value across
the block. Lowpriority wheels were in the market all hours of the day but exhibited a pattern for the off
and onpeak blocks as shown in Figure b&;,the submittedselfschedules were at the same MW value
for blocks of multiple hours that define gfieak (hours ending 1 through 6 and hours ending 23 through
24) and orpeak hours (hours ending 7 through hour ending 22).

Wheels are defined with a source and sink lamain thelSaR & Y I NJ Sida G2 FFOG2NJ Ay
the flows on either intertie constraints or internal transmission constraints.

Figure 58 summarizes the hourly average of wheels organized by source and sink combinations. An empty
entry reflectsthat no wheels were present for that given sowtoesink combination irAugust Source

refers to the import scheduling point while sink refers to the export scheduling point. The path with the
largest volume of wheels iugustin the dayahead market wafrom Malin to PVWEST.
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Figure62 Hourly average volume (MWh) of wheels by patAurgust

SINK
TYPE SOURCE  LL1115 MCCULLOUGS00 MEAD230 MIR2 PVWEST
LPT MNOB 47 60
PWVWEST 53
PT  MALINS00 52 200 249
NOB 145 165 39

TRCYPGAE 9

Figure63 summarizes the maximum hourly wheels cleared in any hofiugustin the dayahead market
by sourceto-sink combination. The maximum volume of wheels in a given petarredfrom Malin to
PVWest

Figure63: Maximum hourly volume (MW) of wheels by pattiumgust

SINK
TYPE SOURCE  LL1115 MCCULLOUGS500 MEAD230 MIR2 PVWEST
LPT MNOB 49 100
PVWEST 110
PT  MALINSOO 100 250 350
NOB 150 275 198

TRCYPGAE 20

Although wheels do not add or subtract capacity to the overall power balance dSthmarket, they
compete for limited scheduling and transmission cafya&elf-schedulswheels hae higher priority than
standalone imports or exportsinder the specificscenario wherthere is limited intertie capacityand
thereis no power balancafeasibilityand With limited intertie capacitymportswill be competingwith
wheels for intertie capacity Under this scenarioselfschedulewheels can clear beforestandalone
imports.

Wheels cleared in the deghead market can be carried over into the raaile market with a dayahead
priority or be directly séischeduled in HASP processgure64 shows the volume of wheels cleared
eventually in the reatime market, organized by the various types of ptiyend relative changes.
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Figure64 Wheels cleared in redlime market
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TheTORgroups represent the wheelgsssociatedvith either existing or ownetransmission rights.The
majority of TOR wheels scheduled in the @dnead market carried over to retine.

TheDAM _PTis for wheelthrough transactionsvith high priority that cleared in the daghead market
and then rebid into realtime. RT_PT is high priority that canmedirectly into reatime market. DAM_LPT
is for wheels with low priority cleared in dajead and rebid into redime. Similarly. RT_LPT is for wheels
bid in directly into real time. Econ is for economical wheels.
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7 Storage and Hybrid Resources

ThelsS@ & Y I NJ S { &Gedefatihg Rekabrcel(NGR) model to accommodate energy constrained
storage resources that can consume and produce energy. The NGR model allows storage resources to
participate in the regulation market only tw participate in bothenergy and ancillary service markets. In
August2023, there were86 storage resources actively participating in #&markets. Most storage
resources participated in both the energy and ancillary service maBkteriescan arbitrage the energy

price by consuming energy (storing charge) when prices are low, then subsequently delivering energy
(discharging) during market intervals with high prices. Each storage resource has a maximum storage
capability that reflects the lpysical ability of the resource to store energy.

The total storagdrom all the active resources participating in the market #8s199MWh. In terms of
the capacity made available to the markefsgure65 shows the bidn capacity for storage resources in
the dayahead market.

Figure65: Bidin capacity for batteries in the daahead market

The negative area represents charging while the positive area represents discharging. The overall capacity
in the marketwas roughly consistent betweekugustandJuly The bidin capacity is organized by $MWh

price ranges. There were consistent patteofi®atteries bidding to charge at negative pritesugh more
batteries were willing to charge at positive prices compared to July. Most begtevere willingto
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