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Executive Summary

On the morning of October 14, 2023, an annular solar eclipse passed owdedtern United
States, darkening large swaths of Oregon, California, Nevada, Utah, Arizona and New Mexico.

The last solar eclipse in 2017 was a total eclipse, also in the morning. In contrast, an annular

eclipse leaves a ring of light visible around thtdda OA NOf S 2F (KS Y22y ® ¢ K)
eclipse had a bigger impact than the 2017 eclipse because of large increases in solar power in

the California Indepndent System Operator (IS@ydthe Western Energy Imbalance Market

(WEIM)in the past six years.

This reportdetails thesystem and markegberformanceof the ISOand the impacts to the
WEIM, Reliability Coordinator West (RC West) and other balancing authedg (BAAS)
because ofhe loss of solar generation durirtge eclipseNotable findings include the
following.

The eclipse affected the WEIM from 8 a.m. to 11 a.m. Pacific Daylight Time (RDMss the
29LaQa F220LINAYGE 6KAOK O20SNAE YdzOK 2F GKS 2 ¢
light depending on location.

The ISO BAA experienced the eclipse in the same timeframe, with maximum impact at 9:30
a.m. The sun was obscured 68% along the Southern California coastl by 89% in Northern
California The reduction in solar radiation directly affected the outpupbbtovoltaic (PV)
generating facilities, behinthe-meter (BTM) rooftop solagndload and net load within the

ISO and WEIM areas.

¢CKS ANRGUOGK Ay &2t N ASYySNI GAz2y &aGrg@&esplarmTt SEI (
grew from 10,000 MW in 2016 16,500 MWin 2023, and behindhe-meter solar surged from

5,700 MW to 14,350 MW in the same timeframe. Among WEIM entities;sgate solar

increasedrom 866 MW in 2017 to 10,280 MW 2023, and behindhe-meter solarrose fom

738 MW to 6,458 MW.

In partnership and coordination with entities in the West, the ISO prepared for months for

the eclipse and closely monitored its effects across the regibnparticular, the ISO took
proactive measures to manage the eclipse conditions effectively. Thdsel@cadditional
procurement for regulation, charging storage resources ahead of time, additional procurement
of dayahead commitment capacity, and tighter control bands to balance the system in real
time.

The solar eclipse impacted load, solar producti@amd behindthe-meter supply. The partial
obscuration of the sun incesed load by 2,064 MW. When tleescuration subsided and output
of rooftop solar returned to normal levels, load decreassth,738MW.

MD&A/MP&AASTFOPS 9
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¢KS OKI y3aS A sfcalél $0lar genérati®during theheRlipsewas about 1,000 MW
greater than in 2017In 2017, solar production dropped from 6,392 MW at the start of the eclipse
to 2,845 MW during maximum obscuratiapa difference of 3,547 MW. On October 14, solar
generation fell from 7,731 M\Wb 3,231 MW( a differenceof 4,500 MW Solar generatiothen
returnedto full production of 9,721 MW at the end of the eclipse.

As solar production and load experienced steep changes, other supply technolagies

including gasfired plants, hydrgower, imports and storage resources offset these

changesBattery storage resources, which have increased dramatically in the 1ISO in the past
GKNBS 2SI NARX LIXLIF&@SR | NP tStradeyesodrded grdvided abgud (O K S
1,500 MWof capacityin real time. Storage resources alsopplieda significant portion of

regulation capacity.

¢CKS L{hQa YIN]J SO LSNF2NX¥YSR STFFSOGA@Ste G2 Oz2y

resourceslt managed solar production effectivelyrequiring instancesf solar curtailments to
manage the expected ramps. It awarded imports accordingbotapensate fosupply
changes Rices changd according to conditions, increasing when supply was limitecause
of the loss of solar production.

During the eclipse, the WEIM proved to be an effective mechanism to manage conditions
throughout its Western footprint by determining optimal transfers in its areas when those
transfers were needed mostOverall, WEIM transfers reflead the economic and opational
benefits that the interstate market offers to participating entities by maximizing supply
diversity and transferring supply from where it was available to where itreqsiredin reat
time. The WEIM transfersut of the ISO areaipped to 1,165 MV at maximum obscuration,
then bounced back t8,185 MWat the end of the eclipse

WEIM regions had varying eclipse impacts on renewables generation and load depending on
levels of installed gridscalesolarand BTMrooftop solar. TheDesert Southwest an@entral
regions saw the largest impacts to load, with respective differences of N@¥and 853 MW
between eclipse masmnum and posteclipse minimum.

MD&A/MP&AASTFOPS 10
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Introduction

The IShavigatedthe impacts of the annalr solar eclipseghrough coordinated effortsamongteams
within the ISOand close coordination withmarket participants and balancing authorities in the WEIM
footprint. Thsreport detailsthe impacts observed on October &dhow the measuredgescibedby the
ISO inits August 31Solar Eclipse Technicallitin assistedwith navigating the eclipsdt providesan
analysis & market performance and operational performance during the solar eclipsetev

Solar Eclipse

OnOctober 14, 202an anndar solar eclipse passl over theWestern United States

Large areas dbregon, Nevada, Utah and New Mexemeriencedhe maximumeffectsof the eclipse
Smaller areas dfalifornia and Arizonsawthe full annulareclipse other parts of the states experienced
a partial eclipseAcross the WEIMhe maximum solar obscuratiorariedfrom 6590%depending on the
distance from the path of annularitivajor solar production areasf Californiawere affected by a partial
eclipse between 8:05 a.rand 11:@ a.m.

Figue 1 showsthe path of theannulareclipseacross the United Statehe northern and southern path
limits of areas experiencingnnularityare showrbetween the red lines with yellow shadingreas outside
of the annular ling such asnost of California, experienakvarying amourd of partial eclipse based on
distancefrom the central path, which is denoted by the percentages throughout the map.

MD&A/MP&AASTFOPS 11
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Figure 1 A map of the October 14, 2023 annular eclipse path and percent obscuration across the US
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Impacts tolSOLoad and Renewables

Grid-ScaleSolar Reduction

Solar obscuration defines the solar irradiance reduction striiegearth at a given location such as a PV
solar site. As these locatiomet farther from the central pathof the eclipse the percentage of solar
obscuration lessens. PV solar site productiees reduced during the eclipse by the amount of solar
obscuraton. The solar eclipsbeganwhen the PV solasiteswere ramping up to the maximum amount
of daily productionand encd when the siteswere entering their midday peak of daily production
Productionwasreduced from the time the eclipsetarted around thesolar sites irNorthern California
As the eclipse wank the solar production retured at a much greater ramp rate than nornmfabm 9:30
a.m. to 10:20 a.mbecause the sun angé®ntinued to increase during the time the sun was obscufed.
the period d 10:20 a.m. to 11:00 a.nmsppplemental dispatch and folloispatch Operating TargddQ)
instructions sent to many of the solar resourdegpactedthe output across the fleet. This helped to
moderate the rate of solar rampirthat cameback on afteithe eclipse maximum period.

Tablel: The start, maximum, and end times of the eclipse for the differenisgate PV solar within the CAISO BAA and the
approximate reductions in output at those times

Oct.
. : _ 2023 Forecast Areg Observed Area
Eclipse SESEEN Eclipse ) Reaional Production at| Production at
Forecast Area S_tart Max E.nd Eclipse Max g .| Eclipse Mak | Eclipse Max
Time | Time | Time | Obscuration| Capacity
(am.) | (am.) | (a.m.) % of % of
MW MW MW
CAP Cap
N. San Joaquin 8:05 9:20 10:43 80% 305 12% 38 6% 18
S. San Joaquin 8:06 9:22 10:46 75% 4,355 16% 693 16% 689
Mojave 8:07 9:24 10:50 73% 4,141 20% 812 19% 767
LA Basin 8:08 9:25 10:51 72% 266 13% 34 13% 35
Coachella/Imperial
pert 8:09 9:27 10:55 72% 2,635 23% 608 17% 445
Valley
S. Nevada 8:08 9:27 10:54 81% 1,407 15% 218 11% 158
I Ri
Colorado  River g.09 | 997 | 1055 | 75% 2241 | 19% | 420 |26% | 573
Valley
Yuma 8:09 9:29 10:57 78% 1,115 18% 202 15% 172
3,023 2,857

TheMWsunF 2 NJ GKS aF NBI LINRRdzOGA 2y hréapridicion)d §RA tIE SBY | EINF &¥zO G & ¥y A
S v Rréless than the minimum area producti@md production at the eclipse end timepresented on the graph due to the
eclipse maximunandtimes varyingby each region.

MD&A/MP&AASTFOPS 13
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Using thedata fromTable 1the ISCcalculated the approximateamount of solar energy expected to be
produced onOctober 14 assuming a full sun day with no cloud$etable compares thdorecasted
eclipse impactvith the observed impactThere were some regions, such as the southern San Joaquin
Valley the Los AngeleBasin and Yuma where the forecasts at the eclipse time were very close to the
observation. Other areas such as the northern San Joaqndnthe Coachella/Imperial Valley carnn

lower than the preliminary eclipse forecast. The obserdeddacover on the eclipse day is shown below

in Figure2. For the northern San Joaquin region, cloud cover on the morning of the eclipse likely played a
role in the actuals coming in lower than the preliminary forecast. Other regions that were falhdusaw

the observations come in lower than forecast were likely due to the preliminary forecasts not
incorporating detailed weather forecasts.

Figure2: doud cover on October 14, 2023

As illustrated irFigure3, areduction of3,482 MW was observed for the period of 8:10 a.m. through the
eclipse maximum at 9:30 a.pwith a ramp rate 0f40 MW per minuteln comparison, of®ctober 19a

2Based on approximate gen at eclipse maximum time from October 14, 2022, adjusted for capacity updates between 2022
2023 then adjusted for the eclipse max percent obscuration.

3 https://ge.ssec.wisc.edu/moditoday/index.php?satellite=t1&product=true_color&date=2023_10_ 14 287
MD&A/MP&AASTFOPS 14
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recent sunny day, the average ramp rate during this pewad+109 MW per minuteFor the period of
8:05 a.m. through 8:30 a.m., although the eclipwa begun, solar generation contied to increase
because the amount of solar irradiance reaching the surfaagstil increasing due to thangle of the
sun rising in the skyBecause thisvas a partial solar eclipssolar productiorRA Ry Qi a2 L) O2 YLIX .
was reduced by 9,617 W compared to a clear sky day, reaching a minimum of 3,231 MW at 9:30 a.m.

Figure3: October 14, 2023 eclipse solar production

October 14, 2023 Eclipse Solar Production

16.000 -— 10/19 ramp avg: +1089 > 10/19 ramp avg: +8
: MW/ min h MW/ min -
14,000
Iy
12,000
— 10,000
=
=
=
=
= 8,000
T
|
@
“ +6,560 MW +6,772 MW
6,000 +131 MW /min +71 MW/ min
-3,482 MW -4,500 MW
4000 -40 MW/ /min  -82 MW/min
2,000 3,231 MW @ 9:20

0
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Time (PDT)
= Eclipse Preliminary Forecast 10/19/2023 Actual =——Eclipse Actual =——Eclipse Actual + Curtailments

As the eclipse wark the return to normal productiorcausedan averageramp-up of +131 MW per
minute for the period 0f9:30 a.m.to 10:20a.m. All ramp rates are an average MW per minute over a
given period.On a sunny day, the typical rarup during this 5@minute period is 15 MW per minute.
After 10:20 a.m., solar curtailments were present across ttstesy, limiting the ramping of the solar
output through the end of the eclipse at 11 a.m. For the full eclipse ramperiod of 9:30 a.m. to 11
a.m., the average rampp was +71 MW per minute. Oarecent full sun day, the average ramp rate
during the sam@eriod was +8 MW per minute

MD&A/MP&AASTFOPS 15
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Looking the solar observationsomparedto various forecast horizona Figure4, there was some slight
over-forecasting for the solar maximum before going into the radgun due to the eclipse. However,
the HASPFMMand RTD forecastasore accurately predictethe minimum solar generation at the eclipse
obscuration maximum around 9:30 a.ffheday-ahead forecast oveforecasted the output probably
becausethe dayahead brecastsusean hourly average, which smoat out the overall impacbf the
eclipse compared to the higheesolution forecasts. The return of solar generation after the eclipse was
also well forecast.

Figure4: Comparinghe DA, HASEEMM and RTD forecasts for the eclipse.

CAISO Grid-Scale Solar Forecasts for the Eclipse
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Temperature and Wind Impacts

Other weathetrelated effects of the eclipseare temperature and gridcale wind generatianTable 2
shows the average observeemperature reductions based on obscuration percentad@sng the eclipse
compared to the same hours on October 13 and 15, 2023

MD&A/MP&AASTFOPS 16
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Table2: Approximate potential temperature impacts during the eclipse based on maximum obscuration

Obscuration level Observedtemperature
reduction (@)

71-80% 5¢

>80% 66

A study' of the 2017 eclipse saidhat for eclipses that occur in the morning, suchttas oneon October

14, the rate of temperature decrease between the start of the eclipse and maximum obscuration was
greater than the rate of temperature increase between maximum obscuration and the end of the eclipse.
As a result, the temperature for the rest of tlday on October 14vas expected to warrmore slowly
compared to a noreclipse dayeven after the eclipsevas over leadng to a reducedmaximumdaily
temperature.

This impact was not conclusively seen across Califdnpigever While the temperatureduring the rest

of the dayon Oct. 14waslower thandaysbefore and afterthe eclipse, the rate of cooling and warming
before and after the maximum obscuratiomade itmore difficult to draw a conclusion. The temperature
data analyzed for this eclipseas haurly, whle other studiesused temperature dataon a shorter
timescale, such agne-minute data, allowing a more detailed analysis. In addition, because this eclipse
occurredin October when the sushone less directlyiemperature impactavere notas drastic athey

would beduring the summer months. Data for Sacramento, which had a solar obscuration of around 80%
is shown below ifHgure5.

4 Effect of 21 August 2017 solar eclipse on sudawel irradiance and ambiem¢mperature | International
Journal of Energy and Environmental Engineering (springer.com)
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Hgure5: Sacramento hourly observéeimperatures for October 185, 2023
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Eclipses also affectimd speed and direction, with the largest impacts closest to the path of totsliigd
speeds have decreased by approximately Bphnear the path of totalityduring prior eclipses Wind
diredions tend to rotate countexclockwise duringneclipsefrom itsstart through maximum obscuration
and clockwise from maximum obscuration to the end of the ecligsigiure6 showsthe wind speed and
direction changes across California during @wtober 14eclipse compared to a similar day.

Figure6: Average wind speed and direction for selected 10 sites

5 Effect of 21 August 2017 solar eclipse on sudawel irradiance and ambient tempetat | International
Journal of Energy and Environmental Engineering (springer.com)
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Average Wind Speed and Direction for a Select 10 Sites
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The average wind speed (sdliiges) and direction (dashelihes) for ten sites across California during the
eclipse (blue) and a similar naelipse October day (orange). The black lines denote the start and end of
the eclipse and the yellow line denotes the maximum obscuration tiffeoughout California, wind
speeds decreased by about32mph from the eclips€ &atart to maximum obscuration, but similar
decreasswereobserved on a noeclipse dayn mid-October.Wind speed remained fairly constainbm

the eclips® peakto its end. Wind direction remained steady throughout most of the eclipsaround

200 degrees, which is out of the sotgbuthwest and did not experience any countelockwise rotation
during the eclipse different from a negclipse day

CAISO Load Forecast

There ismore than14 350 MW of BTMrooftop solarcapacityin the 1SO footprint. On the eclipse day
partial obscuration of the sun redudeutput of rooftop solar and increastload by2,064MW from 8:25
a.m. t09:20 a.m,, as shown irFigure7. Asobscuration of the sun subsided and output of rooftop solar
returned to normal levels, load decreased 5,738 MW from 9:20 a.m. to 11:00 a.m.
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Figure7 CAISO DA+7 throughlZ0 loadforecasts and actuals during eclipse timeframe
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Figure8 CAISO HASP through RTD load forecasts and actuals during eclipse timeframe
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Model forecasts fothe ISO generally performed better on the rarap period for both the longer term
forecast and the redime forecasts. DA+7 and DA+1 forecasts both predittiggher loadthan the

eventualposteclipse minimum. Redilme models similarly oveiorecased during the posteclipse hour
due to the sharp lod ramping rate.

Figure9 belowshowsISOwide BTM solar forecasts and actuals throughout the eclipse day.

Figure9 CAISO BTM solar forecasts and actuals throughout eclipse day
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Table3: CAISO eclipse gross load ramping data

Total R A R M R Typical R
Start | End Load Start | Load End ot - verag.e B . e . -
(MW) (MW/min) (MW/min) (MW/min)
Ramp Up 8:15 | 9:15 19,023 21061 2,038 34 63 -34
Ramp Down| 9:15 | 1100 | 21,061 15,323 -5,738 -55 -137 -20

Average 15 Min| Max 15 Min | Typical 15
Start | End Load Start | Load End Total Ramp (%) 9 yp

Ramp (%) Ramp (%) Min Ramp (%)
Ramp Up 8:15 | 9:15 18,969 21,343 9.5% 2.4% 4.4% -2.5%
Ramp Down| 9:15 11.00 | 21,343 14,701 -26.9% -3.8% -9.5% -1.7%

CAISO Forecast Zone Case Study

An ISO forecast zone was selected for a case study to highlight model performance across different
demand modelingnethodologiesFigurelOshows thedayaKk S R F2 NB Ol a4 FT2NJ G4KS ¥F2
suite. CAISChase models utilize a suite of weather data to predict gross load. Direct matikte

weather data in conjunction with BTM solar data to predict gross load. Reconstituted models utilize
weather dda to predict the sum of gross load and BTM Solar. The forecasted BTM solar is then subtracted
from the predicted value, leavingresidualpredictedgross loadralue Although thedirect model failed

to identify a strong relationship between BTM solar opeas andictualloadsfor this forecast zongother

regions exhibited betterperformance from direct models Ths T 2y SQ&a NXB O2y a (A idzi SR
accurately accounted for changes in load duéorecastedBTM solamaccuracy remaining relatively high

during the eclipsgeriod. Reconstituted models generally performed well across forecast zones during

the eclipseThe publishedlay-head forecastiltimately utilized the reconstituted modedrofile as a guide

for manualadjustments durindhe eclipse period.
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Figure10 CAISO forecast zone Day Ahead model suite performance and published forecast
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Net Load

Figurell highlightsnet loadfluctuation on October 14during theeclipseperiod, andTable4 reports the

key netload ramping dataFrom 8:15 a.m. to 9:15 a.rmet load increase by 5,975MW. During tre

ramp-up period net load increase by approximatelyi00 MW per minuteon averagewith a max ramp
rate of +190 MW per minute.As the eclipsdéeganto wane net loaddropped by 12,355MW from 9:15
a.m. to11:00 a.m. During the ramgdown period net load decreasedby approximatelyl18 MW per

minute on average witta maxmum down-ramp of-267 MW per minute.
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Figurell CAISO net load impact from eclipse during ramping period
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Table4 CAISO eclipse net load ramping data
Total R A R M R Typical R
Start | End Load Start | Load End o amp veragg amp) Vax . amp| "ypica . amp
(MW) (MW/min) (MW/min) (MW/min)
Ramp Up 8:15 9:15 11,607 17,582 5975 100 190 -96
Ramp Down | 9:15 11:.00 17,582 5,227 -12,355 -118 -267 -33
Start | End Load Start| Load End Total Ramp| Average 15 Min[ Max 15 Min | Typical 15 Min
(%) Ramp (%) Ramp (%) Ramp (%)
Ramp Up 8:15 9:15 11,607 17,582 51.%% 12.9% 24.5% -11.0%
Ramp Down | 9:15 11:00 17,582 5,227 -70.3% -10.0% -22.6% -6.0%

Figure12 illustrates theeclipse ramping requirementlativeto actual rampingata for 2028. Ramp
rates for the eclipse rampp period are higher than those typically experienced in the morning but are in
line with the steeper ramps experiemtduring2023evening peakdfkamprates in the ramgdown period

are steeper than those experienced date in 2023. The minimum ramp rate during the raggwn
period of-267 MWper minuteexceeds the minimum in 2023 by approximately 100 lg&¥ minute.

%Includes 18min net load data from Jarf2023¢ Aug 17" 2023
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Figurel2 Eclipse net load ramp rates compared to 2023 actual ramp rates

400
2023 October Eclipse
300 4 — 2023 Actual Net Load Avg
2023 Actual Net Load Min-Max

[

5 200+

£

=

%“ 100 +

= L

o 0- F__,‘,_/\-w AT -

£ = \ —T\7 s

m /‘/

- L\

- —-100

[§+]

S

T —200

=

—300
-400 T T T T T
=] =] = =] =]
(=] (=] o (=] (=]
=} =} = =} =}
[a=] [a=] = [a=] [a=]
S I S I S
(=] [==] — — ™~
= = = = =
- - - - -
(=] (=] CI) (=] (=]
— — — — —
I I e I I
™~ ™~ (] ™~ ™~
(=) (=) (=] (=) (=)
(o] (o] ('] (o] (o]
Time

Impacts to WEIM Load and Renewables

WEIM Grid Connected and Rooftop Solar

The WEIM footprint includes 22 participants and 21 balancing authority areas. Most WEIM participants
submit forecasts for their renewables generation through their danecastserviceproviders (FSPs). The
CAISO serves as the rtiate load forecast serge provider for most WEIM entities . The CAISO receives
estimates of installed rooftop BTM solar for leaerving WEIM entities. WEIM BTM capacity estimates
are provided to a thirgparty vendorwhich generates a BTM solar forecast that the CAISO caporate

into its load forecasting process.

Table 5 shows the approximate estimates of grithnected and rooftop BTM solar for each WEIM entity.
Also included is a mapping of each WEIM entity to a broader geographic WEIM region. Theegdii
were impaded at various times as the eclipse passed throughWhest. Figure 13howsthe impact of
each WEIM regional aggregate gcohnected solar for the eclipse day compared to a recentrakg
day. Cloudy skies across much of the Pacific Northwest and péattse central region contributed to
lower output during the eclipse maximum and after the eclipse end for the Pacific Northwest.
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Figurel3 The WEIM grigtconnected solar impacts on the eclipse day compared to a recent cladaysky
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The WEIM rooftop solar impacts, as well as the-dagad and reatime forecastsare shown in

Figure 14.
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Figurel4 WEIM regional BTM solar forecasts and BTM solar actuals
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Table5: WEIMgrid connected and rooftop BTM solar capacity

Approx Grid Connected Solal Approx Rooftop BTM Sola
Region (MW) (MW)
California 1,561 953
Balancing Area of Northern CA (BANC) 407 335
Los Angeles Department of Water and Poy
(LADWP) 1,154 564
Turlocklrrigation District (TID) 55
Central 4,807 1,453
Idaho Power Company (IPCO) 473 116
Northwestern Energy (NWMT) 178 38
NV Energy (E\WP) 2,471 835
PacifiCorp East (PACE) 1,685 464
Desert Southwest 2,851 3,402
Arizona Public Service (AZPS) 794 1,761
El Paso Electric Company (EPE) 285 170
Public Service Company of New Mex
(PNM) 841 340
Salt River Project (SRP) 436 497
Tucson Electric Power (TEPC) 428 503
WAPA Desert Southwest Region (WALC) | 67 130
Pacifc Northwest 1,061 650
Avangrid (AVRN) 522
Avista (AVA) 20 21
Bonneville Power Authority (BPA) 138 88
PacifiCorp West (PACW) 381 173
Portland General Electric (PGE) 161
Puget Sound Energy (PSE) 149
Seattle City Light (SCL) 44
Tacoma Power (TPWR) 15
WEIM Totals 10,280 6,458
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WEIMLoad Forecast

Eclipse impacts on WEIMads varied with proximity to the eclipse path and levels of installBd@M
rooftop solar. Generally eclipse impactsvere more pronounced in regions with higher levels of BTM
capacity relative to native load.

Eclipse impacts by region are shownFigure15” The Desert Southwesegion showed the greatest
eclipse impacwith morning load increasing, 172 MW (12.9% relative teeclipse start load)lhe Central
WEIM regiorshowed a load increase of 592 MW (+5.2%), trednon-CAISO California WEIM region
showed a load increase of 357 MW (+9.0%).

The Desert Southwest similarly showed the largest impact from eclipse maximum teglipse
minimum with load decreasing 1,273WI(-12.4% relative to eclipse maximum load). The Central WEIM
region showed loadiecreasing353 MW (7.1%), and noiCAISO Califmia WEIM region showelbad
decreasindl89 MW (4.4%).

" CAISO loads are not included in this graphic
MD&A/MP&AASTFOPS 29



October 2023 Solar EclipBeport

Load (MW)

Load (MW)

5250 A
5000 +
4750
4500
4250
4000 1%
3750

3500 A

12500 ~
12000
11500 ~

11000

Figurel5 WEIM regional Day Ahead foreca®t] 20 forecast, and load actuals

NON-CAISO CA
— DA+1
— T-120
— Actuals
T T T T T
CENTRAL

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
14-0ct

Time

MD&A/MP&AASTFOPS

&> California ISO

PNW

15500
15000
14500
14000
13500 ~
13000
12500 A

12000

DsSw

14000

13000

12000

11000

10000 A

9000

14-Oct

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00

Time



D . :
October 2023 Solar EclipReport L~ COlIFOI’nI(] 1ISO

Figurel6 WEIM regional B0 through RTD forecasts and load actuals
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Model forecasts for WEIM regions generally performed better on the ramperiod compared to the
period immediately follwing the eclipse when both realtime and longeiterm forecasts remained
elevated, particularly in th€entral and Desert Southwest regions.
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Table6 WEIM observed load and ramping data during eclipse hours

A M
WEIM . Load Start| Maximum | Maximum Total Up Ramp verage  Up ax Up
Region StartTime |-\ Time Load(MW) | (Mw) Ramp Ramp
9 (MW/min) (MW/min)
Non-CAISO
. ) 8:15 3,952 9:25 4,309 357 5.1 8.8
California
Pacific
Eamp Northwesf
P Central 8:15 11,287 9:30 11,879 592 7.9 14.1
Desert
8:15 9,069 9:30 10,241 1,172 15.6 23.7
Southwest
. Average Max Down
WEIM Maximum Load Max . End Load| Total Down
) . End Time Down Ramp | Ramp
Region Time (MW) (MW) Ramp (MW) . .
(MW/min) (MW/min)
NorCAISO | g5 4,309 10:45 4,120 -189 2.4 4.2
California
Pacific
Ramp Northwest
Down
Central 9:30 11,879 10:55 11,026 -853 -10.0 -17.6
Desert -15.0 -25.2
9:30 10,241 10:55 8,968 -1,273
Southwest

WEIM Entity Case Study

A WEIM entity was selected for a case study to highlight model performance across differeand
modelingmethodologiesFigurel7showsthe Tt 1 F2 NB Ol 4G T2 NJ (A& d@scussedim Q &
the CAISQorecastzone casestudy, above, base models utilize a suite of weather data to predict gross
load. Direct models utilize weather data in conjunction with BTM solar data to predict gross load.
Reconstituted models utilize weather data to predict the surgrofs load and BTM Solar. The forecasted
BTM solar is then subtracted from the predicted value, leaving a residual predicted gross load kalue.
Automated Load Forecast SysteAlLF$publishedmodel seen irFigurel?, below, is a modified direct
model. The direct modehnd ALFS published modrlccessfully identified a relationship between BTM
solar changes anakctualloadsfor this entity. The reconstituted model also performed well for this WEIM
entity, outperformirg the ALFS published model on the tail end of the eclipse. This comparison supports
direct and reconstituted models as viable model methodologies to handle future eclipse scenarios.

8 Eclipse signal not strong enough in Pacific Northwest fwafile to quantify impacts.
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Figurel7 WEIM entity 760 forecast performareacross model suite
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Uncertainty Requirements

RUCAdjustments

In ome extreme situationseg. eclipses and hurricanes$yjstorical data is not available to estimate
uncertainty. For the solar eclipsehé estimation of uncertainty byhe normal mosaicmethod was
compared tothe uncertainty forecasted within the 5 minutlewest confidence band values from
renewable forecastsThe more conservative value between mosaic and lowest confidence band was
taken. Thisenhanced methodology performed welh iestimating the eclipse period with elevated
uncertainty and limited historicahformation.

Figurel18 showsResidual Unit CommitmenRUQ net-short values compared to realized uncertainty.
Here, uncertainty refers to the differences dayaheadnet load forecastto RTD binding ndbad
forecast Theadjustd estimateso RUC for the houwending(HE)9 to 11 period with the largest upward
adjustment inHEL1. Those values are shown by the solid blue line in comparison to normal requirements
estimated by the mosaic methogdhown by the dasllot green line. Ultimately, the higher requirement
wasappliedto HELO with the rationale thatit was theperiod of maxnum obscuration and resources
committed in HE10 could be extended to cover HE11. The red dashed line shows-usak@UC net
short requirements, which are switch of HE10 and HE11 values from STF recommendation.
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The gray bar columns Figurel8 show realized uncertainty and the shaded yellow region highlights the
eclipse period from 8am td2pm PDTalso described as HE9 to HE12

The upward adjushents toRUC which were used to account for weather, load, and renewable forecast
uncertainty, covereddifferences between dagheadand reaftime forecasts Though the added bias in
the hourending 9 and 10 perioexceeded realized uncertaintthe added bias in hotgnding 11 helped
bring RUC nethort close to realized uncertainty. HEL1, realizeduncertainty of 5,209 MWexceeded
the marketused RUC nethort requirement of 4,288 MWby 921 MW but fell below the original
estimation 08,153 MW by 2,944 MW.

Figurel8 RUGadjustmentsand realized uncertainty
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Regulation Requirements

Normal regulation up and down numbers, established for the month of October, were adjusted for the
eclipse day with specific adjustments made in &8 toHE12period in regulation down and theE6 to
HE14period in regulation up. IFigurel?, the dashed stepped line shows the normal regulation up and
down requirement values The dotted stepped line indicates origindbrecasting recommended

® The actuals of total regulation needed (regulation dispatcQ@dCE) are shown atrhinute granularity by the red
and blue lines, respectively, Figurel9.
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adjustments from thesolareclipsedraft report, and the solid stepped linghowsthe adjusted regulation
requirementvaluesused for October 14Between thesolar eclipse draft report and the eclipse day,
regulation requirements s& minor changes in the negative direction and major increases in the positive
direction. The eclipse adjustments, especially in the negative direction, helped cover the needed capacity
for frequency regulationHourly regulation values are shown by theegped line plot for normal
conditions (dashed line) verstisoserecommended in the solar eclipse draft report (dotted line) versus
market used (solid line JThe ACE* variability high and ACE* variability low are shown inverted as
regulation needed to copare to regulation down and regulation up procured respectively.

Figure1l9 Comparison of regulation procured to regulation needed
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where (Reg down needed = AGC Down - ACE) and (Reg up needed = AGC Up - ACE)

Hex Ramp ProdudRequirements

The flex ramp producfFRP) is meant to capture uncertainty from advisory-deehand forecasts to
binding netdemand forecasts, nameB§MM materialized uncertainty (RTD binding versi#M advisory)

and RTD materialized uncertainty (RTD binding versus RTD adUisofgllowirg four plots(Figure20to
Figure23) show the requirements held iRMM and RTD fothe ISO(CISOand the EIM area, separately.
The eclipse period frorAlE9 to HE12(a.m. to 12 p.m. PDT)is shown in a shaded yellow. Flex ramp up
(FRURBNd flex ramp dowrfFRDproducts are shown by the sdldark line in either positive or negative
uncertainty values, respectivelfiecauseFMM to RTD is a longer time horizon than RTD advisory to
binding, the uncertainty values are expectedly larger in the respeEtit#l plots compared to RTD plots.

Some elgated levels of uncertainty were observed in the eclipse period. FRP was better able to estimate
and coverupward uncertainty than downward uncertaintfFRP performance recovered following the
eclipse period so that coverage metrics for October 14 remagh bverall. Table7 and Table8 give
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coverage metrics fothe ISO and EIM BAAor Oct 14 during the eclipse period, during the day overall,
and for the preceding and following day.

Table7 Flex ranp up coverage metrics for realized uncertainty Oct 13 through 15

FRU Coverage CISO EIM Area

FMM RTD FMM RTD
Oct 14 during eclipse 1.00 0.96 0.97 0.92
(HE9S- HE12
Oct 14 1.00 0.97 0.98 0.97
Oct 13 1.00 0.98 1.00 0.99
Oct 15 0.98 0.96 0.97 0.94

Table8 Flex ramp down coverage metrics for realized uncertainty Oct 13 through 15

FRD Coverage CISO EIM Area

FMM RTD FMM RTD
Oct 14 during eclipse 0.35 0.86 051 0.80
(HES-HE12
Oct 14 0.82 0.96 0.86 0.92
Oct 13 1.00 0.98 0.96 1.00
Oct 15 0.90 0.99 0.91 0.96
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Figure20 FRP for CISEMM market
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Figure22 FRP for EIM BAA areaRNM market
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Because the solar eclipseas exceptionakvent, the data fronthe eclipse periodhas been marked for
removal from futureuncertainty calculations so that information from this event doe# mfluence
uncertainty estimations during normal conditions.

Market Performance

The first opportunity for the market to position the supply fleet for the eclipse is theattad
market, where the gross volume of energy is transacted. Theatlagd market is also the opportunity to
commit longstart resources that otherwise cannot semmitted in the reatime market. The reafime
market is the last opportunity for the market to position resources in a shorter horizon. It can also procure
additional imports and ancillary services needed. The reaime dispatch determines optimalvie-
minute dispatches. Both markets rely on a forecast for solar and wind resources. During the eclipse, when
solar generation decreases, other types of supply need to be ramped up to offset the loss of generation.
Conversely, when the solar generatiommues back and ramps to full production, other types of supply
need to be ramped down to balance the change. Which resources and how much to ramp down and up
is determined by the leastost market solution achieved through optimization, based on the economi
bids of available resources and by the physical and market limitations of the resources and the system.

Market prices

Figure24 shows a comparisoof CAISO pric&between markets for ghree-day period surroundinghe
eclipse eventlIn this chart,the specific hoursof the eclipse eventhours-ending 9 through 12are
highlighted in yellowDuring the eclipse event, CAISO market pricesare divergent thameighboring
days, with reatime market prices lower than the degheadintegrated forward marketlEM) prices.

The metrics presented here are based on an average of the Default Load Aggregation Point (DLAP) prices within
the CAISO area.

MD&A/MP&AASTFOPS 39



October 2023 Solar EclipReport L~ C0||forn|o 1ISO

Figure24 Hourly average DLAP prices by market
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On October 14, whemsolar production was about to ramp up, the increase in supply produétion
combination with low load during the eclipse, resulted in negative energy prices. In response, solar
generation was reduced through economic curtailments. By hour ending 12 psidyart had fully ramped

up toits maximum productionand prices normalized aftefards In addition Figure26 showsa similar

trend for hourly averags for WEIMLoad Aggregation Point (ELARces aggregated by geographical
locations for the RTD market.

The figures below show hourly averageAP prices for BIM entities organized by geographic region for
a three day period surrounding the eclipse pud-igure25 and Figure26 showsfifteen-minute market
prices and reatime dispatch pricesespectively with the specific hours of the eclipsgent, hoursending

9 through 12, highlighted in yellow. During the eclipse event, priceshéoCalifornia and Southwest
regions dipped below pricesdr the Pacific Northwest and Central/Mountaiegions. Tiese prices
eventuallydropped below $0/MWh during the subsequent hours.
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Figure25. Hourly average WEIM ELAP prices by geographical régitivi,
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Figure26. Hourly average WEIM ELAP prices by geographical region, RTD
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Regulation

During the eclipse, regulatiarequirementswere adjusted to better position the system to absorb the
rapid changes in the generation mix. Regulation up was increased up to 2000 MW and regulation down
was increased td 875 MW. Figure27 presents the CAISO regtibn up requirement and prices in the
day-ahead market (IFM). The eclipse event, hour ending 9 through 11, is shaded. The regulation up
requirement during the day was noticeably higher on October 14, coeapir October 13 and 15
Regulation up requiremeds and prices peaked during the eclipse houhéth the higher regulation
requirements, the day ahead market saw an increase in prices for regulation up to about $20/MWh.

Figure27 Regulation up (Ru) requirement and prices in-dagad (IFM)
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Figure 28 presents the CAISO regulation down requirement and prices in thealdegd market.

Regulation down requirements and prices from hour endin@r®ugh 12 are noticeably higher than a
typical day.
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Figure28 Regulation down (Rd) requirement and prices in thealzgad (IFM)
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The objective is to procure all the regulation requirements through theat®ad market. The rédime

market can reprocure or procure incremental regulatioRigure29 andFigure30show the regulation up

and down requirements and prices in tii@IM. On October 14, the regulation up and down prices
reached peaked right before the eclipse hours. Throughout the eclipse event, the prices remained low for
both regulation up and down.
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Figure29 Regulation up (Ru) requirement and prices in-tisaé market FMM)
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Figure30 Regulation down (Rd) requirement and prices in-tieaé market FMM)
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Figure31 and Figure32 below show the cost t@rocure regulation up and down in both dapead and
reaHime marketsfor a threeday period surrounding the eclipse event. The specific hours of the eclipse
event are highlighted in yellovidayahead regulation costs for the hours of the October 14 seligvent
(hoursending 9 through 1ptotaled approximately $55,000 across both upward and downward products.
Realtime regulation costs for the same eclipse period totaled approximately $38,000alizemd
regulation costs were more distributed across hoonger the threeday period whereas reatime
regulation costs were generally lower but spikad October 14 hour-ending 8, just prior to whetthe
eclipse event began.

Figure31l. Dayahead regulation up and down costs
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Figure33to 35show a longeterm trend of regulation costs over a tamonth span from September 1,

2023 through October 31, 2023. The day of the eclipse event is highlighted. The longer trend shows that
regulation costs on the day of the eclipse event, October 14, were somewhat higher when compared to
the surrounding days iboth markets.
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Figure32. Realtime regulation up and down costs
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Figure33. Dayahead regulation costs, September 1 through October 31
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Figure34. Realtime regulationcosts, September 1 through October 31
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Figure35. Daily regulation costs, September 1 through October 31
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Curtailments

Under certain conditions, such as oversupply and congestion, the market solution may determine the
need to cutail renewable dispatches below either the bBid maximum output or forecasted value. The
market will first reduce solar output based on the available economic bids, which reflect the willingness
to reduce output. After all the economic bids are exhaustbe market will reduce the output of those
resources that have seticheduled their output to the level of their forecagurtailments are measured

as the difference between®XB & 2 dzZNO S Qa R A andils BTO KchedizlldhdSeNthé réswukcé has
aneconomic bidThey are further classified as economical when there is a bid present @chelfules

when the resource has a saithedule.

Figure36 below shows the VERSs curtailmdndm October 1315. The curtailment on these three days
was mainly due to solar. On October 14, the solar curtailmesnearly 0 MW in HE 1during the eclipse
when the solar production was lovin HE 11 and HE 12, the solar curtailnmiaateasedvhen the solar
eclipsewaned and the solar production ramped up at faster rate than normal. Then the solar
curtailment returned to a normal leveince HE 18ompare with October 13 and 15.

Figure36 Hourly averag®ERs curtailment comparing ovbree days
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Resource performance

The dispatch operating target (DOT) values are the instructions the 1SO risatkes toresources. In
order for the system to realize that optimal outcome, it is of paramount importance that resources follow
the instructions.Requiring that W resources, including VERs such as wind and solar, follow the DOTs
allows the market to optimize # overall solution and reduce burden on regulation that may have
occurred if VER resources devidfeom the DOE.

Figure37 shows the solaDOT (RTD schedules)d actual generatioimetered generation)\When the
sola eclipse started in HE 9 on October Ite solarDOTand actual generation both were lower than
October 13 and October 15 for the same hour. In HE 10, solar prodag@aasedy about4,000 MW.
That wasmuch lowerthan the same hours o®ctober 13 ad 15 when solar production ranged between
11,000 MW and 12,000 MW. In HE 11 and HE 12, solar production started to recoviendsstill lower
than the same time period on October 13 and 15. Solar production came baclotmal level in HE 13.
During the solar eclipse, actual generatimas lower tharthe DOTsespecially in HE 9 and HE 10.

Figure38 shows the profile for solar actual production and actual load compared to the profile of VER
curtailments. During intervals in hour ending 1lwhen solar generation was ramping back to full
production, the load was reaching a low point and the market was reducing tithes ofsupply. This

led to a short period of oversupply in the market, which required VER kugais of up t05,500MW in

hour ending 11Figure39 shows the profile of solar and wind production compared to the load and net
load for October 14The solar and wind production does not include dynamic generation.
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Figure37 DOT vs actual productidar solar production
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Figure38 Solar production with curtailments i@ad for October 14
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Figure39 Comparison of Load, Net Load, Solar and Wind production for October 14
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production during the eclipse hours that are compensated by other generation fuel types filliAg in.

about 8:32a.m, as solar production began to decline, gas and hydro production as well as imports
replaced the loss of solar production. To a smaller extent batteries without ancillary service awards were

also dispatchedip. After 9:25a.m,, as solar prodction began to increase, gas, hydro and imports were
dispatched downwards to compensate for the increased in solar production. Batteries were charging
during the morning hours so that theyere ready to dischargeuring the solar eclipseAlso notable:

Wind production wasegligibleduring the solar eclipse
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Figure40 GeneratiorMix of the energy produced
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Storage Performance

On October 14, there were 83 storage resources actively participating in the ISO markets. Most storage
resources participated in both the energy and ancillary service marKétis section presents the
performance of the energy storage resourcegsOctober 14

Figure41 presents the aggregate state of chan@OCdf the storage resources in the RUC process{day
ahead) and RTD (retiine) market.It presents the comparison of the aggregate state of charge spanning
the three consecutive day3heoverallstate of charggattern on Ocbber 14 was similar to the typical
patterns observed for storage resour¢cesate of charge peaked in the afternoon hodrstween hour
ending 15 to 18State of charge was generally higher in thdR®mpared to the dgahead market.
During the eclipse houtsighlighted for hous ending 9to 11, a briefdip occurredin the trend,indicating

the depletion of state of charge to compensdia the changein solargeneration The comparison of
state of charge across the @ days shows the market was aligning the storage resour@eway to be
able to charge significantly during the morning so that theg kaough state of charge to dispatch
efficiently once the solagenerationwasramping down.
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Figure4l State of charge, RUC vs. RTD
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Figure42 compares the aggregated energy schedules for storage resources ¥tard RTMIn both
markets, the storage resources typically chardaring peak solar hours of the day, and dischdigehe
evening peak nelbad hourslt presents the comparison of the total energy schedule spanning the three
consecutive day€On October 14storage was charged in advance to prepare for the event, discharged
during the eclipse hours, and subsequently recharged for later use.
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Figure42 Energy Schedules, RUC vs. RTD
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Figured3illustrates the energy awardsif@torage with prices in the RTDhe storage resources charged
continuously through the morning peak hours, in anticipation of the eclipse elaning theeclipse

hours, the storage resources discharged as prices reached the local peak, and charged in the midday hours
after the event, when the realtime priceshad turnednegative.
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Figure43 RTD energy awards for storage resources RTDSMEC
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Figure44 shows the hourly ancillary services (AS) awards for storage resources in thhada/market.
Both upward AS (RU, SR, NR) and downward AS (RD) peaked during the eclipse hours. Storage resources
contributedwith a significant share of total regulation.

During thesolar eclipsethe storage resources received the highest upward AS awards in hour ending 10,
including 913MW regulation up and 6MW of spinning reservein the FMM. The downward AS awards
for storage resource reachetpeak of 1362 MW in hourending 11for both FMMand IFM markets
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Figure44 Dayahead (IFM) AS awards
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The majority of the AS requirements are procured through the-atagad market. Given the changing
conditions to the reatime operation, the RTM is théast opportunity to reprocure or procure
incremental ASFigure45 presents the total ancillary service awards in fale for storage resources,

showing a similar pattern to the dagphead.
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Figure45 Real TimeKMM) AS awards
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The CAISO market provides two different participation models for rHixeldresources: the ctocated
model and the hybrid modeFigure46 shows the performancef mixedfuel resources from October 13

15. Resources using the 4ocated model are shown in red and resources using the hybrid model are
shown in blue. Thapproximatetime of the eclipse is shown in light green. October 13 shows a more
typical patternfor the performance of mixeduel resources; the schedules follow the solar ramp in the
morning and have some small variations during middalyen the battery component charges from
inexpensive solaburing the solar eclipse evetite hybrid and cdocated resources reached a combined
maximum of 4,311 MW in HE 11hélcolocated resources had about 3,738 MWhereas hybrid
resources had about 573 MW in that interval.
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Figure46: Hybrid and cdocated resource performance
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The performance of mixefliel resources on October 14 differs from the typical pattern. While the
NE&2dzNOSaQ 2dziLddzi RAR NI YL dzZLJ ljdza O1fé& 6S¥2NB (GKS
began commensurate with the decreased levels of soteaidiance. As the eclipse peak passkaing

hour ending 11 the output quicklyspikedand then quickly decreased again.atlspike was due to

increased solar irradiance causing increased output from solar components. This increased output lead to

the need for the market to increase economic curtailmemtich caused the output to dip once again.

Because of the unigue configation of mixedfuel resources, some of this curtailment might have been
avoided by having the battery component charge from the increased solar output. From a more granular
review of the componenspecific performance, this appears nothave happened bewise the battery
components submitted charging bid prices near to the bid floor price of negative $150/MWh.

Flexible Ramping Product

With the redesign of Flexible Ramping Product (FRP) that was launched in Februanhiz08;tion
provides an overviewf the FRPerformanceduring the solar eclipsevhich is relevant in situations when
the system operates under tight supply conditions.
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Figure47 shows the FR(Flexible Ramp Upequirements versus procurements in the passing group in
FMM. BAAs passing the capacity and flexible ramping tests collectively benefit from a passing group to
procure FRP, leveraging BAA diversity. Those failing must individually fulfill their owreneejptis. The
market will procure uncertainty requirements at that group level while respecting the transmission and
WEIM transfer constraintsThe FRU requirements were fulfilled for all intervaler the three days

During the solar eclipse hourall WEM BAAs passeloth tests inthe upward direction andgroup FRU
requirements were fulfilled with no relaxatioRRU procurement reachedaximum of 3230W in hour

ending 9

Figure47 FRU passing group requirement vs. procurement
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Figure48 and Figure49 presensthe FRU procuremergcross the WEIMvide areain the passing group.
Byregion, FRU procurement primarily sourced from California and Pacific Nottthwesghout the day

while during themajority of the solar eclipse hours, the procurement wasrcedirom Pacific Northwest

region. By resource type, generic ngenerating esource GNRC)hydro, and storage resoursavere

the main resource types getting FRU awards. During the eclipse hours, gas also became one of the main
contributors.

MD&A/MP&AASTFOPS 59



&> California ISO

October 2023 Solar EclipReport

Figure48 FRU procurement by region
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Figure49 FRU procurement by resource type
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Figure50 shows theFRDrequirements versus procurements in the passing group in FMi¢. HRD
requirement dropped tats minimum in the middle of the solar eclipse period and reached its peaktly

afterward. The FRD requirements were generally fulfilled for all intervals over the three Dasiag the
eclipse hours, all but one WEIM Bpassed both tests in the downward directicend the groupFRD
requirements were fulfilled with no relaxatio®RDprocuranent reacheda enaximum of 218MW in

hour ending 11.

Figure50 FRDrequirement vs. procurement
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Figureb1 and Figure52 present the FR procurement breakdowns in the passing group. By regioB, FR
procurementwasprimarily sourced from Californithe Southwesandthe Pacific NorthwestBy resource
type, solarwas the main contributor for the midday hours, while gagiro, and storage resoursewere
the main sources for the remaining hours.
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Figure51 FRD procurement by region
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Figure52 FRD procurement by resource type
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Net Schedule Interchange

A pivotal aspect of the supply and demand mix within the ISO system is intertie transactions,
encompassing static nemesourcespecific imports, dynamic schedules on the supply side, and exports on
the demand side. The net outcome of these three compongigls the net schedule interchange.

Net schedule interchange (N&J)he net import or export (i.e. gross imports minus gross exports) into or
out of the 1ISO BAAFigure53 shows the NSI in thve-minute market for October 1-25. October 13
(shown in red) is an example afmore typical day wheNSI decreases in the morning hoursG&ISO
begins increasing iexportsof solar. The approximate time period of the eclipse is shown in light green.

On the day of the eclipse (October 14, shown in green) starting indrading 9, NSI deviates from the
typical pattern as the ISO BAA imported more to make up for I@etar output. Theatterns across the
three daydor the fifteen-minute market andor the IFMare similarsothe associated charts are excluded
F2N) oNB@AGEQa &l 1So

Figure53: Net schedule interchange in RTD for Octobethdd@igh 15
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Figureb4 also shows the NSI trend but only focuses on October 14 and instead differentiates across three
markets: IFMFMM, and RTDThe approximate time period of the eclipse is shown in light grddme

overall patterns across the three markets are relatively consistent, particularly around the timeframe of
the eclipse. However, the most noticeable difference is that IFM was congystemter thanFMM and
RTDprior to the beginning of the eclipse and during the eclipse. This was due to sevgelrgorts
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being awarded ifrMMand RTDhat were not awarded in th&FM.Many reasons exists for why an import
may be awarded iFMMand RTDut not in IFM. For example in hoending 9 on October 14, the largest
import was not awarded in IFM because its bid prices were not economically competitive, inutFdvice
the scheduling coordinator updatdtie price for its reatime bids it becameeconomic in the reatime
markets.

Figure54: Net schedule interchange by market for October 14
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Figure55 shows NSI on October 14 for RTD by major irgqoint. The approximate time period of the
eclipse is shown in light greeWhile there is no single intertie that drove tipattern of increaed NSI
during the time of the eclipsd®@WVEST andALIN500 were larger contributors.
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Figure55: Net schedule interchange in RTD by major intertie for October 14
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WEIM Transfers

The centralized clearing process of iMestern Energy Imbalance Market allows the market to attain an
optimal solution across all balancing aréageraging economical transfers among areas

The following figures show the volume of dynamic WEIM transfers for the CAISO BAA for the day of the
edipse October 14 and the day before and afteFigure56 and 57 show thedynamic WEIM transfer
volume inFMM and RTD, respectivelyhe specific hours of the eclipse event, hoainding 9 to 12, are
highlighted in yellowNegative values indicateshimports while positive values indicate net exports.

At the onset of the eclipse event, dynamic WEIM transfers for CAIS@Nrand RTD showed higher net
exports than thesame hour thelaysbeforeandafter. During the eclipse event, the transfers experienced
more volatility than the daybefore or after. Dynamic WEIM transfers for CAISO reached 3083 MW in
FMMand 3185 MW in RTD during the hours of the eclipse.

MD&A/MP&AASTFOPS 65



&> California ISO

October 2023 Solar EclipBeport

Figure56: DyramicWEIMTransfer Volume for CAISEMM, October 130 October 15
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Figure57: DynamicWEIMTransfer Volume for CAIS®ID, October 130 October 15
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