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January 11, 2024

Public Utility Commission of Texas
Interim Chairman Kathleen Jackson
Commissioner Lor Cobos
Commissioner Jimmy Glotfelty
1701 N. Congress Avenue

Austin, TX 78711

Re:  PUC Project No. 54584, Reliability Standard for the FRCOT Market

Dear Chairman and Commissioners:

On October 26, 2023, Public Utility Commission of Texas (Commission) Staff filed a
memorandum requesting that additional scenarios and sensitivities be incorporated into the
reliability standard study and further recommended certain changes to how the study results tables
are presented. Electric Reliability Council of Texas, Inc. (ERCOT) has completed the requested
scenario iteration and incorporated the recommended results table presentation adjustments. The
results tables are attached, as well as a presentation providing the key findings from this iteration.

With respect to Item 4 from Commission Staff”s memorandum regarding an analysis of the
level of Loss-of-Load Expectation (LOLE) that can be achieved with the net cost cap of Public
Utility Regulatory Act § 39.1594(a)(1) in place, ERCOT recommends that the analysis be
performed after further Performance Credit Mechanism (PCM) design determinations are made
(e.g., defining the net cost cap, determining resource eligibility for PCM participation, etc.).
ERCOT requests that this analysis be conducted once the necessary PCM determinations have
been made in Project No. 55000,

For next steps in the reliability standard study, ERCOT recommends that the potentially
final modeling step is to turther limit the range of LOLE frequency scenarios, simulate smaller
LOLE increments within that range, and update the scenario portfolios based on the December
2023 Capacity, Demand and Reserves (CDR) Report. This approach is intended to produce a
higher-resolution marginal cost curve so that a single LOLE value, or a narrow range of values,
can be identified as optimal from a societal cost standpoint.

Optimality is defined as the LOLE level that results in the smallest change in societal cost
for each megawatt hour (MWh) of avoided Expected Unserved Energy (EUE) as the LOLE level
18 decreased (for example, from a 1-in-9 LOLE to a 1-in-10). Societal cost is defined as the sum
of the market cost, load shed damages (interim Value of Lost Load (VOLL) less the VOLL from
the Operating Reserve Demand Curve (ORDC)), and the incremental dispatchable thermal
resource cost (combustion turbine (CT) Cost of New Entry (CONE)). Using the more recent

Y Performance Credit Mechanism (PCAL), Project No. 35000,



December 2023 CDR is intended to produce rescurce portfolios that are more closely aligned with
the “Increased IBR™ (Inverter Based Resource) sensitivity.

An outline of the suggested simulation approach is as follows:

Use the December 2023 CDR report as the starting point tor porttolio development
tor study year 2026;

Create porttolios that result in the following LOLE frequencies (one loss-of-load
day in X years): 1-in-7, 1-in-8, 1-in-9, 1-in-10, 1-in-11, 1-in-12, 1-in-13, and 1-in-
14;

900 MW retirement scenario assumption;
42 weather years;
Base thermal unplanned outage reduction due to weatherization, 85%;

Use the interim VOLL Option 2a value of $24,693 per MWh presented in the
VOLL Study Literature Review and Interim VOLL filing in Project No. 55837,

Develop the marginal cost curve; peints along the curve reflect the change in
societal cost per one MWh reduction in EUE. For example:

Change in Societal Cost per One MWh Reduction in Expected
Unserved Energy
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ERCOT would provide an accompanying results table in the Commission’s
preferred reporting format that shows incremental resource capacities, detailed cost
inputs, EUE, maximum duration, maximum magnitude, and exceedance probability
columns.

Another set of cost information that may be of interest to the Commission is to determine
the incremental societal cost of not exceeding the three maximum magnitude and duration
threshold pairs evaluated for the simulations: 15-hour duration/14 gigawatt (GW) magnitude, 10-

2 See Value of Tost Load, Project No. 53837, VOLL Siwudy Literature Review and Tnterim VOLL at 2 (Deg.
21, 2023) (lable presenting options for inlerim VOLL),



hour duration/10 GW magnitude, 5-hour duration/5 GW magnitude. For each LOLE scenario
modeled, an increment of CT capacity is added if the maximum duration and/or magnitude
exceeded the three thresholds. The amount added would be sufficient to meet the duration and
magnitude thresholds. This is equivalent to building the LOLE scenarios with 0% exceedance
probabilities. Note that determining these incremental costs would entail additional simulations.
ERCOT suggests that the approach be tried for just the 1-in-10 frequency portfolio to see it the
results are meaningful. If so, the approach can be extended to other LOLE portfolios.

If the Commission would like ERCOT to pursue this simulation, it is anticipated to take
tour to five weeks (mid February) to complete. ERCOT’s reliability standard analysis would then
be concluded, subject to any further scenario narrowing direction from the Commission. ERCOT
appreciates any feedback that the Commission may have on this iteration and the proposed
additional simulation. ERCOT personnel will be available at the January 18, 2023 Open Meeting
to present and answer any questions.

Respectfully submitted,

;s Kristi J. Hobbs

Kristi J. Hobbs
Vice President

System Planning & Weatherization
khobbs{@ercot.com
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“ Findings Summary

« Fifteen Weather Years Sensitivity

— Around 5 GW more generation capacity is needed to reach the same expected loss of load
frequency (LOLE) if the range of future weather conditions is bounded by the most recent 15
weather years rather than 42 years used for the Base Case. This supplementary generation
capacity significantly reduces max duration, max magnitude and Expected Unserved Energy (EUE).

* Increased Inverter Based Resource (IBR) Portfolio Sensitivity

— Assignificant increase of IBR capacity is heeded to reach a 1-in-10 frequency. With 3,300 MW
retirements, more than 60 GW of additional IBR capacity is needed to reach a 1-in-10 frequency.
Over 120 GW of IBR capacity increase is needed to reach a 1-in-20 frequency.

— The average proportions of additional IBR capacity by technology type across the scenarios is:
wind = 9%, solar = 67%, battery storage = 24%,; these proportions are based on planned resources
in the May 2023 CDR.

« Weatherization Effectiveness Sensitivity

— A higher weatherization success rate reduces the additional CT capacity required to reach the same
frequency. An improvement of 1% in the weatherization success rate translates to a reduction of
approximately 175 MW of CT capacity.

« Expected Unserved Energy (EUE) across all Sensitivities

— Most of the loss-of-load events, and largest EUE amounts, take place in the winter season, the
sensitivities had little or no impact on non-winter EUE levels.
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“ Findings Summary (Continued)

» Replacement of 1-in-5 Frequency Scenarios with 1-in-8 frequency scenarios:

ERCOT Public

ercots

Starting with the 1-in-5 frequency scenarios, the amount of additional CT capacity needed to
reach a 1-in-8 frequency ranges from 371 MW to 3,710 MW across all scenarios, depending on
the retirement assumptions and IBR capacity mixes for the 100% CT and CDR Mix scenarios.

The EUE of the 1-in-8 frequency scenarios is around 60% of the EUE for the 1-in-5 frequency
scenarios.

Compared to the 1-in-5 frequency scenarios, the max duration drops two hours in two of the four
1-in-8 frequency scenarios (‘900 MW retirement/CDR Mix” and “3,300 MW retirement/100%
CT"). There is no duration drop for the “900 MW retirement/100% CT” and “3,300 MW retirement,
CDR Mix”).

The max magnitude decreases around 1,500 MW on average, or 6%, with the 1-in-8 frequency
scenario replacement.

Compared to 1-in-5 frequency scenarios, the market cost decrease ranges from 1% to 4% for the
1-in-8 frequency scenarios.




IAdditionaI Dispatchable Generation Comparison:
15 Weather Years vs. 42 Weather Years
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Key Takeaway: Around 5 GW more generation capacity is needed to reach the same frequency if future
weather resembles the most recent 15 simulated years. This supplementary generation capacity
significantly reduces max duration, max magnitude and EUE.
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I Impacts of Weatherization Effectiveness
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Key Takeaway: A higher weatherization success rate reduces the additional CT capacity required to
reach the same expected frequency. An improvement of 1% in weatherization success rate translates
to a saving of approximately 175 MW of CT capacity.
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ISummer and Winter Expected Unserved Energy:
900 MW Retirement Scenarios
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Key Takeaway: Summer EUE impacts are negligible across the scenarios; most of the loss of load events,
and largest EUE magnitudes, take place in the winter season. The maximum amount of non-winter EUE
realized across the scenarios is no more than 2% of the total EUE.
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ISummer and Winter Expected Unserved Energy:
3,300 MW Retirement Scenarios

3,300 MW Retirements 100% CT Scenarios 3,300 MW Retirements CDR Mix Scenarios
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Reliability Standard Study Results P-54584
Table 1. Base Case
HuSahiny snped Scenario Parameters Scenario Outcomes
Framework Inputs
Total DURATION Annudl
Capacity Mix to Achleve Load sed MWs of Additionsl |  Fixed Cost of Total Variable CT and CTand Cont's [ — = e Incremental Fixed | Annual incremental
Portfolio Resarve [Portfolic Resarve reted Variable Costs Vardable | Varisbls Cost | Markat cost | SUStOMEr Cost of EUE | CF and Variable Cost
no, | FREQUENCY | 0 o ired 1:: ::'m Margin for Margin for I.In::d Enargy| O [GIER] Coul Capedty (naw] Aodtionsi CT || = EUEat coat | +toedShed | (milion | \OSISHSd Dunage) Prabability Probability Probability s Aeduction of EUE Reduction
(LOLE) - Sk ek o o " = Whinas EUE (MWH) VOLL) (milllon | Reduction (MW)|  Dispatchable Generation {million L {million Dkl Sy +CT Cost [milllon [Max Duration |Required for Required for Reguired for |Magnitude [GT Costéfyear per|  (Total $/year per
i Sfvr) Generation (milllion $/yr) $ivr) £5,000/ MW} oo {million $/yr) Sivel Durathon Duration Duration MW of wmk MWh of avoided FUE)|
15 hours 10 howars 5 hours
[milion $/vr) EUE)
i 1in5 200 100% CT 12% 16% 6,177 i1 B 0 o 14,969 14,938 14,938 14,969 e 5920 15 0.02% 435% 4.76% 26,508 2.21% 4.82% 9.47% -
2 1ind 200 100% CT 15% 20% 4,012 20 [ 1484 177 14,856 14,885 15,00 15.042 5,503 5,000 15 0.02% 333% 3.49% 25,298 1.41% 3 16% 6.22% 81,569 s 38,721
3 1in10 200 100% CT 17% 2% 1,846 14 0 3,339 397 14,827 14,313 15210 15334 8,790 9200 15 0.02% 2.76% 2.90% 22,002 1.07% 2.13% 4.72% 189,354 3 161272
4 1in15 900 100% CT 21% T 1,341 7 0 5,578 795 14,788 14,782 15576 15,583 8,716 9,517 14 0.00% 141% 1.56% 19,941 0.23% 1.18% 2.55% 264,022 5 243 466
B 1in20 200 100% CT 23% I0% 850 4 0 8533 1,015 14,779 14,775 15,750 15,795 8,555 9,575 13 0.00% 0.85% 1.05% 18,253 0.17% 0.69% 1.77% 448,583 5 434,863
& 1ins 300 COR Mix 12% 15% 7,991 a0 3,000 0 0 14,928 14,888 14,888 14,928 9515 9,655 17 0.06% 5.16% 5,08% 27,154 3.54% 5.36% 11.47% -
7 1ing 200 COR Mk 15% 20% 4,656 3 0 71 a4 14,812 14,788 14,832 14856 9243 9310 15 0.02% 3 66% 3.89% 25,711 2.04% 377% 5.72% 13,236 3 (15,555)
8 1in 10 200 DA Mix 17TH 2% 3,738 19 0 1,858 221 14,771 14,752 14,573 14,982 9217 9,457 14 0.00% 2.93% 339% 25386 1.54% 3.03% 5 549 191,737 3 152820
s 1in1s 900 COR Mix 2% I 1.550 8 0 5565 562 14,724 18716 | 15378 15,388 9,052 9.722 e 0.00% 138% 1.90% 20,195 0.53% 130% 3.05% 205,861 s 185 898
10 1in20 200 COR Mix 23% 0% 1,104 3 [ 7,420 [ 14,718 14,712 15,585 15,501 £978 588 13 0.00% 0.48% 137% 17,701 036% 097% 2.10% 453,921 3 446,063
11 1in% 3,300 100% CT 12% 16% 6,244 31 0 1,113 132 14,928 14,896 15,028 15,050 9,069 9233 17 0.04% 4.29% 4.88% 25,292 2.17% 4.84% 9.68% =
12 1ind 3,300 100% CT 15% 20% 3,726 18 0 3,710 441 14,859 14,841 15282 15301 5944 5,404 15 0.02% 328% 3.50% 24,012 1.33% 2.91% £.04% 122,727 5 100,607
13 1in10 3,300 100% CT 17% 2% 2,866 14 0 5565 662 14,831 14,817 15,479 15,493 8,889 9,565 14 0.00% 2.74% 2 85% 20,725 1.07% 2.23% 4.40% 256,518 5 128,618
14 1in15 3,300 100% CT 21% 2TH 1,480 7 0 8,533 1,015 14,806 14,799 15814 15821 8,773 9,796 14 0.00% 149% 1,66% 18,916 0.32% 128% 2.72% 254,781 s 241,757
15 1in20 3,300 100% CT % 29% 318 5 0 10,017 1,182 14,803 14,795 15,530 15,995 8,706 9,903 13 0.00% () 1.09% 16,462 0.15% 0.85% Z17% 314,415 3 314,098
16 1in5s 3,300 CDR Mix 12% 16% 7,422 37 400 0 [ 14,884 14,847 14,847 14,884 9533 9,570 15 0.02% 2.99% 5 77% 26,947 3.20% 5.11% 10.93% =
17 1ind 3,300 CDA Mix 15% 19% 4,832 24 0 2226 265 14,801 14,777 15.042 15,066 9381 9570 15 0.02% 373% 4.11% 24,742 1.94% 4.00% 7.14% 102.258 3 75368
18 1in10 3,300 COR Mix 184 238 3,106 16 [ 4823 574 14,761 14,746 15318 15335 9237 9.8 14 0.00% 2.50% 3.14% 24,085 1.18% 2157% 4.95% 179,032 $ 160,745
18 1in15 3,300 COR Mix 21% 288 1572 8 o 8,162 971 14,738 14,731 15,700 15710 9,056 10,035 i3 0.00% 126% 168% 20,931 0.59% 1.28% 2.90% 259,320 5 249,578
20 1in20 3,300 COR Mix 23% 30% 1,034 5 0 9,545 1,148 14,735 14,730 15,878 15,883 8,983 10,136 13 0.00% 0.95% 1.28% 17,679 0.23% 0.88% 2.10% 328,703 5 3125538
Table 2. Fifteen Weather Years Senitivity
BaNahilty Starsect Scenario Parameters Scenario Outcomes
Framework Inputs
Total €T and L“'_ DU EI TON ] Annual Anal
Capacity Mix to Achieve Loaisiat MW of i el Variable e Variabie Cowt| |E = = == i I e Ier | Fced [Ince | CT and
Target: Portfolio Resarve | Portfolio Ressrve|  E d Additional Total Variable Casty Cost + Load | Market Cost | + Load Shed Cast of EUE Variable Cost of
no. | FREQUENCY | 0 coiad .:::T me Margin for Marginfor |Uriserved Energy] P aes (EUES (new) - iz Costs “ghew | Ve Shed (million | Demages + CT YRS 1Y SO Frapaums Probatility | Probsbilivy robatity Reduction EUE Redhiction
(Lote) sondlmixofgianed | 5 . Wintar* EUE (vowh) | VORLMMOR | o echae | OSTeron o nsim | vou €08 | Demages | SAni**  [icost million [MexDuration  [Requiredfor |Required for quiredfor  |MaxMegoitude  (Requitedfor, |Requicedfor  [Requicedfor b i pnar per| (Total Svenr per
I ;ﬂnd, Solar, zsn:s.- S Generation {ewitan $ive} 5% Imition $/) (million Siyrl Ehrpeany thoradi) oeation . s ‘ i MWh of avoided | MWh of avoided
{eulion $fr) i) 15 hours 10 hours |5 hours 14,000 MW [10,000 MW 5,000 MW pofi EuE)
1 1in8 900 100% CT 1% 23% 4,308 iz 5,585 62 14,841 14,820 15'",4_&; 15304 &5_3 5,567 14 0.00% 4.64% 4.95% 21,855 1.07% 3.79% 5.29% -
2 1in10 200 100% CT 24% 28% 1,556 8 9,646 1,148 14,807 14,739 15947 15955 8,741 9,896 12 0.00% 1.76% 2.08% 14,422 0.16% 1.65% 395% 179,026 $ 171,368
3 1in15 200 100% CT 26% 3% 552 3 11572 1413 14,801 14,798 16210 16214 B,619 10,035 12 0.00% 0.48% 0T5% 14,014 0.11% 0.43% 277% 283,574 5 182 248
[ 1in20 200 100% CT 28% 3% 73 1 13356 1,569 14,792 14,791 16380 16382 8.513 10,104 11 0.00% 0.21% 017% 10,896 0.00% 0.16% 1.44% 453,555 5 435,991
5 1ing 900 CDR Mix 20% 24% 4,382 22 5,565 52 14,767 14,745 15,408 15,425 9,193 9,878 13 0.00% 3.68% 453% 19,267 192% 3.52% 5.13% -
B 1in10 900 COR Mix 24% 288 2,093 10 8,533 1,015 14,745 14.735 15,750 15761 9.048 10,074 13 0.00% 1.65% 251% 17,564 0.69% 1.87% 5.01% 154300 5 149,672
7 1in15 200 COR Mix 274 2% 925 5 11.130 1324 14,737 14,732 16,057 16,062 8,895 10,224 11 0.00% 0.37% 101% 13,068 0.00% 0.59% 2.77% 264,538 $ 262 531
] 1in20 200 COR Mix 288 4% [ET 2 12,614 1501 14,733 14,731 18232 16234 [T 10,339 10 0.00% 0.00% 027% 10,858 0.00% 0.11% 192% 357,530 s 154 718
E) 1ind 3,300 100% CT 20% 24% 1,826 19 8533 1,015 14,848 14,830 15,846 158565 5,924 EET) 13 0.00% 4.16% 253% 17,283 112% 3.41% 5.13% =
10 1in10 3,300 100% CT 3% T 7,044 10 11,130 1324 14,834 14,524 16,148 16,158 5,510 10,145 12 0.00% 1.87% 2.56% 14,407 0.11% 1.45% 4.85% 173,372 S 169,716
11 1in15 3,300 100% CT 26% 3% 513 3 14,095 1,678 14,818 14,815 16,493 16455 | s&0 10310 11 0.00% 0.21% 037% 11,727 0.00% 0.16% 2.35% 230,699 $ 225,154
12 1in20 3,300 100% CT I ETE 415 z 14,840 1,756 14,818 14817 16,583 16,585 5,591 10,359 11 0.00% 0.16% 0.43% 11,295 0.00% 0.11% 181% 502,416 3 925311
13 1ing 3,300 COR Mk 1% 25% 3,858 19 5,152 571 14,783 18763 | 15735 15,754 9,196 10,186 13 0.00% 3.20% 432% 20,339 1.55% 3.41% 5.57% -
14 1in 10 3,300 DA Mix 3% 2T™H 2.380 12 10,017 1192 14,768 14,756 15.948 15.960 9,100 10,306 13 0.00% 2.35% 3.15% 16,345 0.48% 2.51% 4.968% 150271 S 145,124
15 1in1s 3300 COR Mix 26% 3% 1,005 5 12514 1501 14,757 14,752 16253 | 16258 5,356 10,462 1 0.00% 0.59% 155% 14,776 011% 0.75% 320% 223353 | 220,803
16 1in20 3,300 COR Mix 28% 23% 469 2 14,469 1,722 14,753 14,750 16472 16475 5,848 10,573 11 0.00% 0.16% 0.59% 10,211 0.00% 0.16% 2.19% 411,842 5 408,708
Table 3. "Increased IBR” Portfolio Sensitivity
Reliability Standard
Scanario Parameters Scenario Outcomes
Framework Inputs
Total CTand DURATION Annual Annual
o it | (OB | SRS Expected tomished | O | Ruedcostal | "ﬁ Ghond c::ul.un:u Market Cost mw:: et Fseet) sk B R Ssed " comtot gl premvosidey
T . ve o al - . .
No. | FREQUENCY | poried :m::vm?; Margin for Marginfor |unserved Energy| e it | fnew) pesbn Costs pupa | Vi Shed (million | Damages + CT [ e g | e Ay Reckiction ELIE Heduction
Lo jonalikofoimnid |  Susmier Winterr | Eue(nwn) | VOUMMINON | p e | Oenerson tion sy | vou o | Domages | Sprite | cost (mition [V " par for  |MaxMugnituce  |Required for |Requiredfor  |Required 10 i Coots ymar per (Total $fyear per
Wind Solar. BSR, G Sl R [million $/yr) $5,000/MWh [millicn $fyr) {million sivel Duration Duration Duration gy Magr | e e
h"""'"" ) ) 15 hours 10 hours |5 hours 14,000 MW [10,000 MW 5,000 MW == £0e)
1 Tine 500 TR Mix 18% To% %742 24 [ 0 14,542 1518 | 1anis | lase E.50) 5005 1 0.00% 3.62% 115% 24,438 2.01% 152% &.50% =
2 1in10 200 COR Mix 26% 2% 4,011 20 0 0 14,071 14,051 14,051 14,071 5,419 8439 13 0.00% 2.82% 3.70% 23,587 LEO% 3.71% 5.87% 0 S (539,745
3 1in15 200 CDR Mix 5% 3% 2,357 12 0 0 13,202 13,190 13,190 13202 5,324 8,336 11 0.00% 0.45% 2.72% 21,208 0.95% 2.42% 425% ] $ (530,117}
[ 1in20 900 COR Mix S4% 35% 1,799 9 0 0 12,939 12,530 12,530 12,539 8,341 8351 11 0.00% 0.13% 231% 20,513 0.57% 1.53% 31.64% o $ (441,739)
P_58584 All Scenario Results Grid_1-5-2024.xlsx 11/02/2023 OM



Reliability Standard Study Results

= 1ing 3,300 COR Mix e 2% 5,284 76 o 0 13,896 T8 | 13888 | 1389 5,440 2456 13 0.00% 322% 4.45% 25,144 253% 4.72% 7.33% =
B 1in10 3300 COR Mix 3% 6% 4,216 21 o 0 15,048 13,427 13427 | 13488 5,352 1 0.00% 1.73% 398% 22975 2.04% 2179 5.90% 0 5 (a13.983)
7 1in15 3,300 COR Mix 5Th 35% 2,456 12 0 [ 12,767 12,758 12.754 12,767 8.463 8.481 11 0.00% 0.15% 257% 20,900 1.16% 2.86% 4.51% [ 5 (382,187)
8 1in26 3,300 CDR Mix 7% 0% 1,033 10 [ [ 12,482 12472 12472 12480 8513 8522 11 0.00% 0.04% 234% 20,114 0.85% 2.20% 162% o s (540,044)
Table &, 70% Weatherization Effecti itivity
Roliskfiy Binitucd Scenario Parametors Scenario Outcomes
Framework Inputs
Total CTand DURATION MAGNITUDE Annusl Asnual
Capacity Mix to Achieve = L P MWs of Fined Cost o variable | | Varlable ( Cosl s [ [ - [ e inc i Fixed |incr 1CT and
. | FREQUENCY [ . Frequency Target:  [Portfolio Resarve oReserve|  Expected (tugs| Adavonal | O eeicr | Tt Variable | costs Cost + Load | Market Cost | + Load shed s 7 e . . Costof EUE | Varisble Cost of
100% CT v, May CDR Margin for Marginfor  |Unserved Energy [mew) Costs - EUE at Shed Damages + C1 "M“ "MJ _"“. “J"" i "MJ "‘m‘” Reduction EUE Reduction
(LoLg) jonal mixof planned | . Winter® EuE vy | VORISR | athante | Seneration s | vou S Demeges | Siept | cost (million [V focgien ko for for [MacMagsnals | fegoieed for e o (6T CostSfyear per| (Total $)year per
" Wind, Solar, ESR, Gas $hm Generation [ milin $/yr} m'mw} {million Siyrl hirevion et uewtion Mugriituds. | Mgt Mg tisics MWh of avaided | MWh of avoided
{miion 34yr) pyen 15 hours 10 hours |5 hours 18,000 MW [10,000 MW 5,000 MW ) S
1 g 500 100% T % 20% 3,378 2 3,710 341 14,833 14,811 15252 | 15274 5550 9229 ] 0.02% 3.25% 358% 24,557 185% 3.75% S 74% =
2 1in10 %00 100% CT 9% 2% 3,379 17 5,194 518 14,811 14,795 15413 | 15,420 5.8536 9,471 15 0.00% 2.91% 324% 22,845 Laa% 2.75% Ss8% 176728 |5 160,611
3 1in15 200 100% CT 2a% 26% 1338 7 9,645 1148 14,783 w777 | 15924 15,931 5,668 5,823 14 0.00% 137% 154% 18,812 0.a1% 1.05% 2.80% 259572 |5 250,891
4 1in20 500 100% CT 5% I0% Bap & 11,130 1324 14,775 14,771 15.0_96 law B.613 9941 13 0.00% 0.54% 1.09% 19,442 0.23% 0.69% 2.04% 354,089 5 343,157
5 Lind 200 COR Mix 17% 21% 4,887 24 2,968 353 14,765 14740 | 15004 | 15018 9,260 5537 15 0.02% 2.66% 421% 25 243 L.og% 3.50% 7.03% =
& 1in10 200 COR Mix 19% 2% 3,730 19 4,452 530 14,743 14,724 15254 15273 9,183 9,731 14 0.00% 3,05% 345% 23,082 LE6% 3.30% 5 54% 152,729 [ 138,679
7 1in1s 200 COR Mix 24% 20% 1,451 7 2804 1,060 14,718 14,711 15,770 15,777 8,562 10,029 13 0.00% 1.12% 1.77% 23,453 0.38% 143% 2.76% 233,427 s 227,444
2 1in20 200 COR Mix 5% 30% 1218 5 5,645 1,142 14,712 14,708 16453 | icse0 | mess | ioome 7] 0.00% 0.07% 1AT% 19,293 0.50% 120% 281% 363,465 S 342,840
) 1in8 3,300 100% CT 17% 20% 4,278 21 5,936 706 14,835 14,814 15521 15,542 8,974 9,701 15 0.02% 341% 3.54% 27,955 L.73% 3.52% 5.55% =
10 1in10 3,300 100%CT 1% Zh 3.143 16 7,420 883 14,822 14,807 155590 15,7“ B.B57 9,785 15 0.08% 1.95% 3.16% 21,757 LOS% 2.5Th S25% 155,445 5 148,835
1 1in1s 3300 100% CT 24% 26% 1213 3 11,872 1,413 14,800 14,794 16307 | 16213 5,688 10,107 [E] 0.00% 1.22% 141% 20,242 030% 1L03% 255% 274662 |5 267,974
12 1in20 3,300 100%CT 5% 30N 730 4 13,356 1589 14,798 14,798 163854 16387 8.627 10220 i3 0.00% 0.80% 0.50% 19,116 G11% 0.65% 1% 365,594 S 366,423
13 Ting 3300 COR M T 21% 3845 7] £.158 518 Ta767 | tagas | 15363 | is3ss | 986 5927 13 0.00% 352% 383% 26,911 L87% 3% 5.80% =
14 1in10 3,300 COR Mix 19% 23% 3674 18 6,678 795 14,759 1741 | 1583 | 15584 9,204 10,017 15 0.02% 257% 337% 28,844 158% 1% 550% 28855 |5 223,770
15 1inis 3,300 COR Mix 2% % 2,153 1 5,648 1148 13,742 14731 | d=aye | isseo 9,045 10,204 1 0.00% 1.81% 23a% 19,309 D.E0% LAIN 3.49% 232291 |5 225,857
16 1in20 3,300 COR Mix 25% 30% 1,053 5 11,872 1,413 14,733 178 | 141 | 16146 5,551 10,369 1 0.00% 0.76% 135% 17,535 D32% 0.90% 2.46% 240867 |5 237,757
Table 5. 90% Weatherization Effecti Sensitivity
Ry Saadsnd Scanario Parameters Scenario Outcomes
Framework inputs
Total CTand DURATION Annual Annusl
Capacity Mix to Achieve Lo kbt MWs of Pl st &4 Varible | Varlable I! " B BT [ = e ncr | Fixed {ncr i CT el
no. | FREQUENCY |\ o iived .m:.?& mminhI:M M-ri::;m mm, PR MI:::;” acom &1 wc:.'.'.*""' -r;:’- Vg ms:am “r-:::“ ;:::::; procabitty, ||Prehebsiy Probabiity Probiability  (Probability Probability c::;“,;:‘ ::::::
(1ow8) Sieliid | Sr wintar | euewn) | VOUNIPEEN | oo | Seermon | gionsin [ vow | S| Demages | SAri*t [ cost (mition |MexOurstion - (Requiredfor [Required for - Recuiredfor  (Max Magnitude  |Required for  (Requiredfor - [Reauired 06 (7 Coutsfyuar per| (Total $fvear per
Wind, Solar, ESH, Gas Shrl Generation {mition $/yr} ml i (million Shyr) g M k MWh of avoided | MWh of svoided
{mition s2ve) v 1Shourss  |10heurs |5 hours 14,000 MW (10,000 MW 5,000 MW ) e
1 1ind 200 100% CT 14% 17% 3.584 18 1,113 132 14,873 14,855 14,988 15,006 8,770 8521 15 0.02% 3.03% 322% 24,007 1.30% 2.78% 5.90% =
2 1inio 500 100% CT 15% 18% 3,018 15 2,226 265 14,842 14527 | 15082 | 15107 5,771 5,051 15 0.01% 2.50% 301% 22,220 1.01% 225% 452% 234351 |5 184,532
3 1in1s %00 100% CT 9% 2% 1559 8 5,194 518 14,799 14,791 15408 | 15,417 B.722 5348 13 0.00% 1.56% 179% 17,81 D53% L% 265% 242,005 |5 216928
4 1in20 o900 EU‘ cT ;“ 4% 1.034 L] 6.678 795 14,786 14,781 m 15-.531 "-a 9.4&__ 13 0.00% 1.12% 1.18% 16,129 0.29% 0.93% 2313% 336,856 S 51355
5 Tind =00 COR Mix 1A% [ 4,313 7] 0 o 14819 | 14,798 3798 | 14819 919 5214 15 0.02% 339% 3.79% 23,800 1L60% 337% B74% =
) 1in10 200 COR Mix 15% 18% 133 17 1113 132 14,783 14766 | 14809 | 14915 9,200 5351 7] 0.00% 2.88% 315% 23.263 128% 261% 541% 135061 S 103,077
7 1ini5 200 COR Mix 19% 23% 1,724 ) 4,457 530 14,729 14,721 15251 15355 9,085 9523 13 0.00% 1.47% 2.06% 19,611 0.53% 1.47% 112% 247,047 [ 218,782
s 1in20 200 COR Mix 2% 26% 1.002 T 5,678 795 14,718 14713 | 15508 | 15513 5,989 9,789 [E] 0.00% 0.85% 131% 18,234 D27Th 0.50% 2.08% 6534 |5 355,986
s 1in8 3300 100%CT % 5% 3,818 19 2,558 353 14,869 14,850 15203 | 15:m:2 8.5 9327 1= 0.07% 3.37% 354% 22,740 137% 2.50% s56% -
10 1in10 3,300 100% CT 5% 18% 2,741 14 4,452 530 14,841 14,827 15357 15371 5,881 9,426 14 0.00% 1.63% 2.75% 21335 0.99% 2.13% a.42% 164,025 s 143,013
1 1in15 3,300 100%CT 1% i 1,578 3 7,420 883 14,817 14,804 155687 1!,55 B, 75 gﬁ 3 0.0 1.56% 1.7T% 18,339 0.30% 1.20% 15THR 303,816 5 284,047
12 1in20 3300 100% CT 0% 2a% 1127 5 5,904 1,060 14,805 14,799 15859 | 15865 8.740 9,506 [E] 0.00% 1.16% 133% 17,803 D15% 1.01% 2.00% 380580 |5 380,633
13 1in8 3,300 CER Mix 14% 1™ 4,206 21 21,228 265 14,797 14,776 15,041 15,062 9,346 9632 14 0.00% 3.52% 3 B1% 23,981 L71% 3.31% 5.98% -
14 1in10 3,300 COR Mix 16% 19% 2,937 15 3,710 441 14,772 14,757 15,198 15213 9,245 9,701 14 0.00% 2.63% 255% 22,128 1.18% 2.47% 2.74% 139,149 s 124,376
15 1in15 3,300 COR Mix 19% 3% 1.757 ] 6678 795 14,747 14738 | 15533 | 15581 5,100 9,503 13 0.00% 1.50% 158% 19,833 063% 15a% 295% 299314 |5 283,199
16 1in20 3,300 COR Mix 21% 26% 925 s 8,504 1,050 14,736 14,731 15791 | 15,798 9,006 10,070 13 0.00% 0.80% 122% 16,566 0.15% 0.84% 1.87% 318248 | 210,248

* Reserve margins are calculated with Effective Load Carrying Capabilities for wind, solar, battery storage, and non-PUN thermal resources.

** Markst Costs: The sum of wholesale energy costs attributable to serving load, plus Ancillary Service costs, Market Cost is calculated outside the model using
the following model metrics: Market Cost = Load * Market Price = Spin Supplied * Spin Weighted Price + Reg-Up Supplied * Reg-Up Welghted Price = Non-Spin
Supplied * Non-Spin Weighted Price), Note that Spin plis Reg-Up represents all real-time online reserves, For this caleulation, SERVM distinguishes only Spin and
Reg-Up because separate online reserve varlables for modeling various emergency actlons are used, Reg-Up Is 1,500 MW to reflect the amount preserved during
load shed. “Spin Supplied” captures all other realtime online reserves,

Cost Parametery
VOLL ($/MWh}
CONE (5/MWeyear)

P_54584

S
]

5,000,00
118,000.00

All Scenario Results Grid_1-5-2024.xlsx
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Ihe tablr below illustrates the three ateps tn buiding the parfaling: (1) initial remowval of coal rapaciy to rreate the lkast relithle portfnlios (1 in 4 frequency |, (23 remaval nf roal and gas raparity tn achiree the scenario
reliernent lewets, snd (3] the addilion ol combustion Lo bine o IBR ui boll Lypes of capacily L achice: e remaining requeney el

Section 1: Bese Case

4900 MW Ratirament Scenario
tial Portfolios 00% CT Scenario COR Mix
Capacty Capacity Capadty Capacity Capacty Capacty Capacity Capacity Capacty Capacity
changas to changes ta Changes ta Changes to changas to changes to | Changesto | Changes to | Changes to | Changas ta
Portfolio after Retiring Achieve Achieve Achieve Achievs Achieve Achieve Achievs Achievs Achieve Achieve
200 MW of Gas 1lms 1lng 1in1o 1In1s 1lnzo 1lms 1lmg 1in10 1ln1s 1in 20
Resource Type Dec 2022 CDR Capacity Frequency g ¥ Freq) ¥ Freq y Frequency Frequency Frequency Frequenty | Frequenmcy | Freguency
Coal 136 H 1LeHI |964) [&RVLTIN
13 553115 51,515
wind A1, 848 A1,88
Solan A1,775 A4,775 Ta FaL Ta T82 TeL
liattery Storage 10,244 111,944 LIE 308 PAL 30K A0S
ch Ty - - 1481 3,225 6678 8,533 27, 1,855 5,505 FAI0
|TOTA.I. 166,618 165,718 164,753 167,202 163,057 172,296 174251 166,582 165,853 171437 175,147 177,002
3,300 MW Retirement Scenario
Inltal Portfoll os 100% LT Scenarlo DR Mix
Capacty Capacity Capadty Capacity Capacty Capacty Capacity Capacity Capacty Capacity
changas to Changes ta Changes ta changes to changas to change to Changes to | Changes to | Changes to | Changas ta
Portfolio after Retiring Achieve Achiewe Achiewe Achieve Achieve Achieve Achieve Achieve Achieve Achieve
3,300 MW {000 1ins 1ln8 1in1o 1ln1s 1llnz0 1lins 1ing 1in10 1ln1s 1in20
Resource Type Dec 2022 CDR Gasf2,A00 Coal) Frequency Frequency Frequency Frequency Frequency Flegueng‘ Frequency Frequency | Frequency | Frequency
Coal 136 H 11,2 11 [CILTN
13 55,115 51,515 - - -
wind A1, 848 A1,88
Sl A1,775 A1,775 - a2 FaL a2 T82 FaL
Itatte ny Storage 10,244 111,944 LIE 308 PAL 30K A0S
ch Ty - - 1112 2710 5,505 8,523 10,017 - 2,220 4,823 8,102 5,610
|TOTAL 166,618 163,318 164,421 167,028 168,883 171,851 173,325 166,782 165408 172,805 175,344 176,528

= lor the UL Mix scenario, the addiion of BE resource sreduces the amount of coal capacity needed to achieve the 1in b frequency tarnet relative to the amount ne eded for the LU0% U1 scenario.

Sectiorn 2 Ffteer Weather Years Semsitdvity

900 MW Retirement Scenario
100% (T Scenaric
Capartty Capacty capadty capachy Capartty Capartty
Changes to Changes to Changes to hanges to Changes to Changes to
Capactty Changes | Capacty Changes to Achleve Achleve Achleve Adhlewve Achleve Achleve
10 Achieve Achieve 1inls 1in 20 ling 1in10 1inls lin2o
Resource Type | 1 In & Frequency 1 In 10 Frequency Frequency Ll ¥ q ¥ Freq ¥ Frequency | Frequency
Coal
133
‘mind
Solan FaL Ta T82 Ta
iLatte ry storage 11K 30K 3,08 LI
ch Ty 5,565 EX 11872 12,350 0, A5 8,023 11130 12611
ITOTA.I. 171285 175,564 177,500 179,074 175147 178,115 180,712 182,196
3,300 MW Retirement Scenario
100% LT Scenarlo
Capacty Capacity Capadty Capacity Capacty Capacty
changas to changes ta Changes ta Changes to changas to changas to
Capacity Changes | Capacity Changes to Achieve Achieve Achieve Achievs Achieve Achieve
ta achleve Achleve 1ln1s 1in 20 1lng 1in10 1ln1s 1lnzo
Resource Type 1in 8 Frequency 1im 10 Frequency Frequency Freq ¥ Freq) ¥ Freq y Frequency Frequency
toal
133
wind
Solan FaL Ta T82 Ta
iLatte ry storage 11K 30K 3,08 LI
ch Ty 8.533 11,120 14,003 11,340 8,102 10,017 12,611 14,160
[TonAL 171550 174,437 177416 178,150 175340 177,159 179,75 | 181,651 |
SectHon It IBR Sansitfuity
900 MW Retiremnent Scenario
Capacty Capacity
changas to changes ta
Capacity Changes | Capacity Changes to Achieve Achieve
ta achleve Achleve 1ln1s 1in 20
Resource Type 1in & Frequency 1in10 Frequency Frequency Frequency
toal
[
wind K20 24611 . 56001 KA 00
Sl G785 12,302 18,824 60,317
liatte ry Ltorage b.an 9,55 21,143 24648
Mewy i1l
T STy Y o B
3,300 MW Retiremant Scanario
Capartty Capacty
Changes to Changes to
Capactty Changes | Capacty Changes to Achlewve Achleve
0 Achieve Achieve 1in15 1in 20
Resource Type | 1 In & Frequency 1 In 10 Frequency Frequency Fraquency
Coal
iz
Wind 2.280 5,230 5130 11120

Fortfolio 1 erivation



Sl 21,5302 30,325 60,857 81,50
Itatte ny Storage 11,714 141014 EEr k] ALY
News CTs - - - -
[TCTAL 303119 325,579 770,500 | 752,960 |
Sectlon &: 7% Weatherization Effecth
900 M# Retirement Scenario
100% LT Scenarlo
Capacty Capacity Capadty Capacity Capacty Capacty
changas to changes ta Changes ta Changes to changas to changas to
Capacity Changes | Capacity Changes to Achieve Achieve Achieve Achieve Achieve Achieve
ta achleve Achleve 1ln1s 1in 20 1lng 1in10 1ln1s 1lnzo
Resource Type 1in & Frequency 1in10 Frequency Frequency Frequency Frequency Frequency Frequency Frequency
=l
iz
Wi
solar SE) FED R
Bl iy Slorape 3,2 3,082 3,082
ﬁ?'ﬁ s L A0 5,194 bR 11,141 S E a.an) ALY
[ToTAL Te0A28 170,912 1753 176,895 172550 172,034 TR
3,300 MW Retiremant Scenario
100% CT Scenaric
Capartty Capacty capadty capachy Capartty Capartty
Changes to Changes to Changes to hanges to Changes to Changes to
Capactty Changes | Capacty Changes to Achleve Achleve Achleve Achlewe Achleve Achleve
10 Achieve Achieve 1inls lin20 ling 1in10 1inls lin2o
Resource Type | 1 In & Frequency 1 In 10 Frequency Frequency Ll ¥ q ¥ Frequency | Frequency
Coal - - - - - -
iz
Wind - - - - - -
tolar SBS SE R SE
Balliory Slorage - - - - 3,082 3,082 3,082 3,082
Mewy i1l 4G L4200 11.K42 145 45,1494 .6 bR 11 8L
% 169,250 170,738 175,100 176,674 172,376 173,850 176,828 170,050
Section 5. 0% it
900 MW Retirement Scenario
100% (T Scenaric
Capartty Capacty capadty capachy Caparty Capartty
Changes to Changes to Changes to hanges to changes te Changes to
Capactty Changes | Capacty Changes to Achleve Achleve Achleve Achlewe Achieve Achieve
10 Achieve Achieve 1inls lin20 ling 1in10 1ln1s 1llnz0
Recource Type 1 In & Frequency 1In 10 Frequency Frequency | ¥ q ¥ Frequency Frequency
toal
133
‘mind
Solan FaL Ta T82 Ta
iLatte ry storage 11K 30K 3,08 LI
ch Ty 1113 2,210 5,191 [ - 1,113 A.152 [
[TCoTAL 166,831 167,004 170,912 172,385 160,582 170,605 170,03 176,260
3,300 MW Retirement Scenario
100% LT Scenarlo
Capacty Capacity Capadty Capacity Capacty Capacty
changas to changes ta Changes ta Changes to changas to changas to
Capacity Changes | Capacity Changes to Achieve Achieve Achieve Achieve Achieve Achieve
ta achleve Achleve 1ln1s 1in 20 1lng 1in10 1ln1s 1lnzo
Resource Type 1in 8 Frequency 1in 10 Frequency Frequency Freq ¥ Freq) ¥ Freq y Frequency Frequency
toal
133 - - -
wind
Solan - - - FaL Ta T82 Ta
iLatte ry storage 11K 30K 3,08 LI
ch Ty 2068 A58 7120 5,001 2,226 2,710 6678 5,001
|TOTAL 166286 167,770 170,728 172,222 165408 170,292 173,860 176,086
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