
~* TEX>~ 
P

U
B

L~
 4

 

Filing Receipt 

Filing Date - 2024-04-04 03:42:56 PM 

Control Number - 54584 

Item Number - 55 



ercot* 
Your Power. Our Promise. 

TAYLO R 
2705 WestLake Dr. 
Taylor, Texas 76574 
T:512-248-3000 
F:512-225-7079 

AUSTIN 
8000 Metropolis Dr. 
Bldg.E, Suite 100 
Austin, Texas 78744 
T: 512-225-7000 
F:512-225-7079 

ercot.com 

April 4,2024 

Public Utility Commission of Texas 
Chairman, Thomas J. Gleeson 
Commissioner Kathleen Jackson 
Commissioner Lori Cobos 
Commissioner Jimmy Glotfelty 
1701 N. Congress Avenue 
Austin, TX 78711 

Re : PUC ProjecVNo . 545 % 4 , Reliability Standard for the ERCOTMarket 

Dear Chairman and Commissioners: 

Electric Reliability Council of Texas, Inc. (ERCOT) submits this update regarding the 
Reliability Standard for the ERCOT Market. Since the last update, ERCOT has completed the 
modeling of the final proposed reliability standard study scenarios and completed the initial steps 
in the Cost of New Entry (CONE) study. Presentations regarding the reliability standard study 
results and CONE reference technology are included for your review. 

Reliability Standard Study Modeling 

ERCOT has completed the modeling of the phase four reliability standard study scenarios 
(included here as Attachment C). As proposed at the Public Utility Commission of Texas' 
(Commission) January 18, 2024 Open Meeting, this phase of work further limited the range of 
Loss-of-Load Expectation (LOLE) frequency scenarios, simulated smaller LOLE increments 
within that range, and updated the scenario portfolios based on the December 2023 Capacity, 
Demand, and Reserves (CDR) Report. The attached presentation provides an overview of the 
system cost analysis for phase four, including background on the study design and comparison of 
high system cost years (Attachment B). Also provided is an analysis of the seasonal solar and wind 
capacity equivalents that would be necessary to replace the combustion turbine capabilities 
simulated in the Strategic Energy & Risk Valuation Model (SERVM). 

During the analysis of the additional reliability standard study runs, ERCOT discovered a 
bug impacting battery scheduling simulations in SERVM. The issue produced erroneous negative 
market prices during negative net load hours, thereby resulting in the over-curtailment of solar 
resources and depressed market costs. Astrape corrected the bug in SERVM and ERCOT reran the 
previous 76 scenarios simulated for phase three that were previously filed with the Commission in 
January. The revised scenarios are included in the attached reliability standard study results tables. 
Overall, there was a substantial increase in market costs and a general increase in portfolio 
reliability. 



CONE Study Update 

ERCOT has engaged The Brattle Group (Brattle) to conduct a study to determine one or 
more CONE values. These values may be used for various market and reliability-related purposes, 
including calculating the value of Performance Credits under the Performance Credit Mechanism 
(PCM) and the Peaker Net Margin. 

ERCOT formalized its study engagement with Brattle in December 2023. Brattle has now 
completed the first two steps of the engagement-specifically, identifying a primary and 
alternative reference generation technology. The primary reference technology is intended to be 
an example of a thermal, dispatchable generation plant that is likely to be developed in the next 
few years. Based on recently built and planned thermal dispatchable generation, the primary 
reference technology identified by Brattle is a ProEnergy GE LM6000 combustion turbine 
operating in a6x0 configuration, providing an aggregate capacity of 484 MW, and located in 
Harris County. 

The alternative reference technology is intended to be an example of a dispatchable 
renewable plant that is most likely to be developed in the ERCOT Region in the next few years 
and that may be used as a basis for sensitivity analysis of the primary case. Based on recently built 
and planned projects, the alternative reference technology identified by Brattle is a hybrid solar-
storage facility consisting of 200 MW of photovoltaic capacity and 100 MW of battery energy 
storage capacity located in Brazoria County. 

Brattle is now developing cost estimates for these technologies. At the Supply Analysis 
Working Group (SAWG) meeting on March 22,2024, Brattle and ERCOT invited stakeholder to 
provide comments on the reference technologies as well as the after-tax Weighted Average Cost 
of Capital (WACC), a key financial parameter for the CONE calculations (Attachment D). Brattle 
is compiling a summary and response document based on provided comments. The final 
calculated CONE values, an Excel spreadsheet model for CONE sensitivity analysis, and a draft 
CONE study report are expected to be filed by late April 2024. The final CONE study report is 
expected to be filed by end of May 2024. 

Next Steps 

ERCOT is seeking confirmation from the Commission on next steps in the reliability 
standard study. This delivery of the phase four scenarios completes the final modeling 
recommended by ERCOT at this time. To help the Commission interpret the analysis and begin to 
narrow the scope for stakeholder feedback, ERCOT has developed a white paper (included as 
Attachment A) with recommendations on certain input parameters. ERCOT representatives will 
be available at the April 11, 2024 Open Meeting to present this information and answer any 
questions that you may have regarding the reliability standard study phase four results, 
recommendations, and the CONE study update. 
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Respectfully submitted, 

_/ s / Woody Rickerson 
Woody Rickerson, P.E. 
Vice President, System Planning and 
Weatherization 
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Attachment A 

Reliability Standard: Potential Methodology for Interpreting the ERCOT Analysis 

Background 

Senate Bill 3 from the 88th Legislative Session required the Public Utility Commission of Texas 
(Commission or PUC) to ensure that ERCOT establishes requirements to meet the reliability needs 
of the power region. The Commission initiated PUC Project 54584 to establish a Reliability 
Standard for the ERCOT Region. The new standard would replace the 13.75% Reserve Margin 
previously approved by the ERCOT Board of Directors, which does not have a regulatory 
requirement to maintain. 

Beginning in 2023 and after consultation with PUC Staff, ERCOT proposed a framework for this 
new Reliability Standard that was based on three criteria: Frequency, Magnitude, and Duration. 
Frequency is a measure of how often a loss-of-load (LOL) event occurs and is measured as an 
expected value (i.e., a probability-weighted average of LOL events over a given period for many 
Monte Carlo simulation outcomes). This frequency measure is called the Loss of Load 
Expectation, or LOLE. Magnitude considers the maximum hourly MW of all LOL events across 
many simulation outcomes, while Duration accounts for the maximum hours experienced for a 
single LOL event across the simulation outcomes. 

ERCOT used the November 2022 Capacity and Demand Report (CDR) as the basis for the load 
and Resource information. The analysis focused on results for 2026 and used the Strategic Energy 
& Risk Valuation Model (SERVM) to perform a Monte Carlo probabilistic analysis of potential 
reliability outcomes based on a range of scenario variables. In total, ERCOT reported results for 
76 different scenarios prior to the latest scenario set, referred to as Phase 4 scenarios. Each scenario 
and the corresponding results were based on 5,250 individual runs that capture a range of load, 
wind, solar, and thermal unit outage values. 

In addition to the three reliability criteria proposed for the Reliability Standard, ERCOT used four 
secondary scenario variables to provide a larger set of unique scenarios: 

Weatherization Effectiveness 

Number of Historic Weather Years 

Retired Thermal Unit Capacity 

Varied from 70% - 90% effectiveness at 
preventing weather-related thermal outages 
tied to low winter wind chill temperatures 
42 weather years or a subset of the most 
recent 15 years 
Either 900 MW or 3300 MW 

Type of New Units Added to Scenarios 
Requiring Additional Generation Beyond 
the 2026 Expected Portfolio 

Gas combustion turbines (CTs) or a 
proportional mix of planned wind, gas, and 
battery storage capacity reflected in 
different CDR reports 

The first of the secondary variables consisted of the effectiveness of new weatherization standards 
and the associated ERCOT inspection process in preventing weather-related Forced Outages on 
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thermal units. The second variable considered the number of historic weather years used in the 
analysis. For the 5,250 Monte Carlo runs for each scenario, SERVM randomly selects one of the 
historic weather years. Each weather year is associated with hourly 2026 forecasted loads (based 
on the historical weather conditions) and intermittent renewable generation amounts, also based 
on historical weather conditions. ERCOT started the analysis with a 42-year weather set and also 
considered a smaller set comprising the most recent 15 weather years. Use of this smaller set puts 
larger weight on the more recent winter storm events. The analysis used a third variable to modify 
the number and type of units that would retire before 2026. Finally, a fourth variable considered 
the types of new generation that were added for some scenarios. 

Altogether, the primary variables (Magnitude, Frequency, and Duration) along with the secondary 
variables (weatherization effectiveness, weather years, retirements, different combinations of new 
generation) resulted in 98 different scenarios. 

In addition to the three primary criteria and four secondary variables, there are also several 
important scenario outcomes to consider in determining a new Reliability Standard. These are 
listed in the table below: 

Summer and Winter Reserve 
Margins 

Expected Unserved Energy 
(EUE) 

Total System Cost (Market 
Cost + Customer Load Shed 
Damages + New Generation 
Fixed Cost) 

Exceedance Probability for 
Duration and Magnitude 

Traditional Reserve Margin for the scenario during 
Summer Peak or Winter Peak provides a 
comparison to conditions ERCOT has traditionally 
seen. 
EUE is the amount of energy (MWh) not served 
resulting from LOL events. Like LOLE, it is a 
probability-weighted average of amounts across 
all runs for a scenario. For a given hour, EUE is 
equivalent to the product of the Magnitude and 
Duration for that hour. It is a more common metric 
used in other markets and useful for comparisons. 
Useful number that quantifies the annual ratepayer 
cost for electricity in ERCOT. It incorporates 
energy and Ancillary Services costs to serve load, 
customer load shed damage costs (EUE multiplied 
by the Value of Lost Load (VOLL)), and the fixed 
cost of new generation. (Note that for this analysis, 
the Market Cost is equivalent to the Customer 
Cost-the latter reflecting what ratepayers actually 
pay for electricity.) 
Exceedance Probability is the probability that a 
LOL event will exceed the maximum Duration or 
maximum Magnitude standards for any given 
scenario. A 3% Exceedance Probability indicates 
that 3 out of 100 LOL events will exceed either the 
maximum Magnitude or maximum Duration 
threshold. 
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MWs ofAdditional (New) 
Dispatchable Generation 

This is a measure of additional generation capacity 
that must be added for the three primary criteria to 
be met. Additional information is also included in 
the analysis to examine the variable costs and 
market costs associated with the additional 
amounts of generation. 

Methodology 

What follows is a potential approach for parsing the 98 different scenarios. The methodology uses 
all the primary criteria as well as the secondary variables. 

• Magnitude - In the fall of 2023, ERCOT surveyed the Transmission Service Providers 
(TSPs) responsible for administering rotating outages during a load shed event. An 
ERCOT Request for Information determined that the total load that is not critical or 
transmission-connected while reserving the 25% Under Frequency Load Shed (UFLS) is 
31.7 GW at a 75 GW system load. Taking roughly 60% of the 31.7 GW provides an 
estimated amount of load (19 GW) that could be effectively rotated. A load shed amount 
exceeding 19 GW could result in some portion of the total required load shed amount not 
being rotated. This upper limit of 19 GW sets a boundary for considering how high the 
Magnitude variable can currently be set while maintaining rotation of all the outaged loads. 
Further investment in the distribution system or changes to the number or treatment of 
critical loads could raise the Magnitude variable to a value greater than 19 GW This 
number will also change as new load is added to the system. The addition of future 
transmission-connected load is not included in the load shed plan. 

• Duration - The Duration criteria is closely correlated to the Magnitude in the scenario 
results. When maximum Magnitude is restricted to values less than 19 GW, the maximum 
Duration results never exceed 14 hours. Ifyou assume the Magnitude limitation of 19 GW 
allows all the load outaged during a LOL event to be rotated, 14 hours, even in a winter 
event, could be considered an acceptable LOL event duration. It is also relevant to 
remember that the ERCOT analysis of risk for the Reliability Standard indicates the LOL 
event risk is dominated by winter events. 

• Frequency - For Frequency, a 1 -in-5 value indicates that a LOL event is expected to occur 
once every five years. A Frequency of 1-in-20 would result in an expectation that a LOL 
event would occur once every 20 years. The lower the Frequency ratio the more often a 
LOL event is expected. If the Frequency of the LOL events are allowed to be as low as 1-
in-5 years or 1-in-8 years, the resulting Magnitude exceeds the 19 GW Magnitude threshold 
when utilizing the 42-year weather set. Once the Frequency is set to 1-in-10, 15, or 20 
years, approximately a third of the subset of scenario outcomes result in maximum 
Magnitude (19 GW) and maximum Duration (14 hour) values that meet the Magnitude and 
Duration criteria discussed previously. Historically, the LOLE frequency of 1-in-10 years 
has been a widely accepted industry standard. 

3 of 6 



ERCOT recommendation - Maximum Magnitude should not exceed 19 GW , Frequency 
should be no morefrequent than l-in-10 years (e.g., 1-in-20 years), and the maximum Duration 
should not exceed 14 hours. 

The following is an examination of the four secondary variables and how their variability affects 
the overall results. 

• Weatherization Effectiveness - ERCOT, based on field inspections of actual preparations, 
number of cure periods required, and a limited number ofwinter storm experiences (Winter 
Storms Elliot in 2022 and Mara in 2023), estimated that the weatherization effectiveness 
variable should be set at least as high as 85%. At the PUC Staff's request, the 
weatherization effectiveness variable was also tested at 70% and 90%. Using EUE as a 
measure, an increase of 1% in weatherization effectiveness resulted in an average 0.4% 
decrease in EUE. Using new CT capacity as a measure, a 1% increase in weatherization 
effectiveness resulted in an approximately 3% decrease in new CT capacity. Therefore, the 
overall effect of changing the measurement from 85% to 90% does not dramatically alter 
the overall results. 

ERCOT ' s recommendation - For studies supporting the Reliability Standard , the 
weatherization effectiveness should be set at 85% or 90% until metrics are available to make 
more precise effectiveness estimates. 

• Number of Historic Weather Years - ERCOT has access to 42 years of weather data 
along with power conversion models that account for temperature, wind speed, solar 
irradiance, and other variables. These probabilistic variables, along with probabilistic 
Forced Outage modeling, was the basis for SERVM simulations. ERCOT was also asked 
to consider only the most recent 15 years of weather data. This approach gave a heavier 
weighting to Winter Storm Uri making it like a 1-in-15-year storm. Most analysis agrees 
that, for Texas, Winter Storm Uri was closer to a 1-in-100-year storm. The move to a 15-
year weather set instead of 42 years dramatically worsens reliability outcomes. For a 
Frequency of 1-in-10 years, the 15-year weather set resulted in a 25% increase in maximum 
LOL event durations, a 53% increase in maximum LOL event magnitudes, and a 188% 
increase in the amount of new dispatchable generation needed compared to the 42-year 
weather set. 

ERCOT ' s recommendation - Use at least the full 42 years of weather data for Reliability 
Standard studies. 

• Number of Retirements - ERCOT used both 900 MW and 3300 MW of retirements for 
the 2026 modeled year. The 900 MW figure came from facilities that have provided a 
public intent to retire. The 3300 MW number was based on an analysis that considered 
thermal units at risk of retirement by 2026 because of proposed Environmental Protection 
Agency (EPA) emission rules. The upcoming changes in the market structure, projected 
load growth, and existing and potential litigation over the EPA's proposed rules, make it 
difficult to predict the number of retirements that could eventually occur. The Commission 
could choose the lower of the two numbers and then track the MW amount of retirements 
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that exceed 900 MW The excess can be translated by ERCOT into additional amount of 
new generation. 

ERCOT ' s recommendation - Use the 900 MW - retirement amount . 

• Type of New Capacity - The ERCOT analysis used several different combinations of new 
generation, including only CTs, the mix ofnew resource types found in the 2022 November 
CDR, and finally the mix ofnew Resource types found in the 2023 November CDR (which 
included proportionally more solar and batteries). The upcoming changes in the market 
design and new incentives make choosing a Resource mix difficult. It is likely that the mix 
of generation that is eventually built will not be what is currently in the interconnection 
queue. For establishing the Reliability Standard, it is simpler to use the CT assumption as 
a standard of comparison for all the scenarios. Subsequently, the amount of new CT 
generation can be translated into any mix of Resource types using average Effective Load 
Carrying Capability (ELCC) estimates and outage rate assumptions for dispatchable 
thermal resources. 

ERCOT's recommendation Use the combustion turbine as the Resource O/pefor comparing 
scenarios. 

Final Results 

ERCOT submitted an additional 22 scenarios as Phase 4 results. Phase 4 results use an 85% 
weatherization effectiveness factor, 900 MW of retirements, 42 years of historical weather, and 
incrementally add just CT generation to the December 2023 CDR's base resource portfolio. 

The analysis includes all future generation capacity known at the time of the December 2023 CDR 
that is expected to be available by 2026. Hourly load is a probabilistic variable in SERVM, but the 
average summer peak value is 86 GW and the average winter peak value is 75 GW Load that 
exceeds these average peak forecasts would require additional MWs of incremental capacity to 
maintain the equivalent scenario outcomes. 

Using the Phase 4 results, if no additional generation (generation not included in the December 
2023 CDR) is added, ERCOT would have a Reliability Standard with the following measurements. 
This scenario can be considered a baseline for comparison. 

Incremental MWs OMW 
Added 

Frequency 1-in-8.3 
years 

Duration 14 hours 
Magnitude 25,652 MW 

Adding 1,113 MW of new CT capacity produces the following results that fall just outside the 
suggested maximum Magnitude criterion. The analysis estimates a 98.57% chance the maximum 
Magnitude does not exceed 14,000 MW 
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Incremental MWs 1,113 MW 
Added 

Frequency 1-in-10 
years 

Duration 13 hours 
Magnitude 22,375 MW 

Adding 4,452 MW of new CT capacity produces the following results that are close to the 
suggested maximum Magnitude criterion. The Exceedance Probability should be considered when 
evaluating the Magnitude of 19,771 MW The analysis estimates a 99.3% chance the maximum 
Magnitude does not exceed 14,000 MW. 

Incremental MWs 4,452 MW 
Added 

Frequency 1-in-15.7 years 
Duration 13 hours 

Magnitude 19,771 MW 

Similarly, adding 5,936 MW of new CT capacity produces the following results that are close to 
the suggested maximum Magnitude criterion. The Exceedance Probability should be considered 
when evaluating the Magnitude of 19,164 MW The analysis estimates a 99.64% chance the 
maximum Magnitude does not exceed 14,000 MW 

Incremental MWs 5,936 MW 
Added 

Frequency 1-in-20.5 years 
Duration 13 hours 

Magnitude 19,614 MW 

A scenario representing a more conservative Reliability Standard adds 8,904 MW of new CT 
capacity, producing the following results that all fall well within suggested parameters: 

Incremental MWs 8,904 MW 
Added 

Frequency 1-in-35.8 
years 

Duration 11 hours 
Magnitude 16,124 MW 

The complete data set results for the Phase 4 scenarios can provide more details on some of the 
key outcomes for each scenario. 
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Attachment B 

Reliability Standard Study: 
System Cost Impact Analysis ercotl (Phase 4), Updated Phase 3 
Simulation Results, and 
Technology Type Capacity 
Equivalencies 

April 4,2024 



ModleHng Study Des~gn, Phase 4 

Ran SERVM for a wider and more granular range of combustion turbine 
(CT) additions, using the 2026 resource portfolio from the December 2023 
Capacity, Demand and Reserves (CDR) report and adding incremental CT 
capacity: 

22 Monte Carlo simulations are reported for which no additional coal capacity is 
removed beyond the 900 MW scenario assumption 
Total CT capacity for the 22 simulations range from 0 to 20,776 MW (56 units @ 
371 MW each) 
Range of expected frequencies (LOLEs) is 0.12 to 0 events/year; 0.12 is 
equivalent to a day with at least one LOL event every 8.3 years 
All simulations include 900 MW of unit reti rements, 42 weather-years of hourly 
wind, solar and load data, and a weatherization success rate of 85% (i.e., 85% 
reduction in weather-related outages due to weatherization efforts) 
SERVM bug discovered and fixed by Astrape prior to Phase 4 study runs 
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Cost Analys~s Approach 

· Calculated the system (or societal) ave rage cost, per year, for each 
resource portfolio; system cost is the sum of three cost components: 
> Market cost = Load x market price 
> Customer Load Shed Damages (Expected Unserved Energy x 

$25,000/MWh Interim VOLL) 
> Fixed cost of incremental CT additions @ $119,000/MW-year 

- Calculated the incremental system cost needed to avoid a MWh of 
Expected Unserved Energy for each CT addition scenario 

- Developed cost curves intended to help identify the expected frequency 
that minimizes system costs and meets maximum loss-of-load 
magnitude and duration criteria 

- Evaluated the cost impact of adding sufficient CT capacity to avoid 
extreme market cost outcomes 

fKI 
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Frequency, Mlagn~tude andl D~ratdon Cdterda 

· Frequency: 
- The modeled system in 2026 is expected to yield a LOLE of close to 

0.1 loss-of-load events per year (or one day with at least one loss-of-
load event every 10 years). 

- This is in line with the industry LOLE standard and is therefore a 
reasonable benchmark with which to compare alternative values. 

· Maximum Magnitude: 
- Based on TSP information, ERCOT estimates that a load shed 

amount exceeding 19 GW may not be capable of being fully rotated. 
· Maximum Duration: 

- There are no ERCOT operational considerations that suggest a 
specific max duration criterion. 

- Assuming that all load can be shed on a rotating basis, a 14-hour 
maximum duration (which is the highest realized amount for the 
Phase 4 simulations) could be considered acceptable given 
improved customer lead-time communications since WS Uri. 
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Simulation Results Summary 
Frequency 

CT Capacity (Expected Loss of Max Max 
MW (Non- Load Events/Year, Magnitude Duration System Cost 

CTs Added summer Rating) LOLE) (MW/hr) (Hrs) EUE (MWh) (Million $/Year) 
0 - 0.120 25,652 14 4,213.6 12,264.71 
1 371 0.111 22,901 14 3,825.6 12,250.39 
2 742 0.107 24,566 14 3,672.8 12,256.09 
3 1,113 0.100 22,375 13 3,331.1 12,259.85 
4 1,484 0.096 21,669 13 3,075.2 12,264.68 
5 1,855 0.090 22,388 13 2,743.9 12,263.77 
6 2,226 0.085 22,176 13 2,637.8 12,285.76 
7 2,597 0.078 22,013 13 2,418.3 12,290.71 
8 2,968 0.080 21,028 14 2,263.2 12,316.17 
9 3,339 0.073 21,583 13 2,073.8 12,327.72 

12 4,452 0.064 19,771 13 1,744.9 12,387.93 
16 5,936 0.049 19,614 13 1,222.9 12,459.16 
20 7,420 0.037 18,674 12 731.9 12,535.27 
24 8,904 0.028 16,124 11 500.1 12,634.39 
28 10,388 0.020 13,418 10 279.2 12,735.21 

CT addition 
scenarios start at 
the LOLE level 
(0.12) where no 
portfolio capacity 
needs to be 
removed or added. 

32 11,872 0.016 12,807 10 188.8 12,865.08 
36 13,356 0.008 12,666 9 60.5 12,986.74 
40 14,840 0.005 7,903 8 31.1 13,137.44 
44 16,324 0.001 5,085 3 3.6 13,293.08 
48 17,808 0.000 5,097 3 1.9 13,458.18 
52 19,292 0.000 0 0 - 13,628.20 
56 20,776 0.000 0 0 - 13,797.07 

Key Takeaways: 
A 0.1 expected frequency (LOLE) is not sufficient to constrain the max magnitude to 19 GW; a LOLE of 
approximately 0.04 is needed to achieve that. The incremental system cost to achieve this increased 
reliability is between $195 and $271 million per year above the amount that supports a 0.1 LOLE. 
A 0.02 LOLE would be needed to reduce the max duration to 10 hours. This lower frequency increases the 
annual system cost by $471 million above the amount that supports an approximate 0.1 LOLE. 
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~ Incremental System Cost for Avoiding one MWh of 
Expected Unserved Energy (EUE) 

Incremental System Cost for Avoiding One MWh of EUE 
(Million $) 
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(l.00) 
Frequency, LOLE (Loss of Load Events/Year) 

Key Takeaway: Incremental system costs for avoiding a MVVh of EUE start 
escalating as expected loss-of-load frequency (LOLE) goes below -0.04 events/year. 
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Compardson of HI~gh System Cost Years 

• Market costs are highly variable from year to year; the SERVM runs 
reflect ave rage costs across all simulation outcomes. 

• How much additional CT capacity would be needed to fully hedge 
against a year with higher-than-average system costs? 

• For a "1-in-100" weather year, system costs would be lowest with CT 
additions sufficient to yield a zero LOLE: 
- Requires -17.1 GW of additional capacity above that needed for a 0.1 LOLE 
- Expected annual cost, in addition to the cost to get to 0.1 LOLE, is $2.03b 

• For a 1-in-20 weather year, system costs would be lowest with CT 
additions sufficient to yield a 0.03 LOLE: 

o Requires -5.2 GW additional capacity above that needed for a 0.1 LOLE 
o Expected annual cost, in addition to the cost to get to 0.1 LOLE, is $618m 

• For a 1-in-10 weather year, system costs would be lowest with CT 
additions sufficient to yield a 0.16 LOLE: 

o Expected cost is less than a portfolio designed to achieve 0.1 LOLE ($441 m 
annual savings) 

o However, reliability criteria suggested on Slide 4 will not be met with this 
LOLE level. 

/ /Fi 
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~ Comparison of Years with High System Costs 

System Costs at Selected Percentiles: 
1-in-10 (90th Percentile) cost year 
1-in-20 (95th Percentile) cost year 
1-in-100 (99th Percentile) cost year 
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Updated Phase 3 SMm~atbn Results 

· SERVM bug discovered and fixed by Astrape prior to Phase 4 study 
runs; the bug affected battery scheduling and resulted in erroneous 
negative market prices during negative net load hours. 

· Impacts of the bug: 
- Solar over-curtailment and depressed market costs 
- Battery storage scheduling was sub-optimal 

· Re-ran all 76 Phase 3 scenario simulations; the main impacts include: 
- Substantial increase in market costs, on the order of $3 to 4 billion 
- For most of the resource portfolios, an increase in reliability; for example, 

across the Base Case portfolios, EUE decreased, on average, by -10%, 
while Max Magnitude decreased, on average, by-850 MW. 

· Phase 1 simulations were not re-run because that modeling was an 
exploratory effort. 

· Phase 2 simulations were not re-run because many portfolio scenarios 
are replicated in the Phase 3 and 4 simulations, while other scenarios 
were dropped for further consideration (e.g., 3,300 MW reti rement 
scenario). 
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CT vs. W~ndl/Solar CapacMy Equ8yaDenc8es 
· The following table shows how much solar, wind, and standalone battery storage capacity is needed 

to displace the CT capacities used in the SERVM simulations assuming a system that meets a 0.1 
events/year LOLE. The solar and wind capacity conversions are based on Effective Load Carrying 
Capabilities (ELCCs) published in ERCOT's 2022 ELCC study. 

· The ELCCs are based on a reference combustion turbine with perfect reliability, so the wind, solar, 
and battery storage capacities are grossed down by 1.98% to reflect the assumed CT effective forced 
outage rate (EFOR) used in the reliability study modeling. 

Megawatts (MW) 
Combustion 

Turbine Equivalent Equivalent Equivalent 
CTS Maximum West Solar, Non-West Equivalent Equivalent 2-hour 

Added Capacity Summer Sol ar, Su m me r Wi nd, Su mme r Wi nd, Wi nte r Battery 

Public 

[1] [2] [3] [4] [5] [6] [7] 
1 371 1,081 1,351 2,226 1,991 430 
2 742 2,162 2,702 4,451 3,983 860 
3 1,113 3,243 4,054 6,677 5,974 1,290 
4 1484 4,324 5,405 8,902 7,965 1,720 
5 1,855 5,405 6,756 11,128 9,956 2,150 
6 2,226 6,486 8,107 13,353 11948 2,580 
7 2,597 7,567 9,459 15,579 13,939 3,010 
8 2,968 8,648 10,810 17,805 15,930 3,440 
9 3,339 9,729 12,161 20,030 17,922 3,869 
12 4,452 12,972 16,215 26,707 23,896 5,159 
16 5,936 17,296 21,620 35,609 31,861 6,879 
20 7,420 21,620 27,025 44,511 39,826 8,599 
24 8,904 25,944 32,430 53,414 47,791 10,319 
28 10,388 30,268 37,835 62,316 55,756 12,038 
32 11,872 34,592 43,240 71,218 63,721 13,758 
36 13,356 38,916 48,644 ED,120 71,687 15,478 
40 14,840 43,240 54,049 89,023 79,652 17,198 
44 16,324 47,563 59,454 97,925 87,617 18,917 
48 17,808 51,887 64,859 106,827 95,582 20,637 
52 19,292 56,211 70,264 115,729 103,547 22,357 

grcot ·% 56 20,776 60,535 75,669 124,632 111,512 24,077 
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Attachment C 

Tablel. Base Case 

Reliability Standard 
Framenork Inputs 

Scenario Parameters Scenario Outcomes 

m~ | FREQUENCY 
(LOLE) 

1 ln5 

20 | lin 20 | 

Capacity Mix to Achieve 
Frequen~Target: 

MWRaired 100% Cr va May CDR 
0opo,tionalmix aplanned 

~nd, Solar, .R, Gas 

900 100%6 CT 
900 100%6 CT 
900 100%6 CT 
900 100%6 CT 
900 100%6 CT 
900 CDRMTx 
900 CDRMTx 
900 CDRMTx 
900 CDRMTx 
900 CDR Mix 

3,300 10096 CT 
3,300 10096 CT 
3,300 10096 CT 
3,300 10096 CT 
3,300 10096 CT 
3,300 CDR Mix 
3,300 CDR Mix 
3,300 CDR Mix 
3,300 CDR Mix 

3,300 CDR Mix 

Portfolio Rese- Portfolio Reerve 
Margin for Margin for 
Summer* Winter* 

1296 1696 
1696 2096 
1756 2296 
2196 2756 
2396 3096 
1296 1696 
1696 2096 
1756 2296 
2196 2756 
2396 3096 
1396 1756 
1596 2096 
1756 2296 
2196 2756 
2296 2996 
1296 1696 
1696 2096 
1836 2396 
2196 2836 

2396 3096 

Expected 
Unserved Energv 

EUE(MWh) 

6,028 
3,581 
2,679 
1,368 
768 
6,948 
4,255 
3,174 
1,512 
897 
5,714 
3,711 
2,518 
1,308 
907 
7,317 
4,062 
2,834 
1,353 

901 

LoadShed 
Damages(EUE* Coal Capacity 
VOLL) (million Reductirn (MW) 

$hl) 

30 965 
18 0 
13 0 

35 2,700 
21 0 
16 0 
8 0 

29 0 
19 0 
13 0 

37 400 
20 0 
14 0 

MWs .Add ionali Fixed Cost of Total 

(new) Dispatchablel == 
Vallie 
Costs 

Generation (million $/yr) (million$/yr) 

Variable ] CTand 1 
Costs ~ cr~d I Variable Cost | 
~t Va~able I +L~(IShe(1 ~Marketeost(million 

Val Cost | Damages ~ $/vr)** 
$5,000/Mwh (million$/yr) (million$/yr) 
(million $/yr) 

7.Il.IFT--EI/-iiX.-1 

=UFT-TarT-zm-T---=E--1 

Customer Co5t + ~ |Exceedance 
Loadshed I probability 

Dam~es+CTCOst~Max Duration ~Required for 
(million$/yr) I |Duration 

I I" hours 

"."."'.". 

".3.i.'.". 

~* I~t~Require |Max |Exceedance Probability 
Requiredfor Requiredfor 

for Duration Mqgnitude 
Duration Mqgnitude 

5 hours 10 hours 

4.15% 4.5196 25,982 2.1036 
3.12% 3.35% 23,194 1.3156 
2.55% 2.65% 23,157 0.9™ 
1.3956 1.5496 18,597 0.2556 
0.8696 1.0556 14,869 0.0496 
4.55% 5.2496 28,489 2.8496 
3.50% 3.7996 24,159 1.6836 
2.63% 3.0196 22,397 1.2836 
1.26% 1.7596 17,819 0.5156 
0.6756 1.10% 20,225 0.1756 
4.0496 4.32% 24,502 2.0036 
3.2496 3 4196 23,839 1.3156 
2.36% 2.55% 21,066 0.8496 
1.3056 1.4996 16,648 0.2556 
0.93% 1.0356 16,668 0.lEt 
4.8836 5.50% 27,948 2.9336 
3.3756 3.50% 22,554 1.6656 
2 4296 2.69% 24,091 0.99% 
1.2496 1.4996 17.937 0.3496 

0.80% 1.10% 16,836 0.1936 

Annuallnc~ment~ 

Exceedance Exceedance Fixed Cost of EUE 

Probability Probability Redudion 
Requiredfor Requiredfor (GTCost$/yearper 

Magnitude Magnitude 1~Wh of avoided 
10,000 I~W 5,000 /. EUE) 

4.6556 9.0756 
2.76% 5.7336 90,211 
2 . 21 % 6 4 . 46 % 195 , 759 
1.1236 2.5336 303,194 
04836 1.8336 367.649 
5.6836 10.4836 
3.3936 6.7236 32,794 
2.5556 5.3936 163,331 
1.3036 2.8836 239,131 
0.76% 2.06% 358,557 
4.5036 8.6936 
3.0336 6.1756 132,298 
1.96% 4.5556 185,034 
1.1036 2.5756 291,881 
0.7496 2.2336 440,283 
5.9496 lo.69% 
3.26% 6.3236 108,512 
2.3036 4.9936 179,645 
1.1836 2.8056 268,455 

0.7236 2.0496 390.648 

Annuallncrementa 
aandvari~Iecost 
of EUERedudion 
(Tot/$/ye. per 

I/h ofavoided EUE) 

49,967 
188,354 
291,414 
361,573 

2,055 
144,841 
231,046 
349,785 

116,720 
175,262 
284,483 
433,328 

99,076 
158,009 
260,920 

382,267 

Table 2. Fi fteen Weather Years Sensitivity 

Reliability Standard 
Framenork Inputs 

Scenario Parameters Scenario Outcomes 

No. 

Capacity Mix to Achieve 

FREQUENCY Frequen~Target: Portfolio Rese~e Portfolio Reerve Expected 
MWRaired 100% Cr va May CDR Margin for Margin for Unserved Energv 

(LOLE) Winter* EUE(MWh) 0opo,tionalmix aplanned Summer* 
~nd, Solar, .R, Gas 

LoadShed 
Darnages[EUE * 
VOLL)(million 

$hl) 

I,nws of 
Additional 

(new) 
DispatchabIe 
Generation 

Fixed Cost of 
Additional CIr 
Generation 

(million $/yr) 

Total 
Vallie 

Total Variable Costs aand Variable Cost Market Cost 
Costs -EUEat Variable Cost + Load Shed (million 

(million$/yr) VOLL (million $/yr) D,nagas $/yr)** 
$5,000/Mwh (million $/yr) 

Customer Cost + Exceedance Exceedance Exceedance Exceedance Exceedance Exceedance 
Load Shed Damqges Probability Probability Probability Probability Probability Probability 
+acost (million Max Duration Requiredfor Requiredfor Requiredfor Max Magnilude Requiredfor Requiredfor Requiredfor 

$ hl ) Duration Duration Duration Mqgnitude Mqgnitude Magnitude 

Annual Annuallnc~ment~ 
Inc~ment~Fixed amd Variable 

Cost of EUE Cost of EUE 
Redudion Redudion 

(GTCost$/yearper (Totalihearper 
-h of avoided -h of avoided 

I (million $/ml I I I I p hours ~10 hours 5 hours I P.- I EUE) I EUE) 

1 1 lin 8 1 900 1 100% CT 1 19°6 | 23°6 1 4,216 | 21 1 5,565 | 662 1 15,152 | 15,131 1 15,793 | 15,814 | 12.449 | 13,132 I 15 1 0.02°6 1 4.59°6 | 5.07% I 20,603 1 1.07% I 3.79% I 6.2936 
2 1 lin 10 1 9001 100% CT 1 22°6 | 26°6 1 2,339 | 12 1 8,162 | 971 1 15,136 | 15,124 1 16,095 | 16,107 | 12,276 | 13,259 I 13 1 0.00°6 1 2.61°6 | 3.04°6 I 17,966 1 O.27/ I 1.71°6 I 4.8CN I 164,673 1 161,2531 
3 1 lin 15 1 900 1 100% CT 1 26°6 | 31°6 1 592 | 3 1 11,872 | 1,413 1 15,121 | 15,118 1 16,531 | 16,534 | 12,014 | 13,430 I 11 1 0.00°6 1 0.64°6 | 0.80°6 I 12,202 1 0.00°6 1 0.436 | 2.19°6 I 252,735 1 249,0821 
4 1 ll/20 1 900 1 100°. CT 1 28* | 33°. 1 357 | 2 1 13,356 | 1,589 1 15,117 | 15,115 1 16,705 | 16,707 | 11,906 | 13.498 I 11 1 0.00°6 1 0.27°6 I 0.53°6 I 9,256 | 0.00°6 1 0.00°6 | 1.92/ I 751,352 1 741,230 1 
5 1 lin 8 1 9001 CDR Mix 1 20°6 | 24°6 1 4,097 | 20 1 5,565 | 662 1 15,115 | 15,095 1 15,757 | 15,778 | 12,429 | 13,112 I 13 1 0.00°6 1 3.79°6 | 4.43°6 I 21,407 1 1.39°6 1 3.636 | 5.81°6 
6 1 lin 10 1 900 1 CDR Mix 1 24°6 | 2836 1 2,070 | 10 1 8,533 | 1,015 1 15,099 | 15,089 1 16,104 | 16,115 | 12,240 | 13,266 I 13 1 0.00°6 1 1.60°6 | 2.8- I 16,994 I 0.16% I 1.9& | 4.37% I 174,224 1 171,1631 
7 1 lin . 1 900 1 CDR Mix 1 27°6 | 32°6 1 728 | 4 1 11,130 | 1,324 1 15,086 | 15,083 1 16,407 | 16,411 | 12,042 | 13,370 I 11 1 0.00°6 1 0.32°6 | 1.07* I 13,504 1 0.00°6 1 0.37* | 2.67* I 230,272 1 225,6901 
8 1 ll/20 1 900 1 CDR Mix 1 28* | 34°. 1 402 | 2 1 12,614 | 1,501 1 15,083 | 15,081 1 16,582| 16,584 | 11,956 | 13,459 I 11 1 0.00°6 1 0.11°6 | 0.37°6 I 12,880 1 0.00°6 1 0.27* | 1.926 I 542,976 1 537,4361 
9 1 lin 8 1 3,3001 100% CT 1 20°6 | 24°6 1 3,431 | 17 1 8,533 | 1,015 1 15,163 | 15,146 1 16,161 | 16,178 | 12,386 | 13,419 I 13 1 0.00°6 1 3.73°6 | 4.37* | 18,058 1 0.96°6 1 2.936 | 5.71°6 
10 1 lin 10 1 3,300 1 100% CT 1 23°6 | 27°6 1 1,6. | 8 1 11,130 | 1,324 1 15,149 | 15,141 1 16.466 | 16,474 | 12,224 | 13,556 I 12 1 0.00°6 1 1.81°6 | 2.24°6 I 17,620 1 0.21°6 1 1.236 | 4.11°6 I 174,613 1 172,123 1 
. 1 lin 15 1 3,300 1 100% CT 1 26°6 | 31°6 1 572 | 3 1 14,098 | 1,678 1 15,139 | 15,136 1 16,814 | 16,816 | 12,012 | 13,692 I 11 1 0.00°6 1 0.27°6 I 0.43% I 12,658 I 0.00°6 1 0.21°6 | 2.45% I 324,246 1 319,4461 
12 1 ll/20 1 3,300 1 100°. CT 1 27°6 | 32°. 1 519 | 3 1 14,840 | 1,766 1 15,138 | 15,135 1 16,901 | 16,904 | 11,988 | 13,757 I 11 1 0.00°6 1 0.37°6 | 0.48* I 12,101 1 0.00% | 0.•4* | 2.40% | 1,669,153 1 1,658,1651 
13 1 lin 8 1 3,3001 CDR Mix 1 21°6 | 25°6 1 3,462 | 17 1 8,162 | 971 1 15,127 | 15,110 1 16,081 | 16,098 | 12,403 | 13,392 I 13 1 0.00°6 1 2.99°6 | 4.32°6 I 18.470 1 0.75% | 3.25% | 5.76% 
14 1 lin . 1 3,3001 CDR Mix 1 23°6 | 27°6 1 2,175 | 11 1 10,017 | 1,192 1 15,116 | 15,105 1 16,297 | 16,308 | 12,272 | 13,475 I 13 1 0.00°6 1 1.81°6 | 2.8- I 17,154 1 0.3236 1 2.0836 | 4.8556 I 171,456 1 168,092 1 
15 1 lin 15 1 3,300 1 CDR Mix 1 26°6 | 31°6 1 906 | 5 1 12,614 | 1,501 1 15,105 | 15,101 1 16,602 | 16,606 | 12,111 | 13,617 I 11 1 0.00°6 1 0.32°6 | 1.12°6 I 14,579 1 0.11°6 1 0.37% | 3.20% | 243,598 1 239,8681 
16 | ll'20 | 3,300 | CDR Mlx | 28* | 33°6 | 418 | 2 | 14,469 | 1,722 | 15,100 | 15,098 | 16,819 | 16,822 | 11,986 | 13,710 ~ 11 | O.00°6 | 0.16°6 | 04- I 10,104 1 0.00°6 | 0.11°6 | 2.086 I 452,552 | 446,543 | 

Table 3. "Increased IBR" Portfolio Sensitivity 

Reliability Standard 
Framenork Inputs 

Scenario Parameters Scenario Outcomes 

No. FREQUENCY 
(LOLE) 

Capacity Mix to Achieve 
Frequen~Target: Portfolio Rese~e Portfolio Reerve Expected 

MWRaired Increased PIanned~nd, Margin for Margin for Unserved Energv 
Solar, ESRproportionalto Summer* Winter* EUE(MWh) 

May 2023CDR 

LoadShed 
Darnages[EUE * 
VOLL)(million 

$hl) 

I,nws of 
Additional 

(new) 
DispatchabIe 
Generation 

Fixed Cost of 
Additional CIr 
Generation 

(million $/yr) 

Total 
Vallie 

Total Variable Costs aand Variable Cost Market Cost 
Costs -EUEat Variable Cost + Load Shed (million 

(million$/yr) VOLL (million $/yr) D,nagas $/yr)** 
$5,000/Mwh (million $/yr) 
(million $/yr) 

Customner Cost+ Exceedance Exceedance a,ceedance Exceedance Exceedance Exceedance 
Load Shed Damqges Probability Probability Probability Probability Probability Probability 
+acost (million Max Duration Requiredfor Requiredfor Requiredfor Max MQgnitude Requiredfor Requiredfor Requiredfor 

$ hl ) Duration Duration Duration Magnitude Mqgnitude Magnitude 
15 hours 10 hours 5 hours 10,000 I~W 5,000 /. 

Annual Annuallnc~ment~ 
Inc~ment~Fixed amd Variable 

Cost of EUE Cost of EUE 
Redudion Redudion 

(GTCost$/yearper (Tota!$Aearper 
-h of avoided -h of avoided 

EUE) EUE) 

1 lin 8 900 CDR Mix+Inc IBR 1836 1836 4,510 23 0 0 14,818 14,796 14,796 14,818 11,924 .,946 15 0.0296 3 4996 3.9496 25,329 1.9036 3.6836 6.9036 
2 1 n 10 900 CDR Mix+Inc IBR 2696 2296 3,634 18 0 0 14,320 14,302 14,302 14,320 10,798 .,816 13 0.0056 2.63% 3 4996 23,199 14756 3.let 5.71% 0 (563,4211 
3 1 n 15 900 CDR Mix+Inc IBR 4696 3196 2,085 10 0 0 13,464 13,454 13,454 13,464 9,596 9,606 11 0.0056 0 4296 2 4696 20,377 0.8056 2.0836 4.2936 0 547,863 
4 1 n 20 900 CDR Mix+Inc IBR 5496 3596 1,634 8 0 0 13,213 13,205 13,205 13,213 9,246 9,254 11 0.0056 0.13% 2.19% 17,881 0.5036 1.5836 3 41% 0 551,957 
5 lin 8 3,300 CDR Mix+Inc IBR 2756 2196 4,866 24 0 0 14,128 14,104 14,104 14,128 10,576 10,600 13 0.0056 2.99% 4.1756 24,824 2.1036 4.2556 7.376 
6 1 n 10 3,300 CDR Mix+Inc IBR 3756 2696 3,816 19 0 0 13,695 13,676 13,676 13,695 9,990 10,009 12 0.0056 1.62% 3.6836 23,231 1.5236 3.6036 6.08/ 0 407,863 
7 1 n 15 3,300 CDR Mix+Inc IBR 5756 3596 2,360 12 0 0 13,050 13,038 13,038 13,050 9,070 9,082 11 0.0056 0.1196 2.6756 19,988 0.9™ 2.6336 4.36% 0 (437.967) 

8 | lin 20 | 3,300 | CDR Mix+Incl.R | 67°6 | 40°6 | 1,609 | 8 | 0 | 0 | 12,792 | 12,784 | 12,784 | 12,792 | 8,648 | 8,656 I 10 | 0.00°6 | 0.00°6 | 2.OE 6 I 20,362 | 0.69% | 1.77% | 3.37% |0| (338.6431 

Table 4.70% Weatherization Effeliveness Sensitivity 

Reliability Standard 
Framenork Inputs 

Scenario Parameters Scenario Outcomes 

No. 

Capacity Mix to Achieve 

FREQUENCY Frequen~Target: Portfolio Rese~e Portfolio Reerve Expected 
MWRaired 100% Cr va May CDR Margin for Margin for Unserved Energv 

(LOLE) Winter* EUE(MWh) 0opo,tionalmix aplanned Summer* 
~nd, Solar, .R, Gas 

LoadShed 
Darnages[EUE * 
VOLL)(million 

$hl) 

I,nws of 
Additional 

(new) 
DispatchabIe 
Generation 

Fixed Cost of 
Additional CIr 
Generation 

(million $/yr) 

Total 
Vallie 

Total Variable Costs aand Variable Cost Market Cost 
Costs -EUEat Variable Cost + Load Shed (million 

(million$/yr) VOLL (million $/yr) D,nagas $/yr)** 
$5,000/Mwh (million $/yr) 

Customner Cost+ Exceedance Exceedance a,ceedance Exceedance Exceedance Exceedance 
Load Shed Damqges Probability Probability Probability Probability Probability Probability 
+acost (million Max Duration Requiredfor Requiredfor Requiredfor Max MQgnitude Requiredfor Requiredfor Requiredfor 

$ hl ) Duration Duration Duration Magnitude Mqgnitude Magnitude 

Annual Annuallnc~ment~ 
Inc~ment~Fixed amd Variable 

Cost of EUE Cost of EUE 
Redudion Redudion 

(GTCost$/yearper (Tota!$Aearper 
-h of avoided -h of avoided 

I (million $/yr)| I I I | 15 hours 10 hours 5 hours I 10,000 MW I 5~)00 MW I EUE) | EUE) 

1 1 lin 8 1 900 1 100% CT 1 17°6 | 20°6 1 4,234 | 21 1 3,710 | 441 1 15,130 | 15,109 1 15,551 | 15,572 | 12.489 | 12,952 I 15 1 0.02°6 1 3.37°6 | 3.75% I 27,064 I 1.49°~ I 3.50% | 6.7836 
2 1 1 in 10 1 900 1 100% CT 1 19°I | 22°6 1 3,124 | 16 1 5,194 | 618 1 15,117 | 15,101 1 15,719 | 15,735 | 12,358 | 12,992 I 15 1 0.02°6 1 2.84°6 | 3.05°6 I 22.480 1 1.126 1 2 42* | 5.5056 I 159,095 1 151,645 1 
3 1 lir,15 1 900 1 100% CT 1 24°6 | 28* 1 1,207 | 6 1 9,646 | 1,148 1 15,096 | 15,089 1 16,237 | 16,243 | 12,050 | 13,204 I 13 1 0.00°6 1 1.16°6 | 1.33°6 I 20,557 1 O.36% I 0.99°6 | 2.636 I 276,321 1 270,299 1 
4 1 ll/20 1 900 1 100°. CT 1 25°6 | 30°. 1 854 | 4 1 11,130| 1,324 1 15,091| 15,087 1 16,412 | 16,416 | 11,976| 13,305 I 13 1 0.00°6 1 0.82°~ | 1.03°6 I 16,161 1 0.11°6 1 0.80°6 | 2.00°6 I 500,845 1 494.4651 
5 1 1 in 8 1 900 1 CDR Mix 1 17°6 | 21°6 1 4,789 | 24 1 2,968 | 353 1 15,103 | 15,079 1 15,432 | 15,456 | 12,531 | 12,908 I 14 1 0.00°6 1 3.52°6 | 4.13°6 I 23,663 1 2.00% | 3.96% | 7 45% 
6 1 1 in 10 1 900 1 CDR Mix 1 19°6 | 23°6 1 3,596 | 18 1 4,452 | 530 1 15,087 | 15,069 1 15,599 | 15,617 | 12,401 | 12,949 I 14 1 0.00°6 1 3.05°6 | 3.41°6 I 23,628 1 1.31°6 1 3.1236 | 5.83* I 147,978 1 139,7011 
7 1 lin 15 1 900 1 CDR Mix 1 24°6 | 29°6 1 1,338 | 7 1 8,904 | 1,060 1 15,062 | 15,056 1 16,115 | 16,122 | 12,092 | 13,158 I 13 1 0.00°6 1 1.10% | 1.49°6 I 20,101 1 0.46°6 1 1.22* | 2.84% I 234,601 1 228,542 1 
8 1 ll/20 1 900 1 CDR Mix 1 25°6 | 30°6 1 1,158 | 6 1 9,646 | 1,148 1 15,060 | 15,054 1 16,202 | 16,208 | 12,054 | 13,208 I 13 1 0.00°6 1 1.05°6 | 1.5836 I 17,532 1 0.29°6 1 1.05°6 | 24* I 491,230 1 482,9331 
9 1 1 in 8 1 3,300 1 100% CT 1 17°6 | 20°6 1 4,065 | 20 1 5,936 | 706 1 15,142 | 15,122 1 15,828 | 15,849 | 12,484 | 13,211 I 15 1 0.02°6 1 3.37°6 | 3.70°6 I 23,216 1 1.4™ | 3.45% | 6.9936 
10 1 lin 10 1 3,3001 100% CT 1 19% | 22°6 1 2,999 | 15 1 7,420 | 883 1 15,132 | 15,117 1 16,000 | 16,015 | 12,341 | 13,239 I 15 1 0.02°6 1 2.786 | 3.07°6 I 23,160 1 1.05°6 1 2.34°6 | 5.24°6 I 165,554 1 161,015 1 
. 1 ll/15 1 3,300 1 100% CT 1 24°6 | 28* 1 1,119 | 6 1 11,872 | 1.413 1 15,113 | 15,107 1 16,520 | 16,525 | 12,050 | 13.468 I 13 1 0.00°6 1 1.16°6 | 1.37% I 19,000 1 0.25°6 1 1.05°6 | 2.59°6 I 281,886 1 276,495 1 
12 1 ll/20 1 3,300 1 100°. CT 1 25°6 | 30°. 1 705 | 4 1 13,356 | 1,589 1 15,109 | 15,105 1 16,695 | 16,698 | 11,971 | 13,564 I 12 1 0.00°6 1 0.70°6 | 0.88* I 15,214 1 0.06°6 1 0.65°6 | 1.926 I 426,195 1 421,6081 
-irr--nirr--r---i~r--EBi~Ur--r-IEr-T--3E---T---*E-T-------T--33*--r-~ir-T-lu---riUE-T--iUEETmui-Tl~E-~mur-~--lr--r---BiF-T-iiir~T~~iEF-r--133r-T--iEET--53ir-r-Iiiir 
14 1 lin . 1 3,3001 CDR Mix 1 19% | 23°6 1 3,388 | 17 1 6,678 | 795 1 15,102 | 15,085 1 15,879 | 15,896 | 12,394 | 13,206 I 15 1 0.02°6 1 2.91°6 | 3.2- | 24,593 I 1.49% I 2.9756 | 5.5836 I 196,673 1 191,069 1 
15 1 li/15 1 3,300 1 CDR Mix 1 22°6 | 27°6 1 1,787 | 9 1 9,646 | 1,148 1 15,084 | 15,075 1 16,223| 16,232| 12,174| 13,331 I 14 1 0.00°6 1 1.68* | 2.21°6 I 19,469 1 0.69°6 1 1.526 | 3.54°6 I 220,652 1 214,8491 
16 | ll/20 | 3,300 | CDR Mlx | 25% | 30°6 | 9. | 5 | 11,872 | 1,413 | 15,076 | 15,072 | 16,484 | 16,489| 12,058 | 13,476 I 13 | 0.00°6 | 0.70°6 | 1.20°6 I 18,463 | 0.25°6 | 0.90°6 | 2.326 I 317,641 | 313,133 | 

Table 5.90% Weatherization Effeliveness Sensitivity 

Reliability Standard 
Framenork Inputs 

Scenario Parameters Scenario Outcomes 

m~ FREQUENCY | 
(LOLE) 

MWRaired 

Capacity Mix to Achieve 
Frequen~Target: 

100% Cr va May CDR 
0opo,tionalmix aplanned 

~nd, Solar, .R, Gas 

PortfolioRese~eIPortfolioReerve 
Margin for Margin for 
Summer* Winter* 

Expected 
Unserved Energv 

EUE(MWh) 

LoadShed 
Darnages[EUE * 
VOLL)(million 

$hl) 

I,nws of 
Additional 

(new) 
DispatchabIe 
Generation 

Fixed Cost of 
Additional CIr 
Generation 

(million $/yr) 

Total Variable 
Costs 

(million$/yr) 

Total 
Vallie 
Costs 
-EUEat 
VOLL 

$5,000/Mwh 
(million $/yr) 

aand 
Variable Cost 
(million $/yr) 

Crad 
Variable Cost 
+Load Shed 
D,nagas 

(million $/yr) 

Market Cost 
(million 
$/yr)** 

Customer Cost + 
Load Shed Damqges 
+acost (million 

$hl) 
Max Duration 

Exceedance Exceedance 
Probability Probability 

Requiredfor Requiredfor 
Duration Duration 
15 hours 10 hours 

a,ceedance 
probability 
Requiredfor 
Duration 
5 hours 

Max MQgnitude 

.ceedanle I Exceedance 
Probability Probability 

Requiredfor Requiredfor 
Magnitude M~nitude 

10,000 I~W 

Exceedance 
Probability 

Requiredfor 
Magnitude 
5,000 /. 

Annual 
Inc~ment~Fixed 

Cost of EUE 
Redudion 

(GTCost$/yearper 
-h of avoided 

EUE) 

Annuallnc~ment~ 
amd Variable 

Cost of EUE 
Redudion 

(Tota!$/vear per 
-h of avoided 

EUE) 

~P~~~~YFF--~------Gar----iaa----T----IE--T---a---r--33E--~---iy--T--air-q----i*---T--m=--r-~ 
2 1 1 in 10 1 900 1 100°. CT 1 15°6 | 18!~ 1 2,811 | 14 1 2,226 | 265 1 15,119 | 15,105 1 15,370 | 15,384 | 12,441 | 12,720 I 15 1 0.02°6 1 2.53°6 | 2.72°6 I 22,642 1 0.82* 1 2.06°6 | 4.80°6 I 249,948 1 222,9961 
3 | 1'15 | 900 | 100% CT | 19°6 | 22°6 | 1,490 | 7 | 5,194 | 618 | 15,092 | 15,085 | 15,703 | 15,711 | 12,210 | 12,835 1 13 | 0.00°6 | 1.58* | 1.75°6 1 19,220 | 0.326 | 1.22* | 2.7& | 267,438 1 252,3911 
4 | lir,20 | 900 | 100°6 CT | 20°6 | 24°6 | 992 | 5 | 6,678 | 795 | 15,085 | 15,080 | 15,875 | 15,880 | 12,106 | 12,906 1 12 | 0.00°6 | 1.05% | 1.24% 1 15,409 | 0.15°6 | 0.82* | 2.06°6 1 354,726 | 344,731 | 

6 | 1 in 10 | 900 | CDR Mix | 15°6 | 18)6 | 3,209 | 16 | 1,113 | 132 | 15,091 | 15,075 | 15,207 | 15,223 | 12,471 | 12,619 1 14 | 0.00°6 | 2.91°6 | 3.2- | 21,845 1 1.24°6 1 2.69°6 | 5.39°6 I 182,300 1 153,3571 
7| lin 15 | 900| CDR Mix | 19°6 | 23°6 | 1,636 | 8 | 4,452 | 530 | 15,054 | 15,046 | 15,576 | 15,584 | 12,244 | 12,782 1 13 | 0.00°6 | 1.37°6 | 1.81°6 I 19,265 1 0.426 1 1.3* | 2.90°6 I 252,605 1 234,371 1 
8 | lin 20 | 900| CDR Mix | 22' | 26°6 | 904 | 5 | 6,678 | 795 | 15,042 | 15,038 | 15,833 | 15,837 | 12,103 | 12,902 1 12 | 0.00°6 | 0.82°6 | 1.16°6 1 16,024 | 0.17* | 0.74°6 | 1.90°6 1 362,224 | 351,196 | 

10 | lin 10 | 3,300 | 100% CT | 15°6 | 18!6 | 2,688 | 13 | 4,452 | 530 | 15,127 | 15,113 | 15,643 | 15,656 | 12,455 | 12,998 1 14 | 0.00°6 | 2.46°6 | 2.70°6 1 20,045 | 0.95°6 | 2.19°6 | 4.55% 1 192,613 | 179,8721 
11 | lir 15 | 3,300 | 100°6 CT | 19°6 | 22°6 | 1,360 | 7 | 7,420 | 883 | 15,108 | 15,101 | 15,984 | 15,991 | 12,198 | 13,088 1 14 | 0.00°6 | 1.49°6 | 1.58* 1 18,699 | 0.25°6 1 1.16% | 2.65% I 265,871 1 256,945 1 
12 | lin 20 | 3,300 | 100% CT | 20°6 | 24°6 | 1,008 | 5 | 8,904 | 1,060 | 15,102 | 15,097 | 16,157 | 16,162 | 12,101 | 13,166 1 12 | 0.00°6 | 1.0- | 1.22°6 1 15,166 | 0.11°6 | 0.90°6 | 1.94°6 1 501,829 | 490,512 | 
-irr--ninr--r---Yia~-----EFE---r--JF-T---~Er-T-13r-T--F--T-Eir-r-lir-T---iuiT-TriuiirT~~iUE~T~iUFT-limiy~T--iiiir-r--lr--T--BiF-r-iiir-T-i;air-T---iur~~~~i~~~T~--iEr~T~~IEN-
14 | lin 10 | 3,300 | CDR Mix | 16°6 | 19% | 2,855 | 14 | 3,710 | 441 | 15,0. | 15,074 | 15,516 | 15,530 | 12,467 | 12,923 1 14 | 0.00°6 | 2.76°6 | 2.97% I 24,141 1 1.03* 1 2.21°6 | 4.95°6 I 160,007 1 148,831 1 
15 | lin 15 | 3,300 | CDR Mix | 1- | 23°6 | 1,542 | 8 | 6,678 | 795 | 15,068 | 15,060 | 15,855 | 15,863 | 12,237 | 13,040 1 13 | 0.00°6 | 1.3- | 1.77% I 17,024 I 0.5* I 1.16% | 2.80% I 268,922 1 258,2001 
16 | lin 20 | 3,300 | CDR Mix 1 21°6 | 26°6 | 845 | 4 | 8,904 | 1,060 | 15,058 | 15,054 | 16,114 | 16,118 | 12,098 | 13,161 ~ 12 | O.OO°6 | 0.70°6 | 1.09°6 ~ 15,928 | 0.19°6 | 0.84°6 | 1.79°6 ~ 380,414 | 371,273 | 

Table 6. Phase4 Sceanario 

Reliability Standard 
Framenork Inputs 

Scenario Parameters Scenario Outcomes 

No. FREQUENCY Capacity Mix to Achieve Portfolio Rese~e Portfolio Reerve Expected 
MWRaired Frequen~Target: Margin for Margin for Unserved Energv 

(LOLE) Dec. 2023 CDR+CTs Summer* Winter* EUE(MWh) 

LoadShed 
Darnages[EUE * 
VOLL)(million 

$hl) 

I,nws of 
Additional 

(new) 
DispatchabIe 
Generation 

Fixed Cost of 
Additional CIr 
Generation 

(million $/yr) 

Total 
Vallie 

Total Variable Costs aand Variable Cost Market Cost 
Costs -EUEat Variable Cost + Load Shed (million 

(million$/yr) VOLL (million $/yr) D,nagas $/yr)** 
$5,000/Mwh (million $/yr) 
(million $/yr) 

SYSTEMC. T Exceedance Exceedance a,ceedance Exceedance Exceedance Exceedance 
Market Cost+Load Probability Probability Probability Probability Probability Probability 
Shed Damqges+a Max Duration Requiredfor Requiredfor Requiredfor Max MQgnitude Requiredfor Requiredfor Requiredfor 
Cost (million$/vr) Duration Duration Duration Magnitude Mqgnitude Magnitude 

15 hours 10 hours 5 hours 10,000 I~W 5,000 /. 

Annual Annuallnc~ment~ 
Inc~ment~Fixed amd Variable 

Cost of EUE Cost of EUE 
Redudion Redudion 

(GTCost$/yearper (Tota!$Aearper 
-h of avoided -h of avoided 

EUE) EUE) 

11 lin 8.3 1 900 1 Dec. 2023CDR Mill 20°6 | 21°6 1 4,214 | 105 1 0 | 0 1 14,353 | 14,332 1 14,332 | 14,437 | 12,159 | 12,265 I 14 1 0.00°6 1 3.09°6 | 3.5- | 25,652 1 1.7556 1 3.30% I 6.2~ I - I - I 

6 I 1 in ..1 I 900 I Dec. 2023 CDR Mix | 23°6 | 23°6 | 2,744 | 69 | 1,855 | 221 | 14,313 | 14,300 | 14,520 | 14,589 | 11,974 | 12,264 I 13 | 0.00°6 | 2.02°6 | 2.76°6 I 22,388 | 1.31°6 | 2.34°6 | 4.53)6 I 133,274 | 118,144 | 

. Reserve margins are calculated with Effective Load Carrylng Capabllities for wind, solar battery storage, and non PUN thermal resources. 

** Market Costs: Thesum of wholesale energycostsattributable to servingload, plusAncillary Service costs. Market Costiscalculated outside themodel using the 
following model metrics: Marketaost=Load * Market Prlce + Spin Supplied • Spin Weighted Price + Reg Up Supplied . Reg Up Weighted Price + Non-Spin Supplied 
. Non-Spin Weighted Price).Notethat Spin plus Reg Up represents all real time online reserves. For thls calculation, SERVM dlstingulshes only Spln and R. Up 
because separate online reserve variables for modeling various emergency actions are used. Reg Up is 1,500 MW to reflect the amount preserved during load shed. 

Spin Supplied"capturesall otherreal time online reserves. 

Cost Parameters 
VOLL($/MWh) $ 
CONE ($/MW year) $ 
Interim VOLL ($/MW $ 

5,000.00 
119,000.00 
25,000.00 

P_54584 All Scenario Results Grid _Phase34_4-1 2024 



Thet- ow illustrasthethreestepsto buildingthepo#Iios (1) initiN removal of coal capaciw to cre~ethe IeEtreliable por~olios(lin 5 frequen/), (2) removal of coal andgEcapaciw to azhievethe 
senano rairement IeveIE and (3)the ajdition of combu~ion turbineorIBR or both Wpesof capaciw to azhievethe remainingfrequenl levels 

~i,~ Pn,lfnlins D096.Tsrr,m, i CDII MiI 
~Pacilv capaciw ~Pacilv capaciw ~Pacilv capaciw capaciw ~Pacilv capaciw ~Pacilv 

Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto 
Portfolioafte, Retiring Acl,~ve Achieve Acl,~ve Achieve Acl,~ve Achieve Achieve Acl,~ve Achieve Acl,~ve 

900 MWofeas 1~5 lin8 1// 1 in 15 lin8 1// 1 in 15 1// 
Resource lv~e Dec 2022 CDR ~paciw F,equencv F,equencv F,equencv Fiequen[v Frequency Fiequencv Frequency Fiequencv Fiequen[v Frequency 

Cn. l.. l.. (.5 (? Aim 
Gm 554E 545E 
Wind 41 Mq 41 Mq 
Sol. 44775 44775 782 782 782 782 782 
BE~TP,¥Stnr¥/ n 945 n 945 qr R, 3ra, qr. qrR, qr. 
New Cs 1855 3329 6678 742 2226 5565 7420 
TOTAL 166,618 165~18 164~53 167,573 169,57 172396 174,251 166~82 170,324 171~08 175,147 177~02 

~il~ Po,tfolios 9. CTSce,m, i CDIIMiI 
~Pacilv capaciw ~Pacilv capaciw ~Pacilv capaciw capaciw ~Pacilv capaciw ~Pacilv 

Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto cl,ange m Cha~gesto Cha~gesto Cha~gesto Cha~gesto 
Portfolioafte, Retiring Acl,~ve Achieve Acl,~ve Achieve Acl,~ve Achieve Achieve Acl,~ve Achieve Acl,~ve 

1~5 lin8 1// 1 in 15 lin8 1// 1 in 15 1// 
Rpsni,Irr Tv, Dec 2022 CDR ~S/Ulooomll F,rqi,rnrv F,rqi,rnrv Firqi,rnrr F,rqi,rnrv 

Coel 13680 11220 Moo 
Ga~ 55 415 54515 
Wind 41853 41853 

44 7. 44 7. .2 .2 m 2 m 2 m 2 
Ba:ter/StDra~e 10945 10945 &082 3082 3082 3082 
New Cs 1484 3710 5565 8533 10017 4823 8162 9646 
TOTAL 166.618 163.318 164802 ls7,028 168~883 17];851 173.335 166782 170.150 172005 175.344 17U' 

Se[~o,12:Mj2£,iW£othl,Y£oiskn~.I 

EOSSCTSce,ml. CDI Mi' 
~Pacilv capaciw ~Pacilv capaciw ~Pacilv capaciw 

Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto 
capaciwc~ngis Capaci,VC~ngesm Acl,~ve Achieve Acl,~ve Achieve Acl,~ve Achieve 

=Acl,ieve Achieve 1/. lili 1/8 1 in 10 1/. lin / 
Rpsni,Irr Tv, li/8 F.I,rnrv 1.IF,r,Ii,rnrv 

Coel 

Wind 
m 2 .2 m 2 .2 

Ba:ter/StDra~e 3£82 3082 3£82 &082 
New Cs 5565 8162 11872 13353 5565 8533 11120 12614 
TOTAL 1712@3 173880 177.590 179,074 175.147 178.115 180712 182,196 

11096CT Srrlml n CDI Mi' 
~Pacilv capaciw ~Pacilv capaciw ~Pacilv capaciw 

Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto 
capaciwc~ngis Capaci,VC~ngesm Acl,~ve Achieve Acl,~ve Achieve Acl,~ve Achieve 

=Acl,ieve Achieve 1/. lili 1/8 1/. lin / 
Resource lv~e lin8 F.quencv 1//Fiequencv Frequency Frequency Frequency Fiequencv Frequency Fiequencv 

Wind 
Sol. 782 782 782 782 
BE~TPrv STnrwl qr R, qrR, qr R, qr R, 
New Cs 8533 11120 14098 1484) 8162 10017 12614 14463 
TOTAL 171.1 1740~48 177~16 178,15@ 175,344 177,199 179~96 181,651 

SI ./ I~/.v'I 

CDII M'I 
(apa ilv Capa ~W 

C -esto 
Capa 'tv CIm,~ges Capa 'WC~ngesto A hve A ieve 

to Ac ieve A ieve 1/. 1 'n / 
nesou e ln8 Fe uen 1//Fe ue Fe ue Fe ue 

82) L460 5.,0 82)0 
Sol. 18 80 48 834 J~84 
Ba:te StD Ece 540 ~ 555 2) 343 4/ 

CDII M'I 
(apa ilv Capa ~W 

C -esto 
Capa 'tv CIm,~ges Capa 'WC~ngesto A hve A ieve 

to Ac ieve A ieve 1 /. 1 'n / 
nesou e 1 /8 Fequena, 1/IF equen[v F equen[v F equen[v 

32Bo 5320 ~ 420 480 
Sol. 4808 / 8~5 ~~ 85 848 4 
B=e sm aze . 3 10 - 8~5 33-I 

S, .n.: /°.W.../n/0£ '.ni.S,/Ivl 

EOSSCTSce,m iD CDIIM'I 
(apa ilv Capa ~W (apa ilv Capa ~W (apa ilv Capa ~W 

C -esto C -esto C -esto 
Capa 'tv CIm,~ges Capa'*gesm A ~ve A ieve A hve A ieve A hve A ieve 

to Ac ieve A ieve 1/. ln' 1/8 l'nlo 1/. 1 'n / 
nesou e ln8 Fe uen 1//Fe ue Fe ue Fe ue Fe ue Fe ue Fe ue Fe ue 

Sol. 78 8 78 8 
Ba:te StD Ece .8 308 .8 &08 

5194 r . 46 , / · 9 . 4 , 45~ 
TOTAL 169/42@ 170,912 175.364 17~848 172,5/ 17.34 178,486 179.22@ 

EOSSCTSce,m iD CDIIM'I 
(apa ilv Capa ~W (apa ilv Capa ~W (apa ilv Capa ~W 

C -esto C -esto C -esto 
Capa 'tv CIm,~ges Capa'*gesm A ~ve A ieve A hve A ieve A hve A ieve 

to Ac ieve A ieve 1 /. ln' 1/8 1/. 1 'n / 
nesou e 1 /8 Fequena, 1/IF equen[v F equen[v F equen[v F equen[v F equen[v F equen[v F equen[v 

Sol. 78 8 78 8 
B=e Sm - e 308 .8 308 

,42) 5,194 4,78 .46 
TOTAL 169.254 17073@ 175.190 17~G74 172,376 1718/ 17U/ 179,054 

S, .n 5: 90°.W.. ./n/0£ '.ni.S,/I'I 

EOSSCTSce,m iD CDIIM'I 
(apa ilv Capa ~W (apa ilv Capa ~W (apa ilv Capa ~W 

C -esto C -esto C -esto 
Capa 'tv CIm,~ges Capa'*gesm A ~ve A ieve A hve A ieve A hve A ieve 

to Ac ieve A ieve 1/. ln' 1/8 l'nlo 1/. 1 'n / 
nesou e ln8 Fe uen 1//Fe ue Fe ue Fe ue Fe ue Fe ue Fe ue Fe ue 

Sol. 78 8 78 8 
Ba:te StD Ece .8 308 .8 &08 

TOTAL 16U31 10,944 170,912 172396 169.5@2 170.695 174,034 176.260 

EOSSCTSce,m iD CDIIM'I 
(apa ilv Capa ~W (apa ilv Capa ~W (apa ilv Capa ~W 

C -esto C -esto C -esto 
Capa 'tv CIm,~ges Capa'*gesm A ~ve A ieve A hve A ieve A hve A ieve 

to Ac ieve A ieve 1 /. ln' 1/8 1/. 1 'n / 

Sol. 78 8 78 8 
B=e Sm - e 308 .8 308 

,42) 3, 10 .78 8,~04 
TOTAL 166.2@6 10770 17073@ 172222 169,408 17U92 173~860 176,086 

900 MW Retirement Scenario 
~i,~ Pn,lfnlins .196.Srr,m, in 

~Pacilv capaciw ~Pacilv capaciw ~Pacilv capaciw capaciw ~Pacilv capaciw ~Pacilv capaciw capaciw capaciw ~Pacilv capaciw ~Pacilv capaciw ~Pacilv capaciw ~Pacilv capaciw ~Pacilv 
Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto .a~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto Ch-esto . gesto Cha~gesto Cha~gesto Cha~gesto Cha~gesto 

Portfolioafte, Retiring Acl,~ve Achieve Acl,~ve Achieve Acl,~ve Achieve Achieve Acl,~ve Achieve Acl,~ve Achieve Achieve Achieve Acl,~ve Achieve Acl,~ve Achieve Acl,~ve Achieve Acl,~ve Achieve Acl,~ve 
900 MWofeas lin83 1.. lin94 1 ~100 lin 10 4 1.1111 1 ~ 1118 1 in 124 1 ~ 128 1 in 137 1 ~ 157 1// 5 1 ~ 27 0 1 in 358 1~ 509 1 in 620 1/11719 lin1856 1.1 79111 lin 2]76 3 lin Infinilv 1 / Infinilv 

Rpsni,Irr Tv, Dec 2023 CDR (~Pnrilv 
Coel 13680 13680 
Ga~ 55562 54662 
Wind 41971 41971 

521. 521. 
Ba:ter/StDra~e 19 /0 19 /0 
New Cs 742 1113 1484 1855 2223 2968 2597 3339 4452 59/ 7.42) 804 10 /8 11072 13256 14840 /.324 17808 19./2 2).776 
TOTAL 18U25 181825 181825 182196 182,5/ 18293@ 183.309 183.680 184,051 184793 184,422 185.164 186.277 1877G1 189.245 190729 192,213 193.697 195.181 196.665 .8.149 199.633 201117 202,601 
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REFERENCE TECHNOLOGY 

Purpose of Refe rence Technology Selection 

Objective: describe a thermal dispatchable plant that is most likely to be developed in ERCOT in the next 
few years, as a basis for calculating a Cost of New Entry (CONE) metric useful for resource adequacy 
planning and market parameters 

Approach: determine "revealed preference" by reviewing plants recently built and under development 

Characteristics included 
o Technology type, turbine model, plant size and configuration 

o Typical practices for direct electrical interconnection, fuel infrastructure and supply (e.g., dual fuel or firm gas), 
power augmentation (e.g. turbine inlet air cooling technology), emissions controls, and weatherization 
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REFERENCE TECHNOLOGY 

Proposed Specifications for Reference Technology 

Technology and Size 

Generation Technology 

Turbine Model 

Configuration 

Nameplate Capacity (MW) 

Detailed Design 

Fuel Type 

Combustion Controls 

Power Augmentation 

Water Supply 

Winterization 

Other Project Details 

Location 

Lifetime (Years) 

Firm Gas Contract 

Aeroderivative Combustion Turbine 

PROENERGY GE LM 6000PC 

8 x 0 

484 

N a tu ra I gas, no secondaryfuel 

Selective Catalytic Reduction (SCR) 

Spray Intercooling (SPRINT) 

Well 

Additional cold weather critical components 

Harris County 

20 

Yes 

Determined from most capacity in recently built or 
planned dispatchable plants in ERCOT for CODs 
between 2021-2026 

Based on planned natural gas-fired plants by 
WattBridge (developer of most gas-fired plant 
capacity with a COD between 2021-2026) 

Based on standard plantdesign for WattBridge 
natural gas-fired plants 

Determined by county with most capacity 

Based on standard plantdesign for WattBridge 
natural gas-fired plants 
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REFERENCE TECHNOLOGY 

Technology Type and Turbine Model 
Thermal Dispatchable Generation in ERCOT (COD 2021 - 2026) 

Constructed our "Primary Thermal 
Dataset" of recently built and planned 
thermal dispatchable generation with 
actual or planned COD between 2021 
to 2026: 
o Data provided by WattBridge 

o Cross-referenced against data from 
Hitachi ABB Velocity Suite, ERCOT CDR 
report, Texas Commission on 
Environmental Quality 

o Excluded small cogeneration or internal 
combustion generation plants 

Plant Name 

Existing 
Topaz 
HO Clarke Generating 
Victoria Port Power Il 
Rabbs (Braes Bayou) 
Chamon Power 
Beachwood (Mark One 
Colorado Bend 
Brotman 

Planned 
Remy Jade 
Beachwood Il (Mark On 
Remy Jade Il 
Sibyl 
Elmax 
LongLeaf 

Notes Technology 

[1] Combustion Turbine 
[2] Combustion Turbine 
[3] Combustion Turbine 
[4] Combustion Turbine 
[5] Combustion Turbine 
[6] Combustion Turbine 
[7] Combustion Turbine 
[8] Combustion Turbine 

[9] Combustion Turbine 
[10] Combustion Turbine 
[11] Combustion Turbine 
[12] Combustion Turbine 
[13] Combustion Turbine 
[14] Combustion Turbine 

Number Nameplate 
Turbine Type Cou nty Online Date 

of Capacity 

GE LM6000 Galveston 10/31/21 10 605 
GE LM6000 Harris 11/11/21 8 484 
GE LM6000 Victoria 01/12/22 2 100 
GE LM6000 Fort Bend 05/02/22 8 484 
GE LM6000 Harris 06/20/22 2 100 
GE LM6000 Brazoria 11/30/22 6 363 
GE Frame 6B Wharton 05/31/23 2 78 
GE LM6000 Brazoria 10/23/23 8 484 

GE LM6000 Harris 04/01/24 6 363 
GE LM6000 Brazoria 06/01/24 2 121 
GE LM6000 Harris 11/30/24 4 242 
GE LM6000 Fort Bend 07/01/25 6 300 
GE LM6000 Harris 06/01/26 10 605 
GE LM6000 Angelina 2026 12 726 

This resulted in 14 generators which 
were all natural gas-fired plants with a 
total nameplate capacity of 5.1 GW, 
98% of capacity is from GE LM6000 
aeroderivative combustion turbines 

[15] = SUM ([1] to [14]) if LM6000 Total LM6000 Nameplate Capacity (MW) 4,977 
[16] = SUM ([1] to [14]) Total Dispatchable Generation Capacity (MW) 5,055 

[17] = [15] / [16] LM6000 Share of Total Nameplate Capacity (%) 98% 

Notes and Sources: [1] to [14]: 
Confidential data provided by ERCOT staff. 
Hitachi ABB Velocity Suite, Generating Unit Capacity Dataset, January 22,2024. 
ERCOT, Report on the Capacity, Demand, and Reserves in the ERCOT region (2024-2033), December 8,2023. 
Texas Commission on Environmental Quality, Issued Air Permits for Gas Turbines 20 MW or Greater, July 1, 2023. 
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REFERENCE TECHNOLOGY 

Configuration and Nameplate Capacity 

WattBridge is the developer with 
most of the recently built and 
planned thermal dispatchable 
capacity, which all use the same 
turnkey natural gas-fired plant design 
(PROENERGY LM6000PC with SPRINT) 

Filtered Primary Thermal Dataset for 
planned plants by WattBridge to 
determine most representative 
configuration and plant capacity 
resulting in 5 plants (2.1 GW capacity) 

Gas-fired plants tend to be built with 
even-number units, so we selected a 
8 x 0 configuration resulting in 
nameplate capacity of 484 MW 
based on the average number of units 
of planned WattBridge plants and 
Sargent & Lundy experience 

Planned Thermal Dispatchable Generation in ERCOT by WattBridge 
(COD 2023 - 2026) 

Number Nameplate 
Plant Name Notes Technology Turbine Type County Online Date 

of Capacity 

Planned 
RemyJade [1] Combustion TurbinePROENERGY GE LM6000PC with SPRINT Harris 04/01/24 6 363 
Beachwood Il (Mark One [2] Combustion TurbinePROENERGYGE LM6000PCwith SPRINT Brazoria 06/01/24 2 121 
RemyJadell [3] Combustion TurbinePROENERGY GE LM6000PC with SPRINT Harris 11/30/24 4 242 
Elmax [4] Combustion TurbinePROENERGY GE LM6000PC with SPRINT Harris 06/01/26 10 605 
LongLeaf [5] Combustion TurbinePROENERGY GE LM6000PC with SPRINT Angelina 2026 12 726 

[6] = Average([1] to [5]) Average 7 411 

Notes and Sources: [1] to [5]: 
Confidential data provided by ERCOT staff. 
Hitachi ABB Velocity Suite, Generating Unit Capacity Dataset, January 22,2024. 
ERCOT, Report on the Capacity, Demand, and Reserves in the ERCOT region (2024-2033), December 8,2023. 
Texas Commission on Environmental Quality, Issued Air Permits for Gas Turbines with Electric Output 20 MW or Greater, 
July 1, 2023. 
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REFERENCE TECHNOLOGY 

Location 
Locations of Planned Thermal Dispatchable 

Gas Capacity in ERCOT (COD 2023-2026) 

All of the planned gas-fired plants are located in 5 
counties in Southeast Texa s 

51% of planned natural gas generation capacity is 
in Harris County (highlighted in green), so Harris 
county was selected as the location 
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Sources: Confidential data provided by ERCOT staff; Hitachi ABB Velocity Suite, Generating 
Unit Capacity Dataset, January 22,2024; ERCOT, Report on the Capacity, Demand, and 
Reserves in the ERCOT region (2024-2033), December 8,2023; Texas Commission on 
Environmental Quality, Issued Air Permits for Gas Turbines with Electric Output 20 MW or 
Greater, July 2,2023. brattle.com 1 7 



Alternative Reference Technology 



AILTERNATOVE REFERENCE TECHNOLOGY 

Purpose of Alternative Technology Selection 

Objective: describe a dispatchable renewable plant that is most likely to developed in ERCOT in the next 
few years as a basis for sensitivity analysis of the Cost of New Entry (CONE) reliability metric 

Approach: again use "revealed preference" based on developers' actual plants/plans 

Characteristics to include: 
o Generator technology type and size 
o Storage technology type, size, and duration 

o Location of a representative plant 

o Typical engineering design for power coupling, DC / AC ratio, battery chemistry and battery augmentation schedule 
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AILTERNATOVE REFERENCE TECHNOLOGY 

Proposed Specifications for Alternative Reference Technology 
Technology and Size 

Generation Technology 

PV Capacity (MW) 

Storage Capacity (MW) 

Storage Duration (Hours) 

Detailed Design 

PV Module Technology 

PV Tracking System 

PV DC / AC Ratio 

Storage Technology 

PV-BESS Coupling 

Other Project Details 

Location 

Lifetime (Years) 

Storage Augmentation 

PV + BESS Hybrid ("Solar Hybrid") 

200 

100 

2 

Monocrystalline Bifacial Panels 

Single-axis tracker 

1.3 

Lithium-ion 

AC Coupled (separate inverters) 

Brazoria County 

20 

Every 5 yea rs 

Determined by alternative technology type with most capacity 
in recently builtor planned plants in ERCOT for CODs 2021-
2026 

Determined by assessing median plantsize, median solar-to-
storage ratio, and median duration 

Determined by most prevalent characteristics in recently built 
or planned solar hybrid plants in ERCOT with CODs 2021 -
2026 

Determined by median PV DC / AC ratio 

Determined by most prevelent storage technology 

Determined by most prevalentcouplingdesign 

Determined by county with most capacity 

Lifetime chosen from typical design for planttype based on 
Sargent & Lundy expertise 

Median augmentation frequency based on Sargent& Lundy 
expertise and review of similar sized solar hybrid plants brattle.com I 10 



AILTERNATOVE REFERENCE TECHNOLOGY 

Alternative Reference Technology and Lifetime 

Created "Primary Solar Hybrid 
Dataset" by filtering ERCOT January 
2024 GIS Report and confidential 
duration data provided by ERCOT 
staff (70 plants and 20 GW of 
capacity), considering plants: 
o with a COD between 2021-2026 

o excluded those without storage 
e separated those with and without a 

signed Interconnection Agreement 

Comparison of Existing or Planned Storage and Generator Capacities for Hybrid and 

Technology 

Solar Hybrid 
Wind Hybrid 
Thermal Hybrid 
Standalone Storage 

Standalone Storage Plants in ERCOT (COD 2021 - 2026) 

Existing Planned with IA Planned without IA 
Storage Generator Storage Generator Storage Generator 

Notes 
Capacity Capacity Capacity Capacity Capacity Capacity 

(MW) (MW) (MW) (MW) (MW) (MW) 

[1] 1,264 4,214 C 8,881 120 16,736 25,332 
[2] 224 698 --mr 582 100 435 
[3] 263 358 -Q-I -0 0 0 
[4] 2,468 0 64,422 0 

Solar hybrid and standalone 
storage are both prevalent 

Notes and Sources: IA = Interconnection Agreement. 
[1] to [4]: 
Confidential data provided by ERCOT staff; 
ERCOT, January 2024 Generator Interconnection Status (GIS) Report, February 12, 2024. 

Solar hybrid was selected because 
it is dispatchable and produces 
primary energy 
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ALTERNATIVE REFERENCE TECHNOLOGY 

PV Capacity Planned ERCOT Solar Generation Capacity and Solar 
Hybrid Plants Size Distribution (COD 2023-2026) 

4,500 

Filtered the Primary Solar Hybrid Dataset for 
only planned plants with a signed 
Interconnection Agreement (IA) which 
resulted in 55 plants total (16 GW) 

4,000 

_ 3,500 

*.w 3,000 

The histogram on the right displays the e 
U number of plants (teal, right axis) and solar N 2,500 

generation portion of capacity (blue, left u ,- 2,000 

axis) for the planned solar hybrid plants and 
shows grouping around 200 MW, the median @ 1,500 

C 
generator size is 204 MW 

Based on the distribution of solar generator 
sizes, we selected 200 MW to be the 
representative solar capacity 
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ALTERNATIVE REFERENCE TECHNOLOGY 

PV Module Technology and Tracking System PV Technology Characteristics of Existing or 
Planned Solar Hybrid Plants (COD 2021-2026) 

Cross refe renced the Primary Solar Hybrid Dataset (70 
plants) with confidential solar project data prepared by UL 
Solutions for ERCOT, which resulted in 29 solar hybrid 
plants (7.8 GW of capacity) that overlapped between the 
two datasets 

PV Module Total Capacity Share of Capacity 
Notes Plants 

Technology (MW) (%) 

Monocrystalline ~ Ill ~ 4,534~ 58% ~ 
Polycrystalline [2] 1 601 8% 
Thin Film [3] 3 698 9% 
Unknown [4] 8 1,936 25% 

Sum [5] =SUM([1]:[4]) 29 7,769 100% 

Based on these 29 solar hybrid plants, 58% of solar hybrid 
capacity has monocrystalline solar panels, 54% has 
bifacial solar panels, and 74% has a single-axis tracking 
syste m 

Total Capacity Share of Capacity 
Solar Panel Type Notes Plants 

(MW) (%) 

Bifacial ~ [1] ~ 14'~ 4,174'~ 5496~ 
Not Bifacial [2] 7 1,659 21% 
Unknown [3] 8 1,936 25% 

Additionally, Sargent & Lundy reviewed their extensive 
project database and public sources (Form EIA-860) for 
ERCOT solar hybrid projects which confirmed our analysis, 
so we selected a PV system with monocrystalline and 
bifacial solar panels with a single-axis tracking syste m 

Sum [4] =SUM([1]:[3]) 29 7,769 100% 

Tracking Total Capacity Share of Capacity 
Notes Plants 

System (MW) (%) 

Single ~[1] ~21~5,769 ~74% ~ 
Dual [2] 1 210 3% 
Unknown [3] 7 1,791 23% 

Sum [4] =SUM([1]:[3]) 29 7,769 100% 

Notes and Sources: Confidential data provided by ERCOT brattle.com I 13 
staff; ERCOT, January 2024 GIS Report, February 12, 2024. 



AILTERNATOVE REFERENCE TECHNOLOGY 

Storage Technology, Storage Capacity, and Duration 

From our Primary Solar Hybrid Dataset (70 plants total), all storage systems were lithium-ion and the 
median duration and median storage-to-solar capacity ratio were 2-hours and 50%, therefore we 
selected a lithium-ion battery system with a 2-hour duration and 50% storage-to-solar capacity ratio 

Based on the 200 MW PV generator size and the 50% storage-to-solar capacity ratio, we selected a 100 
MW storage capacity 

Storage Durations for Existing or Planned Solar Hybrid Plants vs. 
Standalone Storage in ERCOT (COD 2021 - 2026) 

Technology 

Existing 
Median Median Storage 
Storage / Solar Capacity 

Duration (Hrs) Ratio (%) 

Planned with IA 
Median Median Storage 
Storage / Solar Capacity 

Duration (Hrs) Ratio (%) 

Solar Hybrid 1 . 5 34 % 2~ > 
Sta ndalone Sto ra ge 1.0 1.1 

Notes and Sources: IA = Interconnection Agreement. 
Confidential data provided by ERCOT staff; 
ERCOT, January 2024 GIS Report, February 12, 2024. 
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ALTERNATIVE REFERENCE TECHNOLOGY 

Location 

Filtered the Primary Solar Hybrid Dataset for only 
planned plants which resulted in 55 plants total (16 
GW) 

Locations of Planned Solar Hybrid Plants in 
ERCOT (COD 2023 - 2026) 
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37% (5.8 GW) of solar generator capacity is in the top 
5 counties (see the highlighted counties in the map) 
and Brazoria County (in green) is the county with the 
most capacity and contains 12% (1.9 GW) of the total, 
so we selected Brazoria County as the reference 
location 
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ALTERNATIVE REFERENCE TECHNOLOGY 

Storage Augmentation (1/2) 
Illustrative Example of BESS Overbuild and Augmentation Approach Problem of battery degradation: Li-ion 

battery systems degrade due to time, 3rd Augmentation 
2nd Augmentation usage, and environmental factors. This Initial Overbuild 

250 1st Augmentation degradation impacts the capacity, duration, / Min Threshold Initial Capacity and efficiency of the storage system, so to 
maintain capabilities as sized for the .,-.200 
interconnection and hybrid system (as well B 
as contract and warranty terms) mitigation ~ 150 
techniques are needed. > tlo 

C Storage augmentation: is a common LU 100 
practice for Li-ion storage systems which E 

2 entails ove r-building a fixed percentage of 
& 50 design capacity and ove r-designing some 

system components (such as battery 
module rack space) to later enable battery o 
modules to be added (augmented) during 0 1 2 3 4 5 6 7 8 9 1011121314151617181920 
the project lifetime to offset degradation Year 
during normal system operations. 
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AILTERNATOVE REFERENCE TECHNOLOGY 

Storage Augmentation (2/2) 

How augmentation frequency is determined: if the project's financial plan includes augmentation, the 
frequency may depend on several factors including the project use case, battery degradation profile, 
capacity requirements of project agreements, site space availability constraints, and anticipated costs for 
batteries at the anticipated dates of augmentation. 

How we selected the augmentation approach: the battery cycling and augmentation frequency we 
selected is based on a review of financial models from several similar PV+BESS installations and the 
median augmentation period. In ERCOT, solar hybrid plants are intended primarily for energy shifting. 
Based on our review, for this service we assumed on average one cycle per day for the battery storage 
component and predict annual degradation based on battery manufacturer warranty curves forthe 
anticipated time and energy throughput. We selected an augmentation frequency of every 5 years with an 
initial overbuild to ensure the energy capacity exceeds the minimum required system output. 

How this is included in CONE calculation: this is included as separate line items to i) fixed 0&M cost based 
on an annualized cost of storage augmentation over the project lifetime and ii) CAPEX based on the 
additional balance of plant equipment (e.g., reserved rack space and conductors) included in the initial 
construction to accommodate future augmentation. 
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Timeline and Next Steps 



Project Timeline 

Calendar Month ~ Jan ~ Feb ~ Mar ~~Apr ~ May ~ Jun ~ 
Start of Week 1 8 15 22 29 5 12 19 26 4 11 18.25 1 8 15 22 29 6 13 20 27 3 10 17 24 

CONE STUDY 
Task 1: Selection of Thermal Dispatchable Technology 
Task 2: Selection of Alternative Reference Technology 
Task 3: Develop Cost Estimates 
Task 4: Determine Financial & Cost Escalation Parameters 
Task 5: Briefing on Assumptions 
Task 6: Calculate CONEs 
Task 7: Draft CONE Study Report 
Task 8: Excel Workbook & Final CONE Study Report 
Task 9: CONE Study Presentations 

........................ ......... 
......... 

...... 

.... 
.. 
..... • /Illm / 

. 
.... 

Draft Deliverable Completed 
Final Deliverable In Progress 

Not Started 
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N ext Ste ps 

Develop Cost Estimates for Reference and Alternative Technologies 

Determine Financial and Cost Escalation Parameters 
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