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Executive Summary

The 2023 Regional Transmission Plan (RTP) is the result of a coordinated planning process performed
by ERCOT Grid Planning with extensive review and input by NERC-registered Transmission Planners
(TPs), Transmission Owners (TOs), and other stakeholders. The 2023 RTP addresses ERCOT
System transmission needs for years 2025 through 2029. This report documents the results of the
assessment, in part, to comply with the requirements of NERC Reliability Standards, ERCOT
Protocols, and the ERCOT Planning Guide.

The reliability analysis was performed over a six-year planning horizon; years one through five
representing the near-term horizon and year six representing the long-term horizon. The 2023 RTP
assessed ERCOT'’s steady-state transmission needs under summer peak and off-peak conditions. In
addition to the seasonal variations, the 2023 RTP also included various sensitivities to address
uncertainty involved in the transmission planning process. The reliability analysis in the 2023 RTP
included:

e Steady-state contingency analysis to identify criteria violations based on NERC Reliability
Standards and ERCOT planning criteria.

e Short-circuit analysis to identify over-dutied circuit breakers in the near-term planning horizon.
e Cascading analysis to identify potential system cascading conditions.

Following the reliability assessment, ERCOT, in collaboration with TPs, developed Corrective Action
Plans (CAPs) to address the reliability criteria violations identified in this assessment. These plans
included, but were not limited to, upgrades or addition of new transmission facilities and new Constraint
Management Plans.

The ERCOT grid is experiencing rapid changes, including trends of notable growth in demand and
penetrations of intermittent Generation Resources. On the demand side, ERCOT set the current all-
time peak demand record of 85,508 MW on August 10, 2023. For comparison, the highest peak
demand record that had been setin 2022 was 80,148 MW. This trend of increased demand is expected
to continue due to factors including the further electrification of the oil and gas processes in the
Permian Basin and continued interest in connecting large loads to the system. Additional adoption of
rooftop solar and electric vehicles is also projected. On the generation side, ERCOT set a new wind
penetration record of 69.15% in April 2022 and a new solar penetration record of 32.93% in April
2023.! With the retirement of conventional generation continuing and the new and planned Generation
Resources being mostly solar and battery energy storage, these rapid changes to the system will
continue to bring additional challenges to the grid.

1 https://lwww.ercot.com/files/docs/2022/02/08/ERCOT _Fact_Sheet.pdf
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Consistent with the 2021 and 2022 RTPs, ERCOT determined that the demand forecast provided by
the IHS Markit study? represents the most credible, currently available estimate of future electricity
demand in the Permian Basin region for use in the 2023 RTP. Since the completion of the IHS Markit
demand forecast in the first quarter of 2020, there have been a significant number of customer-specific
requests for new electric service in the Permian Basin region, including in and around the Stanton
Loop area. The requests in this area include new operations as well as electrification of existing “off-
grid” operations. Those additional loads in and around the Stanton Loop area were incorporated in the
2023 RTP with input from the Transmission Service Providers (TSPs) in the region. ERCOT used the
2022 S&P Global Commodity Insights (formerly IHS Markit) Permian Basin load forecast® as a
reference to verify the additional Stanton Loop area load incorporated (around 1,300 MW for year
2029) in the 2023 RTP on top of the 2019 IHS Markit load forecast.

The rapid growth of wind, solar, and energy storage resources, coupled with increased coal and gas
generator retirements, resulted in increased reliance on intermittent, renewable generation to meet
the higher system demand, which reduced the flexibility of resolving thermal overloads using
generation re-dispatch and curtailment. Since renewable generation is typically located farther from
the load centers, the 2023 RTP analysis found various major transmission pathways from the
renewable-rich regions to the load centers needed upgrades to existing transmission facilities and/or
additional new transmission pathways. The 2023 RTP identified the need for additional 345-kV import
paths from South Texas to Central Texas, approximately 350 circuit miles of 345-kV line upgrade
along the import path to Venus Switch towards the Dallas/Fort Worth metroplex from Lake Creek SES
and Jewett, and 345-kV upgrades and additions along the southwest Houston corridor. Detailed
findings of the 2023 RTP reliability analysis can be found in section 3 of this report.

Overall, 173 reliability projects were identified in the 2023 RTP to address all the reliability violations
compared with 89 projects in the 2022 RTP, 67 projects in the 2021 RTP, and 50 projects in the 2020
RTP, which emphasizes the transmission challenges associated with the rapidly changing grid.

The majority of planned improvements identified in the 2023 RTP are 138-kV and 345-kV system
upgrades. The projects identified as 345-kV upgrades consist of new substations, transmission line
additions, upgrades and rebuilds, new 345/138-kV transformers, existing 345/138-kV transformer
upgrades, and reactor additions.

ERCOT identified the following noteworthy reliability projects in the 2023 RTP:

e Faraday to Lamesa to Clearfork to Riverton 345-kV double-circuit line addition in Borden,
Dawson, Andrews, Winkler, Loving, and Reeves Counties. This project was also identified as
the Stage 5 transmission enhancement in the ERCOT Delaware Basin Load Integration

2 https://www.ercot.com/files/docs/2020/11/27/27706 ERCOT Letter to _Commissioners - Follow-
up_Status Update on Permian....pdf
3 https://www.ercot.com/files/docs/2023/03/17/Presentation%20t0%20ERCOT%20planning.pdf
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Study*. The 2023 RTP identified the need for this project beginning in the 2026 minimum load
case to resolve observed reliability violations.

e Midland East to Falcon Seaboard to Morgan Creek to Tonkawa Switch 345-kV existing circuit
rebuild in Midland, Howard, Mitchell, and Scurry Counties. This project was also identified as
an ERCOT-preferred project in the Permian Basin Load Interconnection Study.®

e Morgan Creek to Longshore to Consavvy to Midessa South 345-kV double circuit line upgrade
in Mitchell, Howard, and Midland Counties. This project was also identified as an ERCOT-
preferred project in the Permian Basin Load Interconnection Study.®

e Cedarvale 345/138-kV substation expansion and 345/138-kV transformer additions in Upton
and Ward Counties. This project serves as a placeholder project to address the reliability
needs in the area. The Tier 1 TNMP Silverleaf and Cowpen 345/138-kV Stations Project is
intended to address similar reliability violations and was endorsed by the ERCOT Board of
Directors in December 2023.

e Consavvy South 345/138-kV substation and 345/138-kV transformer additions and 345-kV line
addition from Consavvy South to Consavvy in Midland County.
e Yellow House Canyon Substation 345/115-kV transformer upgrade in Lubbock County.

e Kiamichi substation 345-kV reactors addition in Pittsburg County.

e International Airport 345/138-kV substation expansion and 345/138-kV transformer addition
and 345-kV line addition from International Airport to Liggett Switch in Dallas County.

e Carmichael Bend Switch to Benbrook Switch 345-kV line upgrade in Tarrant and Hood
Counties.

e Watermill Switch to Loop Nine Switch 345-kV line upgrade in Dallas County.

e Gunter 345/138-kV substation addition in Cooke, Denton, Collin, and Grayson Counties.
e Killeen Switch to Salado Switch 345-kV line upgrade in Bell County.

e Renner Switch 345/138-kV transformer upgrade in Collin County.

e Tri Corner to Seagoville Switch to Forney Switch 345-kV line upgrade in Dallas County.

e Venus Switch to Fort Smith Switch to Sam Switch to Four Brothers Switch to Tradinghouse
SES to Lake Creek SES 345-kV double-circuit line upgrade in Ellis, Hill, and McLennan
Counties.

4

https://www.ercot.com/files/docs/2019/12/23/ERCOT_Delaware_Basin_Load_Integration_Study Public_

Version.zip
5

https://www.ercot.com/files/docs/2021/12/08/ERCOT Permian_Basin Load Interconnection Study Publi

c.Zip
6 |d.
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Venus Switch to Navarro to Outlaw Switch to Limestone Plant to Jewett 345-kV double-circuit
line upgrade in Ellis, Navarro, Freestone, Limestone, and Leon Counties.

Navarro to Big Brown SES 345-kV line upgrade and Big Brown to Jewett 345-kV double-circuit
line upgrade in Navarro, Freestone, and Leon Counties.

Michell Bend Switch to Padera Sub 345-kV line addition in Hood County.

Temple Pecan Creek to Temple Switch 345-kV line upgrade in Bell County.

Watermill Switch 345/138-kV transformer upgrade in Dallas County.

Everman Switch 345/138-kV transformer addition in Tarrant County.

Lake Creek SES 345/138-kV transformer upgrade in McLennan County.

Temple Pecan Creek and Temple Switch 345/138-kV transformer additions in Bell County.
Whitney 345/138-kV transformer upgrade in Hill County.

North Rosenberg 345-kV substation addition and 345-kV line additions from Whaley to North
Rosenberg and Obrien in Fort Bend County.

South Texas Project to WA Parish 345-kV line upgrade in Matagorda, Wharton, and Fort Bend
Counties.

Beck Road 345/138-kV substation expansion and 345/138-kV transformer additions in Bexar
County.
Lytton Springs 345/138-kV transformer addition in Caldwell County.

Austrop 345/138-kV transformer addition in Travis County.

Lytton Springs to Garfield to Austrop 345-kV line upgrade in Caldwell, Bastrop, and Travis
Counties.

Cachena substation 345-kV Reactor Addition in Lavaca County.
Dunlap 345/138-kV transformer addition in Travis County.

South to central Texas 345-kV double-circuit line additions in San Patricio, Bee, Karnes,
Wilson, Guadalupe, Comal, Hays, Travis, and Williamson Counties.

Scooter 345/138-kV substation addition in Milam County.

The 2023 RTP also included an economic assessment of the ERCOT transmission system for years
2025 and 2028 using both the production cost savings test and the generator revenue reduction test.
Through this assessment, ERCOT identified transmission congestion and tested various transmission

improvements to address this congestion in a cost-effective manner (as defined by ERCOT’s

economic planning criteria). Twenty economic transmission improvement projects were evaluated in
the 2023 RTP. The tested transmission solutions did not meet either of the economic planning criteria.

Detailed economic analysis results can be found in section 4 of this report.
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The estimated project completion years provided in the 2023 RTP report were chosen to address
reliability needs in a timely manner. The TOs are expected to meet these project completion dates,but
lead times necessary to implement projects based on factors, such as availability of construction
clearances, the time required to receive regulatory or governmental approvals, equipment availability,
land acquisition, and resource constraints, may result in different actual project completion dates.

The projects identified in the RTP do not represent ERCOT’s endorsement of the projects. Instead,
they represent suggested CAPs for the reliability criteria violations identified under the system
conditions studied in the RTP. The scopes of projects identified in the RTP may change based on
further analysis by ERCOT or the TPs that indicate better alternatives or a need to modify the projects
due to changes in expected generation, load forecasts, or other system conditions. To confirm need,
TPs should perform studies with the latest system conditions and develop applicable reliability projects
to resolve any reliability criteria violations.

For projects that are subject to ERCOT Protocols Section 3.11.4, Regional Planning Group Project
Review Process, a review shall be conducted in accordance with the process described therein. For
a project that is under Regional Planning Group (RPG) review when the RTP is developed, a
placeholder project will be used if the need is identified. Projects requiring RPG endorsement will be
reviewed in future assessments (where sufficient lead-time exists), such as future RTPs, to ensure the
identified system facilities are still needed.

The TOs will provide ERCOT with additional details on project scope, project cost, and an
implementation schedule with completion date(s) for each identified project. This information from the
TOs may be provided through further RPG review and/or Transmission Project Information Tracking
(TPIT) updates in accordance with ERCOT Planning Guide Section 6.4.1.
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1. 2023 Regional Transmission Plan

This report documents the 2023 Regional Transmission Plan (RTP) assessment performed by ERCOT
Grid Planning. It is intended, in part, to satisfy ERCOT’s requirements under NERC Reliability
Standards, ERCOT Protocols Section 3.11, and ERCOT Planning Guide Sections 3 and 4.

The RTP study is conducted annually for the entire ERCOT System. The 2023 RTP’s near-term and
long-term planning horizon analysis evaluated the reliability needs of the ERCOT transmission system
for the years 2025 through 2029. As required by NERC Reliability Standard TPL-001-5.1, the 2023
RTP included a steady-state analysis of summer peak conditions for years 2025 (year 2), 2026 (year
3), and 2028 (year 5); and off-peak conditions for 2026 (year 3); and a short-circuit analysis of summer
peak conditions for 2026 (year 3). The 2023 RTP also included steady-state analysis of summer peak
conditions for 2029 (year 6), representing the long-term planning horizon. Year six, i.e. 2029, was
selected based on the rationale that most transmission upgrades in the ERCOT region can be
completed within five to six years from the date when the need is identified. In addition to analyzing
the reliability needs of the system, the 2023 RTP also evaluated economic/efficiency needs of the
ERCOT system for years 2025 and 2028.

1.1. Stakeholder Involvement

The development of the RTP is a collaborative process. ERCOT worked with NERC-registered TPs,
TOs, and other stakeholders to develop the input assumptions and the scope of technical studies that
define the 2023 RTP. These assumptions are described in the RTP Scope and Process document
and were presented to the stakeholder community at Regional Planning Group (RPG) meetings. The
RTP Scope and Process document and input assumptions can be found in Appendices A, B, C, and
D. Stakeholders were provided with routine updates on the input assumptions and supporting analysis
performed for the 2023 RTP in RPG meetings. Feedback and comments from the RPG were
incorporated into the RTP Scope and Process document.

The RPG is responsible for reviewing and providing comments on proposed transmission projects in
the ERCOT Region. Under ERCOT Protocols Section 3.11.3, participation in the RPG is required of
all Transmission Service Providers and is open to all Market Participants, consumers, other
stakeholders, and Public Utility Commission of Texas (PUCT) staff.

ERCOT worked with TPs, TOs, and other stakeholders to study the existing system and to identify
system upgrades and new transmission projects to ensure continued system reliability.

1.2. Standards and Regulations

The RTP assessment was conducted based on requirements in NERC Reliability Standards, ERCOT
Protocols, and the ERCOT Planning Guide.
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ERCOT performed its steady-state reliability assessment in accordance with NERC Reliability
Standard TPL-001-5.1, Transmission System Planning Performance Requirements. A portion of the
RTP assessment also addressed some requirements in NERC Reliability Standards FAC-0027 and
IRO-017.8

ERCOT Protocols Section 3.10.8.4(3) requires ERCOT to identify additional Transmission Elements
that have a high probability of providing significant added economic efficiency to the ERCOT market
through the use of Dynamic Ratings and request such Dynamic Ratings from the associated ERCOT
Transmission Service Provider (TSP). This report identifies such Transmission Elements as part of its
economic analysis.

The RTP assessment adheres to ERCOT Planning Guide Section 3.1.1.2, which provides guidelines
regarding completion of the RTP. This section requires that ERCOT complete and publish the final
RTP report no later than December 31 each year. Additionally, ERCOT Planning Guide Section 4 and
ERCOT Protocols Section 3.11.2 specify the transmission planning criteria to be used in the RTP
assessment.

1.3. Confidentiality and Report Posting

The RTP report is shared with internal and external stakeholders. One redacted version of the RTP is
created by removing, at a minimum, any confidential data such as the list of long lead-time equipment.
This report is shared with ERCOT stakeholders via the MIS Secure area. A public version of the RTP
report is also created by removing, at a minimum, any confidential data and ERCOT Critical Energy
Infrastructure Information (ECEII). This report is posted to the ERCOT website.

7 FAC-002, Requirement R4
8 ]RO-017, Requirements R3 and R4
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2. 2023 Regional Transmission Plan Process

The RTP study process is described in Figure 1. The initial start cases to be used in the reliability
analysis were prepared in the case conditioning stage. The case conditioning stage for the 2023 RTP
also included the use of the “bounded-higher-of’ methodology to determine appropriate Weather Zone
load levels for the RTP study. The details of this methodology can be found in ERCOT Planning Guide
Section 3.1.7, Steady State Transmission Planning Load Forecast. In the 2023 RTP, the Permian
Basin load forecast from the IHS Markit study was utilized for the West and Far West Weather Zones
with some adjustment based on input from TSPs serving the region. Following case conditioning, a
reliability analysis was conducted on the base case to determine the CAPs needed to meet ERCOT
and NERC reliability requirements. In addition to the base case, the 2023 RTP also included sensitivity
cases, a short-circuit analysis, a cascade analysis, a known outages study, and a multiple element
outage analysis as required by NERC Reliability Standard TPL-001-5.1. A minimum deliverability
analysis was performed based on the criteria defined in ERCOT Planning Guide Section 4.1.1.7,
Minimum Deliverability Criteria, and the threshold approved by the ERCOT Board of Directors.®
Economic analysis was also conducted to identify transmission projects that allow reliability criteria to
be met at a lower total cost. The detailed scope, process, and input assumptions used in conducting
reliability and economic analyses are available in Appendices A, B, and D.

*Future transmission and generation review and update
*Load review and adjustment

Case | .Transmission outages, dispatch of variable generators, and limit monitoring settings
Conditioning

*N-1 SCOPF and contingency analysis
*Generator and transformer outage analysis
Basetase | -Additional contingency analysis for certain EHV contingencies

i?::;’g:tsy *Add or improve transmission projects to mitigate reliability violations

*Multiple element outage analysis and extreme event analysis
_ * Sensitivity analysis for at least 2 summer peak cases and 1 off-peak case
Additional | «| ong lead time equipment analysis

Reliability | .short circuit analysis
Analysis

+ldentify projected transmission constraints
Economic | °!dentify lines recommended for dynamic rating

Analysis

Figure 1: 2023 RTP Transmission Planning Process

9 https://www.ercot.com/files/docs/2022/06/28/Minimum_Deliverability_Criteria_Thresholds.pdf
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ERCOT utilized the following software tools while performing the 2023 RTP:
e PSS/E version 35 was used to develop the conditioned cases.

e PowerWorld version 23 with Security Constrained Optimal Power Flow (SCOPF) and its
SIMAUTO functionality were used to perform AC SCOPF analysis and to run generator and
transformer outage analysis.

e PowerWorld version 23 was used to screen critical contingencies while evaluating P3
(generator outage) and P6-2 (transformer outage) planning events.

e PowerWorld version 23 was used to perform multiple element outage analysis and cascading
analysis.

e UPLAN version 11.4 was used to perform security-constrained economic analysis.

2.1. Permian Basin Load Forecast and Large Load Additions

In order to better prepare for the challenges in transmission planning introduced by the rapid load
growth in the Permian Basin, coupled with the short lead time of oil and gas load interconnection
requests, ERCOT and TSPs serving West Texas oil and gas load have been working proactively to
better understand oil and gas activities and growth and to position the Texas grid for potential long
lead time transmission enhancements needed to reliably serve the fast-growing loads.

ERCOT completed the Delaware Basin Load Integration Study with extensive input from TSPsin 2019
and identified a five-stage transmission upgrade road map to reliably serve different levels of Delaware
Basin load. In addition, both ERCOT and TSPs have also evaluated West Texas oil and gas load
growth at a more granular level. In April 2020, a TSP-sponsored IHS Markit study report for Permian
Basin load forecast was published, which was based on an in-depth analysis of the oil and gas
activities in the Permian Basin and provided the load forecast with more granularity. The Permian
Basin load forecasted in the IHS Markit study was reviewed by ERCOT and TSPs serving the load
within the Permian Basin area and was determined to be appropriate for use in the RTP analysis.
ERCOT also engaged with the Tight Oil Resource Assessment (TORA) program of the Bureau of
Economic Geology (BEG) at University of Texas at Austin for the West Texas Load Study in 2022.
The study showed consistent load forecast compared with the IHS Markit study. Since the completion
of the IHS Markit demand forecast in the first quarter of 2020, there have been a significant number
of customer-specific requests for new electric service in the Permian Basin region, including in and
around the Stanton Loop area. The requests in this area include new operations as well as
electrification of existing “off-grid” operations. ERCOT used the 2022 S&P Global Commodity Insights
(formerly IHS Markit) Permian Basin load forecast as a reference to verify the additional Stanton Loop
area load incorporated (around 1,300 MW for year 2029) in the 2023 RTP on top of the 2019 IHS
Markit load forecast.

The Permian Basin load forecast from the IHS Markit study included all but four counties in the Far
West Weather Zone and five adjacent counties in the West Weather Zone. The counties and load
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forecast from 2022 to 2030 associated with the Permian Basin area can be found in Table 1 and Figure
2, respectively.

Table 1: Permian Basin Counties

County Weather Zone

Andrews Far West
Borden Far West
Crane Far West

Crockett Far West

Culberson Far West
Dawson Far West
Ector Far West
Glasscock Far West
Howard Far West
Irion West
Loving Far West
Martin Far West
Midland Far West
Mitchell West
Pecos Far West
Reagan Far West
Reeves Far West
Schleicher West
Scurry West
Sterling West
Upton Far West
Ward Far West
Winkler Far West

12,000

10,000

8,000
6,000
4,000
2,000

0

2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 2: IHS Markit Study Permian Basin Summer Peak Load Forecast (MW)
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While a large portion of the Permian Basin loads can be served from existing or planned substations,
there are also projected new loads that would require new interconnections to the existing transmission
system. Similar to the 2021 and 2022 RTP, the new load interconnection was assumed to be
consistent with the ERCOT Permian Basin Load Interconnection Study in the 2023 RTP. The new
load-serving stations and their connections to the existing transmission system can be found in
Appendix C.

Similar to the 2022 RTP, the increase of the large load interconnection requests continued in 2023.
ERCOT worked with TSPs and considered signed contracts for the large loads to determine the
appropriate load to be included in the analysis. Figure 3 below shows the amounts of the large load
included in each study year. The large loads include cryptocurrency load, data center load, and
manufacturing load.

Large Load Addition (MW)

9,000

8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

2025 2026 2028 2029

Figure 3: Large Load Addition in 2023 RTP (MW)

2.2. Adoption of the ERCOT Rooftop Solar Growth Forecast

The rapid growth in Distributed Generation (DG), especially in the solar photovoltaic less than 1 MW
category, continued in the ERCOT region. The total DG at the end of 2022 is estimated to be more
than 3,850 MW, as shown in Figure 4.

Similar to the 2022 RTP, the impacts of the projected rooftop solar growth were incorporated as load
reductions at the bus level in the 2023 RTP.
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2.3.

ERCOT DG Growth (MW)

2015-2022
Annual Estimates (MW)
2015 650
2016 800
2017 1050
20138 1400
2019 1710
2020 2180
2021 2920
2022 3830

Mat Gas MW Diesel/IC Solar MW Battery MW Cther Mat Gas MW Diesel/IC Solar MW Battery MW Cther
= 1MW MW >1MW  >1MW =1 fenewabla < 1MW MW < IMW <l < 1MW Renewable
MW > 1MW MW < 1 MW

015 Totals WI016Totals w2017 Totals w2018Torals ®W2019Totals ®2000Totals W2021Totals W2027 Totals

Figure 4: ERCOT Estimated Total DG Growth from 2015 to 2022 (MW)

Adoption of the Electrical Vehicle (EV) Load Impact Forecast

Adoption of EVs is expected to increase significantly in the near future with 4% of all the vehicles on
the road projected to be EV in Texas by 2029 and 6.7 TWh of load from EV charging by that same
year. This signifies a need to include EV load impacts in near-term planning studies.

ERCOT engaged with TDSPs on the discussion of EV adoption in 2021 and retained the Brattle Group
in 2022 to develop a methodology and process'® to produce EV charging load forecasts at the
substation level. The substation-level EV load impacts generated as an outcome of this project are
incorporated into the 2023 RTP.

10 https://www.ercot.com/files/docs/2023/08/28/ERCOT-EV-Adoption-Final-Report.pdf
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LOAD IMPACTS

Total EV Load Distribution by County

® In 2029, Harris County is expected to have the most load from EVs at ~1,034 GWh.
2022 (Modeled) EV Load Impacts 2029 (Modeled) EV Load Impacts

0-07
07-38
38-13
13-50
50 - 200
200- 1,034

(4mo) peot A3

Note: Based on modeled 2022 adoption of LDVs and MHDVs. Historical load
impacts unavailable.

brattle.com | 65

Figure 5: ERCOT Estimated EV Load Distribution by County!!

2.4, Reliability Analysis

The reliability analysis in the 2023 RTP was focused on the steady-state analysis requirements of
NERC Reliability Standard TPL-001-5.1 and the ERCOT Planning Guide. The purpose of reliability
analysis was to identify potential criteria violations and CAPs that may be used to resolve them. The
RTP analysis included Security Constrained Optimal Power Flow (SCOPF) to identify unresolvable
constraints. Loading and voltage levels at Bulk Electric System (BES) elements were monitored for all
NERC planning events, including extreme events. ERCOT staff developed CAPs in collaboration with
TPs to mitigate criteria violations in accordance with the NERC and ERCOT performance
requirements.

The 2023 RTP reliability analysis included the following studies:

e SCOPF: Security Constrained Optimal Power Flow (SCOPF) was used to perform basic power
flow and Contingency Analysis for PO, P1, P2-1, and P7 planning events. SCOPF used
generation cost data and other system constraints to give an optimal generation dispatch and
unit commitment while maintaining the reliability of the system. In this analysis, the software
simulated the removal of all elements of the Protection System and other automatic controls
following the contingency event.

e Contingency Analysis: Basic contingency analysis routines in the power flow software were
used to test P2-2, P2-3, P2-4, P4, and P5 planning events and extreme events.

1 1bid.
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e Multiple Element Contingency Analysis: Planning events P3 and P6 involve a first- and
second-level contingency analysis. Such events were tested using multiple element
contingency analysis. During this analysis, loss of elements due to the first contingency was
followed by acceptable system adjustments before testing the effect of the second contingency
event. The list of acceptable system adjustments included system reconfiguration, changes in
voltage schedule, and re-dispatch of generation. Other contingency events such as P4 and P5
planning events and extreme events, which involved simultaneous removal of multiple
elements, were also analyzed. Extreme events associated with the disruption of gas pipelines
were also included.

e Cascading Analysis: Cascading analysis was conducted to test all planning and extreme
events where a facility may be loaded above its relay loadability rating before mitigation
measures can be taken. In this analysis, the software simulated the removal of all elements of
Protection System and other automatic controls following the contingency event. This included
tripping of generators and transmission elements which were loaded beyond their relay
loadability limits. These contingencies were screened to detect potential cascade events for
more detailed analysis.

e Short Circuit Analysis: In accordance with the agreement between ERCOT and TPs in the
ERCOT region as required by NERC Reliability Standard TPL-001-5.1, Requirement R7
(revised in May 2020), ERCOT performed the short-circuit analysis to determine short-circuit
currents for Resource Entity (RE)-owned facilities. The results of the short-circuit analysis
included the magnitude of short-circuit current and the source impedance associated with each
fault. These results were communicated to the NERC-registered Generator Owners (GOs).
GOs completed a review of study results, acknowledged the findings, and provided a list of
over-dutied circuit breakers and CAPs. In addition, GOs also confirmed the continued validity
and implementation status of the facilities identified in the previous RTP.

e Long Lead Time Equipment Analysis: Under Requirement 2.1.5 of NERC Reliability Standard
TPL-001-5.1, the impact of the possible unavailability of major transmission equipment with a
lead time of one year or more was studied. The studies were performed with an initial condition
of the identified long lead time equipment modeled as out of service, followed by PO, P1, and
P2 contingency events. The list of long lead time equipment was developed based on feedback
from the TOs. The results of this analysis were communicated to the TOs.

e Sensitivity Analysis: ERCOT selected the summer peak conditions of 2025 and 2028 and off-
peak conditions of 2026 for sensitivity analyses as required by Requirement 2.1.3 of NERC
Reliability Standard TPL-001-5.1. ERCOT prepared the following sensitivity cases by varying
the generation and load input assumptions:

o Low solar net peak load conditions for years 2025 and 2028: Identify potential transmission
upgrades needed, which may have different challenges compared with summer peak load
conditions with high solar availability.
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o High Renewable Light Load condition for the 2026 off-peak case: Identify potential
challenges associated with high renewable dispatch. In this sensitivity, no renewable
curtailment was utilized and potential solutions to accommodate the assumed level of
penetration were identified.

The sensitivity analyses were performed with all identified reliability solutions from the base
case analysis to evaluate the effectiveness and robustness of the base case solutions under
the stressed system conditions.

e Known Outages Impact Analysis: Under Requirement 2.1.4 of NERC Reliability Standard TPL-
001-5.1, the impact of known outages of generation or transmission facilities planned in the
near-term planning horizon was studied. ERCOT issued Market Notices to collect known
outages information from both TOs and GOs. TOs were required to provide technical
rationales for their known outages selection for each study case included in the 2023 RTP.
ERCOT developed the technical rationale'? for the selection of GO-submitted outages to be
included in the corresponding study cases. The known outages from the TOs and the GO
outages selected based on ERCOT-developed technical rationale were then used to study
their impact on system performance under PO and P1 contingencies.

e Minimum Deliverability Analysis: As required by ERCOT Planning Guide Section 4.1.1.7,
Minimum Deliverability Criteria, ERCOT performed analysis to ensure the deliverability of
100% of capacity of Generation Resources, utilizing combined cycle, steam turbine,
combustion turbine, hydro, or reciprocating engine technology, and for any Energy Storage
Resource (ESR) with a duration greater than or equal to 2 hours. For ESRs with a duration
less than 2 hours, a prorated deliverability was ensured. CAPs were proposed to address any
reliability violations under the contingencies defined for the minimum deliverability criteria.

2.4.1 CAP Development

Under the ERCOT Planning Guide, reliability projects are those system improvements (projects) that
are needed to meet NERC Reliability Standards or ERCOT planning criteria, which could not otherwise
be met by simultaneously feasible, security-constrained re-dispatch of existing and planned
generation. To develop this list of projects, grid simulation software was utilized which included the
removal of all protection system elements and other automatic controls following the simulated
contingency events. These elements included devices designed to provide steady-state control of
electrical system quantities, such as on-load tap-changing transformers, phase-shifting transformers,
and switched capacitors and reactors.

A list of potential CAPs, or reliability projects, along with the corresponding limiting elements and
contingencies, was communicated to the appropriate TP and/or TO. TPs and TOs reviewed the initial
list of reliability-driven projects for their technical feasibility and estimated year of completion
(considering necessary lead times). In some cases, the TOs also provided project alternatives. In
instances where it is not feasible to construct a project prior to the identified date of need, ERCOT

12 https://www.ercot.com/files/docs/2022/03/09/2022_RTP_TPL_001-
5 Known_Outages March_ 2022 RPG.pdf
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designed Constraint Management Plans (CMP) to mitigate the criteria violations until the permanent
CAP can be put in-service. These mitigation actions were developed in collaboration with TPs and
further communicated to ERCOT Operations. The results were posted on the ERCOT MIS Secure
Area. Study findings were presented to stakeholders at regularly scheduled RPG meetings to solicit
comments and suggestions.

2.4.2 System Operating Limit (SOL) Identification

The ERCOT SOL Methodology was used to determine if additional SOLs were needed in the planning
horizon. Per the criteria, a new SOL was identified if results of the reliability analysis of the base case
resulted in any of the following:

e Voltage instability (resulting in uncontrolled voltage collapse)
e Cascading or uncontrolled separation or islanding

2.5. Economic Analysis

ERCOT conducted an economic analysis to identify system improvements that allow ERCOT to meet
NERC Reliability Standards and ERCOT planning criteria more economically than the continued
dispatch of higher cost generation.

To identify such economically driven projects, ERCOT created a production cost model for years 2025
and 2028. Details on the production cost models developed for the 2023 RTP can be found in
Appendices D and E.

According to the economic planning criteria described in ERCOT Nodal Protocols Section 3.11.2(5),
ERCOT recommends an economic project if the annual production cost savings exceed the first-year
annual revenue requirement for the project. Based on the recent review of current market conditions,
the first-year annual revenue requirement for a project was determined to be 13.2% of the estimated
project cost.

In addition, ERCOT also recommends an economic project if the annual Generator Revenue
Reduction (GRR) exceeds the average of the first three-year annual revenue requirement for the
project, as allowed by the PUCT Substantive Rule § 25.101, while ERCOT is working on the
development of the congestion cost savings test in consultation with PUC staff. Based on the recent
review of current market conditions, the average of the first three-year annual revenue requirement
for a project was 12.9% of the estimated project cost.

11
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3. Findings from Reliability Analysis

3.1. Reliability Projects and Constraint Management Plans

The primary purpose of the 2023 RTP reliability analysis was to identify reliability criteria violations
and potential CAPs to resolve them. Overall, the base reliability analysis identified a need for 173
CAPs. The detailed list of criteria violations and resulting CAPs can be found in Appendix F. Figure 6
illustrates the geographic location of the identified CAPs. The legend linking reliability projects and
their associated map indices can be found in Appendix G.
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Figure 6: Geographic Locations of CAPs Identified in the 2023 RTP
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Figures 713 and 8 summarize the types of projects, their geographic locations, and associated voltage
levels. Figure 9 distinguishes between projects that were newly identified in the 2023 RTP and projects
that were identified in previous ERCOT planning studies or TSP studies.
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Figure 7: 2023 RTP Transmission Line Project Types by Weather Zone and Voltage
Level
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Figure 8: 2023 RTP Other Upgrades and Additions by Weather Zone and Voltage Level

13 The 69-kV to 138-kV line conversion was included in the 138-kV category.
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Figure 9: Projects Newly Identified in the 2023 RTP versus Projects Previously Identified

ERCOT, in collaboration with TPs, also identified two potential CMPs as placeholder mitigating
actions, which will be reviewed in the operations planning horizon by ERCOT and TOs. The list and
details of the CMPs identified in the 2023 RTP can be found in Appendix H.

3.1.1 West Texas Study Findings

As described in Section 2.1, the Permian Basin load forecast from the IHS Markit study was adopted
in the 2023 RTP, similar to the 2021 and 2022 RTPs. Besides the forecasted demand that can be
served from the existing and planned substations, there are 120 projected new oil and gas loads
served from new stations through new interconnections to the existing transmission grid by year 2029.
In the 2023 RTP, those new load serving stations are mostly radially connected to the existing system,
which is consistent with the ERCOT Permian Basin Load Interconnection Study. The new load
connection information can be found in Appendix C. The focus of the 2023 RTP was on the system
impacts from loads served from both existing and planned substations and the new substations with
assumed connections.

Compared with the 2021 and 2022 RTP, additional oil and gas load reflecting the expected increase
in electrification, which was not reflected in the 2019 IHS Markit study load forecast, was added. This
added around 1.3 GW of additional oil and gas load for study year 2029.

Similar to the 2022 RTP, a significant amount of large load in the Far West Weather Zone based on
ERCOT load review results, was also incorporated, which brings the total projected load to around
14.6 GW under summer peak conditions by 2028 in the Far West Weather Zone. For the same study
year, the load forecast used for the Far West Weather Zone was around 12 GW in the 2022 RTP.

With more than 50% of the 14.6 GW load located in the Delaware Basin area, various reliability
violations were observed under the loss of part of the existing import paths into the Delaware Basin
area and indicated the need for additional import paths into the area and the upgrade of the existing

path.
14
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The 2023 RTP identified the need for the stage 5 project (Faraday - Lamesa - Clearfork - Riverton
345-kV double circuit line addition) identified in the Delaware Basin Load Integration study road map
to address the import needs in the area. The forecasted load level for the Delaware Basin area also
exceeded the trigger point of 5,422 MW for the stage 5 project. The road map developed by the
ERCOT Delaware Basin Load Integration study is shown in Figure 10. The need for the stage 5 project
was also identified in the 2022 RTP.
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Figure 10: ERCOT Delaware Basin Load Integration Study Road Map

The 2023 RTP also identified the need for the majority of the preferred projects identified in the ERCOT
Permian Basin Load Interconnection study. In addition, significant needs for the 138-kV and 69-kV
transmission enhancements were also observed.

Overall, 55 reliability projects were identified for the West and Far West study region. The noteworthy
reliability projects are summarized below. The detailed information can be found in Appendix F.

e Faraday to Lamesa to Clearfork to Riverton 345-kV double-circuit line addition in Borden,
Dawson, Andrews, Winkler, Loving, and Reeves Counties. This project was also identified as
the Stage 5 transmission enhancement in the ERCOT Delaware Basin Load Integration Study.
The 2023 RTP identified the need for this project starting in the 2026 minimum load case to
resolve observed reliability violations.

e Midland East to Falcon Seaboard to Morgan Creek to Tonkawa Switch 345-kV existing circuit
rebuild in Midland, Howard, Mitchell, and Scurry Counties. This project was also identified as
an ERCOT-preferred project in the Permian Basin Load Interconnection Study.

e Morgan Creek to Longshore to Consavvy to Midessa South 345-kV double circuit line upgrade
in Mitchell, Howard, and Midland Counties. This project was also identified as an ERCOT-
preferred project in the Permian Basin Load Interconnection Study.

e Cedarvale 345/138-kV substation expansion and 345/138-kV transformer additions and 345-
kV double circuit line addition from Cedarvale to Sand Lake in Upton and Ward Counties. This
project serves as a placeholder project to address the reliability needs in the area. The Tier 1
TNMP Silverleaf and Cowpen 345/138-kV Stations Project is intended to address the same
reliability violations and was endorsed by the ERCOT Board of Directors in December 2023.

15
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e Consavvy South 345/138-kV substation and 345/138-kV transformer additions and 345-kV line

addition from Consavvy South to Consavvy in Midland County.

3.1.2 Central Texas Study Findings

The retirement of conventional Generation Resources continued in 2023. The 2029 study case in the
2023 RTP has close to 1 GW of additional generation capacity offline in central Texas compared with
the 2022 RTP based on the Resource Entities’ notifications and public statements about their intention
to retire those Generation Resources prior to the filing of a Notification of Suspension of Operations
(NSO) in accordance with Planning Guide Section 3.1.4.1.1(4). The list of affected Generation
Resources can be found in the “Generation Resources Unavailable in Planning Studies Prior to NSO”
document!* posted on the ERCOT website.

In December 2021, the “Howard Road 345/138 kV Switching Station Project” submitted by CPS
Energy was accepted by RPG as a first step in addressing the reliability needs in the area introduced
by the generation retirement in and around the San Antonio area. The “CPS San Antonio South
Reliability Project”, which added a double-circuit 345-kV line from Howard Road to San Miguel, was
endorsed by ERCOT Board in 2023 to further address the reliability needs due to the increased
retirements that were identified in both the 2021 and 2022 RTPs.

While retirements of conventional Generation Resources are accelerating, planned new Generation
Resources are mostly wind, solar, and ESRs. This resource mix change results in the increased
reliance on renewable resources to meet the increased demand and decreased flexibility in using
renewable curtailment to resolve thermal violations. In the 2023 RTP, over 2,800 MW of new
nameplate generation capacity in the South Weather Zone, compared to the 2022 RTP, is expected
to be in service by summer of 2025. Of that additional capacity, approximately 2,300 MW are solar
and wind. To serve the higher projected demand in central Texas, that new generation in the South
Weather Zone is needed, and the RTP found an additional import path from South to Central Texas is
needed to alleviate the stress on the existing 345-kV central Texas corridor. Coupled with that is a
need for additional transformer capacity along the path to serve the load on the 138-kV network.

The concept of the additional import path need is illustrated in Figure 11.

14 https://www.ercot.com/mp/data-products/data-product-details?id=PG3-1411-M
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The detailed description of the placeholder project adding the new path from South to Central Texas
can be found in Appendix F. Expected future generation will likely impact these needs, and ERCOT
and TSPs will continue to evaluate the need and additional project options.

3.1.3 Venus Switch Import Path

The resource mix change and the increased reliance on renewable Generation Resources to meet
increased demand also introduced stress to the import path from Lake Creek/Jewett to Venus Switch
towards the Dallas/Fort Worth (DFW) metroplex. Due to the increased reliance on renewables to serve
demand, the flexibility of using renewable curtailment to resolve the violations decreased. By year
2029, approximately 350 miles of 345-kV upgrades are needed to accommodate the import flow into
the Venus substation on its way to the DFW metroplex. The reliability needs of the Venus Switch
import path is illustrated in Figure 12.

17
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Figure 12: Venus Switch Import Path Reliability Needs

The detailed description of the placeholder projects to address the identified reliability needs can be
found in Appendix F. Expected future generation will likely impact these needs, and ERCOT and TSPs
will continue to evaluate the need and additional project options.

3.14 Southwest Houston Import Path

The 2023 RTP saw the addition of nearly 2,000 MW of new nameplate solar capacity southwest of
Houston, compared to the 2022 RTP, expected to be in-service by summer of 2025. Approximately
1,000 MW of new solar is located west of the South Texas Project to WA Parish 345-kV line and 1,000
MW south of the South Texas Project station. Due to the increased reliance on renewables to serve
demand, the flexibility of using renewable curtailment to resolve the transmission limit violations
decreased and the 345-kV lines on the southwest Houston import path were overloaded more often.
The reliability needs are illustrated in Figure 13.

The following placeholder projects were identified to address the identified reliability issues.

18
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e North Rosenberg 345-kV substation addition and 345-kV line additions from Whaley to North
Rosenberg to Obrien in Fort Bend County.

e South Texas Project to WA Parish 345-kV line upgrade in Matagorda, Wharton, and Fort Bend
Counties.

The detailed description of the placeholder projects can be found in Appendix F. Expected future
generation will likely impact these needs, and ERCOT and TSPs will continue to evaluate the need
and additional project options.
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Figure 13: Southwest Houston Import Path Reliability Needs
3.1.5 Other Findings

In addition to the reliability analysis summarized in previous sections, a multiple element outage
analysis was conducted for contingencies where non-consequential load loss is allowed under NERC
Reliability Standard TPL-001-5.1, Table 1. This consisted of:

e corrective action analysis, which identified mitigation measures (such as transformer tap
setting changes, switching actions, generator re-dispatch, and load shed) to resolve any
overloads and over/under-voltage issues resulting from such contingencies and
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e cascading analysis, which identified any contingencies that could result in potential cascade
events.

Some planning events and extreme events were screened for detailed analysis, and further
investigation performed by ERCOT indicated that none of those events resulted in cascading
conditions. ERCOT also studied the loss of multiple generating stations due to the disruption of gas
pipelines. The results of the multiple element outage analysis are documented in Appendix |. This
appendix includes the list of critical contingencies identified as a result of this analysis and CAPs or
recommendations necessary to mitigate the impact of these contingencies. No new SOLs were
identified in the 2023 RTP reliability analysis.

ERCOT also performed an analysis of known outages of generation and transmission facilities planned
in the near-term planning horizon per Requirement 2.1.4 of NERC Reliability Standard TPL-001-5.1.
ERCOT issued Market Notices'® to collect known outages information from both TOs and GOs. TOs
were required to provide technical rationales for their known outages selection for each study case
included in the 2023 RTP. ERCOT developed the technical rationale for the selection of GO-submitted
outages to be included in the corresponding study cases. The known outages from the TOs and the
GO outages selected based on the ERCOT-developed technical rationale were then incorporated into
the base cases to study their impact on system performance under PO and P1 contingencies. The
study results concluded that no additional violations were caused by the known outages.

For the minimum deliverability analysis, ERCOT created a coincident 2028 summer peak case as the
start case for the analysis. The analysis found that additional transmission upgrades were needed to
ensure the deliverability of the defined Generation Resources. The transmission upgrades were in
Cherokee, Ellis, Dallas, Lubbock, and Brewster Counties. The detailed information can be found in
Appendix O.

In addition to the above analyses, per ERCOT Planning Guide Section 3.1.1.2(3), the 2023 RTP
analysis also included a list of transmission facilities that were loaded above 95% of their applicable
ratings under normal and contingency events (loss of single generating unit, transmission circuit,
transformer, or common tower outage). This list is attached to the report as Appendix J.

3.2. Sensitivity Analysis

The ERCOT grid continued to evolve on both the generation side and the demand side. The rapid
growth of wind, solar, and energy storage resources, coupled with increased coal and gas generator
retirement, continues to change the resource mix in the ERCOT region. Besides the changes on the
generation side, the demand side is also experiencing substantial development, e.g., the robust oil
and gas activity in West Texas, the increased interest in cryptocurrency mining facility development,
and the expected increase in Electrical Vehicles (EV) adoption. The rapid evolvement in generation
and demand brought additional challenges to the Texas grid. To understand potential challenges
brought by the evolving grid, ERCOT developed various sensitivity cases in past RTPs. ERCOT

15 https://www.ercot.com/services/comm/mkt_notices/W-B042523-01
https://www.ercot.com/services/comm/mkt_notices/W-C042523-01
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reviews operational challenges and stakeholder suggestions when sensitivity cases are developed. In
the past RTPs, sensitivities have been performed with various renewable generation output
assumptions different from the base case analysis for both the on-peak and off-peak analysis and with
high growth assumptions for West Texas oil and gas loads, extensive outage conditions, and winter
peak load conditions. At the October 2022 Planning Working Group (PLWG) meeting, the potential
challenges under the low solar near peak load condition® were discussed, which echoed what ERCOT
has observed with the increased penetration of solar. ERCOT studied the low solar summer net peak
load conditions in the 2023 RTP sensitivity analysis to help identify potential challenges under this
assumed system condition. In addition, High Renewable Light Load condition was studied as an off-
peak sensitivity. Though the High Renewable Light Load sensitivity was also performed in the 2020
and 2022 RTPs, with the significant amount of renewables added in the South and Coast Weather
Zones in the 2023 RTP, this sensitivity was selected again to understand any potential changes
introduced by the flow pattern change. The detailed assumptions and study results are summarized
in the following sections and are also available in Appendices B and K, respectively.

3.2.1 ERCOT Low Solar Summer Net Peak Load Conditions

The on-peak sensitivity analysis was performed for years 2025 and 2028 under ERCOT coincident
summer net peak load conditions. The focus of this sensitivity analysis was to test the robustness of
the transmission projects identified under the summer peak load conditions and identify any additional
reliability needs to reliably serve the net peak load when solar is ramping down rapidly in the early
evenings.

The low solar cases started with the corresponding summer peak cases. Updates were then made to
the start cases to represent the low solar net summer peak conditions.

e The 2023 ERCOT long-term load forecast coincident summer peak load was used as the
starting point to derive the forecasted load for this sensitivity study. The starting load forecast
was then adjusted by the large loads that were incorporated during the 2023 RTP load review
process, the load impact from rooftop solar, and electrical vehicles. The adjusted load was
then discounted to reflect the lower forecast when the solar ramps down compared with the
summer peak condition. The total load studied for year 2028 is approximately 94 GW. The
load values by Weather Zone and study year are shown in Table 2.

Table 2: Load Forecast for Summer Net Peak Load (Low Solar) Case (MW)

Far North South
Year Coast East e North Southern West Total

Central Central

2025 | 22,823 | 2,785 | 10,804 | 4,482 25,237 13,413 6,346 2,871 | 88,762

2028 | 23,525 | 2,848 | 13,137 | 4,740 25,713 14,216 6,366 3,126 | 93,670

16
https://www.ercot.com/files/docs/2022/11/07/PLWG%200ctober%2019th%20quick%20draft%20white%2
Opaper_.docx
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o Renewable generation dispatch was set based on historical data analysis. The capacity factors
used for renewable generation are shown in Table 3.

Table 3: Renewable Generation Capacity Factors

South Wind - South Wind - Wwind -

Coastal Non-Coastal Panhandle

13.26% 63.3% 70.9% 63.3% 33.6%

e Battery energy storage was dispatched up to 45.9% of their maximum capacity. The capacity
factor was determined based on historical data analysis using similar methodology as the
ERCOT Monthly Outlook for Resource Adequacy (MORA) report?’.

The study results showed that additional transmission upgrades were needed to ensure the reliable
service of system demand under the low solar net summer peak load conditions. In this sensitivity
study, the solar generation resources were dispatched up to 13.26% of their capacity compared with
79% in the summer peak cases. This led to less generation available in the West and Far West regions
and resulted in more stress on the import paths so that additional import capability was needed to
resolve the import issues. The majority of the identified additional transmission upgrades were located
in the West and Far West regions. The study results also indicate that there is a need to accelerate
the in-service date of several projects that had been previously identified as needed in later study
years after 2025. In addition, the stage 3 project from the ERCOT Delaware Basin Load Integration
study, i.e., New Riverton Switch - Owl Hill Sub 345-kV Line Addition and two 345/138-kV Transformer
Additions at Owl Hill, was found to be needed to resolve the observed reliability violations in the
Culberson loop area. The stage 3 project was needed in the 2022 RTP winter peak sensitivity analysis,
as well, where the winter peak sensitivity case also represented a low solar high load system condition.

The low solar condition also resulted in more load in central Texas being served by the wind generation
from south Texas, and the path facilitating the import from south to central Texas was overloaded. The
South to Central Texas reliability project proposed for study year 2029 in the base case reliability study
was needed to reliably serve the load in central Texas in the 2028 low solar summer net peak load
condition.

The detailed results can be found in Appendix K.

3.2.2 High Renewable Light Load Conditions

Similar to the 2020 and 2022 RTP, the 2023 RTP includes analysis of high renewable dispatch under
light load conditions. This off-peak sensitivity analysis was performed for year 2026. The 2026
minimum load case was used as the start case for this sensitivity. Both the renewable dispatch and
the load level were updated based on the assumptions presented to the stakeholders at the October
2023 RPG meeting.'®

17 https://www.ercot.com/gridinfo/resource
18 https://www.ercot.com/files/docs/2023/10/17/2023 rtp_sensitivity _assumptions_october 2023 _rpg.pdf
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In the high renewable off-peak sensitivity analysis, ERCOT started the case with 55 GW of renewable
output. In order to respect various stability limits and the critical inertia level, the renewable output was
reduced to approximately 50 GW, which corresponds to an 84% renewable penetration level. With this
assumed penetration level, the “CPS San Antonio South Reliability Project” is needed to facilitate the
export of the renewable generation from the South Weather Zone. In addition, multiple 345-kV line
upgrades were needed outside of Houston to deliver the renewable generation, especially the solar
generation west of the South Texas Project to WA Parish 345-kV line and south of the South Texas
Project station. ERCOT also identified some additional local transmission solutions to facilitate wind
and solar export, in addition to acceptable mitigation actions such as voltage schedule changes, tap
setting changes, and generation re-dispatch other than wind and solar. Compared with the 2020 RTP,
for which the local needs were concentrated in the South Weather Zone, and the 2022 RTP, which
identified the transmission needs in multiple Weather Zones, including the West, South, and North
Central Weather Zones, the transmission needs in 2023 RTP are mainly concentrated in the Coast,
North Central, South Central, and South Weather Zones. The detailed results can be found in
Appendix K.

All the reliability issues observed in high renewable light load conditions could be resolved by utilizing
renewable curtailment. Since renewable curtailment is a valid mitigation action in operations and
planning, the identified transmission solutions will serve as economic project candidates for further
economic analysis, rather than being required for reliability purposes.

3.3. Short Circuit Analysis

As indicated in Section 2.2, ERCOT conducted short-circuit analysis for Resource Entity-owned
facilities for 2026 summer peak conditions based on the system protection future year base case and
shared the results with GOs. GOs reviewed the fault duty information to identify buses with over-dutied
breakers and CAPs.

Table 4 provides a summary of the results of the short-circuit analysis. The study cases and details of
the results can be found in Appendix L.

Table 4: Summary of Short-circuit Analysis

Magnitude of Fault Number of buses Number of buses
Current (3-phase fault) (single-line-to-ground fault)
Below 40 kA 493 498
40 kA ~ 60 kA 60 48
More than 60 kA 0 7

3.4. Long Lead Time Equipment Analysis

In response to ERCOT'’s request, TOs provided a list of long lead time equipment based on their spare
equipment strategies. All TO-provided BES long lead time equipment outages were studied to
determine the impact of unavailability of such equipment for an extended period of time. This analysis
was conducted for 2025, 2028, and 2029 summer peak conditions, along with 2026 off-peak
conditions. Overall, 33 unique 345/138-kV transformers, 3 unique 345/115-kV transformers, 1 unique
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138-kV HVDC transformer, 18 unique 345-kV reactive devices, and 1 unique reactive device at other
voltage levels, 2 345-kV synchronous condensers and their transformers, 2 unique 138-kV
STATCOMSs, 3 unigue 345-kV SVCs, and 4 unique 138-kV SVCs were identified as long lead time
equipment. NERC category PO, P1, and P2 planning events were studied. The results were shared
with the respective TPs. The list of long lead time equipment and study results are provided in
Appendix M.
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4. Economic Analysis

The 2023 RTP economic analysis was performed using production cost simulation for years 2025 and
2028. In the analysis, both the production cost savings test and the generator revenue reduction test
were utilized. Through this assessment, ERCOT identified transmission congestion and tested various
transmission improvements to address this congestion in a cost-effective manner (as defined by
ERCOT’s economic planning criteria). Twenty economic transmission improvement projects were
evaluated in the 2023 RTP. The tested transmission solutions did not meet either of the economic
planning criteria.

The input data and congestion tables from the 2023 RTP can be found in Appendices D and E. Table
5 provides a system summary of 2023 RTP economic analysis for years 2025 and 2028.

Table 5: System Summary of 2025 and 2028

Description Unit 2025 2028
Coincident Peak Load MW 91,251 95,918
Peak Net Load %° MW 73,199 78,935
Minimum Net Load 2° MW 5,944 6,257
Annual Served Demand GWh 525,556 569,969
Annual Storage Charging GWh 3,218 3,575
Annual Transmission Losses GWh 13,165 14,347
Annual Generation GWh 541,939 587,891
Load-Weighted Average LMP $/MWh 26.26 26.81

Figure 14 shows the renewable penetration for the 2025 and 2028 study years. Renewable penetration
is defined as the total amount of demand at any given time that is served by wind and solar generation.
It appears possible that there may be hours when all ERCOT demand could theoretically be served
by wind and solar resources. However, thermal and stability constraints on the transmission system
and unit commitment limitations caused the grid simulation software to curtail available wind and solar

output. Figure 15 and Figure 16 summarize monthly production and curtailment for wind and solar
generation, respectively.

19 All results are based on the 2013 historical weather conditions
20 Hourly Net Load = Hourly Load Forecast — Hourly Wind Output — Hourly Solar Output

25



2023 Regional Transmission Plan Report

Demand (MW)

Demand (MW)

100,000

90,000

80,000

70,000

60,000

50,000

40,000

30,000

100,000

90,000

80,000

70,000

60,000

50,000

40,000

30,000

0%

0%

10%

20%

2025 Wind Penetration

20%

2028 Wind Penetration

40%

100,000
® 2025 Wind (Potential)

@ 2025 Wind (with Curtailment)

® 2025 Solar (Potential)

@ 2025 Solar (with Curtailment)
90,000

20,000

70,000

0,000

Demand (MW)

50,000

40,000

30,000
60% 80% 0% 10% 20% 30% 0% 50% 60% 70%

2025 Solar Penetration

100,000

® 2028 Wind (Potential)

® 2028 Solar (Potential)

® 2028 Wind (with Curtailment) @ 2028 Solar (with Curtailment)

90,000

20,000

70,000

Demand (MW)

60,000
50,000
40,000

30,000
40% 50% 60% 70% 0% 10% 20% 30% 20% 50% 60%

2028 Solar Penetration
Figure 14: Wind and Solar Penetration

26



2023 Regional Transmission Plan Report

m2025 Output  ®2025 Curtailment ®2028 Output ®2028 Curtailment

16,000
14,000

12,000

10,000
<
< 8,000
O

6,000

4,000

2,000

Jan Feb Mar Apr May  Jun Jul Aug  Sep Oct Nov  Dec

Figure 15: Wind Production and Curtailment

o

m2025 Output  ®2025 Curtailment  m2028 Output  ®2028 Curtailment

8,000

7,000

6,000
5,000
e
4,000
3,000
2,000
1,000

0

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec

Figure 16: Solar Production and Curtailment
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Figure 17 and Figure 18 show the top constraints seen in 2025 and 2028, respectively. The size of
each bubble represents the relative capacity of each congested element over the study period.

27



2023 Regional Transmission Plan Report

Congestion Rent (SM)

2025 Top Constraints

West Texas Export
160
140
120 . i .
- Nelson Sharp to Rio Hondo Lon Hill to ‘W itepoint - North Edinburg to Lobo
| ‘ g North to Houston -
100 | | Calaveras to Pawnee // orthtoHouston
| / e
| /,
80 ! _,'F Holcomb to North Laredo SW | / // ~Panhandle
| / | S
/
&6 | /-/ / Killeen SW to Stagecoach | /S
\ /] [ 'Y __—— South Texas Project to WA Parish
| /o ‘\'
a0 | / / Grant to Plaza | .
| / / | Bruni Transformer . South Texas Project to
P / Jones Creek

/

/ /
./ ° '
20 / . o ~ Farmland to Wett Long 4
e . o Draw .

PH Robinson to Meadow
0
10 20
% Hours Congested

30
®Interface ®345kvV ®138kV ®69kV

Figure 17: Top Constraints in 2025

2028 Top Constraints

90
.7 South Texas Project to WA Parish

80

70 South TX Project to Hillje _—— West Texas Export Interface

=5 60
u ——  Panhandle Interface
=
é 50 South Texas Project to Jones
.E Creek // Farmland to Wett Long Draw
g -
o Holly to Dunbar A
c -
830 # _—  Calaverasto Pawnee Riviera to Loyola
/ Killeen SW to Stagecoach \
/ \
20 P L y . ~—— LonHillto Whitepoint
N \ °
% fallyRoadto @ IS ® .\
allyRoadto - ~.
Lake Creek to Lake Hall
o TX Resrch MacKenzie to Northeast Sub
20

10
% Hours Congested

®Interface ®345kV ®138kV ®115kV @69 kV

Figure18: Top Constraints in 20282

Similar to the 2022 RTP economic analysis, the West Texas Export interface was the top congested
element observed for both the 2025 and 2028 study years. The interface limit used in the 2023 RTP
was 11,016 MW based on preliminary results from ERCOT’s Long-Term West Texas Export Special
Study??. The interface was congested approximately 9.75% and 5.94% of hours in the 2025 and 2028
study years, respectively. Driven by the load growth in West and Far West Texas, the congestion cost

for West Texas Export interface was less in 2028 compared to 2025.

21 Trumbull Transformer with 43% of congested hours and $7.3M congestion rent is not illustrated in the

graph.
22 https://www.ercot.com/files/docs/2023/08/28/ERCOT-EV-Adoption-Final-Report. pdf
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Different from the 2022 RTP study, the Panhandle interface limit was reintroduced in both 2025 and
2028 study years as more renewable resources are commissioned in the Panhandle region. Over $50
million of congestion cost was observed for both 2025 and 2028. To effectively alleviate congestion
on the West Texas Export interface and/or Panhandle interface, the long-distance high voltage or
direct current (DC) transmission lines are more favorable. However, these options are also expensive.
A total of eight projects have been evaluated in 2023 RTP economic analysis and will be continuously
analyzed in the future RTP and LTSA studies.

The North to Houston interface was modeled with hourly profiles based on historical data in the 2023
RTP economic analysis. A modest congestion was observed in both the 2025 and 2028 study years
on the North to Houston interface, with the interface congested 14.87% and 4.19% of hours in the
2025 and 2028 study years, respectively. The congestion was driven by the increased renewable
integration in North Central, East, and North Weather Zones. These results are consistent with real-
time congestion on the North to Houston interface throughout 2023.

Due to the renewable generation increase in the Lower Rio Grande Valley (LRGV) area, North
Edinburg to Lobo interface and Nelson Sharpe to Rio Hondo interface experienced high congestion in
both real-time operations and the 2023 RTP economic study. It was observed that the North Edinburg
to Lobo interface was congested 29.73% of hours in the 2025 study year. The Nelson Sharpe to Rio
Hondo interface was congested 21.76% of hours in 2025. These observations are consistent with the
findings identified by the 2022 RTP. Congestion in the area was driven primarily by the contingency
involving the common-tower loss of the North Edinburg to Bonilla 345-kV line and the 138-kV line from
Bonilla to South Santa Rosa. The primary 345-kV path was removed as part of the contingency, and
the result was heavy congestion along the parallel 138-kV path to the west.

The ERCOT Board of Directors endorsed the LRGV System Enhancement Project in 2021. The Public
Utility Commission of Texas (PUCT) also ordered the construction of a new second circuit on the
double-circuit capable 345-kV transmission line that runs from San Miguel to Palmito and new
transmission facilities to close the loop from Palmito to North Edinburg. These projects plan to be in
operation before the summer of 2027. Those improvements help to relieve the congestion on the North
Edinburg to Lobo interface and Nelson Sharpe to Rio Hondo interface in 2028.

A noticeable change in 2023 RTP study results is high congestion observed in the Coast Weather
Zone in both 2025 and 2028. This is attributed to a combination of the addition of solar generation
south of Houston, the increased new renewable generation in the South Weather Zone, and the load
growth in Houston area. The South Texas Project to WA Parish 345 kV line was congested 11.88%
and 14.39% of hours in 2025 and 2028, respectively.

In addition, the Calaveras to Pawnee 345 kV line was heavily congested in both 2025 and 2028. The
ERCOT Board of Directors recently endorsed the San Antonio South Reliability Project (RPG Project
ID: 22RPGO048). This is the Tier 1 project with an in-service date of June 2027. This project helped to
reduce the congestion cost on the Calaveras to Pawnee 345 kV line in 2028.
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Finally, as required by ERCOT Protocols Section 3.10.8.4(3), ERCOT identified additional
transmission elements that have a high probability of providing significant added economic efficiency
to the ERCOT market using dynamic ratings. Dynamic ratings for the identified elements (listed in
Appendix N) have been requested from the associated TOs.

4.1. Study Assumptions and Methodology

Pursuant to the amended 16 TAC § 25.101(b)(3)(A)(i), an economic cost-benefit study for economic
projects must be performed under a congestion cost savings test and a production cost savings (PCS)
test, and ERCOT is required to develop a congestion cost savings test in consultation with the
Commission staff. While the congestion cost benefit test is being developed, § 25.101(b)(3)(A)()(1)(-
b-) allows ERCOT to use the generator revenue reduction (GRR) test, which was used for evaluation
of economically driven projects in the ERCOT Region during the 2006 to 2012 timeframe, as the
congestion cost savings test. To pass the PCS test, the levelized ERCOT-wide annual PCS
attributable to the proposed project should be equal to or greater than the first-year annual revenue
requirement (13.2%) of the proposed project. To satisfy the GRR test requirement, the levelized
ERCOT-wide annual GRR attributable to the proposed project should be equal to or greater than the
average of the annual revenue requirement for the first three years (12.9%) of the proposed project.
These revenue requirements are reviewed annually and may vary from year to year. ERCOT may
recommend, and the Commission may approve, a transmission upgrade in the ERCOT Region that
passes either a congestion cost savings test or a PCS test. The total production cost is the sum of the
fixed operation and maintenance (O&M), startup, variable O&M, fuel, and emission cost of generators.
The total generator revenue is equal to the sum of the energy production of the generator times its
nodal price. Both the total production cost and the total generator revenue are adjusted to account for
interchange adjustment, transmission violations, and the monetary value of voluntary demand
curtailment in response to the price.

4.2. Top Constraints for 2025 and 2028 Study Years

The economic analysis continues to demonstrate significant congestion for both the 2025 and 2028
study years. Based on the review of the initial congestion pattern and stakeholder feedback, ERCOT
selected transmission projects to conduct both the PCS test and the GRR test, as guided by the
amended 16 TAC § 25.101(b)(3)(A)(i) outlined in section 4.1.

Table 6 shows the projected top 10 constraints ranked by the congestion rent on the ERCOT System
based on the economic analysis conducted for the study years 2025 and 2028. Figure 19 shows
locations of top 10 Constraints in 2025 and 2028.
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Table 6: Top Congested Constraints from 2025 and 2028 Study Years

Congestion Rent? (M$)

Index Constraint 2025 2028
1 West Texas Export Interface $149M $66M
2 South Texas Project to WA Parish 345-kV Line $53M $85M
3 Panhandle Interface $56M $56M
4 Calaveras to Pawnee Switching Station 345-kV Line $45M $26M
5 North Edinburg to Lobo Interface $52M NA
6 Lon Hill to Whitepoint 345-kV Line $27M $17M
7 Farmland to Wett Long Draw 345-kV Line $14M $29M
8 North to Houston Interface $29M $7M
9 South Texas Project to Jones Creek 345-kV Line $13M $17M
10 Grant to Plaza 138-kV Line $23M $6M

. North . Coast 6)

. Far West . North Central

@ vest B south Central 5
South @ c

Figure 19: Locations of Top 10 Constraints in 2025 and 2028

23 Congestion rent indicates areas of the system where economic transmission projects may be
beneficial. It is not an indication of whether a project to reduce specific congestion would or would not

meet the ERCOT economic planning criteria.
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4.3. Projects Selected for Evaluation

The congestion patterns observed for the 2025 and 2028 study years served as the main basis for
identifying potential economic projects for further evaluations. The West Texas Export Interface,
Panhandle Interface, and South Texas Project to WA Parish 345-kV line were the top 3 congested
paths in 2025 and 2028 study year while the congestion on the South Texas Project to WA Parish
345-kV line was the leading non-interface congestion. Calaveras to Pawnee Switching Station, Lon
Hill to Whitepoint, Farmland to Wett Long Draw, and South Texas Project to Jones Creek 345-kV lines
were among other top-congested lines.

In addition to the projected congestion outlined above, ERCOT also reviewed historical congestion
observed in those areas and took its experiences with these constraints in past economic models into
consideration to select several additional projects for further evaluation.

Table 7 shows the list of all transmission projects that were evaluated in this economic analysis. Figure
20 shows the location of each of the projects. Detailed descriptions of these projects are included in
Appendix P.

Table 7: Projects Selected for Economic Evaluation

Index Description

Project 1 4 AC lines proposed by Long -Term West Texas Export Study Report (LTWTX) plus
the upgrade of the Nevill Road Switch to North McCamey and Bakersfield 345-kV
line

Project 2 3 AC lines plus Tesla to King 1500 MW HVDC proposed by LTWTX plus the
upgrade of the Nevill Road Switch to North McCamey and Bakersfield 345-kV line
Project 3 New White River to Long Draw and Black Water to Dermott double-circuit 345-kV
lines

Project4 | New Tesla to Graham-Royse double-circuit 345-kV line
Project5 | New Tesla to King 1500 MW HVDC

Project 6 New Brown to Bell County East Switch double-circuit 345-kV line
Project 7 | New Tesla to Marion 1500 MW HVDC

Project8 [ New Tesla to WA Parish 1500 MW HVDC
Project 9 Loyola to Driscoll 69-kV area upgrades

Project 10 | Lon Hill to Angstrom 345-kV line upgrade

Project 11 | Farmland to Wett Long Draw 345-kV line upgrade

Project 12 | Lubbock Area 115-kV line upgrades

Project 13 | WA Parish to Obrien 345-kV line upgrade

Project 14 | New South Texas Project to Bailey to Ph Robinson 345-kV lines
Project 15 | Killeen Area 138-kV line upgrades

Project 16 | South Texas Project to Hillje 345-kV double circuit line upgrade
Project 17 | Lewisville- Dunham 345-kV line upgrade

Project 18 | San Miguel to Marion 345-kV double-circuit line upgrade
Project 19 | South to Central Texas reliability project

Project 20 | Coast Area 345-kV line upgrades and additions
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Figure 20: Proposed Project Locations

4.4, Project Evaluation Results

Using the updated 2023 RTP economic cases (both 2025 and 2028 study year cases), ERCOT
performed an economic benefit-cost analysis for 20 transmission enhancements chosen based on a
review of the initial congestion patterns and historical data. For all transmission upgrades, both the
PCS test and the GRR test were performed and a break-even capital cost, if appliable, was provided.

ERCOT evaluated, for informational purposes, the benefit/cost ratio for both the PCS and GRR tests
using a generic cost estimate. A transmission system upgrade is economically viable if 1) it meets the
PCS test or 2) it meets the GRR test requirement without adversely impacting the overall societal
benefit.

Details of the economic analysis can be found in Appendix P.
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