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Safe Harbor Statement

This document contains forward-looking statements. Such statements are subject
to a variety of risks, uncertainties, and other factors, most of which are beyond
Southwestern Public Service Company’s, a New Mexico corporation (“SPS”), control and
many of which could have a significant impact on SPS’s operations, results of operations,
and financial condition, and could cause actual results to differ materially from those
anticipated. For further discussion of these and other important factors, please refer to
reports filed with the Securities and Exchange Commission. The reports are available
online at www.xcelenergy.com.

The information in this document is based on the best available information at the
time of preparation. SPS undertakes no obligation to update any forward-looking statement
or statements to reflect events or circumstances that occur after the date on which such
statement is made or to reflect the occurrence of unanticipated events, except to the extent
the events or circumstances constitute material changes in the Integrated Resource Plan
(“IRP”) that are required to be reported to the New Mexico Public Regulation Commission

(“Commission”) pursuant to 17.7.3.10 NMAC.
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Executive Summary

SPS presents its 2021 Integrated Resource Plan (“2021 IRP”) identifying the most cost-
effective portfolio of resources over the 20-year Planning Period (2022 — 2041). For more than a
decade, SPS has strived to serve its customers with a cleaner mix of generating resources and with
an energy grid that is more reliable and secure - all while keeping customer energy bills low. SPS
continues to deliver on this goal, successfully adding an additional 1,230 megawatts (“MW”) of low-
cost wind generation since the filing of the 2018 IRP. In addition, SPS is well positioned to comply
with New Mexico’s Renewable Portfolio Standards (“RPS”) and the State’s carbon emission
reduction goals. In SPS’s most recent RPS filing (New Mexico Case No. 21-00172-UT), SPS
proposed early compliance with the RPS’s 2025 goal to supply no less than 40% of SPS’s New
Mexico retail energy sales by renewable energy, and last year, SPS’s carbon emissions were reduced
55% when compared with 2005 levels.

The highlighted changes below demonstrate that SPS’s 2021 IRP continues to support the
company’s commitment to provide clean, reliable and affordable energy.
Future Operation of SPS’s Coal Generating Units

SPS’s existing coal generating units have, or are planned to, undergo substantial operational
changes since SPS’s filed its last IRP in 2018. Beginning 2021, the Tolk Generating Units located in
Texas are economically dispatched during the high load summer months, and to conserve limited
groundwater are shut down in the eight off-peak months (unless called upon in urgent need
conditions). SPS’s Tolk Analysis, which was filed in advance of this IRP, continues to support
seasonal operation of the Tolk Units until a 2032 retirement date. Additionally, per an agreed order

with the Texas Commission on Environmental Quality (“TCEQ”), SPS’s other coal-fired plant, the
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Harrington Generating Station located in Texas, is planned to be converted to operate exclusively on
natural gas by the end of 2024. Both the Tolk and Harrington Generating Stations are scheduled to
retire within the 20-year IRP planning period.
Aging Gas Steam Resources

Several of SPS-owned gas steam generating units are at the end of their useful life. During
the 4-year Action Plan', over 650 MW of gas steam generation is scheduled to retire and within the
Planning Period, SPS’s entire 1.6 GW portfolio of gas steam generating units are scheduled to retire.
Economic Renewable Energy Resources

SPS’s most cost-effective portfolio of resources and alternative portfolios support a continued
transition to a more renewable-heavy portfolio of generating resources, especially as SPS’s existing
coal and aging gas steam resources are scheduled to retire. Despite scheduled retirements, during the
Action Period, SPS has sufficient resources to meet its reliability and regulatory requirements,
therefore is well positioned to acquire new economic energy resources only when they are most likely
to economically benefit SPS’s customers.
Emerging Technologies

The continued transition to a more renewable heavy portfolio of resources will also necessitate
a need for firm peaking and load-following resources to provide reliability and energy while
intermittent resources, such as wind and solar, are not available. Currently, natural gas combustion
turbine generators (“CTG”) are the most economical technology to provide critical system reliability
needs. However, to meet New Mexico’s 2045 carbon-free goal, natural gas CTGs may be required to

use carbon-free hydrogen as a fuel source, or CTGs may ultimately be replaced by emerging

! IRP Implementation During the First Four Years of the IRP

SPS 2021 Integrated Resource Plan



technologies, such as battery energy storage systems (“BESS”). By preserving the capacity and
energy benefits of the Tolk and Harrington Generating Stations under current planning, SPS’s most
cost-effective portfolio of resources does not include any new carbon-emitting resources until 2031,

therefore, providing SPS time to re-evaluate emerging technologies in future IRPs.
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Section 1. INTRODUCTION

SPS, a wholly-owned subsidiary of Xcel Energy Inc. (“Xcel Energy”), presents its 2021
integrated resource plan (“2021 IRP”) in accordance with the Efficient Use of Energy Act (NMSA
1978, § 62-17-1, et seq., “EUEA”) and 17.7.3 NMAC (the “IRP Rule”). SPS’s 2021 IRP: (i)
identifies the most reasonable, cost-effective resource portfolio to meet all applicable regulatory
requirements and to supply the energy needs of New Mexico customers during the 2022-2041
Planning Period (“Planning Period”); and (ii) provides an Action Plan discussing 2021 IRP
implementation from 2022-2025 (“Action Plan Period”).

Per the uncontested comprehensive stipulation in SPS’s New Mexico Base Rate Case No. 19-
00170-UT, SPS’s 2021 IRP includes an updated “Tolk Analysis” evaluating the economically
optimal retirement date of the Tolk Units. The Tolk Analysis is included in its entirety in Appendix
H and was filed with the Commission in advance of the IRP on June 30, 2021.

SPS’s 2021 IRP was developed by considering studies, forecasts, regulatory predictions, and
information exchanged through a series of technical conferences and a public advisory process,
combined with historical data, existing and potential resource capabilities, and costs associated with
alternative generation resource expansion plans. SPS’s analysis considered applicable regulatory,
and operational obligations and both short- and long-term least-cost impacts to customers, while
balancing the ability to deliver the expected level of service to customers while meeting applicable
regulatory and operational obligations. The goal of SPS’s 2021 IRP was to develop a reliable, robust,
cost-effective, and environmentally-focused generation expansion plan.

Many factors may impact this IRP and could potentially require updates to the Action Plan

and will be the subject of future IRPs. These factors include: (i) changes to the operation of SPS’s
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existing coal-fired generating units; (i1) changes to, or the extension of, renewable tax credits; (iii)
uncertainty in the cost and schedule of interconnecting new generation within SPS’s footprint; and
(iv) potential technological and economic advances in emerging technologies. Each of these factors
are discussed in more detail in Section 7.

Most importantly, the resource plan is presented based on the best information available at
this time and with recognition that SPS will have to be flexible in resource plan execution over the
Action Plan and Planning Period as new information becomes available and in response to the
inherent uncertainty of long-term forecasting and resource planning. SPS will continue to actively
monitor developments in these areas. However, as presented, SPS’s 2021 IRP provides a well-
rounded resource portfolio that addresses customer cost impacts, environmental impacts, critical
reliability needs in localized areas of SPS, operational issues, and complies with applicable regulatory
requirements.

The remainder of the IRP is organized as follows: (i) Section 2 provides a background; (ii)
Section 3 discusses existing supply- and demand-side resources, and reserve margin/reliability
requirements, (iii) Section 4 provides SPS’s current load forecast; (iv) Section 5 presents SPS’s Loads
and Resources (“L&R”) table for the Planning Period; (v) Section 6 identifies the resource options;
(vi) Section 7 presents a determination of the most cost-effective resource portfolio and alternative
portfolios; (vii) Section 8 discusses the public advisory process; and (viii) Section 9 presents SPS’s

Action Plan.
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Section 2. BACKGROUND

The objective of the IRP is to identify the most cost-effective portfolio of resources to supply
the energy needs of customers while giving preference to resources that minimize environmental
impacts and whose costs and service quality are equivalent (17.7.3.6 NMAC).

Specifically, the IRP Rule requires that affected utilities provide the following details
(17.7.3.9(B) NMAC):

(D) description of existing electric supply-side and demand-side resources;

(2) current load forecasts;

3) load and resources tables;

4) identification of resource options;

(%) description of the resource and fuel diversity;

(6) identification of critical facilities susceptible to supply-source or other failures;

(7) determination of the most cost-effective resource portfolio and alternative portfolios;
(8) description of the public advisory process;

9 Action Plan; and

(10)  other information that the utility finds may aid the Commission in reviewing the

utility’s planning process.

Please refer to Appendix N for a table indicating where each of the rule requirements is met in this
filing.

In addition, the uncontested comprehensive stipulation in New Mexico Case No. 19-00170-
UT required SPS’s 2021 IRP to include a robust analysis of Tolk abandonment and economical
potential means of replacement by June 2021 (the “Tolk Analysis”). The Tolk Analysis is included
in its entirety in Appendix H and was filed with the Commission in advance of the IRP on June 30,

2021.
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SPS filed its initial New Mexico IRP on July 16, 2009 (Case No. 09-00285-UT), its second
IRP on July 16, 2012 (Case No. 12-00298-UT), its third IRP on July 16, 2015 (Case No. 15-00217-
UT), and its fourth IRP on July 16, 2018 (Case No. 18-00215-UT); all of SPS’s IRPs were accepted

by the Commission. SPS’s 2021 IRP includes all required components of the IRP Rule.
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Section 3. EXISTING SUPPLY-SIDE & DEMAND-SIDE RESOURCES

3.01 - SPS-Owned Resources

SPS owns supply-side thermal generation resources, located in both New Mexico and Texas,
which serve its entire system. SPS’s supply-side thermal resources had a 2020 summer generation
capacity of 4,335 MW and were comprised of a mix of coal-fired, gas steam, and simple-cycle CTG
units. As shown in Table 3-1 (next page), the Tolk and Harrington coal-fired generating units
provided nearly half of the 2020 summer peak capacity; gas steam units totaled approximately 1.6
GW; and simple-cycle CTG units totaled over 600 MW.

SPS also owns and operates two wind generating facilities. The 478 MW Hale Wind
generating facility (Hale County, Texas) was placed in-service in June 2019, and the 522 MW
Sagamore Wind generating facility (Roosevelt County, New Mexico) was placed in-service in
December 2020.

The names, fuel types, locations, rated capacities (MW), expected retirement dates, capital
costs (gross plant balance), fixed and variable operation and maintenance costs (“FOM” and
“VOM?”), fuel costs, heat rates (Btu/kWh), and annual capacity factors for calendar year 2020 are

provided in Table 3-1 (next page).
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Table 3-1: Location, Rated Capacity, Retirement Date, Cost Data, Heat Rate, and
Capacity Factor for all Generating Units - Calendar Year 2020

Southwestern Public Service Company
Location, Rated Capacity, Retirement Date, Cost Data, Heat Rate, & Capacity Factor for all Owned Generating Units
Calendar Year 2020
Expected Net Unit Annual
Rated Capacity  Retirement Capital § (Gross Heat Rate  Capacity
Unit Name Location (MW) Date plant) O&M § Fuel § (Btw/kWh)  Factor
Steam Production - Gas/Oil
Jones Unit 1 Lubbock Co., TX 243 2031 b 54,714,121 9,504,622 8§ 31,153,663 10,860 51%
Jones Unit 2 Lubbock Co., TX 243 2034 b 48,095,614 10,889 %o
Plant X Unit 1 Lamb Co., TX 39 2022 8 13,451,522 8652844 § 14,622,353 13,577 18%
Plant X Unit 2 Lamb Co., TX 90 2022 b 24,644,736 11,831 25%
Plant X Unit 3 Lamb Co., TX 0 2024 $ 18,947,804 0 0%
Plant X Unit 4 Lamb Co., TX 193 2027 b 41,695,050 10,902 %
Steam Production - Gas
Cunningham Unit 1 Lea Co., NM 68 2022 S 17,960,216 5,683,791 § 11,537,882 11,640 43%
Cunningham Unit 2 Lea Co.. NM 171 2025 ¥ 41,996,765 10,539 31%
Maddox Unit 1 Lea Co., NM 112 2028 b 48,678,630 3,561,308 § 7.318.514 11,201 51%
Nichols Unit 1 Potter Co., TX 108 2022 S 26,144,622 9888210 8§ 22,649.935 11,709 27%
Nichols Unit 2 Potter Co., TX 111 2023 $ 27,212,118 11,434 38%
Nichols Unit 3 Potter Co., TX 246 2030 : 48,467,985 11,208 30%
Steam Production - Coal
Harrington Unit 1 Potter Co., TX 340 2036 S 168,499,280 23,260,669 § 56,125,073 11,442 35%
Harrington Unit 2 Potter Co., TX 340 2038 3 185,120,344 11,063 36%
Harrington Unit 3 Potter Co., TX 341 2040 S 191,081,811 10,746 42%
Tolk Unit 1 Bailey Co., TX 531 2032 b 326,426,504 17,733283 8§ 36,010,273 11,399 20%
Tolk Unit 2 Bailey Co., TX 538 2032 $ 361,728,360 11,094 20%
Turbine - Gas
Cunningham Unit 3 Lea Co., NM 106 2040 M 47,076,368 556.537 8 10.299.704 11.816 4%
Cunningham Unit 4 Lea Co., NM 104 2040 S 43,994,537 12,354 30%
Maddox Unit 2 Lea Co.. NM 61 2025 g 19.619.416 359224 § 3.7713.271 13.647 4%
Jones Unit 3 Lubbock Co., TX 166 2056 N 95,173,578 662,642 § 11,117,912 10,606 22%
Jones Unit 4 Lubbock Co., TX 167 2058 M 83.646.977 10,500 22%
Turbine - Fuel Oil
Quay Hutchinson Co, TX 17/23 2034 S 26,418,131 191,823 § 76.600 17,184 0.13%
Other Production - Wind
Hale Hale Co, TX 478 2044 M 680,220,686 11,999.743 § - N/A 50%
Sagamore Roosevelt Co, NM 522 2050 $ 800,917,397 201,016 5 N/A N/A
Note (1) The O&M § are reported by plant
Note (2) Fuel $ is measured at the plant level
Note (3) SPS plans on converting the Harrington Units to operate on natural gas end of year 2024
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3.02 - SPS-Purchased Power

In addition to SPS’s owned generation, SPS currently has long-term purchased power
agreements (“PPA”) totaling 2,444 MW of nameplate capacity and associated energy. SPS purchases
the energy output from renewable intermittent generation consisting of 1,450 MW of wind and 192
MWac of solar. These resources serve SPS’s entire system. Table 3-2 lists the nameplate capacity
and expiration dates for each long-term PPA under which SPS currently purchases capacity and/or

energy.
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Table 3-2:  PPA Capacity and Expiration Dates

Purchased Power Agreement | Nameplate | Commercial Expiration

Capacity Operation Date
(MW) Date

Sid Richardson Carbon Ltd. 5 2001 20212

Gas Facility

Blackhawk Station Simple 223 1999 2024

Cycle Combustion Turbines

Lea Power Partners Combined 574 2008 2033

Cycle

Subtotal 802

Caprock Wind 80 2004 2024

San Juan (Padoma) Wind 120 2005 2025

Wildorado Wind 161 2007 2027

Spinning Spur Wind 161 2012 2027

Mammoth Wind 199 2014 2034

Palo Duro Wind 249 2014 2034

Roosevelt Wind 250 2015 2035

Lorenzo Wind (Bonita I) 80 2018 2048

Wildcat Wind (Bonita II) 150 2018 2048

Subtotal 1,450

Sun Edison Solar 50 2011 2031

Chaves Solar 70 2016 2041

Roswell Solar 70 2016 2041

SoCore Clovis 1 LLC* 1.98 2021 2041

Subtotal 192

Total Firm (PPAs) 2,444

Figure 3F.1 below provides a regional map of the SPS generation fleet (owned and PPAs). A

regional map of SPS’s transmission system is also provided in Appendix O.

2 The PPA between SPS and Tokai Carbon CB Ltd. (Sid Richardson) is scheduled to terminate August 1, 2021,

which is prior to the end of the Southwest Power Pool Summer Season (June 1 — September 31).

3 The PPA between SPS and Borger Energy Associates (Blackhawk Station) is scheduled to terminate on June

12, 2024, which is prior to the expected summer peak .

4 The SoCore Facility is utilized for SPS’s Voluntary Renewable Energy Program in New Mexico, referred to

as Solar*Connect.
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Figure 3F.1: SPS Existing Generation Fleet (Owned and PPAs)
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3.03 — SPS Qualifying Facilities

In addition to SPS’s owned and long-term PPAs, SPS also purchases energy from eight
Qualifying Facilities (“QF”), with a total nameplate capacity of 111 MW, that are put to SPS under
the Public Utility Regulatory Policy Act of 1978. Per SPS’s New Mexico Rate No. 4 or the Texas
Electric Tariff Sheet No. IV-117 (Rev. No. 4) a QF that chooses to sell energy to SPS under these
Rates/Tariffs, must execute the standard Purchase Agreement. See Table 3-3 below for a list of SPS
QF Wind facilities.

Table 3-3: QF Wind

QF Wind Nameplate | Commercial
Capacity Operation
(MW) Date

Ralls Wind 10 07/20/2011
Cirrus Wind 61.2 12/12/2012
Pantex Wind 11.5 06/20/2014
Pleasant Hills Wind 19.8 06/04/2014
Aeolus Wind 3 04/05/2004
National Windmill 0.66 12/07/2005
West Texas A&M 3.51 11/11/2013
Mesalands Community College 1.5 07/08/2015

In addition, SPS historic cost (calendar year 2020) information regarding each of the long-

term PPAs and QFs is provided in Appendix A.

3.04 - Existing & Approved Energy Storage Resources

Currently, SPS has no existing or approved energy storage resources.

3.05 - Additional SPS Owned Generation Approved but not In-Service

Currently, SPS has no new generating resources under construction or scheduled for the

Planning Period.
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3.06 - Wheeling Agreements

SPS does not purchase any capacity or energy under wheeling agreements with other utilities.

3.07 - Demand-Side Resources

The IRP Rule specifically requests that the utilities detail their existing demand-side
management (“DSM”) resources in their IRP filing and defines those resources as “energy efficiency
and load management.” Energy efficiency (“EE”) is defined in the IRP Rule as “measures, including
energy conservation measures, or programs that target consumer behavior, equipment or devices to
result in a decrease in consumption of electricity without reducing the amount or quality of energy
services.” Load management (“LM”) is defined as “measures or programs that target equipment or
devices to decrease peak electricity demand or shift demand from peak to off-peak periods.”® SPS
offers DSM resources in both New Mexico and Texas in accordance with state-specific rules and
laws.’

New Mexico DSM

SPS must annually report its achieved levels for the previous calendar year and receive
approval of its forward looking plans every three years to continue towards its statutory goals. SPS’s
2019 EE Triennial Plan approving Plan Years 2020-2022 was approved in Case No. 19-00140-UT

on February 19, 2020.% SPS will continue its approved Triennial Plan through Plan Year 2021. In

3 Rule 17.7.3.7.D NMAC.

® Rule '7.7.3.7.1 NMAC.

7 DSM costs are directly assigned by jurisdiction.

8 In the Matter of Southwestern Public Service Company’s Triennial Energy Efficiency Plan Application
Requesting Approval of: (1) SPS’s 2020-2022 Energy Efficiency Plan and Associated Programs,; (2) A Financial
Incentive for Plan Year 2020; (3) Recovery of the Costs Associated with a potential Energy Efficiency Study over a Two-
Year Time Period; and (4) Continuation of SPS’s Energy Efficiency Tariff Rider to Recover Its Annual Program Costs
and Incentives, Case No. 19-00140-UT, Final Order Approving Certification of Stipulation (Feb 19, 2020).
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accordance with the Final Order in Case No. 19-00140-UT, SPS refiled its Plan Year 2022 portfolio
and proposed goals on July 15, 2021. Previous plans were approved for calendar years 2011 — 2019
in Case Nos. 11-00400-UT, 13-00286-UT, 15-00119-UT, 16-00110-UT, 17-00159-UT, 18-00139-
UT, and 19-00140-UT, respectively. Table 3-4 below describes SPS’s EE achievements under the
EUEA.

Table 3-4: New Mexico EE Achievements for Plan Years 2013-2020

Year Customer Customer kWh
kW’ Saved Saved
2013 8,056 37.674.221
2014 8,873 30,492,802
2015 10,716 35,225,196
2016 8,486 34,384,659
2017 8,476 33,191,039
2018 7,539 42,841,455
2019 9,415 39,420,766
2020 7,404 46,980,168

At the time of this IRP filing, SPS is offering the following approved DSM programs to its
New Mexico customers (designated by “EE” for energy efficiency and “LM” for load management).

Residential Segment:

e Residential Energy Feedback (EE) — This program is designed to quantify the effects of
informational feedback on energy consumption in approximately 15,000 residential
households, consistent with the Commission’s Final Order in Case No. 09-00352-UT.!® This
program provides educational materials and communication strategies to create a change in
energy usage behavior. The purpose of the program is to measure when, how, and why
customers change their behavior when provided with feedback on their energy using habits.

e Residential Cooling (EE) — This program offers rebates for the purchase of high efficiency
evaporative cooling, air conditioning, and heat pump units. Rebates for evaporative coolers
are paid for purchase of new units with an efficiency greater than 85%, installed in new or
existing construction, regardless of whether or not the customer is replacing an existing unit.

? kilowatt

10" Case No. 09-00352-UT, In the Matter of Southwestern Public Service Company’s Application for Approval of its
2010/2011 Energy Efficiency and Load Management Plan and Associated Programs, Requested Variances, and Cost
Recovery Tariff Rider, Final Order Adopting Certification of Stipulation (Mar. 15, 2011).
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Air conditioning and heat pump rebates are paid to registered contractors who perform a
quality installation in new and existing homes.

e Home Energy Services (EE) — Under this program, SPS provides incentives for the installation
of'a wide range of energy savings measures that reduce customer energy costs. The incentives
are paid to energy efficiency service providers on the basis of deemed (i.e., pre-determined)
energy savings. The program, which also includes a Low-Income offering, includes attic
insulation, air infiltration reduction, refrigerators (for low-income participants) and duct
leakage repairs. The program is delivered via third-party providers interacting directly with
customers to perform the home improvements. Additionally, Income-qualified customers,
will receive an offer through mail informing them of their eligibility to receive a free Energy
Savings Kit. A customer is qualified by being identified as receiving energy assistance
through federal Low-Income Home Energy Assistance Program. If the customer chooses to
receive a kit, they will send their response to the third-party implementer. Customers will
receive a kit within six to eight weeks.

e Home Lighting (EE) — This program provides incentives for customers to purchase energy
efficient LEDs!! through participating retailers. Participating retailers may include home
improvement, mass merchandisers, and hardware store locations. Customers will be able to
recycle used compact fluorescent lights at select retail partner locations.

e Heat Pump Water Heaters (EE) — This program provides rebates for the purchase of high-
efficiency electric heat pump water heaters. Customers can purchase these units through local
home improvement stores or heating, ventilating, and air conditioning contractors.

e School Education Kits (EE) — The School Education Kits Program provides free kits to fifth
grade classrooms in SPS’s New Mexico service area. These kits include energy efficiency
educational materials and products, including four LEDs, one low-flow showerhead, a kitchen
and bathroom aerator, and an LED nightlight, which are distributed along with curriculum.
This program provides value beyond the direct installation of measures included in the kits
by creating awareness of energy efficiency with students, teachers, and parents.

e Smart Thermostats (EE) — In SPS’s 2019 Triennial, the Saver’s Stat program was transitioned
into an exclusively energy efficiency program utilizing the new ENERGY STAR connected
Thermostat specification in Plan Year 2020. Eligible customers will be able to receive the
$50 rebate for an ENERGY STAR connected thermostat through the Xcel Energy storefront,
paper applications and online applications that are available to both end use customers and
trade allies.

1 Light Emitting Diode
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Business Segment:

e Business Comprehensive Program, which is made up of the following components:

O

Cooling Efficiency (EE) — provides rebates for purchasing air conditioning equipment
that exceeds standard efficiency equipment. This product also includes rebates for
specific commercial refrigeration equipment;

Custom Efficiency (EE) — offers rebates to reduce incremental project costs for customers
who install energy efficient measures. Since energy applications and building systems
can vary greatly by customer type, this program provides rebates for business projects or
process changes that are not covered by SPS’s prescriptive programs;

Large Customer Self-Direct (EE) — provides the opportunity for qualifying large
customers to either self-direct their own EE projects or opt-out of the EE tariff rider if
they can prove they have completed all cost-effective conservation. Self-direct
participants of this program are also eligible for the other Business Segment programs;

Lighting Efficiency (EE) — offers rebates for customers to install more efficient lighting,
or de-lamp, as needed;

Motor & Drive Efficiency (EE) — offers rebates to customers who install motors exceeding
the National Electrical Manufacturers Association Premium Efficiency® motors standards
and variable frequency drives in existing and new construction facilities; and

Building Tune-up (EE) — is a study/implementation option designed to assist smaller
business customers to improve the efficiency of existing building operations by
identifying existing functional systems that can be “tuned up” to run as efficiently as
possible through low- or no-cost improvements.

EE Goals from 2009-2020

Under the 2008 amendment of the EUEA, SPS was required to acquire cost-effective and

achievable DSM to achieve no less than an 8% reduction in 2005 sales by 2020. SPS’s 2005 New

Mexico retail sales were 3,750,469 megawatt-hour (“MWh”) therefore SPS needed to achieve savings

0f 300,037,520 kilowatt-hour (“kWh”) or greater by 2020. SPS met this obligation in Plan Year 2018

by achieving savings of 302,366 kWh (8.06%).
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Table 3-5 below shows SPS’s savings achievements during the 2008 EUEA requirement,

using the Portfolio Effective Useful Lifetime method (energy savings provided in gigawatt-hours

(“GWh”)).1?
Table 3-5:  New Mexico Actual Savings Provided by the 2008-2020 EE Programs
Annual Net Cumulative Cumulative
Year ACu.stomer Net ?ustomer % of 2005
chievement Achievement .
(GWh) 1® (GWh) Retail Sales
2008 3.355 3.355 0.09%
2009 14.136 17.491 0.47%
2010 23.231 40.722 1.09%
2011 35.642 76.363 2.04%
2012 31.534 107.897 2.88%
2013 34.452 142.349 3.80%
2014 30.493 172.841 4.61%
2015 32.805 202.962 5.41%
2016 31.966 234.257 6.25%
2017 29.429 263.686 7.03%
2018 38.680 302.366 8.06%
2019 36.081 320.169 8.54%
2020 46.980 348.061 9.28%

EE Goals through 2041

Under the 2019 amendment of the EUEA, SPS is required to achieve no less than savings of
5% of 2020 total retail kWh sales to as a result of EE and LM programs implemented in years 2021
through 2025. The following goals were developed in accordance with the 2008 EUEA, which SPS

was following at the time of SPS’s most recent Triennial Plan Filing. Note that the EUEA neither

12 This calculation method is consistent with the methodology proposed by the Commission’s Utility Division
Staff in Case No. 09-00352-UT (see Staff Compliance Affidavit Regarding Decretal Paragraph “L” of the Certification
of Stipulation Adopted by the Commission in its March 11, 2010 Final Order in this Proceeding, Oct. 19, 2010).

13" Annual Net Customer Achievement (GWh) does not include the Energy Feedback Program’s yearly savings
achievement as the product only has a 1-year life.
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requires nor establishes annual goals. Thus, the goals in Table 3-6 below are preliminary and subject
to change in SPS’s upcoming re-filing of PY 2022, Triennial Filing covering PY 2023-2025, and

future Triennial Filings covering years 2025-2041.

Table 3-6: Filed and Forecasted New Mexico DSM Goals at the Customer Level for the
Planning Period

Demand | Energy
Savings | Savings

Year (MW) (GWh)
2021 5.42 40.134
2022 8.81 56.492

2023-2041 8.81 56.492

In SPS’s recent EE Potential Plan filing, filed one day before this IRP filing, SPS proposed a
revised EUEA goal for 2025 based on an adjustment to SPS’s 2020 total kWh retail sales used to
determine the goal. The adjustment excludes kWh sales to certain customers for which there is no
corresponding recovery of costs to fund EE programs due to the application of the EUEA’s $75,000
per customer EE program cost-recovery cap. Based on the adjusted 2020 kWh retail sales, SPS
proposed a revised EUEA energy savings goal for 2025 of 269,769 MWh to be achieved over the
period of 2021 through 2025. SPS’s proposed revised goal has not yet been approved by the
Commission.

Texas DSM Requirements

SPS offers DSM programs in its Texas service territory pursuant to the Public Utility

Regulatory Act and 16 Tex. Admin. Code § 25.181. These programs include standard offer and

market-transformation programs for commercial and industrial, LM, residential, and low-income
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customers limited to customers receiving service at 69 kilovolts or less and all government customers.
Table 3-7 below shows SPS’s historic demand savings (in MW) and energy savings (in GWh) in its
Texas service territory.

Table 3-7: SPS’s EE and LM Achievements - 2011 to 2020 in Texas

Year Customer Customer
Demand Energy Savings
Savings (MW) (GWh)
2011 3.88 13.821
2012 5.30 9.077
2013 5.10 7.950
2014 5.02 11.900
2015 8.17 14.537
2016 8.19 14.451
2017 7.80 16.871
2018 9.57 18.908
2019 9.57 23.328
2020 11.672 25.663

In addition, SPS offers residential Saver’s Switch and Interruptible Credit Option (“ICO”)

LM programs (the savings are not included in the table above).

3.08 - Reserve Margin and Reserve Reliability Requirements

Southwest Power Pool Integrated Market

SPS is a member of the Southwest Power Pool. Southwest Power Pool is one of nine
independent system operators (“ISO”’) and Regional Transmission Organizations (“RTO”) in North
America. Southwest Power Pool’s Integrated Marketplace is the mechanism through which it
facilitates the sale and purchase of electricity to ensure cost-effective electric reliability throughout a
14-state region in the Eastern Interconnect. As a Balancing Authority, Southwest Power Pool

balances electric supply and demand, ensuring there is adequate generation to meet the demand.
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Southwest Power Pool is responsible for generation unit commitment and dispatch across the
Southwest Power Pool footprint. Additionally, Southwest Power Pool administers the day-ahead and
real-time balancing market, including incorporation of a price-based operating reserve market (i.e.,
regulation up/down and spin/supplemental reserves). Instead of each load serving entity (e.g., SPS)
committing and dispatching its own generation resources to meet its own load requirements,
reliability unit commitment and economic dispatch are performed by the Southwest Power Pool.
Current expectations and future requirements regarding market operations, locational generation
dispatch, congestion, and losses will impact future transmission and generation planning/siting
activities.

Figure 3F.2: ISO/RTO Map
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Planning and Operating Reserves

Each system must preserve an adequate supply of firm electric generation that will meet the
maximum demand of its customers (i.e., the “peak” demand) and provide for unforeseen events (e.g.,
transmission line outages, generating unit outages, and potential increased in actual load, etc.). To
accomplish these objectives, electric utilities acquire (through direct ownership or PPAs) and operate
more generation capacity than is needed to meet peak demand. The available capacity above the
projected peak demand is typically referred to as the “reserve margin” (i.e., “Planning Reserves”).
Generally, there are two basic types of reserves: (i) Planning Reserves, which are the amount of
installed capacity required above annual firm peak demand, and (ii) Operating Reserves, which are
the amount of generation capacity required in real-time, either with units carrying regulation and/or
spinning reserves; or units offline but in warm standby and capable of providing additional electric
supply in order to meet real-time changes in load/demand and any unforeseen contingencies (e.g.,
transmission outage, generator forced outage, gas supply disruptions, etc.).
Southwest Power Pool Capacity Reserve Requirements

The Planning Reserve Margin (“PRM?”) for capacity is set in Section 4 of the Southwest Power
Pool Planning Criteria.'* Southwest Power Pool currently requires each Load Responsible Entity
(“LRE”) to have a reserve margin of at least 12% of its peak demand forecast (the planning reserve
requirement is a minimum requirement, not a maximum or a target). Determination of the PRM is
described in Attachment AA'" of the Southwest Power Pool Open Access Transmission Tariff
(“OATT”) and is supported by a probabilistic Loss of Load Expectation (“LOLE”) Study, which

analyzes the ability of the Transmission Provider to reliably serve the Southwest Power Pool

14 https://spp.org/Documents/58638/spp%20planning%20criteria%20v2.4.pdf
15 https://spp.org/Documents/58597/Attachment%20A A%20Tariff.pdf
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Balancing Authority Area’s forecasted peak demand. The LOLE Study is performed biennially, and
Southwest Power Pool studies the PRM such that the LOLE for the applicable planning year does not

exceed one day in ten years, or 0.1 day per year.

3.09 - Existing Transmission Capabilities

SPS, as a member of Southwest Power Pool, participates in several technical groups and
committees. SPS is also a member of the North American Transmission Forum, a group that
promotes sharing of technical solutions among members.

An analysis of the SPS transmission system is contained in the Southwest Power Pool 2020
Integrated Transmission Planning Assessment Report, which is provided as Appendix B. This report
discusses the performance of the SPS network and recommends new projects to improve the network
performance.

A list of current transmission projects SPS is constructing based on notifications to construct
is provided as Appendix C. This list also includes service for one generator interconnection project.
Transmission Import Rights

Southwest Power Pool has a total of 1,885 MW of transmission flow capability minus the
single largest contingency and other factors (i.e., imports from Palo Duro and Mammoth Wind) to
deliver resources to the SPS zone from the rest of the Southwest Power Pool transmission system.
SPS’s reservation of this capability on a firm basis is more fully described below.

249 MW Palo Duro Wind

SPS has firm transmission service for this wind farm beginning January 1, 2018 and

continuing for the term of the PPA through December 31, 2034.
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199 MW Mammoth Plains Wind

SPS has firm transmission service for this wind farm beginning November 16, 2018 and
continuing for the term of the PPA through December 31, 2034.

96 MW Import from Elk City 2 Wind

As agent for the City of Lubbock, Texas, SPS holds the firm network transmission rights to
import up to 96 MW from the Elk City 2 Wind Farm, located in Oklahoma. This resource represents
part of the replacement power required to serve the City of Lubbock upon termination of its full
requirements contracts with SPS. The term of this service began June 1, 2019 and continues for 13

years. Any capacity associated with this reservation is held by the City of Lubbock.

3.10 - Environmental Impacts of Existing Supply-Side Resources

Percentage of MWh Generated
The percentages of MWh generated by each fuel type used by SPS for Calendar Year 2020
are provided in Figure 3F.3 below.

Figure 3F.3: Percentage of MWh Generated in 2020 by Fuel Type

2020 SPS Generation Mix by Fuel Type

2
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SPS Emissions Information

The emission rates for SPS-owned generation resources are shown in Table 3-8 below. All

emission rates are expressed in pounds per kWh.

Water Consumption Rates
Average water consumption rates, by plant, and expressed in gallons per kWh (H20

Consumption) are also shown in Table 3-8 below.
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3.11 - Identification of Critical Facilities Susceptible to Supply-Source or Other Failures and
Summary of Back-up Fuel Capabilities and Options

SPS takes system reliability very seriously and devotes significant resources to protecting the
electric grid from multiple types of risks. The SPS transmission system is planned and designed for
single contingency or N-1 standards, and therefore has the ability to sustain overall grid reliability in
the face of various types of generator and transmission contingencies. In addition, SPS is compliant
with the applicable NERC'® reliability standards which require that assets critical to operation of the
bulk electric system be identified and special protections for those facilities implemented. For safety
and reliability, any lists or descriptions of these critical assets are considered highly confidential and
not available to the public domain. Furthermore, SPS’s owned generation units have redundant fuel
supplies, mitigating the risk of supply-source failures. Additionally, purchases from the Southwest

Power Pool market would typically address any deficiencies in SPS resources.

16 North American Electric Reliability Corporation
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Section 4. CURRENT LOAD FORECAST

4.01 - Forecast Overview

Projections of future energy sales and coincident peak demand are fundamental inputs into
SPS’s resource need assessment. As required by the IRP Rule, SPS has prepared base, high, and low
case scenario forecasts (17.7.3.9(D)(2) NMAC).

SPS projects its base or median electric firm obligation load (firm retail and firm wholesale
requirements customers) to increase at a compounded annual growth rate of 0.4% or an average of
12 MW per year through the Planning Period (2022-2041). Growth in retail demand is expected to
more than offset the impact of losing wholesale customers through the forecast period. SPS’s base
or median energy sales are forecasted to increase at a compounded annual growth rate of 0.6% or an
average growth rate of 154 GWh during the same period. The load growth over the Planning Period
contrasts to the historical annual average load decline of -2.7% over the last 10 years (ending 2020).
The historical annual average energy decline over the ten years ending 2020 is -1.9%. Load and
energy decreases were driven primarily by the decline of wholesale load due to expiration of the New
Mexico Cooperatives’ wholesale contracts and contractual changes within existing wholesale
contracts. In addition, the decline in oil prices that started in the third quarter of 2015 paused the oil
and gas expansion in southeastern New Mexico and the SPS region has seen a decline in potash
mining in the last decade. Finally, 2020 sales and demands were negatively impacted by the business
shutdowns and economic slowdown as a result of the COVID-19 pandemic.

The SPS low forecast scenario of coincident peak demand decreases at a compounded annual
growth rate of -0.6% through the Planning Period, and the high forecast scenario of coincident peak
demand increases at a compounded annual growth rate of 1.2% per year. Figure 4F.1 below contains

a graphical representation of the low and high forecast scenarios of coincident peak demand.
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Figure 4F.1: Coincident Peak Demand Forecasts
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SPS’s annual energy sales low forecast scenario decreases at a compounded annual growth
rate of -1.0% through 2041, and the annual energy sales high forecast scenario increases at a
compounded annual growth rate of 1.6% per year. Figure 4F.2 below contains a graphical

representation of the low and high scenario forecasts of annual energy sales.
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Figure 4F.2: Energy Sales Forecasts
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Figures 4F.1 and 4F .2 (above) show the base, high, and low forecasts for firm coincident peak
demand and annual energy sales graphically. Appendix D (Tables D-10 and D-11) provides the data
supporting the charts. Appendix D (Table D-11) also shows the SPS forecast for its total annual
energy sales with eleven years of history starting in 2010, and it shows annual growth and
compounded growth to/from 2020. The bold line across the table delineates historical from projected
information.

The base peak demand forecast assumes economic growth based on projections from IHS
Markit!” and normal summer peak weather conditions. SPS estimates a 70% probability that the
actual peak demands and energy sales will fall between the high and the low forecast scenarios.

4.02 - Peak Demand Discussion

Firm peak demand in the SPS service territory has declined over the last 10 years (through

2020). SPS’s firm peak demand decreased by -1,203 MW or -24.3%, from 2010 to 2020. Load

17" As discussed below, IHS Markit is a trusted data source for forecasting professionals that SPS uses for
economic and demographic data and forecasts.
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growth was dampened as a result of decreased demand from wholesale customers due to changes in
contracted load. In the 10-year period ending 2020, the population in the SPS service territory grew
by an annual average rate of 0.1% per year. Combined Real Gross County Product (“GCP”) for the
counties in the SPS service territory averaged gains of 2.0% from 2010 through 2020. During this
same period, SPS gained about 17,900 residential customers, for total growth of 6.0%.

The peak demand forecast compounded annual growth rate for the Planning Period through
2041 is 0.4%. This is stronger growth than seen over the past ten years, which averaged annual
declines of 2.7%. Retail peak demand for the Planning Period increases at a compounded annual
growth rate of 0.8%, compared to the ten-year period ending 2020 compounded annual growth rate
of 0.4%. Retail peak demand growth is driven by population and economic growth in the service
territory, continued expansion of the oil and gas industry in southeastern New Mexico, and adoption
of electric vehicles. Wholesale peak demand for the Planning Period gradually decreases as contracts
expire and is zero starting in 2026. SPS assumes that expiring wholesale contracts will not be
renewed after their known expiration dates.

SPS service territory GCP is expected to average 2.3% through 2041. Population growth is
similar to the recent past, with annual gains averaging 0.3% through the Planning Period. SPS
projects residential customer growth will average annual increases of 0.5% per year through 2041.

Table D-4 in Appendix D (Electric Energy and Demand Forecast) shows the SPS coincident
peak demand by retail and wholesale customer categories. Figure 4F.3 shows the SPS coincident

peak demand by retail and wholesale customers graphically.
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Figure 4F.3: Peak Demand History and Forecast, Retail and Wholesale

Peak Demand History and Forecast, Retail and
Wholesale
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4.03 - Annual Energy Discussion

SPS is anticipating energy sales in the base case forecast to average 0.6% growth annually
over the Planning Period. The declines in wholesale energy sales corresponding to the termination
or reduction of sales to specific wholesale customers will offset growth in the retail sector.

During the past ten years SPS has experienced declines in energy sales, much of that also
impacted by the declining wholesale sales. Energy sales decreased by 4,853 GWh, or -17.3%, from
2010 to 2020. The energy sales forecast’s compounded annual growth rate for the Planning Period
through 2041 is 0.6%. The growth in retail energy sales is expected to more than offset the declines
in wholesale. Retail energy sales for the Planning Period increase at a compounded annual growth
rate of 1.0%, similar to the 10-year period ending 2020 compounded annual growth rate of 1.0%.
Retail energy sales will benefit from strong growth in the New Mexico commercial and industrial

sector, which is heavily dependent on the oil and natural gas industries, and the adoption of electric
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vehicles. Base case wholesale energy sales are forecasted to decline steadily before reaching zero in

2027. Figure 4F.4 shows SPS’s energy sales by retail and wholesale customer class graphically.

Figure 4F.4: Energy Sales History and Forecast, Retail and Wholesale

Energy Sales History and Forecast, Retail and
Wholesale

® Retail Firm ™ Wholesale Firm

4.04 - Electric Vehicles

SPS has developed a projection of electric vehicle adoption in its service territory. SPS
expects to have 307,700 electric vehicles in its service territory by 2041. These vehicles are expected
to contribute 1,972 GWh to annual energy sales and 241 MW to coincident summer peak demand.

4.05 - High and Low Case Forecasts

Development and use of different energy sales and demand forecasts for planning future
resources is an important aspect of the planning process. Alternative high and low forecast scenarios
to the base case were developed for the 2021 IRP. The high and low forecast scenarios are based on
a Monte Carlo simulation for energy sales and peak demand forecasts with probabilistic inputs for
the economic, energy, and weather drivers of the forecast models and for model error. The high

forecast scenario is the forecast level from the Monte Carlo simulation that represents a plus one
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standard deviation confidence band from the base case forecast. The low forecast scenario is the
forecast level from the Monte Carlo simulation that represents a minus one standard deviation
confidence band from the base case forecast. There is a 70% probability that actual energy sales and
coincident peak demand will fall within the high and low forecast scenarios.

Appendix D (Table D-10 and Table D-11) provides a summary of the base, high, and low
peak demand and energy sales forecasts.
Typical Historic Day Load Patterns

Please refer to Appendix E for the typical day load patterns on a system-wide basis for each
customer class provided for: peak day, average day, and representative off-peak days for each
calendar month.

4.06 - Forecasting Methodologies

The following discussion describes the methods used to forecast energy sales and coincident
peak demand for each of its various customer classes in SPS.

SPS forecasts retail energy sales and customers by class for each jurisdiction. Retail
coincident peak demand is forecasted in aggregate at the total SPS level. The wholesale energy sales
and coincident peak demand forecasts are developed at the individual customer level of detail. SPS
models its forecasts at a monthly frequency and uses monthly historical data to develop the customers,
energy sales, and coincident peak demand forecasts. Annual energy sales are an aggregation of the
monthly energy sales estimates. Energy sales are forecasted at the delivery point and peak demand
is forecasted at the generating source. The annual coincident peak demand occurs in July throughout

the Planning Period 2022-2041.
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IHS Markit, a trusted data source for forecasting professionals, provides economic and
demographic data and forecasts. SPS assumes normal weather for the forecast period. Normal
weather is based on a 30-year rolling average of historical weather data for the energy sales and retail
coincident peak forecasts.

4.07 - Energy Sales Forecasts

SPS’s retail customer counts, retail energy sales, and full requirement wholesale energy sales
forecasts are developed using econometric models and trend models. An econometric model is a
widely accepted modeling approach involving linear regression analysis. Linear regression analysis
is a statistical technique that attempts to understand the movement of the dependent variable, for
example, energy sales, as a function of movements in a set of independent variables, such as economic
and demographic concepts, customers, price, trend, and weather, through the quantification of a single
equation. Other variables used in the econometric models may include autoregressive correction
terms and binary variables. Binary variables are used in models to account for non-weather-related
seasonal factors and unusual billing activity. The autoregressive correction term is used to aid in
eliminating bias found in time-series models. After developing and testing the econometric models
to identify the relationship between the dependent and independent variables, forecasts of the
independent variables are used to predict future energy sales and customer counts.

SPS’s econometric models are evaluated through examining the model statistics output and
tests results. Each variable coefficient in the models is checked for the correct theoretical signs and
statistical significance. The coefficient of determination (R-squared) test statistic is a measure to
verify the quality of the model’s fit to the historical data. The models are also tested for correlation

of errors from one period to the next. The absence of correlation between the residual errors is an
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important indicator that the model is performing adequately. Graphical inspection of a model’s error
term helps identify if a model suffers from auto-correlation (i.e., error terms are not random and are
correlated between periods) or heteroscedasticity (i.e., inconstant variance of errors over the sample
period). A model with auto-correlation may indicate model misspecification.

The output from the econometric models for the retail energy sales is adjusted to reflect the
expected incremental impact of DSM programs. The model output is also adjusted for electric vehicle
impacts. SPS developed a base, low, and high scenario of estimated sales due to electric vehicles.
The forecast assumes the base sales scenario. The model output may also be adjusted with
information from SPS’s Managed Account Sales group regarding SPS’s largest commercial and
industrial customers. The Managed Account Sales group provides information about known events
that can impact energy sales that would not be captured in the historical data. Such events might
include a scheduled increase or decrease in load for a specific customer due to a plant expansion, or
a reduction in load stemming from a plant shutdown. The final adjusted output from the econometric
models becomes part of the base case energy sales forecast.

Energy sales forecasts for SPS’s partial requirement wholesale customers are developed based
on historical consumption patterns or econometric models as described above, subject to contractual
agreement with the customer.

4.08 - Peak Demand Forecasts

SPS develops an econometric model, as described above, to forecast the monthly retail
coincident peak demand. Total retail coincident peak demand is forecasted in aggregate at the source
for the total SPS company level. The exogenous variables in the retail coincident peak demand model

include weather, binary and trend variables, and retail energy sales. Retail energy sales are not
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adjusted for DSM savings, electric vehicle increases, or load increases or decreases as identified by
the Managed Account Sales group prior to being used in the model. Instead, such adjustments are
made to the output from the retail peak demand model.

The full requirements wholesale coincident peak demand is developed on an individual
customer basis. SPS uses a load factor methodology to calculate the coincident peak demand
associated with the energy sales for each full requirement wholesale customer. For each customer,
SPS calculates a monthly load factor based on historical energy sales and coincident peak demand
data as recorded at the delivery point. Monthly load factors are calculated as:

Load Factor = Energy Sales/(Peak Demand * Hours Per Month)

The monthly load factors are then applied to each full requirement wholesale customer’s

respective energy sales forecast to derive the monthly peak demand forecasts.
Peak Demand = Energy Sales/(Load Factor * Hours Per Month)

The peak demand forecasts are then adjusted for line losses to derive the peak demand forecast
at the source.

The partial requirement wholesale customer coincident peak demand forecasts are determined
by individual customer contractual agreement.

4.09 - Modeling for Uncertainty

SPS has developed high and low forecast scenarios to the base case forecast. These alternative
forecasts are derived from Monte Carlo simulations of energy sales and coincident peak demand.

Monte Carlo simulation is a modeling technique that ascribes probabilistic characteristics to
selected inputs and the output of a model. The Monte Carlo simulations are based on econometric

models used to forecast energy sales and coincident peak demand. In particular, energy sales and
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coincident peak demand are modeled at the combined retail and full requirement wholesale sales level
of aggregation.

In these models, probability distributions are defined for exogenous variables with inherent
uncertainty associated with their forecast values. Probability distributions are a realistic way of
describing uncertainty in variables. An example of a variable with inherent uncertainty is the
maximum peak day temperature in the coincident peak demand model. While SPS assumes the value
will be 99.6 degrees Fahrenheit for each July during the forecast period, it is unlikely that each year
the actual peak day maximum temperature will be 99.6 degrees Fahrenheit. The probability
distributions contain the possible values for variables with inherent uncertainty over the forecast
period, based on characteristics of the data set for each variable. The weather, economic and energy
variables, and the model error are assumed to have inherent uncertainty in the models used to develop
the high and low energy sales and coincident peak demand forecast scenarios.

For each simulation run of these forecasting models, the values for the exogenous variables
with inherent uncertainty are randomly selected from respective probability distribution. By using
probability distributions, variables can have different probabilities of different outcomes occurring.
Monte Carlo simulation calculates the model results over and over, each time using a different set of
random values from the probability functions. The output from the Monte Carlo simulation models
is then calibrated so that the 50% probability forecast is equal to the respective energy sales and
coincident peak demand base case forecast.

4.10 - Weather Adjustments

SPS incorporates several different weather variables in its forecasting models. For the energy

sales models, SPS may include monthly heating degree days, cooling degree days, and precipitation.
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The heating degree days and the cooling degree days are calculated on a base of 65 degrees Fahrenheit
for each day and then totaled by month.

Heating Degree Days = Max (65 - Average Daily Temperature, 0)

Cooling Degree Days = Max (Average Daily Temperature - 65, 0)

The coincident peak demand models include a maximum peak day temperature variable and
a rolling two-week summation of the days prior to the monthly peak day with a maximum daily
temperature of 95 degrees Fahrenheit or greater variable.

Weather during the forecast period is assumed to be normal. Normal weather is defined as a
rolling 30-year average for heating degree days, cooling degree days, precipitation, maximum
temperature, minimum temperature, average temperature, and days with maximum temperature 95
degrees Fahrenheit or greater. The energy sales and coincident peak demand forecasts do not have
any other weather normalization adjustments.

For historical periods, SPS weather normalizes historical energy sales and coincident peak
demand data for variance analysis purposes. This weather normalization process involves subtracting
weather-impacted energy sales or peak demand from actual sales or peak demand. Weather-impacted
sales or peak demand is calculated by multiplying the forecast model weather variable coefficients
by the variance of actual weather from normal weather.

Weather-Impacted Energy Sales =
Weather Coefficient * (Actual Weather-Normal Weather)
Weather Impacted Peak Demand =

Weather Coefficient * (Actual Weather-Normal Weather)
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4.11 - Demand-Side Management

SPS promotes DSM programs that help its customers reduce energy sales and peak demand
through energy efficiency and education. Xcel Energy’s DSM Regulatory Strategy and Planning
group develops the projections of future and embedded DSM program savings.

SPS adjusts its retail energy sales and coincident peak demand forecasts with projected
incremental DSM program savings. The incremental DSM program savings are calculated by
subtracting embedded DSM savings from future DSM savings.

Incremental DSM Savings = Future DSM Savings — Embedded DSM Savings

SPS does not directly adjust its forecast models or model output for naturally occurring DSM
savings that could be attributed to actions other than those of SPS. However, theoretically, the
historical energy sales and coincident peak demand data used in SPS’s forecast modeling process
does have embedded in it any naturally occurring DSM savings. Therefore, the forecast models and
model output do account indirectly, through the historical data, for naturally occurring DSM savings.
Naturally occurring DSM energy and peak demand savings do not impact SPS’s sponsored DSM
resources.

4.12 - Demand Response, Energy Efficiency, and Behind-the-Meter Generation

The historical energy sales data used in SPS’s forecast modeling process is net of behind-the-
meter generation and demand response energy sales. Therefore, the forecast models and model output
indirectly account, through the historical data, for behind-the-meter and demand response energy
sales. The historical peak demand data used in the forecasting process has not been adjusted to

account for behind-the-meter generation and demand response.
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4.13 - Forecast Accuracy

SPS reviews its demand and energy forecasts for accuracy annually. Appendix D (Table D-

12 through Table D-17) provides a comparison of the actual energy sales and firm load obligation

demand forecasts to the forecasted sales and firm load obligation demands, as required by the IRP

Rule. Firm load obligation equals actual load less available interruptible load. See Figures 4F.5 and

4F.6 (next page).

Figure 4F.5: Forecast Comparison with Actual Energy Sales
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Figure 4F.6: Forecast Comparison with Actual Firm Load Obligation Peak
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4.14 - Econometric Model Parameters

Please refer to Appendix F, which provides the parameters associated with SPS’s econometric

forecasting model.

SPS 2021 Integrated Resource Plan

42



Section 5. L&R TABLE

The IRP Rule requires that utilities provide an L&R table of existing loads and resources at
the time of its IRP filing, specifically including: (1) utility-owned generation; (2) energy storage
resources; (3) existing and future contracted-for purchased power including, where applicable, QF
purchases, (4) purchases through net metering programs, as appropriate, (5) demand-side resources,
as appropriate, and (6) any other resources relied upon by the utility.

Resource planners use a range of approaches to help identify the amounts, timing, and types
of generation resources that should be added to meet increasing customer demand for electric power.
One basic and straightforward tool is the L&R table. The function of an L&R table is to provide a
comparison between the amount of electric generating supply and the peak load of a system. In years
when load plus the planning reserve margin exceeds generation supply, additional generation is
needed. Table 5-1 provides a summarized L&R table for the SPS electric system assuming the base
load forecast described in Section 4.

Table 5-1: Summarized L&R Table

2022 2023 2024 2025

MW) | (MW) | (MW) | (MW)
(a) Owned Generation Capacity 4,333 4,270 4,159 4,159
(b) Purchased Power Capacity 1,208 1,254 1,030 1,020
(©) Total Generation Capacity 5,541 5,524 5,189 5,179
(d) Firm Load Obligation 3,969 3,874 3,899 3,937
(e) Capacity Margin (12%) 476 465 468 472
() Total Firm Load + Reserves 4,445 4,339 4,367 4,409
(2) Resources Position Long / (Short) 1096 1184 823 770
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The Summarized L&R table above provides foresight into the amounts and timing of future
generation resource needs. As shown in the summarized L&R table, SPS has sufficient supply-side
resources to meet its planning reserve margin requirements during the Action Plan and, therefore,
does not require any new generating resources. However, as described in Section 7, SPS may
consider procuring additional resources if they are expected to provide other benefits, such as

economical energy savings.
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Table 5-2:

Summary of SPS Base Case L&R

5PS Loads & Resource Balance Summer 2022 - 2031 - Base Case Forecast
Based on March 2021 Load Forecast

5P5 Load and Resources 02X W3 2024 I2F O 26 2027 XOZR X029 03D 2031
EXISTING RESOURCES

Oromed - Thermal Fesources 4333 4070 3959 3939 3714 3714 3523 3411 3411 3163

(Oromed - Renewable Eesources 0 200 200 200 200 200 200 200 200 200

Purchased Power - Thermal Resources 797 797 574 574 574 574 574 574 574 574

Purchased Power - Eenewable Fesources 410 456 456 446 438 418 375 375 373 375
TOTAL ACCEEDITED CAPACITY (AIW) 5541 5534 5189 5179 4926 4906 4672 4560 4560 4314
LOAD

Retail 3696 3778 3827 3865 3895 3033 3962 3OBR 4009 4034

Firm Wholesale 0 0 0 0 0 0 0 0 ] 0

Firm PE. Load 301 125 100 100 0 0 0 ] 0 0

DSM / Intermuptibles (29 (28) 28 28 (28) (28) (28) 28 (27 (27)
FIEM LOAD OBLIGATION 1969 3874 A590 3937 3567 31005 3934 30961 3098 4007
EESEEVES

Planning Reserve Margn @ 12% 476 463 468 12 464 469 472 475 478 481
TOTAL PLANNING RESEEVE MARGIN 476 463 468 472 464 460 472 475 478 481

CAPACITY REQUIREMENT 4445 4339 4366 4409 4331 4374 4407 4436 4460 4488
EESOURCE POSITION (MW): LONG/(SHOET) 1096 1184 813 770 205 532 166 124 100 (178

S5PS Loads & Resource Balance Summer 2032 - 2041 - Base Case Forecast
Based on March 2021 Load Forecast

5P5 Load and Resources 032 W33 2034 D35S 2036 2037 X038 X039 204D 2041
EXISTING EESOURCES

Oromed - Thermal Fesources 2022 1853 1853 15393 1393 1253% 1253 898 808 336

(Oromed - Renewable Eesources 200 200 200 200 200 200 200 200 200 200

Purchaszed Power - Thermal Resources 374 574 ] ] 0 0 0 0 0 ]

Purchased Power - Eenewable Fesources 343 343 343 128 23 28 88 88 28 28
TOTAL ACCEEDITED CAPACITY (AIW) 4,039 1970 1396 1922 15581 1541 1541 1186 1,186 624
LOAD

Eetal 4060 4088 4111 4149 4181 4211 4235 4269 4305 4331

Firm Wholesale 0 0 0 0 0 0 0 0 ] 0

Firm PE. Load 0 0 0 0 0 0 0 0 ] 0

DSM / Intermuptibles 27 20 26 27 (28) (28) (28) 299 29 29
FIEM LOAD OBLIGATION 4,033 4061 4085 4122 4153 4183 4207 4241 42375 4302
EESEEVES

Planning Reserve Margin ) 12% 434 487 490 495 498 502 505 S04 513 516
TOTAL PLANNING RESEEVE MARGIN 434 487 490 495 498 502 505 09 513 516

CAPACITY REQUIREMENT 4517 4549 4573 4616 4651 4685 4712 4749 4782 4810
RESOURCE POSITION (MW): LONG/(SHORT) (478 (L5378 (2.17% (2,694) (2.7700 {3.144) (3171) (3.563) (3.602) (4.194
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Table 5-3:  Summary of SPS High Load Case L&R

5PS Loads & Resource Balance Summer 2022 - 2031 - High Load Case Forecast
Based on March 2021 Load Forecast

5PS Load and Resources 2022 M3 2024 MO2S 026 2027  MIZE M9 X030 2031
EXISTING RESOURCES

Oramed - Thermal Resources 4333 4070 3959 3959 3714 3714 3523 3411 3411 3165

Owned - Renewable Resources 1] 200 2000 200 200 200 200 200 200 200

Purchased Power - Thermal Resources 797 ™7 574 574 574 574 374 574 374 574

Purchased Power - Renewahble Resources 410 456 456 446 433 418 3175 375 375 375
TOTAL ACCREMTED CAPACITY (MW) 5541 5524 5189 51T 4926 4.6 4672 4560 4560 4314
L{OvAD

Retail 60 4018 4135 4197 4268 4361 4431 4492 4549 4593

Firm Wholesale [/} 0 [I] 0 L] 0 i) o 1] 0

Firm PR. Load 301 125 106} 100 {l 0 { 0 1] 0

DEM / Interruptibles {2%) (28} {2E) (28} (2K} [Z8) {2E) (28) (27 Z7)
FIRM LOAD OBLIGATION 4133 40115 4207 4269 4240 4333 4403 4464 4521 4565
RESERVES

Planning Reserve Margin i@ 12% 4 494 S5 512 S04 520 528 536 543 548
TOTAL PLANNING RESERVE MARGIN A 494 S035 512 S09 520 528 536 543 548

CAPACITY REQUIREMENT 4629 4608 4712 47E] 4748 4833 4932 5000 5064 5113
RESOURCE POSITION (MW): LONGASHORT) 912 915 477 398 178 83 (259)  (440)  (S04) (79

SPS Loads & Resource Balance Summer 2032 - 2041 - High Load Case Forecast
Based on Mareh 2021 Load Forecast

5P5 Load and Resources 2032 2033 2034 2035 1036 2037 203 2039 2040 2040
EXISTING RESOURCES

Oamed - Thermal Resources 2922 1,853 1853 1,593 1593 1,253 1,253 HOE ROR 336

Oraned - Renewable Resources 20My 200 200 200 200 200 200 200 200 200

Purchased Power - Thermal Resources 574 574 i} L Ji] 0 i} o Ji] 0

Purchased Power - Renewable Resources 343 343 343 129 B8 L B3 L] B8 KR
TOTAL ACCREMTED CAPACITY (MW) 4.03% 2970 2.3% 1922 1881 1541 1,541 LI186 1186 624
LOAD

Retail 4679 4732 4793 4326 4918 4980 5015 5095 5154 3211

Firm Wholesale 1] 0 1] 0 L] 0 i) 0 0 0

Firmy PR. Load 0 0 1] 0 L] 0 1] 0 1] 0

DEM / Interruptibles {27) (27) {26) (27) {28) (28) {28) (29 {29 (29)
FIRM LOAD OBLIGATION 4,652 4706 4767 4799 4B 4952 4987 S0G6G 5,125 S1R2
RESERVES

Planning Reserve Margin i@ 12% 558 5635 572 576 587 S04 598 [ 615 622
TOTAL PLANNING RESERVE MARGIN 558 565 572 376 587 504 598 &8 615 622

CAPACITY REQUIREMENT 52100 5270 5339 5375 5477 5547 5585 54674 5740 5.3
RESOURCE POSITION (MW): LONGASHORT) (1 171) (2300) (2942) (3,453) (3.595) (4.005) (4,044) (4.488) (4.553) (5,180)
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Table 5-4:  Summary of SPS Low Load Case L&R

SPS Loads & Resource Balance Summer 2022 - 2031 - Low Load Case Forecast
Based on March 2021 Load Forecast

5PS Load and Resources 02X 2023 2024 225 2026 MO2T  RO2ZR  MI29 030 2031
EXISTING RESOURCES
Owmed - Thermal Resources 4333 4070 393 3930 3714 3714 3323 3411 3411 3165
Oromed - Rencwable Resources 0 200 200 2 200 204} 200 200 200 200
Purchaszed Powoer - Thermal Resounces 797 97 574 574 574 574 574 374 574 574
Purchased Power - Rencwable Resownces 410 456 456 4446 438 418 375 75 375 375
TOTAL ACCREDNTED CAPACITY (MW) S541 55M  5IED 517D 4926 4904 4672 4560 4.560 4314
LOAD
Retail 3437 3431 3436 3413 3391 3404 3391 3371 3335 3359
Firmi Wholesale 1] 0 1] L] o 1] i} 0 0 1]
Firm PR Load 301 125 10 100 1] 0 1] 0 0 1]
DSM ! Interruptibles (297 (28} (28) (28] (281 (28) {28) {28} 27 (2T
FIRM LOAD DBLIGATION 3700 3518 AS0T 3484 3363 3376 3363 3343 33ME 3332
RESERVES
Planming Reserve Margin @@ 12% 445 423 421 418 404 4005 4014 401 397 40
TOTAL PLANNING RESERVE MARGIN 445 423 421 418 44 405 4014 401 397 L]
CAPACITY REQUIREMENT 4154 3951 3928 3902 37HT 3781 3TAT 3745 31T 31732
RESDURCE POSITION (MW): LONGYSH{OIRT) 1,386 1,572 L2261 1277 LISD L0115 6 El6 RES K2

SPS Loads & Resource Balance Summer 2032 - 2041 - Low Load Case Forecast
Based on March 2021 Load Forecast

SPS Load and Resources 2032 2033 2034 M35 2036 03T IO3R M39 2040 2041
EXISTING RESOURCES
Oromed - Thermal Resources 2922 1853 LEF3 1593 1,593 1,253 1,253 R98 OB 336
Owmed - Renewable Resources 20 200 200 200 200 204 200 200 200 200
Purchased Power - Thermal Resources 574 374 0 1] 0 0 1] 0 0 0
Purchased Power - Renewable Resources 343 343 343 129 2E 23 LS B8 RE RE
TOTAL ACCREDNTED CAPACITY (MW) 4039 2970 3% 1922 LAR]1 1541 L1541 1,186 L.IR6 624
LOAD
Retail 3,339 3349 3333 3322 3326 3352 330G 3199 31314 3311
Firmi Wholesale 1] 0 1] 1] 1] 1] 1] 0 0 1]
Firmi PR Load 0 0 1] V] 0 0 1] 0 0 1]
DSM ! Interruptibles (271 (27) (243} (27} (28] (28) {28} {29} (29} (29
FIRM LOAD OBLIGATION 3312 331 337 3198 3ME 332 31THR 327D A IES 32K
RESERVES
Planning Reserve Margin @ 12% 397 399 397 395 30 199 393 392 304 304
TOTAL PLANNING RESERVE MARGIN 397 39 397 395 L) 199 393 392 394 304
CAPACITY REQUIREMENT 3700 3721 3Td 34600 3694 3722 3672 3663 3GRD 36TT
RESOURCE POSITHON (MW): LONCGYSHORT) 330 (751) (L307) (1.767) (1.812) {2,181) (2.130) (2A476) (2.493) (3.052)
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Section 6. IDENTIFICATION OF RESOURCE OPTIONS

The basic types of resources that are available for matching electricity supply and demand are
discussed below. These resources play different roles in meeting an electric utility’s demand and
energy requirements. Supply-side resources provide generation capacity to serve load, whereas
demand-side resources act to reduce the level of customer demand for electric power so fewer supply
side-resources are required. Supply-side resources generally fall into three categories: traditional (or
thermal), renewable, and energy storage. Traditional supply-side resources are typically fossil fuel-
based generation resources with physical fuel supplies that can be dispatched as the demand (or need)
for power changes (increases or decreases) throughout the day. Renewable resources, on the other
hand, are intermittent supply-side “as available” generation resources, effectively the energy
produced is a function of the timing and force created by the wind blowing or the solar radiation
intensity and conversion of photons of light to electrical voltage (e.g., photovoltaic “PV”).
Renewable resources are typically must-take resources, which at times can create operational issues
related to their integration into the electrical power grid. Energy storage is typically achieved through
BESS, which are electrochemical devices that store energy for use when needed. Battery chemistries
vary in technical characteristics; however, lithium-ion chemistries are currently the most widely
utilized in the U.S. The most common thermal, renewable, and BESS technologies are described in
more detail below
Examples of Thermal Supply-Side Resources

e CTG (Combustion Turbine Generator) — Combustion Turbine Generators are typically
referred to as simple-cycles because they operate on a single thermodynamic cycle known as

the Brayton Cycle. CTGs can operate on several fuel sources but are typically fired with
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natural gas which turns a turbine coupled with an electric generator to generate electricity.
Recent CTG technological advancements have enabled operation, for both new and retrofitted
CTGs, to utilize carbon-free hydrogen as an alternative fuel source. CTGs are available in a
wide range of sizes (4 MW to over 400 MW) and are typically inexpensive to build but are
relatively inefficient sources of generation. As such, they are often considered “peaking”
units, which are utilized during times of high electric demand. CTGs also provide extremely
fast start capabilities and ramp rates, providing the capability to follow demand and
intermittent renewable generation, such as wind and solar.

e CC (Combined Cycle) — Combined Cycle (“CC”) facilities utilize single or multiple CTGs in
conjunction with Heat Recovery Steam Generators (“HRSG”) and a Steam Turbine Generator
(“STG”) to generate electricity. These facilities are known as CCs because they combine the
Brayton Cycle, mentioned above in the CTG section, with the Rankine Cycle, the HRSG, and
STG’s thermodynamic cycle. The waste heat from the CTG’s exhaust gas is ducted through
a HRSG which generates steam to turn a steam turbine coupled with an electric generator
which produces additional electric power along with the CTGs. CCs can operate in multiple
configurations, i.e., 1-on-1, 2-on-1, or 3-on-1, with the first number being the number of CTGs
and HRSGs and the second number being the steam turbine, which is appropriately sized to
efficiently utilize the total CTG waste heat. For example, a 2-on-1 CC consists of two CTGs
and HRSGs and one STG. CCs can also operate on various fuel sources, including hydrogen,
since the base motive drivers are the CTGs mention in the CTG section above. CC units come
in a variety of sizes near 100 MW to over 1,600 MW depending on the specific configuration

of the facility. CC units have higher installed costs than CTG units, but better efficiency and
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operating costs, thus CCs offer more expensive capacity but lower cost energy when

compared to simple cycle CTGs.

Examples of Renewable Supply-Side Resources

Solar — Solar generation resources convert the sun’s energy (photons of light) into electricity.
Solar generation has several forms, such as PV, concentrating PV, or concentrating solar
power. Solar generation is intermittent, like other renewable energy resources. In SPS’s
service territory, solar generation capacity factors typically range from 30% - 35%. Solar
generation is only available during the daytime and its output is coincident with the time of
the day (i.e., as the sun rises and falls, so does the solar generation output). Maximum solar
output occurs prior to the time when electric demand reaches its highest level. Therefore, less
than the full nameplate generating capability of solar generation is counted toward meeting
electric system peak demands.

Wind — Wind generation typically consists of large, three-bladed turbines mounted atop
towers over 250 feet tall arranged over several thousand acres of land. Wind generation
consist of a multiple Wind Turbine Generators with aggregated capacities up to hundreds of
MW. Because the wind drives the turbines, the generation from a wind turbine is considered
intermittent and can be difficult to predict. Wind generation units in New Mexico and Texas
typically have an annual capacity factor in the 45-55% range, depending on the specific
location within these regions. As maximum wind generation output is variable and often
noncoincidental to peak system loads, wind generation has a low capacity value when

compared to other generating resource (including solar generation).

SPS 2021 Integrated Resource Plan

50



Examples of Energy Storage Supply-Side Resources
e Energy Storage — Lithium ion battery storage has become increasingly popular due to
declining costs. These battery storage devices typically range in size from 10 to over 250
MW and vary in duration from 2 — 8 hours. For short duration requirements, battery storage
can bring about frequency control and stability, and, for longer duration requirements, they
can bring about energy management or reserves.
DSM Resources
e DSM resources act to reduce the demand for electric power and include a variety of measures
such as EE, energy conservation, LM, and demand response. There are two basic types of
demand-side resources: peak shavers and energy savers. Peak shavers are used to reduce a
customer’s demand and energy requirements during periods of high demand. Examples of
peak shaver DSM options include ICO and the Saver’s Switch programs. Energy savers are
used to reduce energy over all periods of the year. An example of an energy saver would be
replacement of incandescent light bulbs with more energy efficient LED bulbs to reduce
energy consumption throughout the year.
Transmission Upgrades
e Investments in transmission can be used as an alternative for investments in new generating
facilities or demand-side resources, where transmission upgrades are used to access existing

generation within other transmission-constrained areas.
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Supply-Side Resource Comparison

Each of the different supply-side generation technologies described above have distinctly
different technical characteristics as well as capital and operating cost characteristics. These
characteristics dictate how various technologies are dispatched or used to serve load requirements of
the system. A high-level comparison of the supply-side generating resources is shown below in Table
6.1.

Table 6-1:  Supply-Side Generating Resources Comparison

Costs Gas CT Gas CC Wind Solar BESS
Installed Cost Low Mid High Mid/High High
Operating Costs High Mid Low Low Low
Pxpected Capacity | 9250 25-80% 45-55% 30% N/A
CO2'8 per MWh Medium Low None None N/A

6.01 - Resource Options Considered

SPS’s 2021 IRP considers each of the five resource options described above; i.e., CTG, CC,
Solar, Wind, and BESS. Depending on the year the resource option was available for selection in the
EnCompass production cost model, SPS used one of two different approaches when determining the
cost and technical characteristics of new generating resources. First, as shown in Table 6-2, for the
thermal resources available for selection in 2026 and beyond, SPS used general generic characteristics
such as asset life, capital costs, fixed and variable operating and maintenance costs, fuel type (when
applicable), heat rates (when applicable), and CO2 emissions. These general generic characteristics

are carried through each year of the planning period and costs are escalated where stated. Annual

18 Carbon Dioxide
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capacity factors are not an input for thermal generic resources, rather they are calculated by the
EnCompass production cost model. The EnCompass output files will be provided under Protective
Order. Availability factor can vary year-on-year and are also available in the EnCompass output
files. Second, for resources available for selection between the years 2023 and 2025, inclusive, SPS
used information contained in proposals received from the Tolk Analysis Request for Information
(“RFT”).

6.02 - Generic Resources

Generic characteristics are developed “in-house” utilizing SPS’s experience with these
technologies and leveraging market relationships to validate any characteristic assumptions. When
determining the future cost of renewable resources, SPS also leveraged data from National Renewable
Energy Laboratory’s (“NREL”) 2020 Annual Technology Baseline (“ATB”). These resource
characteristics were then included in the EnCompass production cost model to represent how these
various technologies would integrate with the existing SPS electric system to serve future customer
load projections. The cost of SPS’s generic thermal resources, which are summarized below in Table
6-2, were estimated in current dollars and then escalated at 2% per year thereafter. SPS used NREL
ATB cost data as a baseline for estimating annual costs for wind, solar and BESS resources. Annual
cost estimates for wind, solar and BESS incorporated applicable renewable tax credits for the year
the project was expected to be in-serviced and, where applicable, continued declining costs in real
dollars. The annual cost estimates for wind, solar, and a 4-hour BESS resource are shown below in
Table 6-3. Additional cost and performance information related to the generic thermal resource types

is presented in Appendix G.
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Table 6-2:  Thermal Generic Resource Summary Cost and Performance - 2021"°
Asset .. | Capacity | Fixed On- CO2
Technology | Life Capacity | =007 | gm0 | Gomg | VOM Heat Rate Emissions
ors) | MW g | 8000/ &fg&}i SMWh | MMBTWMWh | | N iMBTu
2x1 CC 40 771 $773 $5,400 | $5,150 | $1.22 6,608 117
CTG 40 201 $495 $1,120 | $1,313 | $0.00 10,009 117
Table 6-3:  Generic Renewable and BESS Resource Cost by Year
Levelized Costs by In-Service Year (LCOE)
Wind Solar Battery
EOY?! ($/MWh) ($/MWh) ($/kW-mo)
2026 $ 39.20 $ 30.68 $ 12.80
2027 $ 38.96 $ 29.14 $ 12.57
2028 $ 38.70 $ 27.56 $ 12.33
2029 $ 38.41 $ 25.94 $ 12.09
2030 $ 38.78 $ 26.08 $ 12.17
2031 $ 39.16 $ 26.21 $ 12.26
2032 $ 39.53 $ 26.35 $ 12.34
2033 $ 39.91 $ 26.48 $ 12.42
2034 $ 40.28 $ 26.61 $ 12.50
2035 $ 40.65 $ 26.74 $ 12.58
2036 $ 41.03 $ 26.87 $ 12.58
2037 $ 41.40 $ 27.00 $ 12.57
2038 $ 41.76 $ 27.12 $ 12.55
2039 $ 42.13 $ 27.24 $ 12.51
2040 $ 42.49 $ 27.36 $ 12.47
2041 $ 42.86 $ 27.47 $ 12.41

6.03 - Proposals Received from the Tolk Analysis RFI

As part of the Tolk Analysis, SPS was required to issue an RFI. The proposals received from

the RFI generally included indicative commercial operation dates through the end of year 2025.

19" Table 6-2 reflects 2021 costs escalating at 2% per year.
20 QOperations and Maintenance
21 End of Year
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Therefore, rather than use generic characteristics through 2025, SPS utilized the proposals received
from the RFI for resources that were available for selection in the EnCompass production cost model
between 2023 —2025. For the purposes of determining the most cost-effective portfolio of resources,
SPS utilized the commercial operational dates provided from perspective bidders. However, as
described in more detail in Section 7.07, it is doubtful that many of the proposals can still meet the
commercial operation dates they submitted in the RFI.

As a result of the RFI, SPS received information from 18 different bidders, with most bidders
submitting multiple proposals and/or pricing structures. The majority of proposals submitted were
for new wind generation, solar generation, or solar generation plus battery energy storage.

Wind Generation

SPS received wind proposals ranging from a little over 100 MW up to 1,000 MW. The median
pricing of wind proposals received from the RFI was $23.05/MWh, assuming 60% production tax
credits (“PTC”) eligibility. However, as discussed in detail in the Tolk Analysis, most proposals did
not include the full cost of the necessary transmission network upgrades required to interconnect the
new generation.

Solar Generation

SPS received solar proposals ranging from less than 50 MW to just over 1,000 MW. The
median pricing of solar proposals received from the RFI was $27.52/MWh. SPS received solar
proposals that included 30%, 26%, and 10% investment tax credits (“ITC”). Again, most proposals
did not include the full cost of the necessary transmission network upgrades to interconnect the new

generation.
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Battery Energy Storage Systems

SPS did not receive any standalone BESS resources. Instead, SPS received several proposals
for solar generation coupled with BESS as this allowed the BESS to qualify for the same ITC as the
solar generation. To qualify for the solar ITC, SPS assumed the BESS must be charged by the coupled
solar generation for the first 5 years of operation. The incremental cost of a 4-hour BESS was
approximately $6/kW-month to $8/kW-month inclusive of qualifying ITCs.

6.04 - Other Supply-side Resource Technologies

SPS received other supply-side resource technology proposals from the RFI. These
technologies included gravitational energy storage, compressed air storage, and a 1-on-1 CC with
hydrogen production and storage. Gravitational and compressed air storage provide the potential for
longer duration energy storage than current lithium-ion BESS. In the absence of carbon-free fuels,
longer duration energy storage is critical to achieving New Mexico’s carbon free energy aspirations.
However, neither gravitational or compressed air storage is currently well-established, and the
proposals received are in the early developmental stage; as such, it is highly doubtful that either
proposal could achieve commercial operation within the Action Plan and therefore were not
considered for SPS’s most cost-effective portfolio of resources. Currently, the cost of hydrogen
production and storage is cost prohibitive when compared to other energy resources, such as wind,
solar or even traditional gas-fired CCs. However, as demonstrated in Section 7, as SPS transitions to
a more renewable-heavy portfolio of generating resources, SPS will need firm and dispatchable

resources. Hydrogen-capable resources are one possibility to fulfill this critical need in the future.
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Accredited Capacity - Planning Reserve Margin

Each of the supply-side resource technologies described above has the ability to contribute
capacity to SPS’s planning reserve margin requirements. Thermal resources, such as CTGs and CCs,
can be dispatched when needed and provide 100% of their rated capacity towards SPS’s planning
reserve margin. Intermittent resources, such as wind generation and solar generation contribute less
than their full nameplate generating capacity toward meeting SPS’s planning reserve margin
requirement due to their variability. The current accredited capacity SPS assumed for each resource
type is shown below in Table 6-6. The Southwest Power Pool determines the methodology that is
used to determine the amount of renewable capacity that can be applied to SPS’s planning reserve
requirement. Beginning summer of 2023, Southwest Power Pool will replace the current renewable
accreditation methodology with the Effective Load Carrying Capability (“ELCC”) methodology.
The Southwest Power Pool will also apply the ELCC methodology to energy storage resources in the
future. The ELCC methodology will result in decreasing accreditation of renewable resources and
energy storage resources as the penetration of those resources increase across the Southwest Power
Pool Balancing Authority Area. As SPS is unable to determine the future penetration of renewable
resources and energy resources across the Southwest Power Pool Balancing Authority Area, when
determining the most cost-effective portfolio of resources, SPS did not incorporate diminishing

accredited capacity for generic solar, wind, and BESS resources.
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Table 6-4:  Accredited Capacity for New Resources

Summer Accredited Capacity for
Generic Resources

Generic Solar 58.00%
Generic Wind 19.90%
Generic CTG 100.00%
Generic CC 100.00%
Generic BESS 100.00%

Lead Time for New Resources

Development and subsequent construction of new generation facilities can take several years
to complete, depending on the public and regulatory environment for which the resource is planned.
SPS’s recent experience has shown the regulatory approval process for new resources can exceed 12
months — excluding a competitive procurement process that can add a further six to nine months.
Development of resources can take anywhere from 1 year to multiple years depending on the
resource, such as renewable energy, where thousands of acres of land are required to be secured for
development. Finally, engineering, procurement, construction, startup, and commissioning of new
facilities can take anywhere from two to three years. Although most of the processes are scheduled
to occur strategically in parallel, that is, concurrently, especially development and other “at-risk”
engineering and planning, the best case execution of these tasks from start to finish would result in a
resource coming online within approximately two to four years from start to finish. These public and
regulatory details must be strategically accounted for when planning and executing the installation of
new resources, including the lead times for critical equipment manufacturing and delivery to sites.

Other factors such as current lead times for interconnection agreements detailed in Section 7.07 also
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add an additional level of schedule uncertainty and risk that must be considered in the overall

schedule.

6.05 - Existing Rates and Tariffs

SPS’s current mix of seasonal rate design, service curtailment programs, and EE programs
provide a fair balance between the interest in meeting, delaying, or avoiding the need for new
capacity, balanced with cost containment and minimizing adverse rate impacts resulting from
significant changes in rate structures.?

General Service Rates

All general service rates have some form of seasonality in the kWh consumption charge or
the kW demand charge. Summer rates are higher than winter (non-summer) rates, which requires the
customer to pay more for electricity used in higher demand, peak periods in the summer compared to
the same levels of usage in winter billing months. A higher bill can serve to discourage excessive
usage in summer months and, where possible for the customer, serve as an incentive to shift usage to
lower demand winter billing periods; thus, mitigating the need for new resources over time.

TOU Rates

Time of Use (“TOU”) rates are available as an option for all general service customers, except
Large General Service — Transmission. TOU rates provide a lower rate compared to general service
rates for off-peak demand or energy consumption, with a higher charge based upon avoided capacity
cost during peak hours. Peak hours are 12 noon through 6 p.m., Mondays through Fridays, during

the summer billing months of June through September. Lower rates during off-peak hours, and all

22 SPS’s current rates were set in Case No. 19-00170-UT. The rates are subject to revision in Case No. 20-
00238-UT.

SPS 2021 Integrated Resource Plan

59



hours for eight off-peak months, can encourage customers to take electric service during periods in
which capacity is not strained. Higher rates during peak hours can encourage customers to minimize
or avoid taking electric service when capacity can potentially be strained, minimizing the requirement

to expand capacity and related costs, as a result of requirements during peak hours.
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Section 7. DETERMINATION OF THE MOST COST-EFFECTIVE
RESOURCE PORTFOLIO AND ALTERNATIVE PORTFOLIOS

7.01 - Resource Planning Fundamentals

In its simplest form, electric resource planning is the process of taking forecasts of customer
electric demand and energy use and determining the appropriate diversification of generation sources,
including but not limited to, thermal generation, renewable resources, energy storage, DSM and LM,
that should be developed to meet customer requirements in a cost-effective and reliable fashion.
Engineering, permitting, and constructing electric generating facilities takes a significant amount of
time and therefore the resource planning process must be completed with adequate lead-time to allow
the development of new resources that are needed to meet customer energy requirements.
Computer Models

After developing forecasts of customer demand, L&R tables, and load duration curves of the
system, computer modeling of the electric system is often the next step in the planning process.
Computer models allow the resource planner to examine how different resource technologies will
integrate with the existing fleet to meet the system needs under a range of assumptions from key
inputs such as fuel costs. A utility expansion-planning model is specifically designed to construct
combinations or portfolios of resources that would meet the capacity and energy needs of the system.
The model simulates operation of each of these combinations of resources together with existing
generation resources, while keeping track of all associated fixed and variable costs of the entire

system. The resources available for selection in the model are described in more detail in Section 6.
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The computer model is needed because it can keep track of the thousands of calculations on
costs, emissions, operational data, and various other metrics for each of the possible resource
portfolios.

While this model is a powerful tool that can be used to generate and evaluate thousands of
possible resource portfolios, the sheer complexity of resource evaluations of this magnitude would
quickly overwhelm the model’s data storage and computational capabilities unless steps are taken to
limit the size of the optimization problem presented to the model at any one time. The number of
resource combinations that can be generated each year grows exponentially depending on the number
of resources made available to the model.

7.02 - EnCompass Production Cost Model

SPS recently transitioned to the EnCompass production cost model in its resource planning
process. EnCompass is a production costing model that uses an algorithm to determine the most cost-
effective resource portfolio for a utility system from a prescribed set of resource technologies under
given sets of constraints and assumptions. The EnCompass model includes: 1) a modern “solve
anything” algorithm; 2) hourly operation detail that can accurately capture ramp rates, start-up, etc.;
and 3) enhanced storage logic and ancillary services. EnCompass is also able to perform utility
capital accounting (revenue requirements).

In addition to the usual input variables needed for a production costing model, EnCompass
incorporates a wide variety of resources expansion planning parameters to develop a coordinated,
integrated plan that best suits the utility system being analyzed. For example, EnCompass

incorporates resource expansion planning parameters such as: alternative generation technologies
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available to meet future needs; renewable energy resources; unit capacity sizes; heat rates; LM;
conservation programs; reliability limits; and environmental compliance options.
Costs Included in EnCompass

The EnCompass model includes the critical generation costs SPS incurs to provide electric
service to its customers. The following lists summarize the costs that are typically included in the
EnCompass model.

1. Fuel costs for all electric power supply resources (owned and purchased) and market
energy costs (which are forecasted based on gas prices;

2. Purchased energy costs for all electric power supply resources;

3. Capacity costs of purchased power;

4. VOM costs of purchased power;

5. Capital costs for new electric generation facilities added to meet future load,

6. Energy costs for new wind and solar generation facilities added to meet future energy
need;

7. Electric transmission interconnection and network upgrade cost for new generation;

8. FOM costs for existing and new generation facilities;

9. VOM costs for existing and new generation facilities; and

10.  Remaining book value of SPS-owned generating units.

7.03 - Development of Resources Portfolios

The following factors were considered in, or affected, the development of the most cost-
effective portfolio of resources and alternative portfolios.
System reliability and planning reserve margin requirements

Maintaining system reliability and planning reserve margin requirements is a critical
modeling constraint when developing resource portfolios. The EnCompass model was constrained
to maintain at a minimum Southwest Power Pool’s 12% planning reserve margin on a monthly basis.

Failure to meet the planning reserve margin resulted in the EnCompass model adding new capacity
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resources. The EnCompass model evaluated the ability of the resource portfolio to meet electric
demand on an hourly basis. However, rather than program a hard constraint, SPS assigned an
extremely high emergency energy cost ($/MWh) in hours where SPS’s resources and market energy
purchases could not meet hourly demand. This high cost ensured EnCompass would add additional
resources if SPS could not regularly meet hourly demand, but also prevented the model from adding
new resources whenever the emergency energy need was extremely small.
Renewable Energy Portfolio Requirements

As demonstrated in New Mexico Case No. 21-00172-UT, SPS is projecting continued
compliance with the RPS throughout the Action Plan. During the Planning Period, New Mexico’s
RPS requirement is scheduled to increase to 80% of NM retail sales. Modeling long-term compliance
with the RPS is challenging for multi-jurisdiction utilities, such as SPS, that must plan resources on
a total system basis, not a jurisdictional basis. New Mexico retail sales represent approximately 35%
- 40% of SPS’s total system sales. Therefore, without knowing exactly how RPS compliant resources
will be allocated between jurisdictions, it is challenging to determine exactly the quantity of
renewable resources required to meet 80% New Mexico retail sales. Therefore, SPS did not constrain
the resource portfolios to meet the NM RPS; however, SPS did retrospectively evaluate the resource
portfolios to ensure compliance through the planning period is achievable. SPS’s most cost-effective
portfolio of resources includes renewable resources generating approximately 82% of the total system

wide sales in 2040.
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Load Management and Energy Efficiency Programs

SPS’s base, low and high energy and demand forecasts are net of projected load management
and energy efficiency programs. Therefore, load management and energy efficiency programs were
directly incorporated into the load forecasts SPS used when developing the resource portfolios.
Existing and anticipated environmental laws and regulations, and, if determined by the
commission, the standardized cost of carbon emissions.

In developing the most cost-effective portfolio of resources and alternative portfolios, SPS
evaluated compliance with all existing environmental law and regulations. SPS did not evaluate the
effect of anticipated or possible future environmental regulations (that is neither the subject of a
proposed or final rulemaking) because they are speculative and may never be adopted, or they may
be adopted in some different form than the proposal. The one exception being the standardized cost
of carbon emissions that is included in the analyses, which is described in more detail in Section 7.13.

A summary of the current status and remaining unknowns about each environmental
regulation, along with the potential impacts on SPS’s generation resources is included in Appendix
K.

Fuel Diversity

It is difficult to directly quantify the value of fuel diversity when determining resource
portfolios; therefore, SPS did not directly assign a quantitative fuel diversity benefit as a direct input
or factor. However, SPS recognizes the importance of the reliability and economic benefits of fuel
diversity. Outside of the EnCompass analysis, SPS considers the benefits of fuel diversity in its
resource planning decisions. For example, fuel diversity is an additional benefit of maintaining the

Tolk Units through 2032.
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Susceptibility to fuel interdependencies

EnCompass provides hourly operation detail that can accurately capture ramp rates, start-up
times, minimum up and minimum down times, and other factors. Therefore, EnCompass determines
how different technologies (and fuel types) interact with one another when calculating the most cost-
effective portfolio of resources and alternative portfolios.

Transmission Constraints

SPS included two major transmission constraints in the EnCompass model. First, as described
in Section 3.09, Southwest Power Pool has a total of 1,885 MW of transmission flow capability minus
the single largest contingency and other factors (i.e., imports from Palo Duro and Mammoth Wind)
to deliver resources to the SPS zone from the rest of the Southwest Power Pool transmission system.
Second, SPS’s analysis included a 1,645 MW North to South constraint. New Generation was not
subjected to the North to South constraint.

In addition to the transmission constraints, SPS included generator point of injection
constraints between Harrington and Tolk and the SPS system. In the event resources are selected at
Tolk and/or Harrington and SPS exercised its rights to use replacement or surplus interconnection
capacity, these constraints ensured neither facility could exceed its current maximum capability. For
example, in the event a new wind generator was co-located at Tolk, the total output of the existing

Tolk Generators and the new wind facility could still not exceed 1,067 MW.
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Figure 7F.0: EnCompass Transmission Constraints
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7.04 - Establishing a Base Case Analysis in EnCompass

When establishing the most cost-effective portfolio of resources in EnCompass, SPS first
determined the critical inputs and assumptions to be used for its base case analysis. The base case
analysis incorporates the following critical inputs and assumptions:

e Base natural gas and market energy forecast (see section 7.10)

e Base load forecast (see Section 7.11)

e Mid-point transmission network upgrade costs (see section 7.12)
e $0 social cost of carbon (see section 7.13)

SPS’s base case analysis assumed specific dates for the retirement of SPS generation consistent with
Table 3-1 (see Section 3, above). SPS also considered alternative retirement dates for the Tolk Units

and the Harrington Units, which are presented in the alternative portfolios section below.
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7.05 - Based Case - Resource Need

Action Plan Period

As shown in Table 5-2, SPS has enough supply-side resources to meet its planning reserve
margin requirement until the Summer of 2031. Also, as demonstrated in SPS’s New Mexico 2021
RPS filing, Case No. 21-00172-UT, SPS anticipates continued RPS compliance beyond the Action
Plan Period. Therefore, SPS does not need any additional resources to reliably serve its customers or
meet regulatory requirements during the Action Plan. However, even without a defined resource
need, SPS may still pursue additional resources if such resources are reasonably expected to provide
other benefits, such as economic energy savings. When deciding whether to acquire economic energy
resources, SPS must consider the likelihood that the economic resources will provide the energy
savings anticipated.
Planning Period

Over the next 10-years, several of SPS’s older gas steam units are scheduled to retire, creating
a 174 MW capacity need by the Summer of 2031. SPS’s capacity need then increases significantly
over the remainder of the 20-year Planning Period as existing generating units retire and PPAs expire.
For example, during the planning period, SPS’s two largest plants, Tolk and Harrington, are
scheduled to retire as is the remainder of the gas steam generating units and the Lea Power combined
cycle PPA is also scheduled to expire. By the end of the Planning Period, SPS’s capacity need is

expected to grow to 4,194 MW.
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7.06 - Most Cost-Effective Resource Portfolio — Base Case

Action Plan Period

As described above, over the course of the 4-year Action Plan Period, SPS does not require any
new resources for reliability needs or regulatory requirements. However, SPS may pursue additional
economic energy resources. As shown below in figure 7F.1, SPS’s most cost-effective resource
portfolio includes an additional 2,158 MW of economic wind generation and 40 MW of economic
solar generation added during the Action Plan Period.

Although the most cost-effective resource portfolio includes additional economic energy
resources, SPS must consider risks and uncertainties when procuring economic energy resources.
Risks and uncertainties are discussed in detail in the Tolk Analysis and summarized below in Section
7.07.

Figure 7F.1: Most Cost-Effective Resource Portfolio — Additional Resources During the
Action Plan
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Planning Period

As discussed above in Section 7.05, SPS’s capacity need is expected to grow from 174 MW
in 2031 to 4,194 MW in 2041. While renewable generation, particularly solar, can meet some of this
capacity need, SPS will also need firm and dispatchable resources to serve load when intermittent
renewable resources are unavailable. Based on SPS’s growing capacity need, as shown in Figure
7F.2, it is not surprising that SPS’s most cost-effective resource portfolio includes 1,780 MW of new
solar generation, 180 MW of BESS, and approximately 3,000 MW of new CTGs over the Planning
Period — in addition to the resources added during the Action Plan. Environmental mandates, such
as New Mexico’s RPS, or technological and/or economic improvements of emerging technologies
may drive the need for the CTGs to switch to carbon-free hydrogen as a fuel source, or ultimately
replace the combustion turbines with other technologies, such as long-duration energy storage or
other technologies that are not currently commercially viable. SPS’s most cost-effective portfolio of
resources does not require any new CTGs until 2031, providing SPS time to re-evaluate alternative
carbon-free fuel sources, or technological alternatives to CTGs, as the next generation of carbon-free
technologies mature. SPS believes the development of carbon-free fuel sources and/or the
advancement of technologies not currently commercially viable will be essential in achieving the

2045 carbon free goal specified in the Energy Transition Act.
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Figure 7F.2: Most Cost-Effective Resource Portfolio —~Additional Resources During the
Planning Period
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SPS’s most cost-effective resource portfolio will experience an unprecedented transition over the
next two decades. As shown below in Figure 7F.3, SPS’s entire coal-fired generation will either be
retired or converted to operate on natural gas before the end of 2032 and all units that burn coal today
will be retired before the end of the Planning Period. SPS’s entire gas-steam generating fleet is also
scheduled to retire before the end of the Planning Period, as is the Lea Power combined cycle. In its
place, SPS’s 2041 most-cost effective resource portfolio is projected to include 3.4 GW of wind
generation, nearly 2 GW of solar generation, 180 MW of BESS and 3.4 GW of firm peaking
generation. Again, while current modeling inputs and assumptions show CTGs providing firm
peaking and load-following generation, this will likely change as the cost of emerging technologies

continue to trend down.
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Figure 7F.3: Most Cost-Effective Resource Portfolio — Planning Period All Resources
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7.07 - Uncertainty in Modeling the Cost of New Resources

While there is inherent uncertainty in modeling the cost of generating resources up to 20-years
in advance, SPS’s 2021 IRP has been prepared during a period of heightened uncertainty that impacts
the cost of resources in the near and long term. Uncertainties, such as the possible extension of
renewable tax credits and the high cost of transmission network upgrades can, and most likely will
fundamentally change SPS’s most cost-effective resource portfolios over the 4-year Action Plan and
20-year Planning Period. These uncertainties are discussed in detail in the Tolk Analysis and
summarized below.

Extension of Federal Tax Credits

For the purposes of determining the most cost-effective portfolio of resources, SPS assumed
wind production tax credits and solar investment tax credits would expire or step-down based on the
currently approved schedule. However, at the federal level, several bills that could extend or revise

renewable tax credits are currently being considered. If passed, the extension of renewable tax credits
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would likely fundamentally change SPS’s most cost-effective resource portfolio. For example, as
demonstrated above in figure 7F.2, the currently scheduled EOY 2025 expiration of wind production
tax credits have a significant impact on the timing of future wind acquisitions. SPS’s most cost-
effective portfolio of resources includes 2,158 MW of new PTC qualifying wind generation before
the end EOY 2025 and then no additional wind generation after the PTCs expire. An extension of
PTCs will (1) potentially defer the acquisition of wind generation during the Action Period and (2)
likely add additional wind resources not currently seen in the Planning Period. Additional wind
generation during the Planning Period may mitigate the need for some, but not all, firm peaking
generation in the future.
Transmission Network Upgrade Costs and Schedule Uncertainty

The acquisition of new generating resources within SPS’s service territory is subject to
Southwest Power Pool’s severely backlogged transmission interconnection study process — with new
requests taking several years to be completed. Furthermore, when the results of the transmission
network upgrade studies are identified, they often result in proposed generators being assigned cost-
prohibitive transmission network upgrades, for example the DISIS 2017-01 2™ Phase Study assigned
$934/kW to new generators in SPS’s service territory. In comparison, the cost to construct a new
solar facility excluding transmission network upgrades is estimated to be approximately $1,000/kW
- $1,200/kW. Currently, it is challenging to anticipate and evaluate the cost of network upgrades in
the near- and long-term future. Furthermore, it is uncertain whether projects will actually proceed
once transmission network upgrade costs are known. For example, the DISIS 2017-01 study initially
contained nearly 3,800 MW of new renewable generation in SPS’s service territory. After Southwest

Power Pool required each proposed project to submit a 20% deposit only a single 200 MW wind

SPS 2021 Integrated Resource Plan

73



generating facility remained. As discussed in more detail in Section 6 and in the Tolk Analysis, in
the base case analysis, SPS assumed generators requiring a new generator interconnection agreement
would be assigned $400/kW for transmission network upgrades (less than half of the amount assigned
in the 2017-01 DISIS). As described later in this section, SPS also conducted sensitivity analyses for
the cost of transmission network upgrades. SPS did not assign additional transmission network
upgrade costs to RFI proposals that either (1) already possessed an executed generator interconnect
agreement, or (2) build-transfer proposals that interconnected at the site of existing SPS generators.
SPS assumed the latter would provide the opportunity for SPS to exercise its rights for replacement
or surplus interconnection rules to avoid the need for a new generator interconnection agreement.
SPS assigned the same additional transmission network upgrade costs to all future generic CC, wind,
and solar resources. SPS did not assign additional transmission network upgrade costs for generic
CTGs or BESS resources, on the assumption the resources would be located at the site of existing
generation.

In addition, as described in Section 6, SPS modeled the commercial operation dates of the
proposals submitted in the RFI. These proposals included projects that have subsequently withdrawn
from the 2017-01 DISIS and proposals that have not yet entered Southwest Power Pool’s study
process.

Emerging and Future Technologies

Technological and economic improvements of ‘emerging technologies’, such as solar and
battery energy storage, will continue to redefine SPS’s resource portfolio over the 20-year Planning
Period. In addition, the next generation of technologies such as hydrogen capable generation or long-

duration energy storage will become increasing important as SPS and New Mexico work together
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towards decarbonizing the power sector. For the purposes of determining the most-effective portfolio
of resources, SPS used the pricing for the resource options described in Section 6 in developing the
base case analysis.

7.08 - Alternative Portfolios / Mitigating Ratepayer Risk

To mitigate ratepayer risk, SPS evaluated alternative portfolios (sensitivities) assuming
changes to critical modeling inputs, such as: the future operation and retirement dates of SPS’s
existing coal generation, natural gas price forecast, market energy price forecast, and load forecast.
In addition, due to the uncertainty in transmission network upgrade cost described above, SPS also
conducted sensitivity analyses for transmission network upgrade costs. Each of the sensitivity
analyses are described in more detail in the Tolk Analysis. Finally, as described in Section 7.13, SPS
also evaluated three different carbon price sensitivity analyses. In addition to the sensitivity analyses
described throughout the remainder of this section, SPS also evaluated multi-factor sensitivity
analyses, such as low load and low natural gas price forecasts. The results of these analyses are
provided in Appendix J.

7.09 - Future Operation of SPS’s existing coal generation

SPS’s two largest plants, Tolk Station and Harrington Station, both face unique operational
challenges. The coal-fired Tolk Units, rely upon water from the Ogallala Aquifer for generation and
cooling, and the aquifer is in irreversible decline. The limited availability of economic water
necessitates either: (1) the conservation of water through reduced / seasonal operations or (2) the
early retirement of both units. SPS’s other coal plant, Harrington Station, is subject to an agreed
order with the TCEQ to cease burning coal at the end of 2024, at which point all three units will be

converted to operate on natural gas.
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Tolk Operation and Retirement Analysis

Per the uncontested comprehensive stipulation in New Mexico Case No. 19-00170-UT, SPS’s
2021 IRP includes an updated “Tolk Analysis” evaluating the optimal retirement date of the Tolk
Units. The Tolk Analysis continues to support seasonal / summer operations of the Tolk Units and a
2032 retirement date for both units. The Tolk Analysis is included in its entirety in Appendix H and
was previously filed with the NMPRC in June 2021.
Harrington Operation and Retirement Analysis

In New Mexico base rate Case No. 20-00238-UT, SPS presented its analysis supporting the
October 2020 agreed order with the TCEQ to cease burning coal at the end of 2024. SPS intends to
file a Certificate of Public Convenience and Necessity in New Mexico soon after the filing of this
IRP supporting the decision to the convert the units to operate on natural gas. A summary of this
analysis is presented in Appendix I.

7.10 - Natural Gas & Market Energy Price Forecast

The price of natural gas is an important variable. SPS uses a combination of market prices
and fundamental price forecasts, based on multiple highly respected, industry leading sources, to
calculate monthly delivered gas prices. As the foundation of the gas price forecast, Henry Hub
natural gas prices are developed using a blend of market information (New York Mercantile
Exchange (“NYMEX”) futures prices) and long-term fundamentally based forecasts from Wood
Mackenzie, IHS Energy, and S&P Global. The forecast is fully market-based for the current year
plus two additional years and then transitions into blending the four sources to develop a composite
forecast. The Henry Hub forecast is adjusted for regional basis differentials and specific delivery

costs for each generating unit to develop final model inputs.
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SPS conducted low and high natural gas price forecast sensitivity analyses. For the low and
high price cases, the base gas forecast for Henry Hub was adjusted down by 50% of the growth
(escalation) in the base gas case to represent the low gas case, and adjusted up by 150% of the growth
in the base gas to represent the high gas case. SPS’s market price forecast is dependent on the gas
price forecast used. As such, the market price forecast was adjusted with the low and high gas

sensitivity analyses.

SPS’s base, low and high natural gas and market energy forecast for the years 2022 — 2041
are shown in Appendix G (oil and coal price forecasts are also included in Appendix G).
Low Forecast

The low natural gas and market energy price sensitivity analysis resulted in the acquisition of
similar resources during the Planning Period — notably, wind, solar and CTGs. However, as shown
in Table 7.1 and Figure 7F.4 below, when compared to the base case analysis, the low natural gas and
market energy price sensitivity acquired two additional CTGs at the expense of 500 MW less wind
and 350 MW less solar generation. The low natural gas and market energy price sensitivity did not

add any standalone BESS projects during the Planning Period.
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Table 7.1: Low Natural Gas & Market Energy Forecast — Additional Resources During

the Planning Period
Alternative
Base Case . Change
Portfolio
Standalone Storage 180 - (180)
Solar + Storage - - -
Wind 2,158 1,658 (500)
Solar 1,320 1,470 (350)
Firm Peaking 3,033 3,500 467
cC - - -
Total 7,191 6,628 (563)

Figure 7F.4: Low Natural Gas and Market Energy Forecast — Additional Resources During
the Planning Period
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High Forecast

Again, the high natural gas and market energy price sensitivity analysis resulted in the
acquisition of similar resources during the Planning Period — notably, wind, solar, and CTGs.
However, as shown in Table 7.2 and Figure 7F.5 below, when compared to the base case analysis,

the high natural gas and market energy price sensitivity acquired an additional 700 MW of wind and
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310 MW of additional solar. The high natural gas and market energy price sensitivity acquired 100
MW of BESS — 80 MW less than the base case analysis.

Table 7.2: Low Natural Gas & Market Energy Forecast — Additional Resources During

the Planning Period
Alternative
Base Case . Change
Portfolio
Standalone Storage 180 100 (80)
Solar + Storage - - -
Wind 2,158 2,858 700
Solar 1,820 2,130 310
Firm Peaking 3,033 3,033 -
cC - - -
Total 7,191 8,121 930

Figure 7F.5: High Natural Gas and Market Energy Forecast — Additional Resources During
the Planning Period
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7.11 - Load Forecast

Demand and energy forecasts are another important variable. As such, SPS conducted low and high
load forecast sensitivity analyses using the methodology described in section 4. However, it is worth
noting, the methodology described in Section 4 for calculating the ‘base’ load case forecast is largely
used for financial planning purposes. Despite continued growth in oil and gas developments in the
New Mexico portion of the Permian basin and due to the volatility of the industry, the financial load
forecast incorporates only a modest amount of projected oil and gas load growth. The ‘high’ load
case forecast represents a more accurate projection of SPS’s capacity position if oil and gas load
continue to increase. For the purposes of resource planning, the high load forecast is predominately
used to ensure SPS has enough resources to reliably serve customers.

SPS’s base, low, and high load forecast for the years 2022 — 2041 are shown in Appendix G.

Low Load Forecast

As shown below in Table 7.3 and Figure 7F.6, during the Planning Period, the low load forecast
resource portfolio added the new wind generating resources as the base case. The low load forecast
resource portfolio added an additional CTG during the planning period at the expense of 170 MW

less BESS and 210 MW less solar generation.
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Table 7.3: Low Load Forecast — Additional Resources During the Planning Period

Alternative
Base Case . Change
Portfolio
Standalone Storage 180 10 (170)
Solar + Storage - - -
Wind 2,158 2,158 -
Solar 1,820 1,610 (210)
Firm Peaking 3,033 3,266 233
CcC - - -
Total 7,191 7,044 (147)

Figure 7F.6: Low Load Forecast — Additional Resources During the Planning Period
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High Load Forecast
As shown below in Table 7.4 and Figure 7F.7, during the Planning Period, the high load forecast
resource portfolio added an additional 150 MW of wind, 100 MW of solar and 4 additional CTGs.

The high load forecast resource portfolio added 170 MW less BESS than the base case.
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Table 7.4: High Load Forecast — Additional Resources During the Planning Period

Alternative
Base Case . Change
Partfolio
Standalone Storage 180 60 (120)
Solar + Storage - - -
Wind 2,158 2,308 150
Solar 1,820 1,920 100
Firm Peaking 3,033 3,966 933
CcC - - -
Total 7,191 8,254 1,063

Figure 7F.7: High Load Forecast — Additional Resources During the Planning Period
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7.12 - Transmission Network Upgrades

As described in Section 7.07, due to the current high uncertainty in transmission network
upgrade costs, SPS evaluated alternative portfolios using two alternative transmission network

upgrade costs: $200/kW and $400/kW.
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$200/kW Transmission Network Upgrades Costs

As shown below in Table 7.5 and Figure 7F.8, during the Planning Period, the $200/kW resource

portfolio added an additional 251 MW of wind and 90 MW of additional solar. The $200/kW

resource portfolio added the same amount of CTGs as the base case and 130 MW less BESS than the

base case.

Table 7.5:

$200/kW Transmission Network Upgrade Costs — Additional Resources During

the Planning Period
Alternative
Base Case . Change
Portfolio
Standalone Storage 180 50 (130)
Solar + Storage - - -
Wind 2,158 2,409 251
Solar 1,820 1,910 90
Firm Peaking 3,033 3,033 -
cC - - -
Total 7,191 7,402 211

Figure 7F.8: $200/kW Transmission Network Upgrades — Additional Resources During the

Planning Period
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$600/kW Transmission Network Upgrade Costs

As shown below in Table 7.6 and Figure 7F.9, during the Planning Period, the $600/kW resource

portfolio added an additional CTG. The $600/kW resource portfolio added the same amount of wind

generation as the base case and 380 MW less solar 70 MW less BESS than the base case.

Table 7.6:

$600/kW Transmission Network Upgrade Costs — Additional Resources During

the Planning Period
Alternative
Base Case . Change
Portfolio
Standalone Storage 180 110 (70)
Solar + Storage - - -
Wind 2,158 2,158 -
Solar 1,320 1,440 (380)
Firm Peaking 3,033 3,266 233
CC - - -
Total 7,191 6,974 (217)

Figure 7F.9: $600/kW Transmission Network Upgrades — Additional Resources During the

Planning Period
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7.13 - Carbon Price Sensitivity

In addition to the alternative portfolios described in the Tolk Analysis, SPS also conducted a
carbon price sensitivity analysis. Emissions of CO2 were modeled at $8, $20, and $40 per metric ton
base year of 2011, escalated at 2.5%/year consistent with the final order in NMPRC Case No. 06-

00448-UT (Order Approving Recommended Decision and Adopting Standardized Carbon Emission

Costs for Integrated Resource Plans).

$8 per metric ton

As shown below in Table 7.7 and Figure 7F.10, during the Planning Period, the $8 per metric ton
social cost of carbon resource portfolio added an additional 250 MW of wind and 200 MW of

additional solar + BESS. The $8 per metric ton social cost of carbon resource portfolio added one

less CTG, 60 MW less standalone BESS, and 120 MW less solar as the base case.

Table 7.7: $8 Metric Ton Social Cost of Carbon — Additional Resources During the

Planning Period

Alternative

Base Case . Change
Portfolio
Standalone Storage 180 120 (60)
Solar + Storage - 200 200
Wind 2,158 2,408 250
Solar 1,820 1,700 (120)
Firm Peaking 3,033 2,800 (233)
CcC - - -
Total 7,191 7,228 37
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Figure 7F.10: $8 Metric Ton Social Cost of Carbon — Additional Resources During the
Planning Period
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$20 per metric ton

As shown below in Table 7.8 and Figure 7F.11, during the Planning Period, the $20 per metric
ton social cost of carbon resource portfolio added an additional 400 MW of wind, 15 MW of
additional solar, and 200 MW of additional solar + BESS. The $8 per metric ton social cost of carbon
resource portfolio added one less CTG and 90 MW less standalone BESS.

Table 7.8:  $20 Metric Ton Social Cost of Carbon — Additional Resources During the
Planning Period

Alternative
Base Case . Change
Portfolio
Standalone Storage 180 90 (90)
Solar + Storage - 200 200
Wind 2,158 2,558 400
Solar 1,820 1,835 15
Firm Peaking 3,033 2,800 (233)
cC - - -
Total 7,191 7,483 292
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Figure 7F.11:  $20 Metric Ton Social Cost of Carbon — Additional Resources During the

Planning Period
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$40 per metric ton

As shown below in Table 7.8 and Figure 7F.11, during the Planning Period, the $20 per metric
ton social cost of carbon resource portfolio added an additional 400 MW of wind, 165 MW of
additional solar, 150 MW of additional BES, and 200 MW of additional solar + BESS. The $40 per

metric ton social cost of carbon resource portfolio added two less CTGs.
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Table 7.9: $40 Metric Ton Social Cost of Carbon — Additional Resources During the
Planning Period

Alternative
Base Case . Change
Partfolio
Standalone Storage 180 330 150
Solar + Storage - 200 200
Wind 2,158 2,558 400
Solar 1,820 1,985 165
Firm Peaking 3,033 2,566 (467)
CcC - - -
Total 7,191 7,639 448

Figure 7F.12: $40 Metric Ton Social Cost of Carbon — Additional Resources During the
Planning Period
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7.14 - Conclusion

The most cost-effective portfolio of resources and each of the alternative portfolios evaluated
include a similar portfolio of resources at the end of the Planning Period. First, each portfolio adds a
significant amount of new wind generation during the action plan period to take advantage of the

currently scheduled-to-expire PTCs. After the PTCs are scheduled to expire, little-to-no additional
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wind is added in each of the portfolios. The possible extension of PTCs will fundamentally change
the timing and extent of future wind acquisitions.

Looking further ahead, each portfolio comprises of additional solar generation, CTG’s and to
a lesser extent, BESS, to meet SPS’s growing capacity need. As SPS transitions to a more renewable
heavy portfolio mix and existing thermal resources retire, SPS’s need for firm and dispatchable
energy will increase. Currently, this need is fulfilled with CTGs, however, as emerging technologies
continue to mature, these CTGs may be replaced with long duration battery energy storage or other

technologies that are not currently commercially viable.
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Section 8. PUBLIC ADVISORY PROCESS AND TECHNICAL
CONFERENCES

Pursuant to the IRP Rule (17.7.3.9.H NMAC), SPS was required to begin planning for the
2021 IRP filing a minimum of one year prior to the filing date; therefore, consistent with the IRP
Rule, invitations and notices for the initial meeting, held on May 21, 2020, were sent and published
a minimum of 30 days prior to the first meeting. To ensure broad public input, SPS invited the Utility
Division Staff of the Commission (“Staff), as well as the interveners in its most recent general rate
case, renewable energy, EE, and IRP proceedings. The invited parties cover multiple interest areas
(e.g., residential, environmental, industrial, and consumer advocacy) to ensure varied opinions and
perspectives.

On April 8, 2020, SPS published notice of the first Public Advisory meeting in the Carlsbad
Current-Argus, Eastern New Mexico News, Hobbs News-Sun, Quay County Sun, and Roswell Daily
Record newspapers. These newspapers cover the general circulation of every county in New Mexico
that SPS serves. SPS also provided notice with a one-time bill insert to all New Mexico retail
customers during the mid-March through mid-April 2020 billing period. Copies of the invitation,
public notice, and bill insert are included in Appendix L.

Pursuant to the uncontested comprehensive stipulation in Case No. 19-00170-UT (SPS’s 2019
New Mexico Rate Case), SPS was required to host a series of Technical Conferences. SPS actively
sought feedback from interested parties throughout the Tolk Analysis by hosting a series of
‘Technical Conferences’ specific to the Tolk Analysis in addition to and in parallel with SPS’s 2021
IRP Public Advisory Process.

Before each Public Advisory meeting and technical conference, SPS provided adequate notice

and an agenda of topics to be discussed. SPS experienced medium to high public participation at
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Public Advisory meetings and technical conferences. Commonly, attendance included members from
Staff, numerous renewable energy developers, several environmental agency representatives, and
other energy industry representatives (i.e., oil and gas producers, electric cooperatives, consulting
companies, renewable energy service providers). SPS either responded to or followed-up on multiple
questions from participants throughout the Public Advisory Process and technical conferences.

Public Advisory meetings and Technical Conferences were held over an approximatel2-
month time frame. Due to the COVID 19 pandemic, all Public Advisory meetings and Technical
Conferences were conducted via video and telephone conferences. A complete list of each Technical
Conference and all contents presented at each of the Technical Conferences can be found in Appendix
H. In addition, a complete timeline of the Public Advisory meetings and summary of subject matters
that were discussed at each of these meetings is presented in Table 8-1. A complete record showing
the content presented at each of these meetings is included in Appendix M.

Table 8-1:  Public Advisory Process Timeline and Subject Areas

Meeting Date Topics Discussed
May 21, 2020 Xcel Energy and SPS System Overview

Resource Planning Overview

Factors Impacting Resource Planning Since 2018
NM IRP

Factors That Will Likely Influence Resource
Planning Over the Action Plan Period

SPS’s New Renewable Wind Facilities

August 20, 2020 Emerging Environmental Impacts for SPS
Harrington NAAQS?* Compliance

January 12, 2021 Introduction to the New Mexico Integrated Resource
Plan
NM Energy Efficiency and Load Management
Programs

23 National Ambient Air Quality Standards
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March 23, 2021

May 13, 2021

SPS 2021 Integrated Resource Plan

Sales and Load Forecasting
Coal Supply
Tolk Station Water Supply

Gas & Power Market Price Forecasting

Energy Storage
Generator Interconnection Agreement Issues
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Section 9. ACTION PLAN

9.01 - SPS Action Plan for 2022-2025

SPS has adequate generating capacity to meet its planning reserve margin over the Action
Plan 2022-2025. Furthermore, as demonstrated in SPS’s most recent RPS filing (Case No. 21-00172-
UT), SPS anticipates continued RPS compliance throughout the Action Plan. Therefore, SPS does
not need to procure additional resources to reliably serve its customers or meet regulatory
requirements under 17.9.572 NMAC during the Action Plan. However, even without a defined
resource need, SPS may still pursue additional resources if they are expected to provide additional
benefits, such as economic energy savings. Results from SPS’s recent RFI indicate the acquisition
of additional wind resources within the Action Plan may provide economic energy savings; however,
these savings are highly dependent on the expiration of PTCs and uncertain transmission network
upgrade costs. Furthermore, SPS has subsequently learned that several proposals received in the RFI
are no longer viable projects. As such, SPS is not proposing any new resources in the Action Plan,
instead SPS is proposing to continue to evaluate and monitor the feasibility of new economic energy
resources.

After evaluating the proposals submitted in the RFI, it is clear the transmission network
upgrade costs currently being assigned to new generation are cost prohibitive. And, SPS has several
gas steam generators retiring during the Action Plan. Thus, SPS is currently evaluating the use of
generator replacement or surplus interconnection rules as a way of avoiding high transmission
network upgrade costs.

Finally, during the Action Plan, SPS intends to cease coal operations at Harrington and

convert the units to operate on natural gas at the end of 2024.
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9.02 - Status Report

SPS’s 2018 IRP was indicative that SPS had adequate generating capacity over the Action
Plan period 2019-2022, and, therefore SPS did not need to procure additional resources to reliably
serve its customers or meet regulatory requirements. However, in keeping with SPS’s 2018 IRP
Action Plan, SPS received approval from the Commission of the 522 MW Sagamore Wind Facility,
the 478 MW Hale Wind Facility, and the 230 MW Bonita Wind PPA Facilities which were all in-
serviced within the 2019 IRP’s Action Plan and were acquired because they provided low-cost
renewable energy benefits to customers.

Historically low natural gas prices delayed the retirement of Plant X Unit 1, Plant X Unit 2

and Cunningham Unit 1. Each of these units is now scheduled to retire the end of 2022.
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EXECUTIVE SUMMARY

2020 SPP Integrated Transmission Plan

COLLABORATION 73 VALUE &

16¢ - 30¢
Residential bill savings

8 groups; 100+ meetings

27-month schedule

40-52to1
Benefit-to-cost ratio

2,200+ solutions reviewed
560+ inquiries processed

PROJECTS BENEFITS

54 projects Solve 163 system needs

92 miles 345 kV Help levelize market prices

141 miles transmission rebuild |l Improve congestion hedging
$532 million E&C costs Access to low-cost energy

The 2020 Integrated Transmission Plan (ITP) looks ahead 10 years to ensure the SPP region can deliver
energy reliably and economically, facilitate public policy objectives, seek solutions with neighboring
regions and maximize benefits to end-use customers. Over 27 months, SPP and its member organizations
worked together to forecast and analyze the regional transmission system’s economic, reliability,
operational and public policy needs.

SPP evaluated more than 2,200 solutions. The analysis resulted in the recommendation to approve 54
transmission projects, including 91.8 miles of new extra-high-voltage (EHV) transmission and 140.9! miles
of rebuilt high-voltage infrastructure.

! This mileage number assumes the partial rebuild and new mileage of the Butler-Tioga 138 kV new line. This line is
expected to follow the existing Butler-Altoona 138 kV right-of-way and break away towards Tioga at a point that that
would minimize transmission costs for the project.
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This portfolio contains reliability and economic projects that will mitigate 163 system issues. Reliability
projects allow the region to meet compliance requirements and keep the lights on through loading relief,
voltage support and system protection.

There are several primary drivers of the economic projects. Many of the projects enable delivery of low-
cost renewable resources and reduce price separation in the SPP marketplace caused by congestion.
Continued rapid renewable expansion has caused increasing pricing disparity between the western and
eastern portions of the SPP system. These disparities have created higher average costs for eastern load
centers because of congestion and lack of access to less expensive generation. Price differences have only
been marginally delayed by new interconnections seeking opportunity in the east. The recommended
economic projects will reduce separation between generator and load locational marginal prices across the
region and create reliable transfer capability that will allow the system to realize benefits from low-cost
generation.

Previous ITP assessments have been conservative in forecasting the amount of renewable generation
expected to interconnect to the grid. When the studies were completed, installed amounts had nearly
surpassed 10-year forecasts. Overly conservative forecasts can lead to delayed transmission investment,
contributing to persistent congestion. For example, the 2020 consolidated portfolio is expected to address
eight congested flowgates identified over the last four quarterly SPP corporate metric updates. For the
2020 ITP assessment, SPP expanded on the 2019 assessment’s analysis to better forecast renewables
development, which will allow the region to proactively build the infrastructure needed to alleviate
congestion and provide access to less expensive energy.

The SPP region has areas of increased load growth due to oil and gas exploration in North Dakota and New
Mexico. Some of these areas could experience voltage collapse. Additional transmission capacity is needed
to serve this new load. SPP developed projects to address this load growth; some are recommended for
construction while others need continued analysis.

Three distinct scenarios were considered to account for variations in system conditions over 10 years.
These scenarios consider requirements to support firm deliverability of capacity for reliability (base
reliability) while exploring rapidly evolving technology that may influence the transmission system and
energy industry (Future 1/Future 2). The scenarios included varied wind projections, utility-scale and
distributed solar, energy storage resources, generation retirements and electric vehicles.

The final project portfolio was tested against a wide range of sensitivities, including natural gas prices,
generator retirements, renewables development, battery storage and demand. The analysis determined
that adjusted production cost savings across all sensitivities had a benefit-to-cost ratio greater than 1.0.
When considering all eight benefit metrics, including adjusted production cost savings, the consolidated
portfolio is expected to provide a 40-year benefit-to-cost ratio ranging from 4.0 for Future 1 to 5.2 for
Future 2. The net impact to ratepayers is a savings of $0.16 to $0.30 on the average retail residential
monthly bill. See Section 8.3 Sensitivity Analysis for more information.
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40 Year APC Benefit and Cost Ranges
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Figure 0.1: 40-Year APC Benefit and Cost Ranges

SPP assumes a 40-year lifespan for new transmission investments. Within 20 years, the SPP region is
expected to receive more benefits from the projects than their total investment costs. The projects will
begin providing net savings to ratepayers within the first year of being in-service.
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Figure 0.2: Portfolio Breakeven and Payback — APC benefit only
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The 2020 ITP Assessment includes the following projects:

Project Area | Type Project Cost | Miles NTC/
(20209%) NTC-C
Watford 230/115 kV transformer circuit 1 terminal BEPC R $3,562,780 - NTC
equipment, circuit 2 replacement
Anadarko-Gracemont 138 kV rebuild as double- WEFEC/ E $8,297,502 144 NTC
circuit OKGE Modification
Russett-South Brown 138 kV rebuild WEFEC/ E $10,067,432 18.62 NTC
SWPA
Butler-Tioga 138 kV new line; wreck-out Butler- WERE E $135,720,424 91.2 NTC-C
Altoona 138 kV
GRDA 1 345/161 kV circuit 1 and circuit 2 terminal GRDA E $1,410,000 - NTC
equipment
Columbus East 230/115 kV transformer replacement NPPD E $4,600,000 - No
Franks-South Crocker-Lebanon 161 kV terminal AECI E $5,721,430 - No
equipment
Tap Woodward-Border 345 kV, Chisholm-Tap 345 AEPW/ E $31,686,685 0.84 NTC-C
kV new line OKGE
Dover Switch-Okeene 138 kV and Aspen-Mooreland- WFEC E $1,617,500 - NTC
Pic 138 kV terminal equipment
Pleasant Valley 345/138 kV Station, Minco-Pleasant OKGE/ E $113,620,907 48 NTC-C
Valley-Draper 345 kV new line, Franklin-Midwest WEFEC

138 kV terminal equipment, Cimarron-Draper 345
kV terminal equipment and Pleasant Valley cut-in

Split Rock 345/115 kV Circuit 10 and 11 terminal NSPP E $4,577,336 - No
equipment
Oahe-Sully Buttes-Whitlock 230 kV terminal EREC/ E $1,528,7222 - No
equipment WAPA

/BEPC
Circleville-Goff 115 kV circuit 1 rebuild WERE R $12,114,772 14.56 NTC
Goff-Kelly 115 kV rebuild WERE R $7,108,395 10.11 NTC
South Shreveport-Wallace Lake 138 kV rebuild AEPW R $23,622,577 11.18 NTC-C
Grady 138 kV capacitor bank AEPW R $688,781 - NTC
Richmond 115 kV substation, Richmond 115/69 kV EREC/ R $11,394,000 144 NTC
transformer, Richmond-Aberdeen 115 kV line NWE
Cushing Tap-Shell Cushing Tap-Shell Pipeline 69 kV OKGE R $5,362,799 5.9 NTC
rebuild
Bushland-Deaf Smith 230 kV terminal equipment SPS R $923,938 - NTC
Newhart-Potter County 230 kV terminal equipment SPS R $731,282 - NTC
Carlisle-Murphy 115 kV rebuild SPS R $4,746,175 4.0 NTC

2 The cost estimate was adjusted late in the study process to be $3,748,722 due to a gap in the Study Estimate requests
sent to stakeholders. This updated cost estimate is only considered in Table 9.1 and the NTC recommendations of this
executive summary. See additional information in section 7.3.11.
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Project Area | Type | Project Cost | Miles NTC/
(2020%) NTC-C

Roswell 115/69 kV replace transformer #1 SPS R $2,777,743 - NTC
$3456-S3458 345 kV terminal equipment OPPD R $678,865 - No
Meadowlark-Tower 33 115 kV rebuild WERE R $1,342,588 0.93 NTC
Jones-Lubbock South 230 kV terminal equipment SPS R $666,728 = No
circuit 1

Jones-Lubbock South 230 kV terminal equipment SPS R $397,668 - No
circuit 2

Deaf Smith-Plant X 230 kV terminal equipment SPS R $2,100,196 - NTC
Newhart-Plant X 230 kV terminal equipment SPS R $2,024,293 - NTC
Lubbock South-Wolfforth 230 kV terminal SPS R $872,391 = NTC
equipment and clearance increase

Allen-Lubbock South 115 kV rebuild SPS R $6,817,226 6.0 NTC
Allen-Quaker 115 kV rebuild SPS R $4,732,267 3.6 NTC
Russell 115 kV capacitor bank SEPC R $2,841,951 - NTC
Eddy County-North Loving 345 kV new line SPS R $64,422,600 42.96 No
Maljamar 115 kV capacitor bank SPS R $685,440 - No
Devil's Lake 115 kV reactor WAPA R $1,190,000 - NTC
Bismarck 115 kV reactors WAPA R $2,380,700 - NTC
Moorehead 230 kV reactor MRES R $1,515,440 - NTC
Agate 115 kV reactor WAPA R $571,200 - NTC
Replace four breakers at Anadarko 138 kV WFEC R $850,000 - NTC
Replace three breakers at Northeast 161 kV KCPL R $887,479 - NTC
Replace one breaker at Stilwell 161 kV KCPL R $566,485 - NTC
Replace one breaker at Leeds 161 kV KCPL R $566,485 - NTC
Replace one breaker at Shawnee Mission 161 kV KCPL R $566,485 - NTC
Replace one breaker at Southtown 161 kV KCPL R $566,485 - NTC
Replace two breakers at Lake Road 161 kV KCPL R $1,132,970 - NTC
Replace two breakers at Craig 161 kV KCPL R $1,132,970 - NTC
Nixa-Nixa Espy 69 kV terminal equipment GLHP R $91,147 = No
Deaf Smith #6-Hereford 115 kV rebuild SPS R $6,660,556  2.33 NTC
Deaf Smith #6-Friona 115 kV rebuild SPS R $12,626,190 189 NTC
Cargill-Friona 115 kV rebuild SPS R $817,466  1.15 NTC
Cargill-Deaf Smith #24 115 kV rebuild SPS R $5,501,901 7.74 NTC
Deaf Smith #24-Parmer 115 kV rebuild SPS R $824,574 1.16 NTC
Deaf Smith #20-Parmer 115 kV rebuild SPS R $5,402,384 7.6 NTC
Curry-Deaf Smith #20 115 kV rebuild SPS R $9,048,993 12.73 No

Total $532,363,304°

Table 0.1: 2020 ITP Consolidated Portfolio

3 These costs represent engineering and construction cost provided during the study by SPP stakeholders or its third-
party cost estimator.
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This map depicts the 2020 ITP Assessment thermal/voltage reliability projects:
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Figure 0.4: 2020 ITP Short Circuit Reliability Projects
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This map depicts the 2020 ITP Assessment economic projects:
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Figure 0.5: 2020 ITP Portfo/io—Econoic

SPP staff makes Notification to Construct (NTC) recommendations for projects included in the consolidated
portfolio based on results from the staging process and SPP Business Practice 7060. If financial expenditure
is required within four years from board approval, the project is recommended for an NTC or NTC-C
(Notification to Construct with Conditions).
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1T INTRODUCTION

1.1 THE ITP ASSESSMENT

The SPP Integrated Transmission Planning (ITP) process promotes transmission investment to meet near-
and long-term reliability, economic, public policy and operational transmission needs. The ITP process
coordinates solutions with ongoing compliance, local
planning, interregional planning and tariff service
processes. The goal is to develop a 10-year regional
transmission plan that provides reliable and economic
energy delivery and achieves public policy objectives, while
maximizing benefits to the end-use customers.

The 2020 ITP assessment is guided by requirements defined Stakeholder
in Attachment O to the SPP Open Access Transmission Tariff
(Tariff), the ITP Manual, and the 2020 ITP Scope. Previous
improvements to the ITP process were designed by the
Transmission Planning Improvement Task Force and
implemented beginning in the 2019 ITP.

Collaboration

The ITP process is open and transparent, allowing for
stakeholder input throughout the assessment. Study results are coordinated with other entities, including
those embedded within the SPP footprint and neighboring first-tier entities.

The objectives of the ITP are to:

Resolve reliability criteria violations.

Improve access to markets.

Improve interconnections with SPP neighbors.

Meet expected load-growth demands.

Facilitate or respond to expected facility retirements.

Synergize with the Generator Interconnection (GI), Aggregate Transmission Service Studies (ATSS),
and Attachment AQ processes.

Address persistent operational issues as defined in the scope.

e Facilitate continuity in the overall transmission expansion plan.

e Facilitate a cost-effective, responsive, and flexible transmission network.

1.2 REPORT STRUCTURE

This report describes the ITP assessment of the SPP transmission system for a 10-year horizon, focusing on
years 2022, 2025 and 2030. These years were evaluated with a baseline reliability scenario and two future
market scenarios (futures). The Model Development and Benchmarking sections summarize modeling
inputs and address the concepts behind this study’s approach, key procedural steps in analysis
development, and overarching study assumptions. The Needs Assessment through Project
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Recommendations sections address specific results, describe projects that merit consideration, and contain
portfolio recommendations, benefits and costs.

Within this study, any reference to the SPP footprint refers to the Balancing Authority Area, as defined in
the Tariff, whose transmission facilities are under the functional control of the SPP regional transmission
organization (RTO), unless otherwise noted.

The study was guided by the 2020 ITP Scope and SPP ITP Manual.# All reports and documents referenced in
this report are available on the SPP website.5

SPP staff and its stakeholders frequently exchange proprietary information in the course of any study, and
such information is used extensively for ITP assessments. This report does not contain confidential
marketing data, pricing information, marketing strategies, or other data considered not acceptable for
release into the public domain. This report does disclose planning and operational matters, including the
outcome of certain contingencies, operating transfer capabilities, and plans for new facilities that are
considered non-sensitive data.

1.3 STAKEHOLDER COLLABORATION

Stakeholders developed the 2020 ITP assessment assumptions and procedures in meetings throughout
2018, 2019, and 2020. Members, liaison members, industry specialists and consultants discussed the
assumptions and facilitated a thorough evaluation.

The following SPP organizational groups were involved:

e Transmission Working Group (TWG)

Economic Studies Working Group (ESWG)

Model Development Working Group (MDWG)

Cost Allocation Working Group (CAWG)

Project Cost Working Group (PCWG)

Markets and Operations Policy Committee (MOPC)
Strategic Planning Committee (SPC)

Regional State Committee (RSC)

Board of Directors (Board)

SPP staff served as facilitators for these groups and worked closely with each working group’s chairperson
to ensure all views were heard and considered consistent with the SPP value proposition.

These working groups tendered policy-level considerations to the appropriate organizational groups,
including the MOPC and SPC. Stakeholder feedback was instrumental in the refinement of the 2020 ITP.

4 https://www.spp.org/Documents/60911/itp%20manual%20version%202.7.docx; the ITP assessment follows the
current ITP Manual and versions may differ throughout the study process. The version that was current at the time of
the study was used.

5 https://spp.org/
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1.3.1 PLANNING SUMMITS

In addition to the standard working group meetings and in accordance with Attachment O of the Tariff, SPP
held multiple transmission planning summits to elicit further input and provide stakeholders with
additional opportunities to participate in the process of discussing and addressing planning topics.6

62020 Engineering Planning Summit was held on Wednesday, July 8, 2020
(https://www.spp.org/Documents/62539/Engineering%20Planning%20Summit%20Agenda%20&%20Background%20M

aterials%2020200708.zip)
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2 MODEL DEVELOPMENT

2.1 BASE RELIABILITY MODELS
2.1.1 GENERATION AND LOAD

Generation and load data in the 2020 ITP base reliability models was incorporated based on specifications
documented in the ITP Manual. For items not specified in the ITP Manual, SPP followed the SPP Model
Development Working Group (MDWG) Procedure Manual.” Renewable dispatch amounts are based on
historical averages for resources with long-term firm transmission service for the summer and winter
seasons. For the light load models, all wind resources with long-term firm transmission service were
dispatched to the lesser of the full long-term firm transmission service amount or nameplate amount, with
remaining generation coming from conventional resources. In these base reliability models, all entities are
required to meet their non-coincident peak demand with firm resources.

The Powerflow Model benchmarking section details the generation dispatch and load in the base reliability
models.

2.1.2 TOPOLOGY

Topology data in the 2020 ITP base reliability models was incorporated in accordance with the ITP Manual.
For items not specified in the ITP Manual, SPP followed the MDWG Model Development Procedure Manual.
The topology for areas external to SPP was consistent with the 2018 Eastern Interconnection Reliability
Assessment Group Multi-regional Modeling Working Group (MMWG) model series.

2.1.3 SHORT-CIRCUIT MODEL

A short-circuit model representative of the year-two, summer peak, was developed for short-circuit
analysis. This short-circuit model has all modeled generation and transmission equipment in service to
simulate the maximum available fault current, excluding exceptions such as normally open lines or retired
generation. This model was analyzed in consideration of the North American Electric Reliability
Corporation (NERC) TPL-001 standard.

2.2 MARKET ECONOMIC MODEL

2.2.1 MODEL ASSUMPTIONS AND DATA

2.2.1.1 Futures Development

Stakeholders determined that the best option was to carry forward the 2019 ITP reference case and
emerging technologies framework, while allowing adjustments to specific drivers. SPP staff provided
stakeholders with a survey to identify the policy drivers which required adjustments for the 2020 ITP. The
drivers considered for adjustment were:

7 Model Development Working Group (MDWG) Procedure Manual; the MDWG Procedure Manual may differ
throughout the study process. The version that was current at the time of the study was used.
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e Wind and solar capacity additions
e Energy growth rates

e Natural gas prices

e Age-based retirement assumptions
e Energy storage®

e Carbon adder

2.2.1.1.1 Future 1: Reference Case

The reference case future will reflect the continuation of current industry trends and environmental
regulations. For years five and 10, coal generators over the age of 56 will be retired, while gas fired and oil
generators over the age of 50 years will be retired subject to review from generator owners. Exceptions
will be allowed based on stakeholder review. Long-term industry forecasts will be used for natural gas and
coal prices. Solar and wind additions will exceed current renewable portfolio standards due to economics,
public appeal, and the anticipation of potential policy changes, as reflected in historical renewable
installations. Battery energy storage resources will also be included relative to the approved solar amounts.

2.2.1.1.2 Future 2: Emerging Technologies

The emerging technologies future will be driven primarily by the assumption that electrical vehicles,
distributed generation, demand response, and energy efficiency will impact energy growth rates. Coal
generators over the age of 56 will be retired, while gas-fired and oil generators over the age of 50 will be
retired. Exceptions will be allowed for repowering (life extension) or emissions upgrades if approved by
the ESWG. As in the reference case future, current environmental regulations will be assumed and natural
gas and coal prices will use long-term industry forecasts. This future assumes higher solar, wind, and
energy storage resource additions than the reference case due to advances in technology that decrease
capital costs and increase energy conversion efficiency.

Table 2.1 summarizes the drivers and how they were considered in each future.

Drivers

Reference Case Emerging Technologies
Key Assumptions Year 2 Year 5 Year 10 Year 5 Year 10
Peak Demand Growth As submitted in load As submitted in load As submitted in load
Rates forecast forecast forecast
Energy Demand As submitted in load As submitted in load Increase due to electric
Growth Rates forecast forecast vehicle growth

Current industry

Natural Gas Prices
forecast

Current industry forecast Current industry forecast

Current industry

Coal Prices
forecast

Current industry forecast Current industry forecast

8 Energy storage is specific to batteries.
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Drivers

Reference Case Emerging Technologies
Key Assumptions Year 2 Year 5 \CET Y Year 5 \CET
Emissions Prices Current industry Current industry forecast Current industry forecast
forecast
Coal age-based 56+, Coal age-based 56+,
Fossil Fuel Retirements Current forecast G?S/OII age-based 50+, Gasj/Oll age—based' 20+,
subject to generator owner  subject to repowering or
review emissions upgrades
Envi | . . .
nwronm.enta Current regulations Current regulations Current regulations
Regulations
9 As submitted in load As submitted in load As submitted in load
Demand Response
forecast forecast forecast
Distributed Generation As submitted in load As submitted in load +300MW +500MW
(Solar) forecast forecast
. . As submitted in load As submitted in load As submitted in load
Energy Efficiency
forecast forecast forecast
Storage None 20% of projected solar 35% of projected solar
Total Renewable Capacity
Solar (GW) Existing + RARs 4 7 5 9
Wind (GW) Existing + RARs 26 28 30 33

Table 2.1 Future Drivers

2.2.1.2 Load and Energy Forecasts
The 2020 ITP load review focused on load data through 2030. The load data was derived from the base
reliability model set, and stakeholders were asked to identify /update the following parameters:

Assignment of loads to companies

Forecasted system peak load (MW)

Loss factors

Load factors

Load demand group assignments

Monthly peak and energy allocations

Station service loads

Resource planning peak loads and load factors

The ESWG- and TWG-approved load review was used to update the load information in the market
economic models. Figure 2.1 shows the total coincident peak load for all study years. Figure 2.2 shows the
monthly energy per future for all study years (2022, 2025, and 2030).

9 As defined in the MDWG Model Development Procedure Manual: Model Development Working Group (MDWG)
Procedure Manual
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SPP Coincident Peak Load
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Figure 2.2: 2020 ITP Annual Energy

2.2.1.3 Renewable Policy Review

Renewable policy requirements enacted by state laws, public power initiatives and courts are the only
public policy initiatives considered in this ITP via the renewable policy review. These requirements are
defined as percentages and outlined in the ITP manual. The 2020 ITP renewable policy review focused on
renewable requirements through 2030.
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2.2.1.4 Generation Resources

Existing generation data originated from the ABB Simulation Ready Data Fall 2017 Reference Case and was
supplemented with SPP stakeholder information provided through the SPP Model on Demand tool and the
generation review.

Figure 2.3 and Figure 2.4 detail the annual nameplate capacity and energy by unit/fuel type, respectively
for 2022, 2025 and 2030 for Future 1, and 2025 and 2030 for Future 2.

In addition to resources accepted in the base reliability models, stakeholders were given the chance to
request additional generation resources in the ITP models through the Resource Addition Request (RAR)
process. As a result of the RAR process, 1.5 GW of wind generation was added to the market economic
models, all of which was included in the year-two model.

Generator operating characteristics, such as operating and maintenance (0&M) costs, heat rates, and
energy limits were also provided for stakeholders to review.

Capacity by Fuel Type (MW)
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Figure 2.3: Capacity by Fuel Type (MW)
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Energy by Fuel Type (TWh)
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Figure 2.4: Energy by Fuel Type (TWh)

Figure 2.5 identifies the amount of retired conventional generation compared to retirements identified in
the base reliability models. The figure reflects the final set of retirements based on the approved futures
assumptions.

Conventional Generation Retirements
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Figure 2.5: Conventional Generation Retirements

2.2.1.5 Fuel Prices
The ABB Simulation Ready Data Fall 2017 Reference Case and ABB fundamental forecast (for long-term
natural gas price projections) were utilized for the fuel price forecasts. Figure 2.6 shows the annual average
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natural gas and coal prices for the study horizon. Between 2021 and 2030, these prices increase from $3.17
to $5.21 (~5.1 percent compound average escalation) and $2.30 to $2.87 (~2.5 compound average
escalation) for natural gas and coal, respectively.

2020 ITP Fuel Costs (S/MMBtu)

S/MMBtu
w
u

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

=={T==Natural Gas - Coal

Figure 2.6: ABB Fuel Annual Average Fuel Price Forecast

2.2.2 RESOURCE PLAN

In order to evaluate transmission for a 10-year horizon, a key component begins with identifying the
resource outlook for each future. The SPP generation portfolio will not be the same in 10 years, due to the
changing load forecasts, resource retirements and fast-changing mix of resource additions. SPP staff
developed resource expansion plans to meet renewable portfolio standards, resource reserve margin
requirements, and future specific renewable and emerging technology projections.

2.2.2.1 Renewable Resource Expansion Plan

Each utility was analyzed to determine if the assumed renewable mandates and goals identified by the
renewable policy review could be met with existing generation and initial resource projections for 2025
and 2030. If a utility was projected to be unable to meet requirements, additional resources were assigned
to the utilities from the total projected renewable amounts to meet renewable portfolio standards. For
states with a standard that could be met by either wind or solar generation, a ratio of 80 percent wind
additions to 20 percent solar additions was utilized. This split was representative of the active GI queue
requests for wind and solar resources.

The incremental renewables assigned to meet renewable mandates and goals in the SPP footprint by 2030
were 289.4 MW in Future 1 and 289.9 MW in Future 2.
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Figure 2.7: SPP Renewable Generation Assignments to meet Mandates and Goals

After ensuring renewable portfolio standards were met by assigning renewables, SPP staff accredited the
remaining projected renewable capacity to each pricing zone.

Projected solar additions were assigned based on the load-ratio share for each pricing zone. Projected wind
additions were accredited to deficient zones to maximize the available accreditation of renewables for each
zone, up to the 12 percent zonal renewable cap defined in the study scope. Resources were accredited in
the following order:

Existing generation

Policy wind and solar additions
Projected solar additions
Projected storage additions
Projected wind additions
Conventional additions

2.2.2.2 Conventional Resource Expansion Plan

The renewable resource expansion plan for each future was utilized as an input to the corresponding
conventional resource expansion plan to ensure appropriate resource adequacy within the SPP footprint.
ABB Strategist® software was used to develop the conventional resource expansion plan for each future,
assessing a 20-year horizon.
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Utilities that did not meet the 12 percent planning reserve margin requirement set by SPP Planning
Criterial0 also received capacity from the conventional resource plan. Projected reserve margins were
calculated for each pricing zone using existing generation, projected renewable generation, fleet power
purchase agreements, and load projections through 2040. Each zone that was not yet meeting its minimum
reserve requirement was assigned conventional resources in 2025 and 2030 of both futures.

Nameplate conventional generation capacity assigned to pricing zones were counted toward each zone’s
capacity margin requirement. Existing wind and solar capacity, being intermittent resources, were included
at a percentage of nameplate capacity, in accordance with the calculations in SPP Planning Criteria 7.1.5.3.
SPP stakeholders were surveyed for feedback on accreditation percentages for existing renewable capacity.

In the analysis of future conventional capacity needs, available resource options were combined cycle (CC)
units, fast-start combustion turbine (CT) units, and reciprocating engines. Generic resource prototypes
from the U.S. Energy Information Administration’s (EIA) Annual Energy Outlook 2018 were utilized.
These resource prototypes define operating parameters of specific generation technologies to determine
the optimal generation mix to add to the region.

CTs were the only technology selected in Futures 1 and 2 to meet capacity requirements. ESWG approved
replacing three CTs with one CC located in the Southwestern Public Service Company (SPS) area for each
future.

While both futures represent normal load growth, more resource additions are needed in Future 2 due
primarily to the additional unit retirements.

Table 2.2 shows the total nameplate generation additions by future and study year to meet futures
definitions and resource adequacy requirements. Figure 2.8 shows the nameplate generation additions by
future, study year, and capacity type for the SPP region.

10.5 GW 23.0 GW

11.6 GW 33.1 GW
Table 2.2: Total Nameplate Generation Additions by Future and Study Year

10 SPP Planning Criteria
11 EIA Annual Energy Outlook 2018 Report
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SPP Nameplate Capacity Additions by Technology (GW)
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Figure 2.8: SPP Nameplate Capacity Additions by Technology (GW)

Table 2.3 shows the total accredited generation additions by future and study year. Figure 2.9 shows
accredited generation additions by future, study year, and technology for the SPP region.

5.9 GW 12.7 GW
10.2 GW 16.5 GW

Table 2.3: Total Accredited Generation Additions by Future and Study Year
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SPP Accredited Capacity Additions by Technology (MW)
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Figure 2.9: Accredited Capacity Additions by Technology

2.2.2.3 Siting Plan
SPP sited projected renewable and conventional resources according to various site attributes for each
technology in accordance with the ITP Resource Siting Manual.12

Distributed solar generation, an assumption in Future 2 only, was allocated to the top 10 percent of load
buses for each load area on a pro rata basis utilizing load review data. SPP stakeholder feedback was
considered in the selection of sites for this technology. Figure 2.10 and Figure 2.11 show the selected sites
and allocation of distributed solar capacity across the SPP footprint in megawatts.

2 Documented in the ITP Resource Siting Manual
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Figure 2.11: 2030 Future 2 Distributed Solar Siting Plan
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Utility-scale solar was sited according to:

Ownership by zone or by state
Data Source (given preference in the following order)
o SPP and Integrated System (IS) GI queue requests
o Stakeholder submitted sites
o Previous ITP sites
o Other National Renewable Energy Laboratory (NREL) conceptual sites
Capacity factor
Generator transfer capability of the potential sites

Following the implementation of this ranking criteria, stakeholders could request exceptions to the results,
which were reviewed for potential inclusion in the siting plan. Figure 2.12 through Figure 2.15 show the
selected sited and allocation of utility solar capacity across the SPP footprint in megawatts.

Capacity (MW)

' B 5 S - 0-50
Utility-Scale Solar . \ :
Siting Plan I ® S51-15

o = ) 126-225
(Future 1 2025) f
| ¥ 226 - 350

351 - 525

Figure 2.12: 2025 Future 1 Utility-Scale Solar Siting Plan
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Figure 2.13: 2030 Future 1 Utility-Scale Solar Siting Plan
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Figure 2.14: 2025 Future 2 Utility-Scale Solar Siting Plan
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Figure 2.15: 2030 Future 2 Utility-Scale Solar Siting Plan

Wind sites were selected from GI queue requests that required the lowest total interconnection cost!3 per
megawatt of capacity requested, taking into consideration the following:

Potentially directly-assigned upgrade needed

Unknown third-party system impacts

Required generator outlet facilities (GOF)

Generator Interconnection Agreement (GIA) suspension status

GI queue requests that did not have costs assigned were also considered with respect to their generator
outlet capability, scope of related GOFs needed, and relation to recurring issues within the GI grouping.

Following implementation of this ranking criteria, stakeholders could request exceptions to these results,
which were reviewed for potential inclusion in the siting plan. Figure 2.16 through Figure 2.19 show the
selected siting and allocation of wind capacity across the SPP footprint in megawatts.

13 The total interconnection costs includes the total costs assigned for all interconnection related upgrades and
network upgrade.
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Figure 2.17: 2030 Future 1 Wind Siting Plan
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Figure 2.18: 2025 Future 2 Wind Siting Plan
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Figure 2.19: 2030 Future 2 Wind Siting Plan
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Conventional generation was sited according to the zone of majority ownership, stakeholder preferences,
generator outlet capability, scope of GOFs needed, and preference for existing and assumed retirement
sites over previous ITP sites. Total conventional capacity at a given site (including existing) was limited to
1,500 MW. Following implementation of this ranking criteria, stakeholders could request exceptions to
these results, which were reviewed for potential inclusion in the siting plan. Figure 2.20 through Figure
2.23 show the selected sites for conventional generation across the SPP footprint.

Size (MW)
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Figure 2.2: 05 Future 1 Conventional Siting Plan
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Figure 2.21: 230 Future 1 Conventional Siting Plan
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Figure 2.22: 2025 Future 2 Conventional Siting Plan
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(Future 2 2030)

Battery sites were based on battery storage GI queue requests, the assumption that battery storage will
largely be co-located with wind and solar, and transfer capability at available sites with consideration of
the solar and wind siting plans. The siting of resources related to battery requests in the GI queue was
limited to two-thirds of projected capacity due to the infancy of the technology in the industry. Two-thirds
of projected battery capacity was associated with solar sites; one-third was associated with wind sites. For
sites associated with battery requests, sited battery amounts were capped at the queue request amounts or
siting availability. For sites not associated with existing battery GI requests, battery amounts were placed
at wind and solar sites in increments of 20 megawatts and capped at siting availability. Following
implementation of this ranking criteria, stakeholders could request exceptions to these results, which were
reviewed for potential inclusion in the siting plan. Figure 2.24 through Figure 2.27 show the selected sites
for battery generation across the SPP footprint.
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Figure .24: 025 Future 1 Energy Storage Siting Plan
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Figure .25: 2030 Future 1 Energy Storage Siting Plan

2020 ITP Assessment Report

31



Appendix B

Page 42 of 178
Case No. 21-00169-UT

Southwest Power Pool, Inc.

Capacity (MW)

0-25
Energy Storage

Siting Plan / L

53-83
(Future 2 2025)

84 -128

129 - 200

Figure 26: 225 Future 2 Energy Storage Siting Plan
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Figure 2.27: 2030 Future 2 Energy Storage Siting Plan
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2.2.2.4 Generator Outlet Facilities (GOF)

To incorporate the siting plan into the market models, generator outlet facilities (GOFs) were necessary.
GOFs are required such that overloads on the system were not identified due to the sited generation. The
GOF selection process was intended as a proxy for the GI process. For sites with upgrades identified in a GI
study, the associated upgrades were evaluated and potentially recommended as a GOF. In other instances,
the site-specific results of the transfer analysis were assessed to determine if a site was capable of reliably
allowing a resource to dispatch to the SPP system (siting availability). The results of the GOF analysis
determined the upgrades shown in Table 2.4.

GOF
GOF Description Site MW Sited Source
Badger 345 kV 376 MW
adge
Cleo Corner-Cleo Tap 138 kV terminal ger 59> X (F1,Y10 & F2,Y5)
upgrades Mooreland-Knob Hill 138 kV 624 MW Gl Queue
Hitchland 345 kV
(F2, Y10)
L Blue River 138 kV 323 MW
Arbuckle 138 kV circuit 2 new tap . Gl Queue
Arbuckle-Blue River 138 kV (F2, Y10)
= i 288 MW
Dover-Hennessey 138 kV terminal Biover Sz 136127 Gl Queue
upgrades (F2, Y5&Y10)
Tolk 345/230 kV second transformer Siti
iting
Tolk-Crossroads-Eddy County 345 kV Crossroads 345 kV 522 MW Availability
terminal upgrades
300 MW
Neset 345/230 kV replace transformer
(F1, Y5&Y10), Siting
Tande 345 kV ST
3 374 MW Availability
Neset-Tande 230 kV rebuild
(F2, Y5&Y10)
Greenwood-Lee's Summit 161 kV
rebuild iti
, , Greenwood 161 kV 237 MW Siting
Pleasant Hill-Lake Winnabago 161 kV Availability
terminal upgrades
Hobbs-Andrews 230 kV voltage
conversion Sidewinder 345 kv 702 MW Siting
) Availability
Andrews-Roadrunner 345 kV new line

Table 2.4: Generator Outlet Facilities *Sited amount for all futures/years unless otherwise noted

2.2.2.5 External Regions

When developing renewable resource plans, SPP did not directly consider renewable policy requirements
for external regions. However, the Midcontinent Independent System Operator (MISO) and Tennessee
Valley Authority (TVA) renewable resource expansion and siting plans were based on the 2019 MISO
Transmission Expansion Planning (MTEP19) continued fleet change (CFC) and accelerated fleet change
(AFC) futures. Associated Electric Cooperative Inc. (AECI) renewable resource expansion plans were based
on the SPP resource plan assumptions and feedback from the ESWG and AECI.
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Conventional resource plans were incorporated for external regions included in the market simulations.
Each region was surveyed for load and generation and assessed to determine the capacity shortfall. The
MISO and TVA resource expansion and siting plans were based on the MTEP19 CFC and AFC futures, while
AECI resource expansion and siting plans were based on the SPP resource plan assumptions and feedback
from the ESWG and AECI. Figure 2.28 and Figure 2.29 show the cumulative capacity additions in 2030 by
unit type of these external regions for Futures 1 and 2.

Future One External Resource Plan Additions

18
B Sum of 2025
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14 Sum of 2030
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Figure 2.28: Capacity Additions by Unit Type-Future 1
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Figure 2.29: Capacity Additions by Unit Type-Future 2

2.2.3 CONSTRAINT ASSESSMENT

SPP considers transmission constraints when reliably managing the flow of energy across physical
bottlenecks on the transmission system in the least-costly manner. Developing these study-specific
constraints plays a critical part in determining transmission needs, as the constraint assessment identifies
future bottlenecks and fine-tunes the market economic models.
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SPP conducted an assessment to develop the list of transmission constraints used in the security-
constrained unit commitment (SCUC) and security-constrained economic dispatch (SCED) analysis for all
futures and study years. The TWG reviewed and approved elements identified in this assessment as
limiting the incremental transfer of power throughout the transmission system, both under system intact
and contingency situations. SPP staff defined the initial list of constraints leveraging the SPP permanent
flowgate list,1* which consists of NERC-defined flowgates that are impactful to modeled regions and recent
temporary flowgates identified by SPP in real-time.

MTEP19 constraints were used to help evaluate and validate constraints identified within MISO and other
neighboring areas. Constraints identified in neighboring areas were considered for inclusion as a part of
the ITP study constraint list.

SPP Permanent
Flowgate workbook

ITP Constraints

Future Constraints

Figure 2.30: Constraint Assessment Process

2.3 MARKET POWERFLOW MODEL

The economic dispatch from each market economic model was used to develop market powerflow model
snapshots representing stressed conditions on the SPP transmission system. Table 2.5 shows the peak and
off-peak reliability hours as defined in the ITP Manual from each future and year of the market economic
model simulations chosen for the market powerflow models.

Wind SPP Load
Off-Peak Hour Penetration'® Peak Hour (MW)
Future 1 2022 April 3 at 4:00 AM 92.3% August 27 at 6:00 PM 51,639
Future 1 2025 April 5 at 1:00 AM 103.2% July 23 at 6:00 PM 52,534
Future 12030 April 1 at 1:00 AM 110.7% July 24 at 6:00 PM 53,216
Future 2 2025 April 5 at 1:00 AM 113.9% July 23 at 6:00 PM 52,433
Future 2 2030 April 1at 2:00 AM 133.5% July 24 at 6:00 PM 53,210

Table 2.5: Reliability Hour Details

14 Posted on SPP OASIS
15 Wind Penetration = Potential Delivered Energy / Load
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3 BENCHMARKING

3.1 POWERFLOW MODEL

SPP staff performed two benchmarks related to the 2020 ITP base reliability powerflow models. The first
benchmark was a load and generation value comparison between the 2019 ITP and 2020 ITP base
reliability powerflow models. The second benchmark was a load and generation value comparison between
the 2020 ITP base reliability powerflow models and real-time operational data. Model comparisons were
conducted to verify the accuracy of the powerflow model data, including:

e Comparison of the summer and winter peak base reliability model load totals (2019 ITP versus
2020 ITP), as shown in Figure 3.1 and Figure 3.2.

e Comparison of the summer and winter peak base reliability model generation dispatch totals for
years two, five and 10 (2019 ITP versus 2020 ITP), as shown in Figure 3.3 and Figure 3.4.

e Additionally, the year-10 summer and winter peak generator retirements in the 2020 ITP base
reliability powerflow models are shown in Figure 3.5.
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Figure 3.1: Summer Peak Year-Two Load Totals Comparison
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Winter Peak Load Totals
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Figure 3.2: Winter Peak Year-Two Load Totals Comparison
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Figure 3.3: Summer Peak Years two, five and 10 Generation Dispatch Comparison
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Winter Peak Generation Dispatch
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Figure 3.4: Winter Peak Years two, five and 10 Generation Dispatch Comparison
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Operational model benchmarking for this assessment compared the 2020 summer and winter peak base
reliability powerflow models against the real-time operational data for the 2019-2020 winter and 2020
summer timeframe. Model comparisons were conducted to verify the accuracy of the powerflow model
data, including:

e Comparison of the 2020 summer and winter load totals (base reliability model versus real-time
operational data), as shown in Figure 3.6 and Figure 3.7
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* Comparison of the 2020 summer and winter generation dispatch totals (base reliability model vs
real-time operational data), as shown in Figure 3.8

2020 Summer Actual vs. Planning Model Peak Load Totals
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Figure 3.6: 2020 Summer Actual versus Planning Model Peak Load Totals
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Figure 3.7: 2020 Winter Actual versus Planning Model Peak Load Totals
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2020 Summer and 2019 - 2020 Winter Actual vs Planning
Model Generation Dispatch
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Figure 3.8: 2020 Actual versus Planning Model Generation Dispatch Comparison

3.2 MARKET ECONOMIC MODEL

Benchmarking for this study was performed on the year-two Future 1 market economic model. For the
benchmarking process to provide the most value, it was important to compare the current study model
against previous ITP modeling outputs and historical SPP real-time data. Numerous benchmarks were
conducted to ensure the accuracy of the market economic modeling data, including:

e Comparing generation capacity factors with EIA data comparing simulated maintenance outages to
SPP real-time data, and ensuring operating and spinning reserve capacities meet SPP Criteria

e Comparing generation capacity factors, generating unit average cost, renewable generation profiles,
system locational marginal prices (LMP), adjusted production cost (APC), and interchange between
the 2020 ITP and the 2019 ITP.

3.2.1 GENERATOR OPERATIONS

3.2.1.1 Capacity Factor by Unit Type

Comparing capacity factors is a method for measuring the similarity in planning simulations and historical
operations. This benchmark provides a quality control check of differences in modeled outages and
assumptions regarding renewable, intermittent resources.

When compared with capacity factors reported to the EIA for 2018 and resulting from the 2020 ITP study,
the capacity factors for conventional generation units fell near the expected values. The difference in
capacity factors between the datasets were attributed to differences in fuel and load forecasts as well as
changes in the generation mix.
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Average Capacity Factor

2019 ITP 2020 ITP

orgem | "0 | Mo
Nuclear 93% 93% 90%
Combined Cycle 57% 41% 42%
CT Gas 12% 3% 4%
Coal 54% 61% 67%
ST Gas 14% 3% 4%
Wind 37% 46% 46%
Solar 26% 23% 24%

Table 3.1: Generation Capacity Factor Comparison

3.2.1.2 Average Energy Cost

Examining the average cost per MWh by unit type gives insight into what units will be dispatched first
(without considering transmission constraints). Overall, the average costs per MWh were lower in the
2020 ITP than in the 2019 ITP due to the fuel and load forecasts and the difference in generation mix.

Average Energy Cost ($/MWh)

2019 ITP 2020 ITP
Unit Type Future 1 2022
Nuclear $15 $16
Combined Cycle $31 $31
CT Gas $44 $43
Coal $24 $24
ST Gas $41 $42

Table 3.2: Average Energy Cost Comparison

3.2.1.3 Generator Maintenance Outages
Generator maintenance outages in the simulations were compared to SPP real-time data. These outages
have a direct impact on flowgate congestion, system flows and the economics of serving load.

The operations data includes certain outage types that cannot be replicated in these planning models. The
difference in magnitude between the real-time data and the market economic simulated outages is due to
the additional operational outages beyond those required by annual maintenance or driven by forced
(unplanned) conditions. Although the market economic model simulation outages do not have as high a
magnitude as the historical outages provided by SPP operations, the outage rates in the 2020 ITP are very
similar to previous ITP assessments. The curves from the historical data and the market economic model
simulations complemented each other very well in shape.
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Historical Outages v. PROMOD Simulated Outages
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Figure 3.9: Historical Outages v. PROMOD Simulated Outages

3.2.1.4 Operating and Spinning Reserve Adequacy

Operating reserve is an important reliability requirement that is modeled to account for capacity that might
be needed in the event of unplanned unit outages. According to SPP Criteria, operating reserves should
meet a capacity requirement equal to the sum of the capacity of largest unit in SPP and half of the capacity
of the next largest unit in SPP. At least half of this requirement must be fulfilled by spinning reserve.

The operating reserve capacity requirement was modeled at 1,675 MW and spinning reserve capacity
requirement was modeled at 823 MW. The reserve requirements were met in the market economic models.
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2020 ITP Future 1 2022 Operating and Spinning Reserves
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Figure 3.10: 2020 ITP Future 1 2022 Operating and Spinning Reserves

3.2.1.5 Renewable Generation

Wind and solar energy output is higher in the 2020 ITP than in the 2019 ITP because of additions identified
during the generation review milestone. Wind output is noticeably greater due to the amount of installed
capacity and approved RARs in 2020 ITP.

Wind Energy Output Comparison
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Figure 3.11: Wind Energy Output Comparison
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Solar Energy Output Comparison
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Figure 3.12: Solar Energy Output Comparison

3.2.2 SYSTEM LOCATIONAL MARGINAL PRICE (LMP)

Simulated LMPs were benchmarked against simulated LMPs from the 2019 ITP. This data was compared
on an average monthly value-by-area basis. Figure 3.13 portrays the results of the benchmarking model for
the SPP system. The decrease in LMPs in the 2020 ITP is due to a slight decrease in natural gas price fuel
forecasts and additional renewable energy.

System LMP Comparison
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Figure 3.13: System LMP Comparison
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3.2.3 ADJUSTED PRODUCTION COST (APC)

Examining the APC provides insight to which entities generally purchase generation to serve their load and
which entities generally sell their excess generation. APC results for SPP zones were overall slightly lower
in the 2020 ITP than in the 2019 ITP due to the change in fuel and renewable forecasts.

The APC on a zonal level both increases and decreases depending on the characteristics of the zone,

including level of renewable increase, retirements and zonal load forecast changes. See Figure 3.14 and
Figure 3.15 for a summary of regional and zonal APC results.
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Regional APC Comparison
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Figure 3.14: Regional APC Comparison
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Figure 3.15: SPP Zonal APC Comparison?®

16 Any reference to the Integrated System (IS) legacy system is currently being assessed and is equivalent to the UMZ.
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3.2.4 INTERCHANGE

The 2020 ITP model interchange was validated against the 2019 ITP and current SPP operations data. The
2020 ITP model is similar in shape and magnitude while overall exports are higher in the 2020 ITP than in
the 2019 ITP.

SPP-External Interchange Duration Curve
10

—)(019 ITP
8 2020 ITP
2018 SPP Real-Time

Total Flow (GW)

0 \

Note: Exports are positive

Figure 3.16: Interchange data comparison
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4 NEEDS ASSESSMENT

SPP and its member organizations worked together to forecast and analyze the regional transmission
system’s economic, reliability, operational and public policy needs.

4.1 ECONOMIC NEEDS

SPP determines economic needs based on the congestion score associated with a constraint (monitored
element/contingent element pair). The congestion score is calculated by multiplying the number of hours a
constraint is congested in the model by the average shadow price of that constraint. Constraints with a
calculated congestion score greater than 50k are considered an economic need. Additional constraints
were identified that did not meet the 50k score, because they were related to the SPP-MISO Coordinated
System Plan (CSP). The economic needs identified per future are shown in Figure 4.1 and Figure 4.2, and
Table 4.1 and Table 4.2.

2020 ITP
Economic Needs

Future 1

Southwest
Power Poo

# Thermal

Figure 4.1: Future 1 Economic Needs
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2022 2025 2030
Congestion Congestion Congestion

Constraint Score Score Score
Butler-Altoona 138 kV for the loss of Caney River-Neosho 471,640 742,822 1,104,558
345 kV
Dover-Okeene 138 kV for the loss of Watonga Switch- 249,849 273418 878,571
Okeene 138 kV
Watford 230/115 kV transformer circuit 1 for the loss of
Watford 230/115 kV circuit 2 Lyl oS SliRae
SPSNMTIES 258,996 139,555 499,965
Neosho-Riverton 161 kV for the loss of Blackberry-Jasper 2112 2362 204,967
345 kV
Russett-South Brown 138 kV for the loss of Caney Creek-
Little City 138 kV i 3 198,136
Hugo-Valliant 138 kV for the loss of Valliant-Hugo 345 kV 24,557 50,251 188,163
Shamrock 115/69 kV transformer for the loss of
Sweetwater-Chisholm 230 kV 44,005 93,937 179494
Tecumseh Hill-Stull 115 kV for the loss of Lawrence Hill-
Swissvale 230 kV ) 7y BT
Ogallala (NPPD)-Ogallala (Tri-State)115 kV for the loss of 48,838 73.245 113.456
Ogallala-Grant 115 kV
Kress-Hale 115 kV for the loss of Swisher-Tuco 230 kV 78,368 79,027 100,584
Hoxie-Beach 115 kV for the loss of Mingo-Setab 345 kV - 49,405 98,913
Webb City Tap-Osage 138 kV for the loss of Sooner-
Cleveland 345 kv 279,083 190,546 98,374
Fort Peck 230/115 kV transformer for the loss of Fort Peck-
Dawson County 230 kV 75115 81.231 »6l12
Franks-South Crocker 161 kV for the loss of Huben-Franks 15,925 5743 89,487
345 kV
Cimarron 345/138 kV transformer circuit 1 for the loss of
Cimarron 345/138 kV transformer circuit 2 12,439 47,521 86,676
K.err—.Mald 161 kV circuit 2 for the loss of Kerr-Maid 161 kV 64,087 67,792 74,697
circuit 1
Southwestern Station-Anadarko 138 kV for the loss of
Anadarko-Gracemont 138 kV 417 17,625 >7,225
gggttksc)luff—vmory Hill 115 kV for the loss of Stegall-Stegall 20,544 29,628 50,647
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2022 2025 2030
Congestion Congestion Congestion
Constraint Score Score Score
GRDA 161/115 kV transformer circuit 2 for the loss of GRDA
345/161 kV transformer 10,033 19,668 20,109
Columbus East 230/115 kV transformer for the loss of
Columbus East-Shell Creek 345 kV g2 ST SE
Oahe-Sully Buttes 115 kV for the loss of Fort Thompson-
Leland Olds 345 kV i 35,036 48,119
Granite Falls-Marshall Tap 115 kV for the loss of Lyon Co.
345/115 kV transformer AR e U SIS
Czech Hall-Cimarron 138 kV for the loss of Cimarron-
Draper 345 kv 482 8,752 37,737
Sioux City-Twin Church 230 kV for the loss of Raun-Hoskins 991 43452 33,843
345 kV
Kelly 161/115 kV for the loss of Kelly-Tecumseh Hill 161 kV 14,818 11,047 33,503
Skyline-Quail Creek 138 kV for the loss of Northwest-
) - - 33,144
Arcadia
Warrensburg-Warrensburg Air Force Base 161 kV for the
loss of Overton-Sibley 345 kV 9,803 9,806 29,644
MISO RDT 3,419 11,044 22,016
Cleveland AECI-Cleveland GRDA 138 kV for the loss of
Cleveland-Tulsa North 345 kV 221,537 >88,317 15434
\Ii\\//ebster—erght 161 kV for the loss of Ledyard-Colby 345 818 3635 11.789
Kelly 161/115 kV for the loss of Tecumseh Hill 161/115 kV 39 24 6,927
transformer
Fulton-Patmos 115 kV for the loss of Sarepta-Longwood 10 383 5752
345 kV
Webster-Wright 161 kV for the loss of Grimes-Beaver Creek 383 3575 4340
345 kV
Raun-Tekamah 161 kV for the loss of Raun-S3451 345 kV 324 4,622 2,733
Spl!t Rock 345/115 kV transformer c!rcu!t 10 for the loss of 81 620 2712
Split Rock 345/115 kV transformer circuit 11
Raun-S3451 115 kV for the loss of Grimes-Beaver Creek 345 i 1616 2112
kv
Fulton-Patmos 115 kV for the loss of Grimes-Crockett 345
KV - - 549
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2022 2025 2030

Congestion Congestion Congestion
Constraint Score Score Score

Webster 161/115 kV transformer for the loss of Grimes-

Beaver Creek 345 kV i 26 324
Wolf Creek 345/69 kV transformer for the loss of Waverly-

La Cygne 345 kv 71,873 125,031 -
Maryville (AECI)-Maryville 161 kV for the loss of Maryville- i i i
Nodway 161 kV

Fairbilt-Winn County 161 kV (Base Case) - - -
Maryville (AECI)-Maryville 161 kV for the loss of Maryville- i ) )
Creston 161 kV

Neosho-Riverton 161 kV for the loss of Blackberry- 67781 55,853 )

Blackberry North 345 kV

Blue River-Parkland 138 kV for the loss of Arbuckle-
Arbuckle Blue River Tap 138 kV

Jameston-Valley 115 kV for the loss of Hankson-Wahpeton
230 kv

Maryville (AECI)-Maryville 161 kV for the loss of Gentry-
Fairport 161 kV

Fairbilt-Winn County 161 kV for the loss of Huntley-Fairbilt
161 kv

Table 4.1: Future 1 Economic Needs
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2020 ITP
Economic Needs

Future 2

Southwest
Power Pool

® Thermal

Figure 4.2: Future 2 Economic Needs

2025 2030
Congestion | Congestion

Constraint Score Score
Butler-Altoona 138 kV for the loss of Caney River-Neosho 345 kV 1,037,096 985,274
Russett-South Brown 138 kV for the loss of Caney Creek-Little City 138 kV 224,826 522,446
\C/:/r:it:ic;rg 230/115 kV transformer circuit 1 for the loss of Watford 230/115 kV 188501 356,741
SPSNMTIES 288,984 342,683
Dover-Okeene 138 kV for the loss of Watonga Switch-Okeene 138 kV 161,396 330,812
Neosho-Riverton 161 kV for the loss of Blackberry-Jasper 345 kV 5,406 294,608
Hugo-Valliant 138 kV for the loss of Valliant-Hugo 345 kV 134,545 274,983
Maryville (AECI)-Maryville 161 kV for the loss of Gentry-Fairport 161 kV 50,470 264,789
Fairbilt-Winn County 161 kV for the loss of Huntley-Fairbilt 161 kV 132,080 248,553
Webb City Tap-Osage 138 kV for the loss of Sooner-Cleveland 345 kV 292,945 165,336
Shamrock 115/69 kV transformer for the loss of Sweetwater-Chisholm 230 kV 101,372 163,207
Raun-Tekamah 161 kV for the loss of Raun-S3451 345 kV 54,763 159,429
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2025 2030
Congestion | Congestion
Constraint Score Score
Kress-Hale 115 kV for the loss of Swisher-Tuco 230 kV 69,276 146,036
Cimarron 345/1 3.8 k\_/ transformer circuit 1 for the loss of Cimarron 345/138 44,947 127.108
kV transformer circuit 2
Oahe-Sully Buttes 115 kV for the loss of Fort Thompson-Leland Olds 345 kV 47,974 122,616
Kerr-Maid 161 kV circuit 2 for the loss of Kerr-Maid 161 kV circuit 1 71,445 115,865
Split Rock 345/1 1 5 k.V transformer circuit 10 for the loss of Split Rock 345/115 21941 104,407
kV transformer circuit 11
Fort Peck 230/115 kV transformer for the loss of Fort Peck-Dawson County 89,072 100,302
230 kV
Czech Hall-Cimarron 138 kV for the loss of Cimarron-Draper 345 kV 20,066 91,094
Webster 161/115 kV transformer for the loss of Grimes-Beaver Creek 345 kV 64,431 87,329
Skyline-Quail Creek 138 kV for the loss of Northwest-Arcadia 181 86,046
Fairbilt-Winn County 161 kV (Base Case) - 84,745
Tecumseh Hill-Stull 115 kV for the loss of Lawrence Hill-Swissvale 230 kV 8,535 80,935
E\?allala (NPPD)-Ogallala(Tri-State) 115 kV for the loss of Ogallala-Grant 115 66,234 80,857
Hoxie-Beach 115 kV for the loss of Mingo-Setab 345 kV 35,723 76,020
Kelly 161/115 kV for the loss of Kelly-Tecumseh Hill 161 kV 39,759 73,301
Columbus East 230/115 kV transformer for the loss of Columbus East-Shell 41254 71,847
Creek 345 kV
MISO RDT 24,878 59,271
Blue River-Parkland 138 kV for the loss of Arbuckle-Arbuckle Blue River Tap
- 58,860
138 kV
Jameston-Valley 115 kV for the loss of Hankson-Wahpeton 230 kV 33,770 54,312
Maryville (AECI)-Maryville 161 kV for the loss of Maryville-Creston 161 kV 77,169 41,543
Franks-South Crocker 161 kV for the loss of Huben-Franks 345 kV 9,668 36,399
Scottsbluff-Victory Hill 115 kV for the loss of Stegall-Stegall 230 kV 17,080 34,387
Kelly 161/115 kV for the loss of Tecumseh Hill 161/115 kV transformer 227 25,582
Warrensburg—Warrensburg Air Force Base 161 kV for the loss of Overton- 23,062 24216
Sibley 345 kV
Webster-Wright 161 kV for the loss of Grimes-Beaver Creek 345 kV 13,979 20,086
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2025 2030

Congestion | Congestion
Constraint Score Score

GRDA 161/115 kV transformer circuit 2 for the loss of GRDA 345/161 kV 4379 19,759
transformer

Southwestern Station-Anadarko 138 kV for the loss of Anadarko-Gracemont 7316 18,179
138 kV

Granite Falls-Marshall Tap 115 kV for the loss of Lyon Co 345/115 kV 17,005 17,400
transformer

Fulton-Patmos 115 kV for the loss of Sarepta-Longwood 345 kV 818 15,641
Cleveland AECI-Cleveland GRDA 138 kV for the loss of Cleveland-Tulsa North 675,138 14,257
345 kV

Sioux City-Twin Church 230 kV for the loss of Raun-Hoskins 345 kV 39,084 8,143
Webster-Wright 161 kV for the loss of Ledyard-Colby 345 kV 3,040 6,567
Fulton-Patmos 115 kV for the loss of Grimes-Crockett 345 kV 29 3,015
Raun-S3451 115 kV for the loss of Grimes-Beaver Creek 345 kV 6,005 2,192
Wolf Creek 345/69 kV transformer for the loss of Waverly-La Cygne 345 kV 162,158 -
Maryville (AECI)-Maryville 161 kV for the loss of Maryville-Nodway 161 kV 146,469 =
Neosho-Riverton 161 kV for the loss of Blackberry-Blackberry North 345 kV 73,449 -

Table 4.2: Future 2 Economic Needs

4.1.1 TARGET AREA

As part of the economic needs assessment, one target area was identified for the assessment to focus
analysis efforts of SPP staff and stakeholders. After posting of the needs assessment, the need for additional
analysis in another area of the system was identified by SPP staff. Drivers for these areas included:

*  Unresolved transmission limits identified in previous ITP assessments

*  Operational evaluation(s)

* Historical and projected congested flowgates in area

* Steady-state reliability violations

* Parallel and in-series relationships between flowgates/transmission corridors
* Impacted heavily by critical EHV contingencies

* Transient stability concerns for existing generators

4.1.1.1 MISO Regional Directional Transfer Target Area

The MISO Regional Directional Transfer (RDT) Target Area for the 2020 ITP aided SPP in regionally
coordinated efforts to identify and evaluate potential transmission upgrades needed to mitigate impacts to
the SPP transmission system due to transfers between the MISO Midwest and MISO South regions. SPP has
historically seen congestion in the SPP footprint related to north-to-south flows within MISO. The flowgates
that were identified as having the potential to meet these goals are shown in Figure 4.3 and listed in Table
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4.3. SPP transmission facilities impacted by the exchange of power between MISO regions were evaluated
as a target area with the potential for additional analysis in the 2020 ITP.

2020 CSP
Flowgates

Southwest
Power Pool

Figure 4.3: 2020 CSP Flowgates

CSP Target Flowgates

Raun-Tekamah 161 kV

Patmos-Fulton 115 kV
Chub Lake 345/115 kV transformer
Webster 345/115 kV transformer

Hugo-Valliant 138 kV

Kelly 161/115 kV transformer
Kerr-Maid 161 kV #2

Marshall-Granite Falls 115 kV

Neosho-Riverton 161 kV

Warrensburg-Whiteman AFB 161 kV
Table 4.3: MISO North CSP Interface Target Area Flowgates
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4.1.2 SPS-NEW MEXICO TIES INTERFACE

The increased power flows into eastern New Mexico in SPS due to growing load and projected retirements
has resulted in an increase in contingencies causing thermal and low voltage criteria and voltage collapse
conditions in the initial and final base reliability and market power flow needs assessments. The SPS New
Mexico Interface was added to the Market Economic Model post-constraint assessment to limit economic
transfers and address voltage collapse observed in the development of the market economic model. This
resulted in the SPSNMTIES interface being identified as a top congested economic need limiting economic
transfer of energy into the area.

The interface limits imports into southeastern New Mexico in SPP market operations via the Crossroads-
Eddy 345 kV, Yoakum-Hobbs 345 kV, San Juan-Chaves 230 kV, and Ink Basin-Hobbs 230 kV. The intent of
the interface is maintain transmission system voltage stability in southeastern New Mexico under system
intact and N-1 conditions. For the purposes of the assessment, the interface was limited (into southeastern
New Mexico) to 765 MW for summer and winter seasons to proxy the power transfer limits that maintain
pre- and post-contingent voltage limits on the transmission system in southeastern New Mexico and
surrounding transmission system for both system intact and loss of critical generation and 230 kV and 345
kV lines. SPS has three interfaces in the area to proxy non-thermal system limits and limit power transfer
limits listed in Table 4.4 The interface congestion was identified as being related to:

e Base reliability powerflow models low voltage and voltage collapse needs in year-10 summer peak

o Market powerflow models Future 1 low voltage needs and voltage collapse needs in year-10
summer peak

e Market powerflow models Future 2 low voltage needs and voltage collapse needs in year-five
summer peak

Supplemental information was posted with the needs assessment explaining the SPSNMTIES interface and
outlined solution evaluation and additional analysis needed to aid stakeholders with their solution
submittals. The New Mexico Ties Interface Guidelines and Study Scope included a rigorous AC Power
transfer thermal and voltage analysis and results with 0.02 per unit voltage safety margin applied to low
voltage monitoring criteria. The study analysis and deliverables were required to support new SPSNMTIES
interface ratings for economic solution evaluation.
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SPS Interfaces

Southwest
Power Pool

= SPSNORTH_STH |_»|
=== SPPSPSTIES
=== SPSNMTIES

Figure 4.4: 2020 SPS New Mexico Ties Flowgates

Flowgate Interface Limitation
________ Definiton | MWFlow | Directionality
San Juan Tap-Chaves County 230 kV
Crossroads-Eddy County 345 kV
Ink Basin-Hobbs 230 kV
Yoakum-Hobbs 345 kV
Border-Tuco 345 kV
Beaver County-Hitchland circuit 1&2 345 kV
Carpenter-Hitchland 345 kV
Jericho-Kirby 115 kV
E-Liberman-Texas Panhandle 115 kV
Oklaunion-Tuco 345 kV
Sham-McLean 115 kV
Sweetwater-Wheeler 230 kV
Amarillo South-Swisher 230 kV
Bushland-Deaf Smith 230 kV
SPSNORTH_STH Newhart-Potter County 230 kV 1645 North-to-South
Randall-Canyon E Tap 115 kV

Randall-Palo Duro 115 kV
Table 4.4: SPSNMTIES Interface Area Flowgates

SPSNMTIES 765 North-to-South

SPPSPSTIES 1345 East-to-West
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4.2 RELIABILITY NEEDS

4.2.1 BASE RELIABILITY ASSESSMENT

Contingency analysis for the base reliability models consisted of analyzing PO, P1 and P2.1 planning events
from Table 1 in the NERC TPL-001-4 standard, as well as remaining events that do not allow for non-
consequential load loss or the interruption of firm transmission service.

During the needs assessment, potential violations were solved or marked invalid through methods such as
reactive device setting adjustments, model updates, and identification of invalid contingencies, non-load-
serving buses and facilities not under SPP’s functional control. Figure 4.5 and Figure 4.6 summarize the
number of remaining thermal and voltage needs?!”? that were unable to be mitigated during the screening
process.

Base Reliability Thermal Needs by Season

12

10

Number of Needs
(o)}

22L 25L 30L 22W 25W 30w 22S 258 30S

Season

Figure 4.5: Unique Base Reliability Needs

17 Figures summarize unique monitored elements.
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Number of Needs

16

14

12

10

Base Reliability Voltage Needs by Season

I T |
22L 251 30L 308

Season

Figure 4.6: Unique Base Reliability Voltage Needs

2020 ITP
BR Needs

Southwest
Power Pool
o

Thermal
Voltage

Figure 4.7: Base Reliability Needs

4.2.2 MARKET POWERFLOW ASSESSMENT

Contingency analysis for the market powerflow models was performed in accordance with the ITP Manual.
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Figure 4.8 summarizes the number of remaining voltage needs!8that were unable to be mitigated during
the screening process. There were no thermal market powerflow model needs that were considered during

the 2020 ITP.

Market Powerflow Voltage Needs by Season
16
14
12

10

Number of Needs
(o]

F1-22L F1-25L F2-25L F1-30L

Seasons

Figure 4.8: 2020 Market Powerflow Voltage Needs by Season

2020 ITP Market
Powerflow Model
Only Needs

Future 1
dobirey ; :
Z * Thermal Z
* Voltage ]
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/|
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by tf
. All rights re
Date Export 202 ch eq 189 miles

Figure 4.9: Future 1 Reliability Needs

18 The figure summarizes the unique monitored elements per season.
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2020 ITP Market
Powerflow Model
Only Needs

Future 2

Southwest r \? l\
Power Pool b I
N
ARR, * Thermal
\ * Voltage

'/
)

Figure 4.10: Future 2 Reliability Needs

[ T e

4.2.3 NON-CONVERGED CONTINGENCIES

SPP used engineering judgment to resolve non-converged cases from the contingency analysis. Some non-
converged cases could not be solved due to the contingency taken. Relative violations were identified as
voltage collapse reliability needs in the applicable model and are listed in Table 4.5.

Reliability

Monitored Element Contingent Element Need

Base Reliability 2030 Summer Peak Phantom 115 kV Hobbs-Kiowa 345 kV Voltage

Base Reliability 2030 Summer Peak Phantom 115 kV P53:345:SPS:EDDY-AT-FNC+ Voltage
P42:345:SPS:KIOWA:J20####

Base Reliability 2030 Summer Peak Phantom 115 kV SLG Voltage
Future 2 2025 Summer Peak Gaines 345 kV Gaines Generator Voltage
Future 1 2030 Summer Peak Gaines 345 kV Gaines Generator Voltage
Future 2 2030 Summer Peak Gaines 345 kV Gaines Generator Voltage

Table 4.5: Reliability Needs Resulting from Non-Converged Contingencies

4.2.4 SHORT-CIRCUIT ASSESSMENT

SPP provided the total bus fault current study results for single-line-to-ground (SLG) and three-phase faults
to the Transmission Planners (TPs) for review.
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The TPs were required to evaluate the results and indicate if any fault-interrupting equipment would have
its duty ratings exceeded by the maximum available fault current. For equipment that would have its duty
ratings exceeded, the TP provided the applicable duty rating of the equipment and the violation was
identified as a short-circuit need.

The TPs can perform their own short-circuit analysis to meet the requirements of TPL-001. However, any
corrective action plans that result in the recommended issuance of a NTC are based on the SPP short-circuit
analysis.

The two TPs identifying short-circuit needs were Evergy and Western Farmers Electric Cooperative
(WFEC). The needs are depicted in Figure 4.11.

2020 ITP
Needs
Short Circuit

Southwest
Power Pool

| Transformer
Substation
Terminal Equipment
= i New Line 65 kV

# New Lina 138 kV
* New Line 161 kV
* New Line 345 kV
Rebuild Line 69 kV
~— Rebuild Line 115 kV
® Rebuild Line 138 kV
£ * Rebuild Line 161 kV

._l } 7 Re ild Line 345 kV
]——F‘]‘g ebuild W

: ¥ \ -.
e/ .

Figure 4.11: Short-Circuit Needs

4.3 PUBLIC POLICY NEEDS

Policy needs were analyzed based on the curtailment of renewable energy such that an energy-based
renewable portfolio standard is not able to be met. Each zone with an energy mandate or goal was analyzed
on a utility-by-state level for renewable curtailments to determine if they met their mandate or goal. Policy
needs are the result of an inability to dispatch renewable generation due to congestion, and any utility-by-
state not meeting its renewable mandate or goal.

All utilities met their overall renewable mandates and goals, thus no policy needs were identified.
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4.4 PERSISTENT OPERATIONAL NEEDS

44.1 ECONOMIC OPERATIONAL NEEDS

The economic operational needs identified for the 2020 ITP assessment in Table 4.6 through Table 4.8
were posted for informational purposes only.

Congestion
Constraint Monitored Element Contingent Element Cost
TMP421_24095 XF Cimarron 345/138 kV XF Cimarron 345/138 kV $52,090,959
FRAMIDCANCED LN Midwest-Franklin 138 kV LN Cedar Lane-Canadian 138 kV $42,896,115
CHAWATCHAPAT . LN Charlie Creek-Patent Gate 345
TMP269 23661 LN Charlie Creek-Watford 230 kV Y $24,968,600
SMOSUMMULCIR LN Smoky Hills-Summit 230 kV LN Great Bend-Circle 230 kV $21,897,392
SCOVICSTESTG . .
TMP127 23359 LN Scottsbluff-Victory Hill 115 kV XF Stegall 345/230 kV $18,063,559
TMP159 24149 LN Russett-South Brown 138 kV LN Little City-Brown Tap 138 kV $11,522,032

Table 4.6: Economic Operational Needs

The constraints in Table 4.7 had associated future upgrades which are expected to reduce some or all
congestion associated with the constraint.

Congestion
Constraint Monitored Element Contingent Element Cost
TMP142_25323 LN Waverly-La Cygne LN Caney River-Neosho  $80,306,731 2019 ITP approved
TMP39 23235 345 kV 345 kv Wolf Creek-

Blackberry 345 kV

TMP270 23432 Cleveland 138 kV GRDA- LN Cleveland-Tulsa $53,229,005 ITP approved
AECI Bus Tie North 345 kV Sooner-Wekiwa
345 kV
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Congestion
Cost

GGS

TMP109_22593

NEORIVNEOBLC

TMP226_24352

TEMP89_22229

WICXF2WICXF1

TEMP72_22893

LN Gentleman-Red
Willow 345 kV

LN Gentleman-
Sweetwater 345 kV
circuit 1

LN Gentleman-
Sweetwater 345 kV
circuit 2

LN Gentleman-North
Platte 230 kV circuit 1
LN Gentleman-North
Platte 230 kV circuit 2
LN Gentleman-North
Platte 230 kV circuit 3
LN Stonewall-Tupelo
138 kV

LN Neosho-Riverton 161
kv

LN Mathewson-
Northwest 345 kV

LN Anadarko-Gracemont
138 kV

XF Wichita 345/138 kV
circuit 2

LN Wolf Creek-Waverly
345 kV

System Intact

LN Seminole-Pittsburg
345 kV

LN Neosho-Blackberry
345 kV

LN Mathewson-
Cimarron 345 kV

LN Washita-
Southwestern 138 kV

XF Wichita 345/138 kV
circuit 1

XF Wolf Creek 345/69 kV

$34,002,078

$31,746,284

$18,063,262

$14,806,741

$14,786,648

$13,212,822

$11,353,483

NTC for
Gentleman-
Cherry Co.-Holt
345 kV (2012
ITP10)

NTC for Tupelo
138 kV terminal
upgrades (July
2021, 2017 ITP10)
Neosho-Riverton
161kV rebuild
(October 2023,
ATSS SPP-2019-
AG1-AFS-2)

2019 ITP approved
terminal upgrades

2019 ITP approved
Anadarko-
Gracemont 138 kV
circuit 1 Rebuild
2014 ITP Near-
Term, Viola-
Sumner County
138 kV

2019 ITP approved
Wolf Creek-
Blackberry 345 kV

Table 4.7: Economic Operational Needs
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The constraints in Table 4.8 had associated upgrades in place which have reduced or eliminated loading of
the associated constraint.

Monitored Contingent Congestion
Constraint Element Element Cost Notes
SUNAMOTOLYOA LN Sundown- LN Tolk-Yoakum $28,915,221  Terminal equipment
Amoco 230 kV 230 kV upgrades (2016 ITPNT), has
not loaded since ratings
update on 12/19/19
VINHAYPOSKNO LN Vine Tap-North LN Postrock-Knoll $15,194,807 Parallel Postrock-Knoll 230
Hays 115 kV 230 kV kV (2017 ITP10), has not
loaded since completion of
project Q4 2018
TMP151_23193 LN Oakland North- LN Asbury-Purcell $13,426,140 Upgrade (Non-Public)
Atlas Junction 161 161 kV
kV

Table 4.8: Economic Operational Needs

4.4.2 RELIABILITY OPERATIONAL NEEDS

There were no reliability operational needs identified during the 2020 ITP assessment.

4.5 NEED OVERLAP

Relationships identified among the various need types aid in development of the most valuable regional
solutions. SPP staff identified relationships among the economic needs to both the base reliability needs
and informational economic operational needs.
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2020 ITP
Economic/BR
Needs Overlap

Southwest
Power Pool

Figure 4.12: Base Reliability and Economic Need Overlap

Overlapping Reliability and Economic Needs
Cleveland AECI-Cleveland GRDA 138 kV for the loss of Cleveland-Tulsa North 345 kV

Watford 230/115 kV transformer 1 for the loss of Watford 230/115 kV transformer 2
Webb City Tap-Osage 138 kV for the loss of Sooner-Cleveland 345 kV
GRDA 345/161 kV transformer 1 for the loss of GRDA 345/161 kV transformer 2

Table 4.9: Overlapping Reliability and Economic Needs

Overlapping Informational Operational and Economic Needs
Cimarron 345/138 kV transformer 1 for the loss of Cimarron 345/138 kV transformer 2

Scotts Bluff-Victory Hill 115 kV for the loss of Stegall 345/230 kV transformer
Russett-South Brown 138 kV for the loss of Little City-Brown Tap 138 kV
Neosho-Riverton 161 kV for the loss of Blackberry-Neosho 345 kV
Cleveland AECI-Cleveland GRDA 138 kV for the loss of Cleveland-Tulsa North 345 kV

Table 4.10: Overlapping Informational Operational and Economic Needs

4.6 ADDITIONAL ASSESSMENTS

Additional assessments were performed to satisfy SPP tariff requirements involving parts of the
transmission system that were not included in the approved model sets.
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4.6.1 GRIDLIANCE HIGH PLAINS

GridLiance High Plains (GLHP) performed its local planning process assessment in 2019 and identified two
new transmission upgrades required to meet local planning process needs. To satisfy its own NERC and
tariff requirements, GLHP requested SPP to exercise the requirements under FAC-002 and Attachment O,
Section II.1(e), of the tariff to perform a no-harm analysis on the proposed upgrades and coordinate the
upgrades with the potential solutions of the 2020 ITP assessment.

An analysis was performed to satisfy these obligations by determining the impact of including the proposed
local planning process upgrades in the 2020 ITP base reliability and market powerflow model sets. After
performing the no-harm study on the projects, two overload violations were identified as resultant of one
the GLHP local planning projects. GridLiance then identified discrepancies between SPP’s models and their
internal models which had higher MVA capacity on the violated lines. The project in question was
resubmitted with additional rating corrections and no further violations were discovered. Therefore, no
new transmission needs or violations were identified on the existing system due to the proposed local
planning process upgrades.

Cost Est. Proposed
Upgrades (millions) Location ISD
Goodwell-Red Devil 115 kV line, Red Devil substation 16 Oklahoma 2023
expansion, and Goodwell-Y-Road115 kV terminal equipment Panhandle
Winfield Tie 69 kV new substation,14.4 MVAR capacitor 8 Southern 2022
bank Kansas

Table 4.11: Upgrades identified in GridLiance local planning assessment in 2019
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5 SOLUTION DEVELOPMENT AND
EVALUATION

Solutions were evaluated in each applicable scenario and modeled to determine their effectiveness in
mitigating the needs identified in the needs assessment. The project solutions assessed included the
Federal Energy Regulatory Commission (FERC) Order 1000 and Order 890 solutions submitted by
stakeholders, SPP staff, projects submitted in previous planning studies, and model adjustments/
corrections. MISO staff also provided a subset of solutions identified in the MTEP20 for evaluation in SPP
models. SPP staff analyzed 1,577 Detailed Project Proposals (DPP) solutions received from stakeholders
and approximately 626 SPP staff solutions (including those provided by MISO as well as additional
solutions developed during portfolio development). SPP staff members developed a standardized
conceptual cost template to calculate a conceptual cost estimate for each project to utilize during screening.

5.1 RELIABILITY PROJECT SCREENING

Solutions were tested in each powerflow model to determine their ability to mitigate reliability criteria
violations in the study horizon. To be considered effective, a solution must have been able to address the
needs such that the identified facilities were within acceptable limits defined in the SPP Criteria and
members’ more stringent local planning criteria. Figure 5.1 illustrates the reliability project screening
process.

Reliability metrics developed by SPP staff and stakeholders and approved by the TWG were calculated for
each project and used as a tool to aid in developing a portfolio of projects to address all reliability needs.
The first metric is cost per loading relief (CLR) score, which relates the amount of thermal loading relief a
solution provides to its engineering and construction (E&C) cost. The second metric is cost per voltage
relief (CVR) score, which relates the amount of voltage support a solution provides to its E&C cost.
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Process DPPs and
develop SPP staff
solutions

Test all solutions
against all needs

Assign cost to
each project

CLR/CVR for each
solution/need
combination

Figure 5.1: Reliability Screening Process

5.2 ECONOMIC PROJECT SCREENING

All solutions were evaluated for their economic performance to determine their effectiveness in mitigating
transmission congestion in the study horizon. A one-year benefit-to-cost (B/C) ratio and a 40-year net
present value (NPV) B/C ratio were calculated for each project based on its projected APC savings in each
future and study year.

The annual change in APC for all SPP pricing zones is considered the one-year benefit to the SPP region for
each study year. The one-year benefit is divided by the one-year cost of the project to develop a B/C ratio
for each project. The one-year cost, or projected annual transmission revenue requirement (ATRR), is
calculated using a historical SPP average net plant carrying charge (NPCC) multiplied by the project
conceptual cost. The NPCC used for this assessment was 16.38 percent. The 40-year project cost is
calculated using this NPCC, an eight percent discount rate and a 2.5 percent inflation rate.

The correlation of congestion in different areas of the system was identified and accounted for during the
economic screening process. Where appropriate, this included adding new flowgates to screening
simulations to ensure potential congestion created by projects would be captured, as well as pairing certain
projects to ensure correlated congestion would be resolved by a more comprehensive solution set. These
adjustments ensure the projected benefits of projects are not over- or under-stated.
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5.3 SHORT-CIRCUIT PROJECT SCREENING

Solutions submitted to address overdutied breakers were reviewed to ensure the updated breaker ratings
submitted were greater than the maximum available fault current identified in the short-circuit needs
assessment.

5.4 PUBLIC POLICY PROJECT SCREENING

No public policy needs were identified in the 2020 ITP; therefore, no projects were analyzed during the
public policy project screening.

5.5 PERSISTENT OPERATIONAL PROJECT SCREENING

In October 2019, the MOPC approved a waiver of the requirement to evaluate solutions against the
economic operational needs associated with flowgates in the 2020 ITP assessment due to identified
software limitations. Due to this approved waiver, no projects were analyzed during persistent operational
project screening.
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6 PORTFOLIO DEVELOPMENT

6.1 PORTFOLIO DEVELOPMENT PROCESS

Figure 6.1 shows a high-level overview of the portfolio development process. The process starts with the
utilization of project metric results in project grouping and continues through the development of a
consolidated portfolio that comprehensively addresses the system’s needs.

Project Selection + Grouping

Economic
Grouping F1

Rel@bility
Grouping Fi

Retability/
Economic
Portiolio F1

Operatonal
Ponfolio

Refiability/
Economic
Portfolio F2

+| sl O

e -

Final Consolidation

Optimization

o Optimization with consideration of potential altematives

’ Individual project review induding assessment of unmet needs, while ensuring must-fix needs are addressed

Figure 6.1: Portfolio Development Process

6.2 PROJECT SELECTION AND GROUPING

Once all solutions were screened, draft groupings were developed in parallel to address the different need
types across the system. SPP used Study Estimates and stakeholder feedback from regularly-scheduled
working group meetings, the July 2020 SPP transmission planning summit, and SPP’s Request Management

System.

6.2.1 STUDY ESTIMATES

Solutions that performed well using the screening assessments described in section 5, Solution
Development and Evaluation were sent out for the development of Study Estimates (final project cost
within £30 percent). In cases where the cost estimate was not received before the July 2020 SPP
transmission planning summit, conceptual cost estimates were utilized. Individual project upgrades with
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the potential to be deemed competitive were sent to a third-party cost estimator. Remaining project
upgrades were sent to the incumbent transmission owner(s). Once the study estimates were received, that
cost was used for the remainder of the portfolio development process.

6.2.2 RELIABILITY GROUPING

A programmatic method was used to compare the metric results for the extensive number of solutions to
be evaluated. Using this solution selection software, a subset of solutions was generated by considering the
metrics described in section 5.1. During this process, SPP staff applied engineering judgment to develop a
draft list of selected and high-performing alternate solutions. This analysis was performed for each of the

base reliability, Future 1, and Future 2 reliability needs.

The list of reliability solutions was continually refined through stakeholder feedback. Figure 6.2 below
shows the final reliability grouping selected to address the valid list of reliability needs in the 2020 ITP.

Grady 138 kV capacitor bank
South Shreveport-Wallace Lake 138 kV rebuild

Cushing Tap-Shell Cushing Tap-Shell Pipeline 69 kV rebuild

S3456-S3458 345 kV terminal equipment
Allen-Lubbock South 115 kV rebuild
Allen-Quaker 115 kV rebuild

Bushland-Deaf Smith 230 kV terminal equipment
Carlisle-Murphy 115 kV rebuild

Deaf Smith-Plant X 230 kV terminal equipment
Deaf Smith #6-Friona 115 kV rebuild

Deaf Smith #6-Hereford 115 kV rebuild

Eddy County-North Loving 345 kV new line

Jones-Lubbock South 230 kV terminal equipment circuit 1

Jones-Lubbock South 230 kV terminal equipment circuit 2

Lubbock South-Wolfforth 230 kV terminal equipment and
clearance increase

Maljamar 115 kV capacitor bank

Newhart-Plant X 230 kV terminal equipment
Newhart-Potter County 230 kV terminal equipment
Replace Roswell 115/69 kV transformer #1

¥ This is the earliest season.
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AEPW
AEPW
OKGE
OPPD
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS

SPS

SPS
SPS
SPS
SPS

$688,781
$23,622,577
$5,362,799
$678,865
$6,817,226
$4,732,267
$923,938
$4,746,175
$2,100,196
$12,626,190
$6,660,556
$64,422,600
$666,728
$397,668

$872,391

$685,440
$2,024,293

$731,282
$2,777,743

225/ BR
255 /BR
255 /BR
30S/BR
22S /BR
225/ BR
22L/BR
225/ BR
22L/BR
22L/BR
22L/BR
30S/BR
30S/BR
30S/BR

22S /BR

30S/F1
22L/BR
22L/BR
22S / BR
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Russell 115 kV capacitor bank SUNC $2,841,951 22S / F1,F2
Nixa-Nixa Espy 69 kV terminal equipment SWPA $91,147 255/ BR

Agate 115 kV reactor WAPA $571,200 22L/ F1,F2
Bismarck 115 kV reactors WAPA $2,380,700 22L / BR,F2
Devil's Lake 115 kV reactor WAPA $1,190,000 22L / F1,F2
Moorehead 230 kV reactor WAPA $1,515,440 22S / F1,F2

Richmond 115 kV substation, Richmond 115/69 kV
transformer, Richmond-Aberdeen 115 kV line
Watford 230/115 kV transformer circuit 1 terminal equipment,

WAPA $11,394,000 22L /BR

circuit 2 replacement A $3,562,780 2Ly B
Circleville-Goff 115 kV circuit 1 rebuild WERE $12,114,772 25S/BR
Goff-Kelly 115 kV rebuild WERE $7,108,395 25S /BR
Meadowlark-Tower 33 115 kV rebuild WERE $1,342,588 30S/BR

Table 6.1: Reliability Project Grouping

2020 ITP

Solutions
Final Reliability Portfolio
(Excluding SC)

A Reactive Device
+ Transformer

!

Figure 6.2: Reliability Project Grouping
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6.2.3 SHORT-CIRCUIT GROUPING

The solutions submitted to address overdutied breakers identified in the short-circuit needs assessment
were grouped together as a set of solutions to address the short-circuit needs. No testing was required for
these solutions because the submitted breaker upgrades only need to be rated higher than the maximum
fault current identified in the needs assessment. Table 6.2 summarizes the final short-circuit grouping,
while Figure 6.3 shows the approximate location of identified projects within the SPP footprint.

Reliability Project Area Cost Scenario
Replace three breakers at Northeast 161 kV KCPL $887,479 22S /BR
Replace one breaker at Stilwell 161 kV KCPL $566,485 22S /BR
Replace one breaker at Leeds 161 kV KCPL $566,485 22S / BR
Replace one breaker at Shawnee Mission 161 kV KCPL $566,485 22S /BR
Replace one breaker at Southtown 161 kV KCPL $566,485 22S /BR
Replace two breakers at Lake Road 161 kV KCPL $1,132,970 22S / BR
Replace two breakers at Craig 161 kV KCPL $1,132,970 22S /BR
Replace four breakers at Anadarko 138 kV WEFEC $850,000 22S /BR

Table 6.2: Short-Circuit Project Grouping

2020 ITP
Solutions
Short Circuit

Substation
Terminal Equipmant

= 1 New Line 63 kv

y === New Line 115 kV

=% Now Lina 138 kY

= 1 New Line 161 kV

= 1 New Line 345 kv

= Rebulld Line 69 kv

= Rebuild Line 115 kV
Rebulld Line 138 kV
Rabuild Line 161 kV

== Rebuild Line 345 kV
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6.2.4 ECONOMIC GROUPING

All projects with a one-year B/C ratio of at least 0.5 or a 40-year NPV B/C ratio of at least 1.0 during the
project screening phase were further evaluated while developing project groupings. Projects were
evaluated and grouped based on one-year project cost, one-year APC benefit, 40-year project cost, 40-year
NPV B/C ratio, and congestion relief for the economic needs.

Three economic project groupings were developed for each future, resulting in six total groupings:

1. Cost-Effective (CE): Projects with the lowest cost per congestion cost relief for a single economic
need

2. Highest Net APC Benefit (HN): Projects with the highest APC benefit minus project cost, with
consideration of overlap if multiple projects mitigate congestion on the same economic needs

3. Multi-variable (MV): Projects selected using data from the two other groupings; including the
flexibility to use additional considerations

The following factors were considered when developing and analyzing project groupings per future:

One-year project cost, APC benefit, and B/C ratio

40-year NPV cost, APC benefit, and the B/C ratio

Congestion relief a project provides for the economic needs of that future and year

Project overlap, or when two or more projects that relieve the same congestion are in a single
portfolio

Potential for a project to mitigate multiple economic needs

Any potential routing or environmental concerns with projects

Any long-term concerns about the viability of projects

Seams and non-seams project overlap

Relief of downstream and/or upstream issues, tested by event file modification

Potential for a project to mitigate reliability, operational or public policy needs, which covers
current market congestion

Potential for a project to address non-thermal issues

e Need for new infrastructure versus leveraging existing infrastructure

e Larger-scale solutions that provide more robustness and additional qualitative benefits

Table 6.3 identifies a comprehensive list of economic projects included in the four initial groupings. Some
projects appeared in multiple groupings.

F1 ]
Project Description CE HN CE HN
Fort Peck 230/115 kV transformer replacement X X
Watford 230/115 kV transformer circuit 1 terminal equipment and circuit 2 X X
replacement
Lyon 345/115 kV transformer replacement X X

Blue River-Parklane 138 kV terminal equipment - -
Russett-South Brown 138 kV rebuild

Kelly 161/115 kV terminal equipment

Butler-Tioga 138 kV new line; wreck-out Butler-Altoona 138 kV

X X X X X X X
X X X X X X X

xX X X
X X X
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F1 F2
Project Description CE HN CE HN

Airport 115/69 kV substation and transformer, Airport-Sioux City 115 kV new line - - X X

Anadarko-Southwest Station 138 kV terminal equipment
GRDA 1 345/161 kV circuit 1 and circuit 2 terminal equipment
Ogallala-Ogallala 115 kV terminal equipment

Hugo-Valliant 138 kV terminal equipment

Atwood-Colby 115 kV terminal equipment, Hoxie-Beach-Redline 115 kV terminal
equipment

X X X X X
X X X X X
>
>

Columbus East 230/115 kV transformer replacement
Sioux City-Twin Church 230 kV terminal equipment

< X X

Franks-South Crocker-Lebanon 161 kV terminal equipment

Pleasant Valley 345/138 kV station, Pleasant Valley-Minco 345 kV new line -

Cimarron South 345/138 kV station, Cimarron South-Minco 345 kV new line, Quail
Creek-Skyline 138 kV rebuild, re-terminate nearby 345 and 138 kV lines into new X - X -
station

Oahe-Sully Buttes-Whitlock-Glenham 230 kV terminal equipment X X X X
Dover Switch-Okeene 138 kV and Aspen-Mooreland-Pic 138 kV terminal upgrades =~ X X X X
Victory Hill-Scottsbluff 115 kV and Alliance-Snake Creek 115 kV rebuild X = = =

Second Stegall 345/230 kV transformer, Stegall-Stegall 230 kV new line, Alliance-
Snake Creek 115 kV rebuild

Tecumseh Hill-Stull-Mockingbird 115 kV rebuild X X X X

Table 6.3: Economic Project Grouping

X X X X

6.2.4.1 Project Subtraction Evaluation

Draft groupings were developed using project screening results, which tests projects by incrementally
adding changes to the base market economic models. When assessing a group of economic solutions, it is
necessary to re-evaluate project performance within the grouping to ensure the projected APC benefit of
each project in the grouping remains supportive of the required B/C ratio thresholds. “Subtraction
evaluation” is used to identify when multiple projects can provide congestion relief to a constraint or
projects that are dependent on each other to relieve overall system congestion. New sets of “base cases”
were created by adding the solutions included in each grouping along with relevant model adjustments,
corrections, and market powerflow model projects required to meet the future’s needs. All economic
projects were then removed from the models individually to determine each project’s APC impact
compared to the new base case. Projects that did not meet a 1.0 B/C ratio from the subtraction evaluation
were removed from the grouping. This subtraction evaluation was repeated for each grouping until all
remaining projects maintained a minimum B/C ratio of 1.0 over 40 years.

6.2.4.2 Final Economic Groupings

The selected grouping for each future was the grouping that provided the highest net benefit to the SPP
region when comparing APC savings to the cost of the projects. The cost-effective grouping was selected for
Future 1, while the highest net grouping was selected for Future 2. Table 6.4 shows the final list of projects
included in each grouping.
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| F2
Description CE HN CE HN

Arbuckle-Blue River 138 kV terminal equipment - - X -

Fort Peck 230/115 kV transformer replacement -

X X

Watford 230/115 kV transformer circuit 1 terminal equipment, circuit 2 replacement X
Blue River-Parklane 138 kV terminal equipment - -
Anadarko-Gracemont 138 kV rebuild as double-circuit
Russett-South Brown 138 kV rebuild

Kelly 161/115 kV terminal equipment - -

< X
X X

Butler-Tioga 138 kV new line; wreck-out Butler-Altoona 138 kV X
GRDA 1 345/161 kV circuit 1 & circuit 2 terminal equipment X
Hugo-Valliant 138 kV terminal equipment - -

x X

X

Columbus East 230/115 kV transformer replacement -
Split Rock 345/115 kV circuit 10 and 11 terminal equipment - -
Franks-South Crocker-Lebanon 161 kV terminal equipment X

Tap Woodward-Border 345 kV, Chisholm-Tap 345 kV new line X X
Oahe-Sully Buttes-Whitlock 230 kV terminal equipment - - - X
Oahe-Sully Buttes-Whitlock-Glenham-Campbell 230 kV terminal equipment -

X X X X X X X X X X
>

x X
1

X X

Dover Switch-Okeene 138 kV and Aspen-Mooreland-Pic 138 kV terminal upgrades X
Cimarron 345/138 kV circuit 3 Transformer, Cimarron-Czech Hall 138 kV terminal X -
equipment, Cimarron-Draper 345 kV terminal equipment

Pleasant Valley 345/138 kV Station, Minco-Pleasant Valley-Draper 345 kV new line, - X - X
Franklin-Midwest 138 kV terminal equipment, Cimarron-Draper 345 kV terminal

equipment and Pleasant Valley cut-in

Anadarko-Gracemont 138 kV rebuild; Anadarko-Southwest Station 138 kV terminal - - - X
equipment

Table 6.4: Final Economic Project Grouping

Figure 6.4 and Figure 6.5 show the approximate location of identified projects within the SPP footprint.
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Figure .4: Final Project Groupings-Future 1-Highest Net
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Table 6.5 shows a summary of benefits, costs, net APC benefit, and B/C ratios. Based on the net APC
benefits detailed below, the grouping with the highest net APC benefit in each future was selected as the
future’s final portfolio.

40-Year 40-Year

Y5 Y10 40-Year NPV Net
Benefit Benefit Benefit Cost Benefit Y5 40-Year Selected
Grouping ($M) ($M) ($M) ($M) ($M) B/C Portfolio
$55.7 $82.6 $1,528 $352.3 $1,176 1.50 2.22 434
$63.4 $97.8 $1,821 $514.7 $1,306 1.17 1.80 3.54 X
$60.7 $106.2 $2,012 $316.1 $1,696 1.82 3.19 6.36
$83.5 $131.8 $2,462 $474.3 $1,987 1.67 2.64 5.19 X

Table 6.5: Final Groupings-Benefit Cost, Net Benefits, and B/C Ratios

Figure 6.6 shows a 40-year B/C comparison of all the final groupings.2°

$3,000
$2.46B
$2,500 —
2.01B
$2,000 $1.82B $—
[ ]
¢ $1.53B
:=% $1,500 —
=
$1,000 $789M $609M
$626M

$500 $293M I I lw
9.7M
o L] .

SC REL + SC  F1CE F1 HN F1 MV F2 CE F2 HN F2 MV
SC Costs B REL Costs B Economic Costs — Total Benefit

o

Figure 6.6: Final Groupings-Benefits and Costs Comparison

6.2.5 MISO RDT TARGET AREA

In order to mitigate impacts to the SPP transmission system due to transfers between the MISO Midwest
and MISO South regions, a number of projects were considered. The flowgate that showed the greatest
potential benefit to both MISO and SPP was the Raun-Tekamah 161 kV. Three of the foremost projects

20 The 40-year costs represented in this figure are based upon the final net plant carrying charge.
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during the analysis period were a new Raun-Council Bluffs 345 kV line, a new Raun-S3452 345 kV line, and
anew Raun-S3451 345 kV line. These projects would create a strong corridor to alleviate constraints on
the Raun-Tekamah flowgate. Figure 6.7 shows the approximate locations of identified projects.

Twin Church

Rattlesnake
Cree d

Stanton West

Norfolk Bancroft

2020 ITP astroln Oakland
Solutions

Schuyler

Columbus East

12801278 1244
1366

Figure 6.7: Potential SPP-MISO CSP Solutions

For a summary of SPP project cost, MISO and SPP benefits, and interregional cost sharing, see the
information presented at the September 25, 2020 MISO-SPP IPSAC net conference.?!

Due to differing methodologies between MISO and SPP when calculating benefits and project costs, the two
RTOs decided not to pursue any projects in this area as part of the 2020 ITP. SPP is further investigating the
differences in cost estimation, but did not have the time remaining in the schedule to address these
differences in the 2020 ITP. These projects will continue to be investigated in future studies.

6.2.6 SPS-NEW MEXICO TIES INTERFACE

It was understood by SPP staff and communicated to stakeholders that the SPSNMTIES Interface would
require a comprehensive solution to increase import capability into eastern New Mexico and sufficiently
address system low voltage and voltage stability limits to support increased transfers of economic energy.
Additional portfolio development considerations should also be given to the significant 702 MW combined

21 CSP results for Raun-Council Bluffs and Raun-S3451 were presented at 09/25/2020 MISO-SPP IPSAC Net Conference
(https://www.spp.org/Documents/63046/SPP-MISO%20IPSAC%20Meeting%20Materials%2020200925.zip)
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cycle conventional resource plan unit and associated generator outlet facility?2 assumed in the eastern
New Mexico area.

The transmission solutions screened included numerous combinations of existing reactive setting and
configuration adjustments, new static and dynamic reactive devices, and additional HV and EHV facilities
extending beyond the Eastern New Mexico area. Reliability project screening on AC power transfer models,
results from the New Mexico Ties Interface Guidelines, and the study scope were used to identify top
ranked solutions needing further review. Preliminary ranking results produced high-cost projects ranging
from greater than $100 million to greater than $700 million to address system criteria violations for seven
incremental transfer levels tested and resulting new interface ratings. Before further review of these
preliminary results and additional solution evaluation, a relaxation run was performed on the SPSNMTIES
interface by removing the constraint to determine potential APC Savings benefit and potential minimum
project cost that would result in a 40-year NPV B/C ratio of at least 1.0.

Y5 Benefit | Y10 Benefit 40-Year Project Cost
($M) ($M) Benefit (M) | 40-Year B/C ($M)
F1 $57.6 $82.7 $1,317 1.00 $749.0
F2 $188.0 $120.9 $1,481 1.00 $842.7

Table 6.6: Potential APC Savings Benefit and Project Cost (52025 Dollars)

The potential APC savings indicated that the high cost projects identified in the preliminary ranking results
may prove to be economically justified and support further solution evaluation efforts. However, given ITP
schedule, resource constraints and the complex nature of the solution evaluation needed by SPP staff and
stakeholders to address the interface congestion, it was determined to delay any action on the congested
interface to future ITP cycles and focus efforts on resolving the base reliability and market powerflow
model reliability needs in eastern New Mexico.

Ultimately, no firm project selection was made for the economic issues.

6.3 OPTIMIZATION

The projects included in the reliability groupings were selected based on their ability to be cost-effective,
maintain reliability, and meet the system’s compliance needs. The economic projects were selected for
their ability to provide ratepayer benefits from lower-cost energy by mitigating system congestion and
improving markets for both buyers and sellers. The project groupings discussed previously were
developed based on criteria specific to their need and model type. Reliability groupings specific to each
future were evaluated to determine their impact on each economic grouping. Once those comprehensive
future specific portfolios were developed, the impact of the base reliability portfolio was assessed.

22 The generator outlet facility identified for the 702 MW combined cycle conventional resource plan unit sited at the
Sidewinder site can be found in Table 2.4. Both resource plan unit and generator outlet facility have load serving and
economic energy delivery qualities and would be part of a comprehensive solution unless a transmission only solution
proved overwhelmingly cost-beneficial without the combined cycle conventional resource plan unit assumed in the
Eastern New Mexico Area.
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One project, the upgrades of both Watford 230/115 kV transformers, was identified in both the reliability
and economic portfolios. Additional economic project subtraction analysis performed to determine the
impact of the base reliability portfolio identified the removal of the Fort Peck 230/115 kV transformer
replacement from the Future 1 portfolio. No impact to the reliability portfolio was identified.

6.4 PORTFOLIO CONSOLIDATION

Stakeholders determined the two futures assessed in the 2020 ITP would be treated equally to determine
the consolidated portfolio. When determining whether projects should move forward into the consolidated
portfolio, three scenarios could occur:

1. The same project was identified in each future,
2. Two projects were competing against each other, or
3. Asingle project was identified in only one future.

If the same project was identified in both futures, that project would move forward into the consolidated
portfolio. For the remaining scenarios, an independent method was necessary to assess each project and
determine which, or if, those projects should move forward in the process.

To evaluate these scenarios, SPP and its stakeholders developed a comprehensive scoring rubric
considering both quantitative and qualitative metrics. Quantitative metrics included APC and the
percentage of congestion relieved. Qualitative metrics included giving credit to projects able to address
operational congestion or non-thermal issues. Table 6.7 details the scoring rubric as well as some of the
minimum criteria projects had to meet to receive points. SPP staff and stakeholders agreed that although
this scoring methodology is a good way to measure a project’s effectiveness, it should not be the only input
to project selection. Stakeholders and SPP staff agreed a project narrative might be necessary when a
preferred project is recommended against the results of the consolidation process.

All short-circuit and reliability projects were included in the consolidated portfolio; therefore,
consolidation considerations in this assessment applied to economic projects only. A detailed description of
the consolidation methodology and scoring rubric can be found in the 2020 ITP Scope.

Possible | Project

No. | Consideration Points Score
40-year (1-year) APC B/C ratio in selected future 1.0 (0.9)

1 40-year (1-year) APC B/C ratio in opposite future 50 0.8 (0.7)
40-year (1-year) APC net benefit in selected future ($M) N/A
40-year (1-year) APC net benefit in opposite future ($M) N/A
Congestion relieved in selected future (by need(s), all years) 10 N/A
Congestion relieved in opposite future (by need(s), all years) 10 N/A
Operational congestion costs or reconfiguration ($M/year or

3 10 >0
hours/year)

4 New EHV 7.5 Y/N

5 Mitigate non-thermal issues 7.5 Y/N

6 Long-term viability (e.g., 2013 ITP20) or improved Auction Revenue 5 Y/N
Right (ARR) feasibility

Total Points Possible: 100

Table 6.7: Consolidated Portfolio Scoring Consolidation Scenario One
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Six economic projects were included in both the Future 1 and Future 2 final portfolios; they were also
included in the consolidated portfolio. These projects are:

Russett-South Brown 138 kV rebuild

Butler-Tioga 138 kV new line; wreck-out Butler-Altoona 138 kV

Franks-South Crocker-Lebanon 161 kV terminal equipment

Tap Woodward-Border 345 kV, Chisholm-Tap 345 kV new line

Dover Switch-Okeene 138 kV and Aspen-Mooreland-Pic 138 kV terminal equipment

Pleasant Valley 345/138 kV Station, Minco-Pleasant Valley-Draper 345 kV new line, Franklin-
Midwest 138 kV terminal equipment, Cimarron-Draper 345 kV terminal equipment and Pleasant
Valley cut-in

6.4.1 CONSOLIDATION SCENARIO TWO

Consolidation scenario two occurred when a different project was identified to solve the same or similar
economic needs in each future. When this scenario occurred, it was clear a project was needed to address
congestion in the models, but the consolidation methodology would be used to identify the better project.
For this scenario, the scoring rubric identified in Table 6.7 was used to score the projects and determine
which project should move forward into the consolidated portfolio.

In the 2020 ITP, two instances of scenario two occurred. These instances and their scoring are detailed in
Table 6.8 and Table 6.9. Winning projects based on the consolidation scoring are shown in bold.

Driving APC Congestion | Operational Non-
Future | Benefit Relieved Congestion Thermal

Oahe-Sully Buttes-
Whitlock-Glenham-
Campbell 230 kV
terminal equipment
Oahe-Sully Buttes-
Whitlock 230 kV 2 50 20 0 0 0 0 70
terminal equipment

Table 6.8: Consolidation Scenario Two Scoring

Driving APC Congestion | Operational
Future | Benefit Relieved Congestion Thermal

Anadarko-Gracemont
138 kV rebuild as 1 46.2 20 10 0 0 0 76.2
double-circuit
Anadarko-
Gracemont rebuild,
Anadarko-
Southwest Station
terminal equipment
138 kV

2 50 17.9 10 0 0 0 77.9

Table 6.9: Consolidation Scenario Two Scoring

Although the Gracemont-Anadarko rebuild and Southwest Station-Anadarko terminal equipment scored
higher, SPP staff reccommended moving forward with the Gracemont-Anadarko double-circuit instead of
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the rebuild recommended by the scoring. The single circuit rebuild of Anadarko-Gracemont did not fully
resolve the congestion in the area (hence the 17.9 vs. 20 score for that consideration), and SPP staff
concluded that congestion in the area will continue to increase. The double circuit resolves the congestion
fully, while also provides an additional path from the 345 kV hub at Gracemont. For these reasons, SPP staff
recommended the double circuit instead.

6.4.2 CONSOLIDATION SCENARIO THREE

Consolidation scenario three occurred when a project was identified in only one of the two final future
portfolios. When this situation occurred, the question remained whether a project driven by a single future
should ultimately be recommended. For this scenario, the scoring rubric was used as a way to identify if a
project should be included in the consolidated portfolio by achieving a minimum score of 70 points.
Projects that did not meet the minimum scoring threshold but were recommended to be included have
additional qualitative information justifying their inclusion.

GRDA 345/161 kV Transformer

The GRDA 345/161 kV transformer replacement originated from the Future 1 portfolio. The project
performed well when compared to expected congestion in both futures, as well as resolved current
operational needs. Therefore, the transformer replacement was added to the final portfolio.

Possible | Project

Consideration Points Score
APC net benefit and B/C ratio in selected future
1 APC net benefit and B/C ratio in opposite future >0 >0
) Congestion relieved in selected future (by need(s), all years) 10 19.9
Congestion relieved in opposite future (by need(s), all years) 10
3 Operational congestion costs or reconfiguration ($M/yr or hrs/yr) 10 10
4 New EHV 7.5
5  Mitigate non-thermal issues 7.5
6  Long-term viability (e.g., 2013 ITP20) or improved ARR feasibility 5 0
Total Score (minimum 70 threshold) 79.9

Table 6.10: GRDA 345/161 kV transformer Consolidation Scoring
Columbus East 230/115 kV transformer

The Columbus East transformer replacement also originated from the Future 1 portfolio. This project did
well in both futures while also addressing current operational congestion, ultimately resulting in inclusion
in the final portfolio.

Possible | Project

Consideration Points Score

APC net benefit and B/C ratio in selected future 50 50
APC net benefit and B/C ratio in opposite future
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Possible | Project

No. Consideration Points Score
5 Congestion relieved in selected future (by need(s), all years) 10 20
Congestion relieved in opposite future (by need(s), all years) 10

3 Operational congestion costs or reconfiguration ($M/yr or hrs/yr) 10 9
4 New EHV 7.5 0
5  Mitigate non-thermal issues 7.5 0
6  Long-term viability (e.g., 2013 ITP20) or improved ARR feasibility 5 0

Total Score (minimum 70 threshold) 79

Table 6.11: Columbus East 230/115 kV transformer Consolidation Scoring
Lebanon-Franks-Crocker 161 kV terminal equipment

The Lebanon-Franks-Crocker 161 kV terminal equipment upgrade also originated from the Future 1
portfolio. This project did well in both futures, but did not address any current operational needs. It also
did not qualify for additional points via considerations 4 through 6. However, it did reach the minimum
threshold of 70 points, resulting in final portfolio inclusion.

Possible | Project

No. Consideration Points Score
APC net benefit and B/C ratio in selected future
1 APC net benefit and B/C ratio in opposite future >0 >0
5 Congestion relieved in selected future (by need(s), all years) 10 -
Congestion relieved in opposite future (by need(s), all years) 10
3 Operational congestion costs or reconfiguration ($M/yr or hrs/yr) 10 0
4 New EHV 7.5 0
5  Mitigate non-thermal issues 7.5 0
6  Long-term viability (e.g., 2013 ITP20) or improved ARR feasibility 5 0
Total Score (minimum 70 threshold) 70

Table 6.12: Lebanon-Franks-Crocker 161 kV terminal equipment Consolidation Scoring

Split Rock 345/115 kV Transformer

The Split Rock 345/115 kV transformer originated from the Future 2 portfolio. This project did well in both
futures. However, it did not qualify for any points from considerations 3 through 6 and did not reach the 70
point threshold. It did not resolve any operational congestion within the two-year span (6/1/2018-
6/1/2020) considered for consolidation. However, the Split Rock transformer began experiencing
congestion after that time period. Due to this fact, SPP staff chose to include that congestion in
consideration 3.

Possible | Project

Consideration Points Score
1 APC net benefit and B/C ratio in selected future 50 50
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Possible | Project

No. Consideration Points Score

APC net benefit and B/C ratio in opposite future

5 Congestion relieved in selected future (by need(s), all years) 10 19.9
Congestion relieved in opposite future (by need(s), all years) 10

3 Operational congestion costs or reconfiguration ($M/yr or hrs/yr) 10 0.1

4 New EHV 7.5

5  Mitigate non-thermal issues 7.5

6  Long-term viability (e.g., 2013 ITP20) or improved ARR feasibility 5 0

Total Score (minimum 70 threshold) 70

Table 6.13: Lebanon-Franks-Crocker 161 kV terminal equipment Consolidation Scoring

6.5 FINAL CONSOLIDATED PORTFOLIO

The consolidated portfolio includes the reliability projects addressing both steady state and short-circuit
needs, as well as the consolidated set of economic projects that met the consolidation criteria. The
consolidated portfolio totals $500.2M and is projected to create $1B to $2B in APC savings under Future 1
or Future 2 assumptions, respectively. Error! Reference source not found. lists the projects included in
the final consolidated portfolio along with their classifications and costs. Benefit data reported in this
section includes only APC savings.

Project Cost
Project Classification (20209%)

\CI:Iract:i(:r;I rZe.'-.::.(l);;I:“:rsnI‘::‘Ittransformer circuit 1 terminal equipment, Reliability $3,562,780
Circleville-Goff 115 kV circuit 1 rebuild Reliability $12,114,772
Goff-Kelly 115 kV rebuild Reliability $7,108,395
South Shreveport-Wallace Lake 138 kV rebuild Reliability $23,622,577
Grady 138 kV capacitor bank Reliability $688,781
Deaf Smith #6-Hereford 115 kV rebuild Reliability $6,660,556
Deaf Smith #6-Friona 115 kV rebuild Reliability $12,626,190
E;z:mg:g_'xbse:(t\jle:ib::ast:)‘;l,liI:::hmond 115/69 kV transformer, Reliability $11.394000
Cushing Tap-Shell Cushing Tap-Shell Pipeline 69 kV rebuild Reliability $5,362,799
Bushland-Deaf Smith 230 kV terminal equipment Reliability $923,938
Newhart-Potter County 230 kV terminal equipment Reliability $731,282
Carlisle-Murphy 115 kV rebuild Reliability $4,746,175
Replace Roswell 115/69 kV transformer Reliability $2,777,743
$3456-5S3458 345 kV terminal equipment Reliability $678,865
Meadowlark-Tower 33 115 kV rebuild Reliability $1,342,588
Jones-Lubbock South 230 kV terminal equipment circuit 1 Reliability $666,728
Jones-Lubbock South 230 kV terminal equipment circuit 2 Reliability $397,668
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Project Cost
Project Classification (2020%)
Deaf Smith-Plant X 230 kV terminal equipment Reliability $2,100,196
Newhart-Plant X 230 kV terminal equipment Reliability $2,024,293
:.:CI::::: South-Wolfforth 230 kV terminal equipment and clearance Reliability $872.391
Allen-Lubbock South 115 kV rebuild Reliability $6,817,226
Allen-Quaker 115 kV rebuild Reliability $4,732,267
Eddy County-North Loving 345 kV new line Reliability $64,422,600
Bismarck 115 kV reactors Reliability $2,380,700
Moorehead 230 kV reactor Reliability $1,515,440
Russell 115 kV capacitor bank Reliability $2,841,951
Maljamar 115 kV capacitor bank Reliability $685,440
Devil's Lake 115 kV reactor Reliability $1,190,000
Agate 115 kV reactor Reliability $571,200
Replace four breakers at Anadarko 138 kV Short Circuit $850,000
Replace three breakers at Northeast 161 kV Short Circuit $887,479
Replace one breaker at Stilwell 161 kV Short Circuit $566,485
Replace one breaker at Leeds 161 kV Short Circuit $566,485
Replace one breaker at Shawnee Mission 161 kV Short Circuit $566,485
Replace one breaker at Southtown 161 kV Short Circuit $566,485
Replace two breakers at Lake Road 161 kV Short Circuit $1,132,970
Replace two breakers at Craig 161 kV Short Circuit $1,132,970
Anadarko-Gracemont 138 kV rebuild as double-circuit Economic $8,297,502
Russett-South Brown 138 kV rebuild Economic $10,067,432
Butler-Tioga 138 kV new line; wreck-out Butler-Altoona 138 kV Economic $135,720,424
GRDA 1 345/161 kV circuit 1 and circuit 2 terminal equipment Economic $1,410,000
Columbus East 230/115 kV transformer replacement Economic $4,600,000
Franks-South Crocker-Lebanon 161 kV terminal equipment Economic $5,721,430
Tap Woodward-Border 345 kV, Chisholm-Tap 345 kV new line Economic $31,686,685
?e:\;:;:rv;;cl:-p?‘:(:::e 138 kV and Aspen-Mooreland-Pic 138 kV Economic $1.617.500
Pleasant Valley 345/138 kV Station, Minco-Pleasant Valley-Draper
45 kV new line, Franklin-Midw 138 kV terminal ipment, .

zir:arrone-Drapeer 3:5 kv tersin:Tteqi?pmet:t andaP:;:ait Saltley Economic $113,620,907
cut-in

Split Rock 345/115 kV circuit 10 & 11 terminal equipment Economic $4,577,336
Oahe-Sully Buttes-Whitlock 230 kV terminal equipment Economic $1,528,72223

Table 6.14: Final Consolidated Portfolio

23 Estimated cost does not include the entire cost for this project.
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Table 6.15 shows the Future 1 and Future 2 40-year B/C ratio and net benefit of the economic projects in
2020$ included in the consolidated portfolio using the same process described in the Section 6.2.4.1 for
project subtraction evaluation.
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Table 6.16 below shows the change in flowgate congestion scores due to the consolidated portfolio for the
economic needs targeted by the portfolio.

Consolidated Portfolio
Base Congestion Score Congestion Score
(k$/MWh) (k$/MWh)

Constraint

'c{:'es:ﬁfﬂft'?:tczhatg?;"s"&” KHOGme o 0 1% 277 497 | O 0 0 0 0
grsb/:\::z‘/; ::ct\ult czlrcmt 1 FLO GRDA | 30 | 48 | 16 | 19 | o . . , .
vt IR RN
eSO SO | s w0 0 0 0
Trompeon Lona s 345 | 0 B @ 4 mslo o o 0 0
:,Z:::;;,A;t:; :3138 KVFLO CaneyRiver- | 770 1187 1688 1574 1722| 0 0 0 0 0
Columbus taseshel Ceskaasky | 2 % % s m o o o 0 0
Watford 230/112 kV direuit2 | B0 157 %6 84 3| 0 0 0 0 0
(S::?SILI;T;k;;oSﬁ?,Q kV FLO Sweetwater- 5 ; 70 9 o 0 : 5 , :
Northwest Arcadia 345 KV o s s 1 ®|o o & o s
Cimarron-Draper 345V 1 0 2 4@ 8|0 0 o o o
Cmamon 5138 0 et | M B %@ 3w 3
i:::::-:;:cli(:r 161 kV FLO Huben- G : 99 g » 0 . o . .
S o 0f0 | 0 1 3 2 w0 o 0 o0

Table 6.16: Change in flowgate congestion scores

Figure 6.8 shows the B/C ratio of the economic portfolio of projects2 included in the consolidated portfolio.
Figure 6.9 shows B/C ratio of the entire consolidated portfolio. As expected, the overall B/C ratio is reduced
with the inclusion of the reliability projects, but the consolidated portfolio is still expected to produce
benefits well over the cost of the projects.

25 Includes projects driven by market powerflow models not already identified in the base reliability portfolio.
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2020 ITP Economic Portfolio
APC Benefits & Costs

- $3,000
[
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= $2,500
=
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F1 F2
B APC Benefit B Economic Portfolio Cost
Figure 6.8: Economic Portfolio APC Benefits and Costs
2020 ITP Final Portfolio
APC Benefits & Costs
2 $3,000
o 3.18
= S$2,500
= $
$2,000 2.27
$1,500
$1,000
S500
$
F1 F2
B APC Benefit M Base Reliability Portfolio Cost B Economic Portfolio Cost

Figure 6.9: Final Consolidated Portfolio APC Benefits and Costs

Figure 6.10 below shows the break-even and payback dates of the consolidated portfolio. The break-even
year is reflective of the first year that the one-year APC benefits are expected to outweigh the portfolio ATRR.
The payback year is reflective of the year that the cumulative APC benefits are expected to exceed the 40-
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year NPV costs of the portfolio. The consolidated portfolio is expected to breakeven within the first year of
being placed in service and expected to pay back total investment within the first 20 years.

£14,000
F1 Breakeven Year 2026
#2000 F2 Breakeven Year 2025

Millions

]
]
]
I
§10,000 1 1
[ |
' I Breakeven
§8.000 : : One-Year Benefits = One Year ATRR Cost
\ 1 Payback
I 1 Cumulative One-Year Benefits = Total 40-Year NPV ATRR Costs
56,000 +—+ :
: : 8 Future 1 Payback Year
s4000 V! Future 2 Payback Year
bod 2040
(|
I
52,000 o |
[ |
[ |

2025 2028 2031 2034 2037 2040 2043 2046 2049 2052 2055 2058 2061 2064

m F2 Portfolio Cumulative Benefit | F1 Portfolio Cumulative Benefit m Cumulative ATRR
Figure 6.10: Portfolio Breakeven and Payback — APC benefit only

6.6 STAGING

Staging is the process by which the need date and projected in-service date for each project is determined.
The staging methodology can be found in the ITP Manual.

6.6.1 ECONOMIC PROJECTS

The results of staging for the economic projects are shown in Table 6.17 below.

Projected

In-Service
Economic Project Need Date Date

Watford 230/115 kV transformer circuit 1 terminal
equipment, circuit 2 replacement

Anadarko-Gracemont 138 kV rebuild as double-circuit 1/1/2023 11/17/2023 F1

1/1/2022 11/17/2022 F1/F2

Russett-South Brown 138 kV rebuild 1/1/2022 5/17/2023 F1/F2
Butler-Tioga 138 kV new line; wreck-out Butler-Altoona 1/1/2024 1/1/2024 F1/F2
138 kV

GRD.A 1 345/161 kV circuit 1 and circuit 2 terminal 1/1/2022 5/17/2022 F1
equipment

Columbus East 230/115 kV transformer replacement 1/1/2039 1/1/2039 F1
Fralfks-South Crocker-Lebanon 161 kV terminal 1/1/2028 1/1/2028 F1
equipment
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Projected

In-Service
Economic Project Need Date Date

Tap Woodward-Border 345 kV, Chisholm-Tap 345 kV
new line

1/1/2022 11/17/2024 F1/F2

Dover Switch-Okeene 138 kV and Aspen-Mooreland-Pic
138 kV terminal equipment

Pleasant Valley 345/138 kV Station, Minco-Pleasant
Valley-Draper 345 kV new line, Franklin-Midwest 138
kV terminal equipment, Cimarron-Draper 345 kV
terminal equipment and Pleasant Valley cut-in

Split Rock 345/115 kV circuit 10 & 11 terminal

1/1/2022 5/17/2022 F1/F2

1/1/2025 1/1/2025 F1/F2

. 1/1/2025 1/1/2025 F2
equipment
Oah.e-SuIIyZEuttes-Whltlock 230 kV terminal 1/1/2022 5/17/2022 E>
equipment

Table 6.17: Project Staging Results-Economic

6.6.2 POLICY PROJECTS
There were no policy-driven projects in the 2020 ITP.

6.6.3 RELIABILITY PROJECTS

The results of staging for the reliability projects are shown in Table 6.18 below. The Watford transformer
upgrade will have a need date of January 1, 2022 because the economic staging need date is earlier than the
reliability staging need date.

Projected
In-Service
Reliability Project Need Date Date
Wat'ford 230/.115. kV transformer circuit 1 terminal 6/1/2022 11/17/2022 BR
equipment, circuit 2 replacement
Circleville-Goff 115 kV circuit 1 rebuild 6/1/2025 6/1/2025 BR
Goff-Kelly 115 kV rebuild 6/1/2025 6/1/2025 BR
South Shreveport-Wallace Lake 138 kV rebuild 6/1/2024 6/1/2024 BR
Grady 138 kV capacitor bank 12/1/2022 12/1/2022 LPC
Deaf Smith #6-Hereford 115 kV rebuild 6/1/2022 5/17/2023 BR
Deaf Smith #6-Friona 115 kV rebuild 4/1/2022 11/17/2022 BR
Richmond 115 kV substation, Richmond 115/69 kV
transformer, Richmond-Aberdeen 115 kV line 12/1/2022 11/17/2023 BR

26 The projected need date was calculated using an incomplete cost estimate. See Table 9.1 for accurate need and
projected in-service dates.
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Projected
In-Service
Reliability Project Need Date Date

:Z:I::ii;;g Tap-Shell Cushing Tap-Shell Pipeline 69 kV 6/1/2023 6/1/2023 BR
Bushland-Deaf Smith 230 kV terminal equipment 4/1/2022 5/17/2022 BR
Newhart-Potter County 230 kV terminal equipment 4/1/2022 5/17/2022 BR
Carlisle-Murphy 115 kV rebuild 6/1/2022 11/17/2022 BR
Replace Roswell 115/69 kV transformer 6/1/2022 11/17/2022 BR
$3456-S3458 345 kV terminal equipment 6/1/2029 6/1/2029 BR
Meadowlark-Tower 33 115 kV rebuild 6/1/2023 11/17/2023 BR
i:.:z?t-I;UbeCk South 230 kV terminal equipment 6/1/2028 6/1/2028 BR
.:;rcl:sist-léubbock South 230 kV terminal equipment 6/1/2028 6/1/2028 BR
Deaf Smith-Plant X 230 kV terminal equipment 4/1/2022 5/17/2022 BR
Newhart-Plant X 230 kV terminal equipment 4/1/2022 5/17/2022 BR
Ia.::bccly::r::::?;\:\::;fsf:rth 230 kV terminal equipment 6/1/2022 6/1/2022 BR
Allen-Lubbock South 115 kV rebuild 6/1/2022 11/17/2022 BR
Allen-Quaker 115 kV rebuild 6/1/2022 11/17/2022 BR
Eddy County-North Loving 345 kV new line 6/1/2028 6/1/2028 BR
Bismarck 115 kV reactors 4/1/2022 11/17/2022  BR/MPM
Moorehead 230 kV reactor 4/1/2022 11/17/2022  BR/MPM
Russell 115 kV capacitor bank 6/1/2022 11/17/2022 MPM
Maljamar 115 kV capacitor bank 6/1/2028 6/1/2028 MPM
Devil's Lake 115 kV reactor 4/1/2022 11/17/2022 MPM
Agate 115 kV reactor 4/1/2022 11/17/2022 MPM
Nixa-Nixa Espy 69 kV terminal equipment 6/1/2022 6/1/2022 BR

Table 6.18: Project Staging Results-Reliability

6.6.4 SHORT-CIRCUIT PROJECTS

The short-circuit projects were all staged with need dates and projected in-service dates of June 1, 2022.
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/7 PROJECT RECOMMENDATIONS

7.1 RELIABILITY PROJECTS

7.1.1 WATFORD 230/115 KV TRANSFORMERS

Indian HIll Elm Tree

Banks -
Swenson
Hiland

Partners Keene Corner

Timber Crask

Keene Table Butte

North Fork Berg
Patentgate
Oasis, Garden Creek

Alexander Garden FB

2020 ITP Arnegard
Solutions LC Gas Plant

Kummar Ridge "*29%" Blue Butte
Dap

- Fane
Cherry Creek Watford l.' L/
City Schafar Galaxy

Grall

Sather Dam A Reactive Device
“ Transformer
Roosavelt station
Terminal Equipment
= | New Line 69 kV
m— New Lin 5
Trua OIl

Rebuild
Rebuild

Figure 7.1: Watford 230/115 kV Transformers

In western North Dakota, the Watford City transformers that serve the 115 kV system experience both
reliability violations and system congestion when one of the transformers is lost. The area around Watford
has experienced expanded oil exploration and increasing load growth to support the shale play. Multiple
solutions, including a new delivery point to support the increasing load, were analyzed but this area
continues to grow and is expected to be of greater concern in future ITP assessments. The selected project is
a no-regrets solution to strengthen the transformation at Watford by upgrading terminal equipment on one
230/115 kV transformer and replacing the other transformer to increase the capacity in cases where one is
lost.

2020 ITP Assessment Report 95



Appendix B
Page 106 of 178
Case No. 21-00169-UT

Southwest Power Pool, Inc.

7.1.2 AMARILLO NORTH-SOUTH 230 KV CORRIDOR TERMINAL EQUIPMENT AND LINE CLEARANCES
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Figure 7.2: Amarillo North-South 230 kV Corridor Terminal Equipment

The Bushland-Deaf Smith 230 kV line and the Potter-Newhart-Plant X 230 kV line run parallel in a north-to-
south direction near the city of Amarillo, Texas. When one of these 230 kV paths is out of service, an overload
is observed on the parallel path. During light load conditions paired with a high wind output, generation in
the south is no longer needed. This combination results in large north-to-south flows coming out of Amarillo.
Given that each of these lines are terminally limited and the conductor can handle the observed post-
contingency flows, the projects selected to mitigate these issues is to replace any terminal equipment that is
limiting these three 230 kV line segments below their conductor rating, as well as increase the height of
necessary structures to create appropriate line clearances.
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7.1.3 HEREFORD-CURRY 115 KV CORRIDOR REBUILDS
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Figre 7.3: Hereford-Curry 115 kV Corridor Rebuild

Southwest of Amarillo, in a series corridor between Amarillo, Texas, and Clovis, New Mexico, seven 115 kV
line segments overload for the loss of the Deaf Smith-Plant X 230 kV line. Similar to other needs in the
Amarillo area, high wind output and less conventional generation south of Amarillo causes flows on the 115
kV corridor to overload upon loss of the 230 kV path. A rebuild of the Hereford-Deaf Smith #6-Friona-Cargill-
Deaf Smith #24-Parmer-Deaf Smith #20-Curry 115 kV corridor is needed to bring these lines up to the same
design standards of surrounding upgraded 115 kV lines and mitigate these issues. The Deaf Smith #20-
Curry 115 kV portion of this corridor was identified as having been previously approved via a separate
planning process with an expected in-service date prior to the ITP need date. Therefore, no NTC will be
issued for this facility.
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7.1.4 JONES-LUBBOCK SOUTH 230 KV TERMINAL EQUIPMENT

“Mackanzie
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Slaton

Figure 7.4: Jones-Lubbock South 230 kV Terminal Equipment

On the south end of Lubbock, Texas, in the Texas Panhandle, two parallel 230 KV circuits from Jones to
Lubbock South each overload upon contingency of the other circuit. This 230 kV corridor is a common pass-
through to deliver energy to the SPS south area. In addition, the fact that the Lubbock South substation feeds
a large portion of the Lubbock load center, combined with maximum output of the Jones plant, causes these
circuits to overload in contingency conditions during the long-term summer peaks. Given that the ratings of
these lines are driven by terminal equipment and the conductors can handle the post-contingency flows, the
project selected to mitigate this issue is to upgrade the necessary terminal equipment at these substations
and allow the conductors to become the most limiting element long each path.
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7.1.5 LUBBOCK SOUTH-WOLFFORTH 230 KV TERMINAL EQUIPMENT AND LINE CLEARANCES
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Figure 7.5: Lubbock South-Wolfforth 230 kV Terminal Equipment and Line Clearances

On the south end of Lubbock, Texas, in the Texas Panhandle, the Lubbock South-Wolfforth 230 kV line
reaches near base-case overloads in the near-term winter peaks and the long-term summer peaks. The
Lubbock South-Wolfforth line is a large feed to deliver energy in the SPS south area which contributes to this
base-case flow. Since the flow is already approaching the line rating, many contingencies in the area can
cause the line to overload. The project selected to mitigate this issue is to upgrade the terminal equipment
limiting the line rating below the conductor rating, as well as increase the height of necessary structures to

create appropriate line clearances.
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7.1.6 CARLISLE-MURPHY 115 KV REBUILD
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Figure 7.6: Carlisle-Murphy 115 kV
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On the west side of Lubbock in the panhandle of Texas, the Carlisle-Murphy 115 kV line overloads for the
loss of the Allen-Lubbock South 115 kV during the summer peaks. Loss of this 115 kV circuit forces flow to
redirect around the city of Lubbock, overloading the Carlisle-Murphy 115 kV line which is serving radial load
all the way through to Allen. A rebuild of the Carlisle-Murphy 115 kV line will mitigate the issue by
increasing the transmission capability of that circuit.
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7.1.7 EDDY COUNTY-NORTH LOVING 345 KV LINE
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Figure 7.7: Eddy County-North Loving 345 kV

Southeast of Loving, New Mexico, the 115 kV system experiences low voltage for the loss of the Hobbs-Kiowa
345 kV line, including voltage collapse at the Phantom 115 kV bus. Increasing load, combined with a
generator retirement in the south SPS area, has made this area less able to maintain minimal voltage in the
long-term summer peaks upon the loss of a 345 kV feed into the area which carries critical real and reactive

power support. The project selected to mitigate this issue is to construct a new 345 kV line from Eddy
County-North Loving to deliver more real and reactive power support to this area.

Impactful out of scope NERC TPL-001-4 P3 planning events and SPSNMTIES interface violations in the base

reliability model were identified late in the assessment and question the project’s long-term viability. The

NERC TPL-001-4 P3 planning events with limited system adjustment options cause voltage collapse in
eastern New Mexico area in 2030 summer peak. These system conditions are related to the SPSNMTIES
interface as described in section 4.1.2 and these violations were inadvertently not identified as part of the
reliability needs assessment. Without these crucial system limits accounted for in reliability project
screening and grouping introduces uncertainty in the large-scale project selection that has a June 2028
reliability need date.

For these reasons and consistent with delaying any action on the congested SPSNMTIES interface to future
ITP cycles as described in section 6.2.6, it is recommended to not move forward with construction of this
planned reliability project at this time and use the 2021 ITP to reassess this portion of the SPP system which
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allows for further stakeholder collaboration and opportunity to optimize base reliability solutions and
potential economic solutions to identify a comprehensive solution in Eastern New Mexico area.

7.1.8 ROSWELL INTERCHANGE 115/69 KV TRANSFORMER #1 REPLACEMENT
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Figure 7.8: Roswell Interchange 115/69 kV Transformer #1

In the southeast corner of New Mexico in the city of Roswell, the 115/69 kV transformer #1 overloads for the
loss of transformer #2. Summer peak loading conditions in Roswell, New Mexico, drives the load to levels
that cannot be served through the single transformer after the contingency of transformer #2. Replacing
transformer #1 with a transformer that meets the same standards as surrounding 115/69 kV transformers

will mitigate this issue.
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7.1.9 CUSHING TAP-SHELL CUSHING TAP-SHELL PIPELINE 69 KV REBUILD
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Figure 7.9: Cushing Tap-Shell Cushing Tap-Shell Pipeline 69 kV

Northeast of Oklahoma City, near the town of Cushing, Oklahoma, the Cushing Tap-Shell Cushing Tap-Shell
Pipeline 69 kV series corridor overloads for the loss of the Highway 99 Tap-Cushing Oilfield 69 kV line. Loss
of this feed places the load at Cushing Oilfield at a radial from the Cushing Tap substation, which overloads
the Cushing Tap-Shell Cushing Tap 69 kV segment during the summer peaks and very nearly overloads the
Shell Cushing Tap-Shell Pipeline segment. Rebuilding the Cushing Tap-Shell Cushing Tap-Shell Pipeline 69 kV
corridor will mitigate this issue by increasing the conductor ratings to tolerate the loss of the Highway 99
Tap-Cushing Oilfield 69 kV line.

2020 ITP Assessment Report 103



Appendix B
Page 114 of 178
Case No. 21-00169-UT

Southwest Power Pool, Inc.

7.1.10 SOUTH SHREVEPORT-WALLACE LAKE 138 KV REBUILD
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Figure 7.10: South Shreveport-Wallace Lake 138 kV

In northwest Louisiana in the city of Shreveport, the South Shreveport-Wallace Lake 138 kV line overloads
for the loss of the Fort Humbug-Trichel 138 kV line. Loss of the 138 kV line which heads east out of the city
causes the large amount of load across the Red River to be served out of South Shreveport. Rebuilding the
South Shreveport-Wallace Lake 138 kV line will bring the facility up to the same design standards of
surrounding upgraded 115 kV line and mitigate this issue.
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7.1.11 GRADY 138 KV CAPACITOR BANK
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Figure 7.11: Grady 138 kV Capacitor Bank

South of Oklahoma City near the town of Lindsay, Oklahoma, the Choctaw and Grady 138 kV bus voltages dip
below AEPW’s minimum voltage criteria of 0.92pu for the loss of the Grady-Round Creek 138 kV line. Loss of
this 138 kV feed places a large amount of load at Choctaw and Grady on a radial from the Cornville
substation, bringing the voltage below acceptable levels during the summer peaks. The project selected to
mitigate this issue is to place a capacitor bank capable of 23 MVAR at the Grady 138 kV substation.
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7.1.12 NIXA-NIXA ESPY 69 KV TERMINAL EQUIPMENT
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Figure 7.12: Nixa-Nixa Espy 69 kV Terminal Equipment
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South of Springfield in the town of Nixa, Missouri, the Nixa-Nixa Espy 69 kV line overloads for the loss of the
James River Power Station 161/69 kV transformer. Loss of the transformer causes energy to access the 69
kV system at Nixa and make its way north to serve load at Seminole and Twin Oaks, overloading the Nixa-
Nixa Espy 69 kV circuit. The project selected to mitigate this issue is to upgrade the necessary 69 kV terminal
equipment at Nixa and Nixa Espy which will increase the line rating up to the conductor capability.
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7.1.13 MEADOWLARK-TOWER 33 115 KV REBUILD
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Figure 7.13: Meadowlark-Tower 33 115 kV

In the northwest corner of Hutchinson, Kansas, circuit 1 of Meadowlark-Tower 33 115 kV overloads for loss
of the Davis-Reno County 115 kV line. Loss of the Davis-Reno County line causes all the load at Davis and
South Hutchinson to be served radially through parallel Meadowlark-Tower 33 115 kV circuits, overloading
the first circuit in the long-term summer peaks. The project selected to mitigate this issue is to rebuild the
first circuit of Meadowlark-Tower 33 115 kV to increase the capacity up to the same design standards of
surrounding upgraded 115 kV lines.
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7.1.14 SUB 3458-SUB 3456 345 KV TERMINAL EQUIPMENT
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Figure 7.14: $3458-53456 Terminal Equipment

Flowing south-to-north into the city of Omaha, Nebraska, the S3458-5S3456 345 kV line overloads for the loss
of the S3740-S3455 345 kV line. During the long-term summer peaks, Cass County and Nebraska City
generating plants are operating at full output which overloads the northbound 345 kV line serving the city of
Omaha when the parallel 345 kV line is lost. Upgrading the terminal equipment that is most limiting on the
S3458-S3456 kV line will increase the rating of this line and mitigate this issue.
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7.1.15 CIRCLEVILLE-GOFF-KELLY 115 KV REBUILD
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Figure 7.15: Circ/ev//e-Goff-KelIy 115 kv

North of Topeka, near the city of Circleville, Kansas, the Circleville-Goff-Kelly 115 kV lines overload for the
loss of the Hoyt-Stranger Creek 345 kV line during summer peak of the Kansas City load center. Loss of the
345 kV line redirects flows down to the 115 kV system which then takes a northerly route through
Circleville, east to Kelly, and back to the south again to reach Stranger Creek. The project selected to mitigate
this issue is to rebuild the Circleville-Goff-Kelly 115 kV transmission lines which will bring those facilities up
to the same design standards of surrounding upgraded 115 kV lines.
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7.1.16 RICHMOND 115 KV SUBSTATION AND RICHMOND-ABERDEEN 115 KV
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Figure 7.16: Richmond 115 kV Substation and Richmond-Aberdeen 115 kV

In the northeast corner of South Dakota near the town of Aberdeen, two parallel 115/69 KV transformers at
Ordway overload, one for the loss of the other. Cold winters drive up energy consumption in North Dakota,
which will overload each of these transformers if the parallel feed is lost. The project selected to mitigate this
issue is to expand the Richmond substation to accommodate a 115 kV transmission line to Aberdeen as well
as a 115/69 kV transformer. This will allow some of the 69 kV load west of Ordway to have an alternate

source and take loading away from the Ordway transformers. Additionally, a capacitor needs to be installed
at Richmond to provide voltage support in the area.
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7.1.17 BISMARCK 115 KV REACTORS
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Figure 7.17: Bismarck 115 kV Reactors
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Across the Missouri River from the city of Bismarck, North Dakota, light-load conditions cause base-case high
voltage conditions at the Mandan 230 kV substation and surrounding 115 kV system. With limited reactive
resources in the area to bring down the over-voltage condition, reactive consumption is needed near the 230

kV bus at Mandan. The project selected to mitigate this issue is to add 35 MVARs of reactive capability on two
transformers at the Bismarck substation.
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7.1.18 MOOREHEAD 230 KV REACTOR
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Figure 7.18: Moorehead 230 kV Reactor

Southeast of Fargo, North Dakota, across the border into Minnesota, the Moorehead 230 kV bus experiences
base-case high voltage during light-load conditions and the near-term summer peak in the market
powerflow models. With no reactive adjustments in the area available to help alleviate the base-case voltage
issue, reactive capability must be installed to bring the voltage down to acceptable levels. Installing an 80
MVAR reactor bank at the Moorehead 230 kV bus will mitigate this issue.
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7.2 SHORT-CIRCUIT PROJECTS

7.2.1 SHORT-CIRCUIT PROJECT PORTFOLIO
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All short-circuit projects identified in the 2020 ITP were upgrades of overdutied breakers. These upgrades
ensure SPP’s members can meet short-circuit analysis requirements in the NERC TPL-001-4 standard.

Short-Circuit Project Scenario*
Replace three breakers at Northeast 161 kV KCPL 22S / BR
Replace one breaker at Stilwell 161 kV KCPL 22S /BR
Replace one breaker at Leeds 161 kV KCPL 22S /BR
Replace one breaker at Shawnee Mission 161 kV KCPL 22S /BR
Replace one breaker at Southtown 161 kV KCPL 22S / BR
Replace two breakers at Lake Road 161 kV KCPL 22S / BR
Replace two breakers at Craig 161 kV KCPL 22S /BR
Replace four breakers at Anadarko 138 kV WEFEC 22S/BR

Table 7.1: Short-Circuit Projects
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7.3 ECONOMIC PROJECTS

7.3.1 BUTLER-TIOGA 138 KV
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In southeast Kansas, the Butler-Altoona 138 kV line becomes congested for the loss of Caney River-Neosho
345 kV. The Butler-Altoona 138 kV constraint was identified as a part of Target Area 1 of the 2019 ITP

assessment but was not addressed due to concerns with the final selected project, installing a phase-shifting
transformer (PST) at the Butler 138 kV station. This PST project was originally selected and paired with the
Wolf Creek-Blackberry 345 kV line to address residual congestion on Butler-Altoona 138 kV. Concerns were
raised about the long-term viability of leaving the Butler-Altoona 138 kV in-service and installing a PST to
divert system flows, primarily due to the age and condition of the facility. As discussed in the 2019 ITP, the
Butler-Altoona 138 kV is known for its high outage rates during periods of high wind output or storm
conditions and is nearing the level of becoming a persistent operational need for system reconfiguration, as
defined in the ITP manual. The congestion in the 2020 ITP increased such that addressing the Butler-Altoona
138 kV directly was cost-beneficial to the SPP region. The preferred solution, given the benefit and the age
and condition of the Butler-Altoona 138 kV line, is to wreck-out and rebuild a portion along existing right-of-
way between Butler and Altoona, and re-route the termination point to Tioga, with the objective of
minimizing transmission costs. This solution will provide a stronger source to an area of larger load.
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7.3.2 ANADARKO-GRACEMONT 138 KV REBUILD AS DOUBLE-CIRCUIT
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Figure 7.21: Anadarko-Gracemont 138 kV Rebuild as Double-Circuit

In southwest Oklahoma, the Southwestern Station-Anadarko 138 kV line becomes congested for loss of the
Anadarko-Gracemont 138 kV line. This area is impacted by west-to-east system flows and existing renewable
generation on the 138 kV system. This area was analyzed as part of the 2019 ITP assessment and a project to
rebuild the Anadarko-Gracemont line was selected to address congestion when the Washita-Southwestern
Station line is out of service. The Anadarko-Gracemont and Washita-Southwestern Station lines form a
parallel transmission path east from Washita. This area has been identified in multiple ITP assessments and
currently experiences operational congestion. The initial solutions evaluated included upgrading the
Southwestern Station-Anadarko line, but given that the congestion is expected to increase, further analysis
was performed to determine if a modification of the existing NTC would be prudent to strengthen the area
and leverage the work that will be underway. The project selected to mitigate this issue is to modify the
existing NTC and rebuild the Anadarko-Gracemont 138 kV line as a double circuit. This modified solution will
increase the ability of the system to facilitate west-to-east flows and protect against the single circuit
contingency that causes additional congestion in real-time and for the foreseeable future.
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7.3.3 RUSSETT-SOUTH BROWN 138 KV REBUILD
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Figure 7.22: Russett-South Brown 138 kV Rebuild

In south-central Oklahoma, the Russett-South Brown 138 kV line becomes congested for the loss of the
Caney Creek-Little City 138 kV line. This area is impacted by west-to-east system flows aggravated by
existing and future renewable expansion. This flowgate was identified as a need in the 2019 ITP assessment
but the project selected did not meet the consolidation criteria because it was identified in Future 2 and did
not perform reasonably well in Future 1. With increasing bulk transfers in the area evaluated in the 2020 ITP
assessment, congestion increased in both futures and a project became cost-beneficial to the region. The
project selected to address the congestion is a rebuild of the Russett-South Brown 138 kV line, consistent
with the top solution analyzed in the 2019 ITP.
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7.3.4 GRDA 345/161 KV TRANSFORMERS

Lone Star

Pryor Interc

craeks aemint air p
NW Maid

RCRE .Gerald Gay

: Locust Grove Kerr
Foundry .

Chotsau 1 =
. Sportsman

2020 ITP
Solutions

" Chouteau

GREC #3
Interconnect

A Reactive Device
+ Transformer
Substation
Terminal Equipment
I New Line 69 kV
MNew Line 115 k¥
Mew Li 38 kV
! New Line 161 k¥
w New Line 230 kV

Figure 7.23: GRDA 345/161 kV Transformers

East of Tulsa, Oklahoma, at the GRDA plant substation, the second GRDA 345/161 KV transformer becomes
congested for the loss of the first transformer. Both transformers are rated equally and are terminally

limited, driving the need for the selected project to upgrade terminal equipment to increase the capacity of
both transformers.
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COLUMBUS EAST 230/115 KV TRANSFORMER
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Figure 7.24: Columbus East 230/115 kV Transformer

Northwest of Omaha and Lincoln, Nebraska, the Columbus East 230/115 kV transformer becomes congested
for the loss of the Columbus East-Shell Creek 345 kV line. This area experiences north-to-south system flows
that are diverted with the loss of the 345 kV connection and has seen system congestion in real-time
operations today. The project selected to address the congestion is to replace the Columbus East transformer
in order to better utilize the HV system that feeds into Columbus, Lincoln, and Omaha, NE load centers.
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7.3.6 FRANKS-SOUTH CROCKER-LEBANON 161 KV
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In south-central Missouri, northeast of Springfield, the Franks-Crocker 161 kV line becomes congested for
the loss of the Huben-Franks 345 kV line. The 161 kV path parallels the 345 kV path and carries the power
when the EHV line is out of service. The 161 kV path is terminally limited so upgrading the terminal
equipment at the Franks, South Crocker, and Lebanon substations relieves the congestion by allowing for
increased flows in the area.
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7.3.7 CHISHOLM-WOODWARD/BORDER TAP 345 KV
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In western Oklahoma, just east of the Texas border, the 345 kV system out of Gracemont to the west is built
out but not connected. The top congested flowgate in the area is the Shamrock 115/69 kV transformer for
the loss of the Sweetwater-Chisholm 230 kV line. The project selected for the area is to tap the Border-Tuco
345 kV line and connect to the Chisholm 345 kV station less than a mile away. This project connects the 345
kV radial from Gracemont to the rest of the 345 kV system and allows more bulk transfers across the east
Texas/west Oklahoma system. The Sweetwater-Chisholm outage has also been identified as a limiting
constraint in the assessment of resource adequacy.
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7.3.8 DOVER SWITCH-OKEENE AND ASPEN-MOORELAND-PIC 138 KV
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Figure 7.27: Dover Switch-Okeene and Aspen-Mooreland-Pic 138 kV

Northwest of Oklahoma City towards Woodward, the Dover-Okeene 138 kV line becomes congested for the
loss of the Watonga-Okeene 138 kV line. The line to Watonga is a parallel 138 kV path to the south while the
line to Dover is to the east out of the Okeene substation. This 138 kV network supports west-to-east bulk
power transfers to bring low cost generation to the central and eastern load centers. The Dover-Okeene line
is terminally limited, and when those limitations are eliminated, congestion increases on the 138 kV system
to the north. The project selected to address the congestion is to upgrade terminal equipment on the Dover
Switch-Okeene 138 kV line. To realize the benefits of increased transfers on the Dover-Okeene line, terminal
equipment on the upstream elements of Aspen-Mooreland-Pic 138 kV must also be upgraded.
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7.3.9 MINCO-PLEASANT VALLEY-DRAPER 345 KV
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Figure 7.28: Minco-Pleasant Valley-Draper 345 kV

Several different needs were identified in and around the Oklahoma City (OKC) area. The first of two
345/138 kV transformers at Cimarron experiences congestion for the loss of the second. Just south of the
Cimarron station, the Czech Hall-Cimarron 138 kV line, which feeds the west side of the city, experiences
congestion for the loss of the Cimarron-Draper 345 kV line. The Skyline-Quail Creek 138 kV line to the north
of the city experiences congestion for the loss of the Northwest-Arcadia 345 kV line. These issues show the
impact of west-to-east power flows across the EHV loop around OKC as well as the need for additional
sources into OKC to serve local load.

Multiple solutions to address congestion in the area were analyzed, from new EHV on both the north and
south sides of OKC, to HV solutions attempting to address the congestion directly. The project selected is:

e A new Minco-Pleasant Valley-Draper 345 kV line on the south side of OKC;

e Atie-in of the existing Cimarron-Draper 345 KV line to the Pleasant Valley substation;

e Terminal upgrades at Cimarron and Draper to increase the line rating to a 3.000 amp
standard that the new facilities will be built at; and

e Terminal upgrades on the Midwest-Franklin 138 kV line to address downstream congestion
on the HV system that exists today.
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7.3.10 SPLIT ROCK 345/115 KV TRANSFORMERS
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Figure 7.29: Split Rock 345/115 kV Transformers

On the northeast side of Sioux Falls, South Dakota, the Split Rock substation helps to serve as a transmission
hub for power transfers, mostly in support of north-to-south flows. The first Split Rock 345/115 kV
transformer becomes congested for the loss of the second. This issue was also analyzed in the CSP study with
MISO but did not produce a solution beneficial to both regions because SPP generation is largely
redispatching to resolve the congestion. These transformers are terminally limited and by upgrading this
equipment, the SPP region still sees benefit even though this facility is not under the SPP tariff, but rather a
Northern States Power facility in MISO. The selected solution is to upgrade terminal equipment on both Split
Rock 345/115 kV transformers.

An upgrade of a Non-SPP facility in MISO would require additional coordination with Northern States Power
(NSPP) and MISO, and a FERC filing to support SPP regional highway/byway cost allocation. The project
benefits are primarily driven by Future 2 and marginally passed consolidation by including a small amount
of real-time operational congestion. Additionally, there are stakeholder concerns around the benefits and
staff concerns that the upgrade may reflect the need for a generator outlet facility for a MISO-projected
resource and siting plan assumed in Future 2.

For these reasons, there is not strong enough justification for SPP to pursue this upgrade at this time and is
recommending to defer addressing this system limit to future ITP/CSP cycles.
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7.3.11 OAHE-SULLY BUTTES-WHITLOCK 230 KV
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Figure 7.30: Oahe-Sully Buttes-Whitlock 230 kV

To the north of Pierre, South Dakota, multiple transmission paths help to serve load centers to the north
towards Bismarck, North Dakota. The Oahe-Sully Buttes 230 kV line becomes congested for the loss of the
Fort Thompson-Leland Olds 345 kV line. The 230 kV segments from Oahe moving north are all terminally
limited. Solutions were tested to determine the number of segments that would need to be upgraded to
relieve congestion in a cost-beneficial manner on the full 230 kV path to the north. The optimal solution was
to replace terminal equipment and increase line clearances for the Oahe-Sully Buttes-Whitlock 230 kV lines.

However, estimated cost did not include additional expenses for transmission line clearance mitigations
which, when considered, do not make this project cost beneficial enough to receive an NTC at this time. SPP
recommends that this project be reconsidered in future ITP cycles.
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7.3.12 MALJAMAR 115 KV CAPACITOR BANK
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Figure 7.31: Maljamar 115 kV Capacitor Bank
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West of Hobbs near the community of Maljamar, New Mexico, the Maljamar 115 kV bus experiences both
base-case low voltage and low voltage for the loss of the PCA-Big Eddy 115 kV line. These low voltages are
present only in the long-term summer peaks of the market powerflow models. The Maljamar bus serves load
at the end of a radial feed, making it susceptible to lower voltages. The PCA-Big Eddy 115 kV line is a
connector to the 230 kV bus at Potash Junction, which causes the Maljamar 115 kV bus to lose voltage
support once the contingency occurs. Adding a capacitor capable of producing 14.4 MVAR at the Maljamar

115 kV bus will mitigate this issue.
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7.3.13 RUSSELL 115 KV CAPACITOR BANK
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Figure 7.32: Russell 115 kV Capacitor Bank

West of Salina near the town of Russell, Kansas, the Russell substation experiences low voltage for the loss of
the Ellsworth Tap-Russell 115 kV transmission line. Upon contingency, the Russell load is fed at the end of a
long radial 115 kV line, which causes voltage drop below criteria when load is high in the summer in the
market powerflow models. The project selected to mitigate this issue is to add a 24 MVAR capacitor at the
Russell substation to bring the voltage back up to acceptable levels.
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7.3.14 AGATE 115 KV REACTOR
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Figure 7.33: Agate 138 kV Reactor
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Northwest of Grand Forks, near the town of Rolla, North Dakota, light-load conditions in the market
powerflow models cause the 69 kV system to experience base-case high voltages coming off the 115/69 kV
transformers at Agate and Leeds. Tap adjustments on the Agate 115/69 kV transformer shift the over-
voltage to the high side of the transformer, making this an infeasible mitigation. With no other reactive
resources in the area to bring down the over-voltage condition, reactive consumption needs to be installed
near the 69 kV loads in this region. The project selected to mitigate this issue is to add a 12 MVAR reactor at

the Agate 115 kV bus.

2020 ITP Assessment Report

127



Appendix B
Page 138 of 178
Case No. 21-00169-UT

Southwest Power Pool, Inc.

7.3.15 DEVIL'S LAKE 115 KV REACTOR
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Figure 7.34: Devil's Lake 115 kV Reactor

West of Grand Forks, near the town of Devil’s Lake, North Dakota, the 115 kV bus at Devil’s Lake and
surrounding area experiences high base-case voltages during light-load conditions in the market powerflow
models. Without any reactive consumption devices or tap changing transformers nearby, no reactive
adjustments are available to bring the voltage back to acceptable levels. The project selected to mitigate this
issue is to install a 25 MVAR capable reactor bank at the Devil’s Lake 115 kV substation.

7.4 POLICY PROJECTS

No policy projects are required for the 2020 ITP assessment.
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8 INFORMATIONAL PORTFOLIO ANALYSIS

8.1 BENEFITS

8.1.1 METHODOLOGY

Benefit metrics were used to measure the value and economic impacts of the final portfolio. The Benefit
Metrics Manual?? provides the definitions, concepts, calculations, and allocation methodologies for all
approved metrics. The ESWG directed that the 2020 ITP B/C ratios be calculated for the final portfolio using
the Future 1 and Future 2 models. The benefit analysis is performed on all reliability and economic projects
in the final portfolio shown in Table 9.1 (regardless of NTC recommendation). The benefit structure shown
in Table 8.1 illustrates the metrics calculated as the incremental benefit of the projects included in the

portfolios.
Metric Description

APC Savings
Savings Due to Lower Ancillary Service Needs and Production Costs
Avoided or Delayed Reliability Projects
Marginal Energy Losses

Capacity Cost Savings Due to Reduced On-Peak Transmission Losses

Reduction of Emissions Rates and Values

Public Policy Benefits
Assumed Benefit of Mandated Reliability Projects
Mitigation of Transmission Outage Costs

Increased Wheeling Through and Out Revenues
Table 8.1: Benefit Metrics

8.1.2 APCSAVINGS

APC captures the monetary cost associated with fuel prices, run times, grid congestion, unit operating costs,
energy purchases, energy sales and other factors that directly relate to energy production by generating
resources in the SPP footprint. Additional transmission projects aim to relieve system congestion and reduce

27 Benefit Metrics Manual
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costs through a combination of a more economical generation dispatch, more economical purchases and
optimal revenue from sales.

To calculate benefits over the expected 40-year life of the projects28, two years were analyzed, 2025 and
2030. APC savings were calculated accordingly for these years. The benefits are extrapolated to the fifteenth
year based on the slope between the two points. After that, they are assumed to grow at an inflation rate of
2.5 percent per year. Each year’s benefit was then discounted to 2025 using an eight percent discount rate,
and a 2.5 percent inflation rate from 2025 back to 2020. The sum of all discounted benefits was presented as
the NPV benefit. This calculation was performed for every zone.

Figure 8.1 shows the regional APC savings for the recommended portfolio over 40 years.

Regional APC Savings over 40 Years
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Future 1 e Future 2
Figure 8.1: Regional APC Savings for the 40-Year Study Period
Table 8.2 provides the zonal breakdown and the NPV estimates. Future 2 has higher congestion compared to

Future 1. Therefore, the projects in the recommended portfolio provide more congestion relief in Future 2
than in Future 1, resulting in larger APC savings.

28 The SPP OATT requires that the portfolio be evaluated using a 40-year financial analysis.
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Reference Case (Future 1) Emerging Technologies (Future 2)

AEPW $9.2 $22.4 $350.0 $15.9 $37.7 $587.8
EMDE $5.2 $3.7 $39.4 $8.3 $5.1 $50.2
GMO $0.2 $1.2 $20.5 $1.8 $3.7 $56.7
GRDA $8.7 $12.9 $186.3 $6.9 $10.5 $152.3
KCBPU ($0.1) $0.6 $11.5 $0.0 $2.1 $37.5
KCPL $1.9 $3.8 $57.2 ($0.3) $1.6 $30.4
LES $0.2 $0.3 $4.2 $0.3 $1.6 $26.2
MIDW ($1.1) ($1.5) ($20.7) ($1.2) ($1.3) ($16.8)
NPPD $0.2 $0.7 $12.1 ($0.1) $0.9 $16.8
OKGE $31.4 $57.0 $854.4 $33.5 $64.7 $979.5
OPPD $0.3 ($0.4) ($8.0) $0.8 $1.4 $21.0
SPRM $1.1 $0.7 $5.9 $1.1 $0.4 $2.0

SPS ($0.4) ($0.1) $0.7 $9.4 $2.0 ($11.7)
SUNC ($3.5) ($4.8) ($67.1) ($3.4) ($3.9) ($52.2)
SWPA $0.3 $0.7 $11.6 $1.6 $2.4 $34.2
UMz $5.8 $9.2 $134.1 $9.6 $23.1 $361.1
WERE $4.6 $6.0 $83.1 $4.7 $4.6 $58.3
WFEC $7.0 $11.3 $165.4 $9.3 $16.6 $248.0

TOTAL: $71.2 $123.8 $1,840.4 $98.4 $173.3 $2,581.3

40-yr NPV 40-yr NPV
2025 ($M) | 2030 ($M) | ($2020M) | 2025 ($M) | 2030 ($M) | ($2020M)

Table 8.2: APC Savings by Zone

Table 8.3 provides the zonal breakdown and the NPV estimates for the SPP “other” zone. This zone
merchant generation (without contractual arrangements with load-serving entities) and additional

includes

renewable resource plan wind resources. The calculation for this zone is 100 percent production cost minus

sales to other zones (revenue).

Reference Case (F1) Emerging Technologies (F2)

($M) ($M) ($2020M) ($M) ($M) ($2020M)

OTHSPP $38.8 $85.3 $1,317.2 ‘ $54.8 $69.6 $960.9

Table 8.3: Other SPP APC Benefit

8.1.3 REDUCTION OF EMISSION RATES AND VALUES

Additional transmission may result in a lower fossil-fuel burn (for example, less coal-intensive generation),
resulting in less SO2, NOX, and CO2 emissions. Such a reduction in emissions is a benefit that is already
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monetized through the APC savings metric, based on the assumed allowance prices for these effluents. Note
that neither ITP future assumes any allowance prices for COZ2.

8.1.4 SAVINGS DUE TO LOWER ANCILLARY SERVICE NEEDS AND PRODUCTION COSTS

Ancillary services, such as spinning reserves, ramping (up/down), regulation, and 10-minute quick start are
essential for the reliable operation of the electrical system. Additional transmission can decrease the
ancillary services costs by: (a) reducing the ancillary services quantity needed, or (b) reducing the
procurement costs for that quantity.

The ancillary services needs in SPP are determined according to SPP’s market protocols and do not change
based on transmission. Therefore, the savings associated with the “quantity” effect are assumed to be zero.

The costs of providing ancillary services are captured in the APC metric. The production cost simulations set
aside fixed levels of resources to provide regulation and spinning reserves. As a result, the benefits related to
“procurement cost” effect are already included as a part of the APC savings presented in this report.

8.1.5 AVOIDED OR DELAYED RELIABILITY PROJECTS

Potential reliability needs are reviewed to determine if the upgrades proposed for economic or policy
reasons defer or replace any reliability upgrades. The avoided or delayed reliability project benefit
represents the costs associated with these additional reliability upgrades that would otherwise have to be
pursued.

To calculate the avoided or delayed reliability projects benefit for the recommended portfolio, the ability for
economic projects to avoid or delay a base reliability project is analyzed and identified in the optimization
milestone. No overlap was identified; therefore, no avoided or delayed reliability projects were identified,
and the associated benefits are estimated to be zero.

8.1.6 CAPACITY COST SAVINGS DUE TO REDUCED ON-PEAK TRANSMISSION LOSSES

Transmission line losses result from the interaction of line materials with the energy flowing over the line.
This constitutes an inefficiency inherent to all standard conductors. Line losses across the SPP system are
directly related to system impedance. Transmission projects often reduce losses during peak load conditions,
which lowers the costs associated with additional generation capacity needed to meet the capacity
requirements.

The capacity cost savings for the recommended portfolio are calculated based on the on-peak losses
estimated in the base reliability powerflow model. The loss reductions are then multiplied by 112 percent to
estimate the reduction in installed capacity requirements. The value of capacity savings is monetized by
applying a net cost of new entry (CONE) of $85.61/kW-yr in 2018 dollars. The net CONE value was obtained
from Attachment AA Resource Adequacy-Attachment AA Section 14 of the tariff. The net CONE was assumed
to grow at an inflation rate of 2.5 percent for each study year, $2M for 2025, and $2.7M for 2030. Table 8.4
displays the associated capacity savings for each zone in each study year and the 40-year NPV.
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Base Reliability

2025 ($M) 2030 ($M) (2020$M)

AEPW $0.08 $0.11 $1.46
EMDE ($0.00) ($0.00) ($0.01)
GMO $0.00 $0.00 $0.04
GRDA $0.00 $0.00 $0.01
KCBPU $0.00 $0.00 ($0.00)
KCPL $0.01 $0.00 $0.03
LES $0.00 $0.00 $0.03
MIDW $0.00 $0.00 $0.02
NPPD $0.02 $0.01 $0.08
OKGE $0.38 $0.47 $6.46
OPPD ($0.00) ($0.00) ($0.01)
SPRM ($0.00) ($0.00) ($0.00)
SPS $0.73 $1.20 $17.63
SUNC $0.01 $0.01 $0.10
SWPA $0.04 $0.04 $0.50
UMz $0.38 $0.52 $7.42
WFEC $0.11 $0.11 $1.36
WERE $0.22 $0.25 $3.36
Total: $2.0 $2.7 $38.5

Table 8.4: On-Peak Loss Reduction and Associated Capacity Cost Savings

8.1.7 ASSUMED BENEFIT OF MANDATED RELIABILITY PROJECTS

This metric monetizes the benefits of reliability projects built to meet compliance requirements and mitigate
SPP Criteria violations. The regional benefits are assumed to be equal to the 40-year NPV of ATRRs of the
projects, totaling $217 million in 2020 dollars.

The system reconfiguration (SR) approach to allocate zonal benefits utilizes the powerflow models to
measure incremental flows shifted onto the existing system during an outage of the proposed reliability
upgrade. This is used as a proxy for how much each upgrade reduces flows on the existing transmission
facilities in each zone. Results from the production cost simulations are used to determine hourly flow
direction on the upgrades and applied as weighting factors for the powerflow results.
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Table 8.5 summarize the SR analysis results, load-ratio shares (LRS), and the benefit allocation factors for
different voltage levels. The table shows the overall zonal benefits calculated by applying these allocation
factors.

Mandated Reliability Benefits
Base Reliability and Short-Circuit

< 100 kV 100-300 kV > 300 kV All Projects
SPP-
Benefit
100%  67% | 33% 33% 67% Wid. Benefit
SR SR | LRS Avg SR | LRS Avg AIIocation 2020$M
AEPW | 68% | 104% 203%  137% | 05%  203%  13.7% | 13.0% $28.1
EMDE | 3.2% 15%  23%  18% | 06% 2.3% 1.7% 1.9% $4.2
GMO 2.9% 72%  37%  61% | 249%  37%  10.8% 7.1% $15.5
GRDA | 1.1% 06%  16%  10% | 04% 1.6% 1.2% 1.1% $23
KCBPU | 0.1% 19%  09%  15% | 02% 0.9% 0.7% 1.1% $2.5
KCPL 45% 70%  74%  72% | 205%  74%  11.8% 8.2% $17.9
LES 0.3% 02%  14%  06% | 17.0%  14% 6.6% 2.4% $5.1
MIDW | 4.9% 28%  07%  21% | 03% 0.7% 0.6% 2.0% $4.3
NPPD | 6.9% 40%  60%  47% | 7.4% 6.0% 6.5% 5.4% $11.8
OKGE | 173% | 13.0% 129%  130% | 13%  129%  9.1% 12.3% $26.7
OPPD | 4.0% 25%  46%  32% | 04% 46% 3.2% 3.3% $7.1
SPRM | 4.6% 32%  21%  29% | 0.0% 2.1% 1.4% 2.6% $5.7
SPS 3.2% 28%  07%  21% | 03% 0.7% 0.6% 1.8% $3.9
SUNC | 7.3% 12%  13%  13% | 03% 13% 1.0% 1.8% $3.9
SWPA | 232% | 293%  114%  233% | 23.0%  114%  153% | 20.9% $45.4
umz 4.4% 27%  94%  49% | 0.0% 9.4% 6.3% 53% $115
WERE | 3.5% 53%  9.8%  68% | 29% 9.8% 7.5% 6.7% $14.5
WFEC 1.7% 41%  32%  38% | 02% 3.2% 2.2% 3.1% $6.8
Total: | 100.0% | 100.0% 100.0% 100.0% | 100.0% 100.0% 100.0% | 100.0% | $216.9

Table 8.5: Mandated Reliability Benefits

8.1.8 BENEFIT FROM MEETING PUBLIC POLICY GOALS

This metric represents the economic benefit provided by the transmission upgrades for facilitating public
policy goals. In this study, the scope is limited to meeting public policy goals related to renewable energy.
System-wide benefits are assumed to be equal to the cost of policy projects.

Since no policy projects were identified as a part of the recommended portfolio, the associated benefits are
assumed to be zero.
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8.1.9 MITIGATION OF TRANSMISSION OUTAGE COSTS

The standard production cost simulations used to estimate APC savings assume that transmission lines and
facilities are available during all hours of the year, ignoring the added congestion-relief and production cost
benefits of new transmission facilities during the planned and unplanned outages of existing transmission
facilities.

To estimate the incremental savings associated with the mitigation of transmission outage costs, the
production cost simulations can be augmented for a realistic level of transmission outages. Due to the
significant effort needed to develop these augmented models for each case, the findings from the RCAR 11
study were used to calculate this benefit metric for the consolidated portfolio as a part of this ITP
assessment.

In the RCAR analysis, adding a subset of historical transmission outage events to the production cost
simulations increased the APC savings by 11.3 percent.2® Applying this ratio to the APC savings estimated for
the recommended portfolio translates to a 40-year NPV benefit of $1,840 million for Future 1 and $2,581
million for Future 2 in 2020 dollars. These benefits are allocated to zones based upon their LRS within the
region. Table 8.6 shows the outage mitigation benefits allocated to each SPP zone.

Future 1 Future 2

(2020$M) (2020$M)
AEPW $43.2 $59.9
EMDE $4.9 $6.8
GMO $7.9 $11.0
GRDA $3.5 $4.9
KCBPU $1.9 $2.7
KCPL $15.8 $21.9
LES $3.0 $4.2
MIDW $1.6 $2.2
NPPD $12.7 $17.6
OKGE $27.5 $38.2
OPPD $9.7 $13.5
SPRM $2.8 $3.9
SPS $24.3 $33.7
SUNC $4.6 $6.3
SWPA $1.5 $2.1

29 SPP Regional Cost Allocation Review Report, October 8, 2013 (pp. 36-37)
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Future 1 Future 2
(2020$M) (2020$M)
UMz $20.0 $27.8
WERE $20.8 $28.9
WFEC $6.9 $9.6
Total: $212.7 295.0

Table 8.6: Transmission Outage Cost Mitigation Benefits by Zone

8.1.10 INCREASED WHEELING THROUGH AND OUT REVENUES

Increasing available transfer capacity (ATC) with a neighboring region improves import and export
opportunities for the SPP footprint. Increased interregional transmission capacity that allows for increased
through and out transactions will also increase SPP wheeling revenues.

To estimate how increased ATC could affect the wheeling services sold, the historical long-term firm
transmission service request (TSR) allowed by the historical NTC projects are analyzed and compared
against the ATC increase in the 2014 powerflow models estimated based on a First-Contingency Incremental
Transfer Capability (FCITC) analysis. As summarized in Table 8.7, the NTC projects that have been put in-
service under SPP’s highway/byway cost allocation methodology enabled 13 long-term TSRs to be sold
between 2010 and 2014. The TSRs remain active for 2020. The amount of capacity granted for these TSRs
add up to 1,402 MW. The associated wheeling revenues are estimated to be $50.4 million annually based on
current SPP tariff rates. The results of the FCITC analysis are summarized in Table 8.8. The export ATC
increase in the 2014 powerflow models is calculated to be 1,142 MW, which is comparable to the amount of
firm capacity granted for the incremental TSRs sold historically for 2020.

2014 Wheeling Revenues in $million

Number of
Firm PtP MW Sch 11
Point of Service Capacity Thru &
Requests Granted i Out Zonal

AECI 6 716 $8.3 $11.8 $5.4 $25.6
KACY 1 100 $14 $1.7 $0.8 $3.9
Entergy 6 586 $6.8 $9.7 $4.4 $20.9
Total: 13 1,402 $16.5 $23.2 $10.6 $50.4

Table 8.7: Estimated Wheeling Revenues from Incremental Long-Term TSRs Sold (2010-2014)

2020 ITP Assessment Report 136



Appendix B
Page 147 of 178
Case No. 21-00169-UT

Southwest Power Pool, Inc.

Export ATC in 2014 Base Case 1,630 MW
Export ATC in 2014 Change Case 2,943 MW
Increase in Export ATC due to NTCs 1,313 MW
Incremental TSRs Sold due to NTCs 1,402 MW

TSRs Sold as a Percent of Increase in Export ATC
Table 8.8: Historical Ratio of TSRs Sold against Increase in Export ATC

The 2025 and 2030 base reliability powerflow models were utilized for the FCITC analysis on the final
consolidated portfolio. The ratio of TSRs sold as a percent of increase in export ATC is capped at 100 percent,
as incremental TSR sales would not be expected to exceed the amount of increase in export ATC. The
recommended portfolio increased the export ATC by 104 MW in 2025 and 234 MW in 2030. Applying the
historical ratio suggests the recommended portfolio could enable incremental TSRs by the same amount,
generating additional wheeling revenues of $5-12 million annually.

The 40-year NPV of benefits is estimated to be $226 million. These benefits are allocated based on the
current revenue sharing method in the tariff. Figure 8.2 shows the distribution of wheeling revenue benefits
in each SPP zone.

Increased Wheeling Revenue Benefits by zone
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Figure 8.2: Increased Wheeling Revenue Benefits by Zone (40-year NPV)

8.1.11 MARGINAL ENERGY LOSSES BENEFIT

The standard production cost simulations used to estimate APC do not reflect the impact of transmission
upgrades on the MWh quantity of transmission losses. To make run-times more manageable, the load in the
production cost simulations is “grossed up” for average transmission losses for each zone. These loss
assumptions do not change with additional transmission. Therefore, the traditional APC metric does not
capture the benefits from reduced MWh quantity of losses.
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APC savings due to such energy loss reductions can be estimated by post-processing the marginal loss
component (MLC) of the LMPs from simulation results and applying a methodology3? for marginal energy
losses, which accounts for losses on generation and market imports. The 40-year NPV of benefits is
estimated to be $10.97 million in Future 1 and $14.7 million in Future 2, as shown in Table 8.9.

Reference Case (F1) Emerging Technologies (F2)

40-yr NPV 2025 2030
(2020$M) ($M) ($M)

40-yr NPV
(2020$M)

2030
($M)

AEPW ($0.09) ($1.3) ($22.6) ($1.16) ($1.19) ($15.37)
EMDE ($0.2) ($0.3) ($4.3) ($0.30) $0.01 $1.73
GMO $0.34 $0.4 $5.9 $0.71 $0.22 $0.30
GRDA ($0.3) ($0.5) ($7.3) ($0.30) ($0.27) ($3.37)
KCBPU $0.27 $0.4 $5.2 ($0.33) $0.14 $4.15
KCPL $0.4 $0.5 $7.3 $0.25 $0.09 $0.30
LES $0.03 $0.2 $2.7 $0.02 $0.07 $1.12
MIDW ($0.0) ($0.1) ($1.1) ($0.02) ($0.02) ($0.34)
NPPD $0.06 $0.5 $7.9 $0.22 $0.23 $2.95
OKGE ($0.2) ($1.2) ($19.8) $0.44 $0.14 $0.31
OPPD $0.15 $1.4 $23.5 $0.31 $0.18 $1.61
SPRM $0.0 $0.1 $2.0 $0.24 $0.25 $3.19
SPS $1.91 $2.0 $25.8 $1.61 $2.07 $28.69
SUNC $0.1 $0.1 $1.8 $0.18 $0.02 ($0.59)
SWPA ($0.03) ($0.0) ($0.3) ($0.03) $0.06 $1.26
UMz $0.2 $0.1 $1.3 $0.21 ($0.73) ($14.04)
WERE $0.64 ($0.1) ($4.4) ($0.03) ($0.23) ($3.92)
WFEC $0.2 ($0.6) ($12.5) ($4.93) ($0.99) $6.76
Total: | $3.56 $1.61 $10.97 ($2.89) $0.03 $14.75

Table 8.9: Energy Losses Benefit by Zone

8.1.12 SUMMARY
Table 8.10 through Table 8.13 summarize the 40-year NPV of the estimated benefit metrics and costs and the
resulting B/C ratios for each SPP zone.

For the region, the B/C ratio is estimated to be 4.0 in Future 1 and 5.2 in Future 2. The higher B/C ratio in
Future 2 is driven by the APC savings due to higher congestion relief.

30 As described in the Benefit Metric Manual
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Southwest Power Pool, Inc.

8.2 RATE IMPACTS

The rate impact to an average retail residential ratepayer in SPP was computed for the recommended
portfolio. Rate impact costs and benefits33 are allocated to the average retail residential ratepayer based
on an estimated residential consumption of 1,000 KkWh per month. Benefits and costs for the 2030 study
year were used to calculate rate impacts. All 2030 benefits and costs are shown in 2020 dollars,
discounting at a 2.5 percent inflation rate.

The retail residential rate impact benefit is subtracted from the retail residential rate impact cost to
obtain a net rate impact cost by zone. If the net rate impact cost is negative, it indicates a net benefit to the
zone. The rate impact costs and benefits are shown in Table 8.14 through Table 8.17. There is a monthly
net benefit for the average SPP residential ratepayer of 16 cents for Future 1. There is a monthly net
benefit for the average SPP residential ratepayer of 30 cents for Future 2.

One-Year
ATRR One-Year
Costs Benefit Rate
2030 2030 Impact | Net Impact
($thousands) | ($thousands) Benefit (20209%)
AEPW $7,896 $17,468 $0.15 $0.34 ($0.19)
EMDE $719 $2,859 $0.14 $0.56 ($0.42)
GMO $1,156 $950 $0.12 $0.10 $0.02
GRDA $581 $10,114 $0.06 $1.05 ($0.99)
KCBPU $283 $496 $0.10 $0.18 ($0.08)
KCPL $2,688 $2,940 $0.18 $0.20 ($0.02)
LES $443 $230 $0.13 $0.07 $0.06
MIDW $227 ($1,145) $0.10 ($0.50) $0.60
NPPD $1,854 $577 $0.11 $0.03 $0.07
OKGE $5,184 $44,561 $0.16 $1.33 ($1.18)
OPPD $1,417 ($281) $0.10 ($0.02) $0.12
SPRM $408 $509 $0.14 $0.18 ($0.04)
SPS $7,336 ($63) $0.25 $0.00 $0.25
SUNC $910 ($3,729) $0.14 ($0.56) $0.70
SWPA $235 $583 $0.43 $1.07 ($0.64)
UMz $5,297 $7,186 $0.17 $0.23 ($0.06)
WERE $13,179 $4,675 $0.49 $0.17 $0.31
WFEC $2,521 $8,817 $0.16 $0.56 $0.40
Total: $52,334 $96,748 $0.19 $0.35 ($0.16)

Table 8.14: Future 1 2030 Retail Residential Rate Impacts by Zone (2020S)

33 APC savings are the only benefit included in the rate impact calculations.
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AEPW
EMDE
GMO
GRDA
KCBPU
KCPL
LES
MIDW
NPPD
OKGE
OPPD
SPRM
SPS
SUNC
SWPA
umz
WERE
WFEC
Total:

One-Year
ATRR Costs

2030
($thousands)

$7,896
$719
$1,156
$581
$283
$2,688
$443
$227
$1,854
$5,184
$1,417
$408
$7,336
$910
$235
$5,297
$13,179
$2,521
$52,334

One-Year
Benefit

2030
($thousands)

$29,423
$4,016
$2,901
$8,221
$1,665
$1,269
$1,230
($1,009)
$732
$50,551
$1,110
$327
$1,530
($3,052)
$1,853
$18,039
$3,594
$12,985
$135,386

$0.15
$0.14
$0.12
$0.06
$0.10
$0.18
$0.12
$0.10
$0.11
$0.15
$0.10
$0.14
$0.25
$0.14
$0.43
$0.17
$0.49
$0.16
$0.19

Rate
Impact
Benefit

$0.57
$0.79
$0.31
$0.86
$0.60
$0.09
$0.35
($0.44)
$0.04
$1.51
$0.08
$0.11
$0.05
($0.46)
$3.41
$0.08
$0.13
$0.82
$0.49
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Net Impact
(2020%)
($0.42)
($0.65
($0.19
($0.80
($0.50
$0.10
($0.22)
$0.54
$0.06
($1.35)
$0.02
$0.03
$0.20
$0.60
($2.98)
($0.40)
$0.35
$0.60
($0.30)

)
)
)
)
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One-Year One-Year
ATRR Costs Benefit

2030 2030 Rate Impact-| Rate Impact | Net Impact®
($thousands) | ($thousands) Cost Benefit

Arkansas $1,972 $4,773 $0.15 $0.36 ($0.21)
lowa $84 $1,415 $0.06 $1.08 ($1.02)

Kansas $18,815 $9,380 $0.17 $0.09 $0.09
Louisiana $1,155 $2,556 $0.15 $0.34 ($0.19)
Minnesota $16 $278 $0.06 $1.09 ($1.02)
Missouri $8,148 $46,549 $0.14 $0.81 ($0.67)
Montana $9 $151 $0.06 $1.09 ($1.02)
Nebraska $8,234 $11,123 $0.20 $0.26 ($0.07)

New Mexico $411 $338 $0.50 $0.41 $0.09
North Dakota $257 $4,481 $0.06 $1.09 ($1.02)

Oklahoma $10,488 $7,735 $0.39 $0.29 $0.10
South Dakota $195 $3,276 $0.06 $1.08 ($1.01)
Texas $2,545 $4,616 $0.19 $0.35 ($0.16)
Wyoming $4 $77 $0.06 $1.09 ($1.02)
Total: $52,334 $96,748 $0.19 $0.35 ($0.16)

Table 8.16: Future 1 2030 Retail Residential Rate Impacts by State (20208)

34 state level numbers are representative of load and generation in the SPP region, not the entire state.
35 State level results are based on load allocations by zone, by state. For example, 4.2 percent of Upper Missouri Zone
(UMZ) load is in Nebraska, so 4.2 percent of UMZ benefits are attributed to Nebraska.
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One-Year | One-Year
ATRR Costs |  Benefit
2030 2030  [Rate Impact-| Rate Impact | Net Impact®’

($thousands) | ($thousands) Cost Benefit (2020%)

Arkansas $1,972 $7,700 $0.15 $0.59 ($0.44)
lowa $84 $1,164 $0.06 $0.89 ($0.83)

Kansas $18,815 $13,928 $0.17 $0.13 $0.05
Louisiana $1,155 $4,305 $0.15 $0.57 ($0.42)
Minnesota $16 $226 $0.06 $0.88 ($0.82)
Missouri $8,148 $56,385 $0.14 $0.98 ($0.84)
Montana $9 $123 $0.06 $0.88 ($0.82)
Nebraska $8,234 $21,487 $0.20 $0.51 ($0.31)
New Mexico $411 $1,031 $0.50 $1.26 ($0.76)
North Dakota $257 $3,642 $0.06 $0.88 ($0.82)
Oklahoma $10,488 $14,078 $0.39 $0.52 ($0.13)
South Dakota $195 $2,660 $0.06 $0.88 ($0.81)
Texas $2,545 $8,596 $0.19 $0.64 ($0.45)
Wyoming $4 $62 $0.06 $0.88 ($0.82)
Total: $52,334 $135,386 $0.19 $0.49 ($0.30)

Table 8.17: Future 2 2030 Retail Residential Rate Impacts by State (2020S)

8.3 SENSITIVITY ANALYSIS

The recommended portfolio was tested under select sensitivities to understand the economic impacts
associated with variations in certain model assumptions. These sensitivities were not used to develop
transmission projects nor filter out projects, but rather to measure the flexibility of the final consolidated
portfolio in both futures under different uncertainties. The demand and natural gas price sensitivities
were included in the 2020 ITP Scope, however, SPP staff performed additional sensitivities to further
explore the performance of the portfolio.

The following sensitivities were conducted:
e Scoped sensitivities
e High/low natural gas price

e High/low demand

36 State level numbers are representative of load and generation in the SPP region, not the entire state.
37 State level results are based on load allocations by zone, by state. For example, 4.2 percent of Upper Missouri Zone
(UMZ) load is in Nebraska, so 4.2 percent of UMZ benefits are attributed to Nebraska.

2020 ITP Assessment Report 146



Appendix B
Page 160 of 178
Case No. 21-00169-UT

Southwest Power Pool, Inc.

e Supplemental sensitivities
e High/low wind38
e High/low solar
e High/low energy storage
e High/low unit retirements

The consolidated portfolio was tested in both futures. The APC savings impacts of variations in the model
inputs were calculated for the simulations. Figure 8.3 illustrates the expected range of APC savings benefit
in comparison to the range of portfolio cost and the impacts of varying sensitivity assumptions on that
range of benefits. The cost ranges represent the +30 percent Study Estimate requirement. The dashed bar
in subsequent figures represents the expected case B/C ratio for comparison to the sensitivity case B/C
ratios.

40-Year APC Benefit and Cost Ranges

Wind Sensitivity $1,750 I N 53,765
Retirements Sensitivity $1,932 [ N $3,104
NG Sensitivity $1,305 N 52,972
Demand Sensitivity $1,744 NS 2,880
Solar Sensitivity $1,7300 2,513
Battery Sensitivity $1,831 | [$2,512
Expected APC Benefit $1,800 $2,523
$509
Economic Portfolio Cost
$794
Full Portfolio Cost .
0 500 1000 1500 2000 2500 3000 3500 4000

S Millions
M Benefit Range Decrease M Expected APC Benefit Range B Benefit Range Increase B Cost Range M Portfolio Cost

Figure 8.3: 40-Year APC Benefit and Cost Ranges

8.3.1 PEAK DEMAND SENSITIVITY

A single confidence interval for demand levels was developed from FERC Form No. 714. The demand
sensitivities had a 67 percent confidence interval (1 standard deviation) in positive and negative
directions.

The change in peak demand and energy reflects the SPP regional average volatility based on historical
data. The average deviation from the projected 2030 load forecasts developed by the MDWG and

38 Low wind sensitivity was only assessed in Future 2.
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reviewed by the ESWG results in a £7.5 percent change. This change was implemented on the load at a
company level. For companies without available data, the SPP regional average confidence interval was

used.

Future 1 Future 1 Future 2 Future 2

Variable itivi Year 10 Year 5 Year 10
Low 53 55 53 55
Peak Demand (GW) Expected 58 59 58 59
High 62 64 62 64

Table 8.18: Peak Demand Sensitivity

These high and low values were included as inputs to the base models of each future with and without the
recommended portfolio. The results of the 40-year APC benefit for this sensitivity are reflected in Figure
8.4. An increase in demand creates an increase in congestion on the SPP system, resulting in higher
congestion costs for the portfolios to mitigate, thus increasing the benefit. The opposite is true for the low
demand case, which decreases the opportunity for the portfolio to mitigate congestion.

40-Year Benefit Comparison

$3,500
$3,000
$2,500
$2,000
$1,500

$1,000

40-Year Benefit (Millions)

$500

S0

Expected Case High Demand Low Demand

B Future 1 I Future 2
40-Yr APC Benefit (NPV) 40-Yr APC Benefit (NPV)

Figure 8.4: 40-Year Benefit Comparison (Peak Demand Sensitivity)
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8.3.2 NATURAL GAS SENSITIVITY

A single confidence interval for natural gas prices was developed from the ABB fundamental forecast. The
natural gas sensitivity had a 95 percent confidence interval (1.96 standard deviations) in positive and
negative directions.

Future 1 Future 1 Future 2 Future 2

Variable itivi Year 10 Year 5 Year 10
Low 2.72 2.95 2.72 2.95
Natural Gas (20209%) Expected 3.75 4.07 3.75 4.07
High 4.79 5.19 4.79 5.19

Table 8.19: Natural Gas Sensitivity

A change in gas price is reflected by a corresponding change in the overall price of energy. The high
natural gas sensitivity shows the portfolio’s ability to reduce overall energy costs by allowing for a more
economical generation dispatch. The low natural gas sensitivity shows a reduced benefit caused by
lessened economic opportunity of resources with similar energy costs.

40-Year Benefit Comparison

$3,500
$3,000
2 $2,500
2
72: $2,000
=
[
@ $1,500
©
QL
© $1,000
<
$500
S0
Expected Case High NG Price Low NG Price
I Future 1 I Future 2
40-Yr APC Benefit (NPV) 40-Yr APC Benefit (NPV)
=== Expected Case F1 === Expected Case F2

Figure 8.5: 40-Year Benefit Comparison (Natural Gas Sensitivity)
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8.3.3 WIND CAPACITY SENSITIVITY

A wind sensitivity was conducted to test the portfolio’s performance under alternative wind conditions.
For this sensitivity, wind capacity and energy were scaled to the projected amounts shown in Table 8.20.
For Future 1 only an increase in the wind capacity and energy was assessed due to the current growth of
wind installation in real-time since scope development. For the high wind sensitivity, wind capacity and
energy was added to existing and resource plan sites in the base case assumptions on a pro rata basis. For
the low wind sensitivity, wind capacity and energy was reduced at only the resource plan sites.

Variable

Wind (GW) Expected 26 28 30 33

High 34 38 38 44
Table 8.20: Wind Capacity Sensitivity

Testing the portfolio against increased wind showed an increase in APC benefit. This influx of additional
energy increases congestion in the base cases, leaving more congestion to be addressed by the project
portfolio. The increase in benefit for both portfolios confirms that additional renewables would be
facilitated by these specific sets of projects. For the reduced wind Future 2 sensitivity, the opposite
occurs. A reduction in wind capacity and energy reduces the benefits the portfolio can realize.

2020 ITP Assessment Report 150



Appendix B
Page 164 of 178
Case No. 21-00169-UT

Southwest Power Pool, Inc.

40-Year Benefit Comparison

$4,000
$3,500
$3,000
$2,500
$2,000
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40-Year Benefit (Millions)
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=== Expected Case F1 === Expected Case F2

Figure 8.6: 40-Year Benefit Comparison (Wind Capacity Sensitivity)

8.3.4 SOLAR CAPACITY SENSITIVITY

Performance of the portfolio was assessed under varying solar capacity and energy assumptions. In this
sensitivity, solar capacity and energy was scaled to the projected amounts shown in Table 8.21.

Future 1 Future 1 Future 2 Future 2

Variable itivi Year 10 Year 5 Year 10
Low 0 0 0 0
Solar (GW) Expected 4 7 5 9
High 9 11 10 13

Table 8.21: Solar Capacity Sensitivity

Like the wind sensitivity, increased solar capacity and energy reduces the overall cost of energy available
to the system. This leads to similar changes in portfolio performance as those seen in the wind sensitivity,
except for the high solar sensitivity in Future 2. The increased solar capacity and energy is competing
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with higher amounts of energy from wind resources with a lower cost of energy, which results in a
negligible change due to the increase solar in Future 2.

40-Year Benefit Comparison
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Figure 8.7: 40-Year Benefit Comparison (Solar Capacity Sensitivity)

8.3.5 ENERGY STORAGE SENSITIVITY

The 2020 ITP was the first study to incorporate the development of energy storage resources. To
understand the impacts of energy storage on the portfolio a sensitivity was conducted. Energy storage

amounts were scaled to the amounts shown in Table 8.22.

Future 1 Future 1 Future 2 Future 2

Year 10 Year 5 Year 10

VELEL[
Low 0.0 0.0 0.0 0.0
Energy Storage (GW) Expected 0.8 14 1.7 3.1
High 1.5 2.7 33 6.1

Table 8.22: Energy Storage Sensitivity
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As illustrated in Figure 8.8 below, modifying the amounts of energy storage caused negligible effect on the
benefits observed by the portfolio in an hourly simulation. More impacts would generally be expected in a
sub-hourly simulation due to increased volatility.

40-Year Benefit Comparison
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Figure 8.8: 40-Year Benefit Comparison (Energy Storage Sensitivity)

8.3.6 UNIT RETIREMENTS SENSITVITY

Retirement assumptions for the 2020 ITP resulted in additional capacity retirements compared to the
2019 ITP. As a result of stakeholders’ concerns related to this assumption a sensitivity was conducted to
understand the effect of varying this assumption. Table 8.23 shows the change in the amount of
retirements, in gigawatts, for the low, expected, and high retirement amounts. For the low retirement
sensitivity, the conventional resource plan units were deactivated from the simulation and the previously
retired units were placed back in service. The high retirements sensitivity targeted coal facilities from the
2017 ITP10 with a lower than average capacity factor under emission restrictions, which were replaced
by combustion turbines primarily at the same locations to maintain zonal reserve margins.
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Future 1 Future 1 Future 2 | Future 2

Variable itivi Year 10 Year 5 Year 10
Low 0 0 0 0
Unit Retirements (GW) Expected 6 11 13 17
High 17 20 23 25

Table 8.23: Unit Retirements Sensitivity

All four scenarios of this sensitivity experienced increased congestion for the portfolio to address, which
was somewhat unexpected. This can be explained by the wide range of variables as it relates to the SPP
fleet. Locations of added /removed retirements, the large change in resource mix, and system congestion
patterns all play a significant role in the APC of the system.

40-Year Benefit Comparison
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Figure 8.9: 40-Year Benefit Comparison (Unit Retirements Sensitivity)
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8.4 VOLTAGE STABILITY ASSESSMENT

A voltage stability assessment was conducted with the recommended portfolio using Future 1 and 2
market powerflow models to assess the transfer limit (GW) from renewables in SPP to conventional
thermal generation in SPP, and from renewables in SPP to conventional thermal generation in external
areas.3? The assessment was performed to determine whether the generation dispatch with the
recommended portfolios adversely impacts system voltage stability. The assessment was intentionally
scoped to determine how the planned system performs under high renewable dispatch, given the
projected renewable amounts assumed for the 2020 ITP assessment.

The planned system supports the future-specific renewable generation dispatches observed in the
reliability hours after modeling the consolidated portfolio, reaching either minimum internal
conventional thermal generation levels or thermal limits prior to reaching voltage stability limits.

8.4.1 METHODOLOGY

To determine the amount of generation transfer that could be accommodated by the planned system,
generation in the source zone was increased and generation in the sink zone was decreased. Table 8.24
identifies the transfer zones and boundaries.

Transfer Zones Zone Boundaries

SPP renewables  SPP conventional thermal generation

SPP renewables  First-Tier and Second-Tier conventional thermal generation

Table 8.24: Generation Zones

Table 8.25 shows the transfers that were performed on the 2030 light load and 2030 summer models by
scaling both on-line and off-line renewables from the source zone and scaling down the sink zone. Utility
scale solar was not included in the source zone for the 2030 light for the 2029 light load model due to the
reliability hour being identified as 4 a.m.

39 See TWG 11/13/2018 meeting minutes and attachments for the TWG-approved 2020 ITP Voltage Stability Scope.
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Model Source Zone Sink Zone

SPP conventional thermal

2030 Light Load  SPP renewables (Wind) .
generation

First-Tier and Second-Tier

2030 Light Load = SPP renewables (Wind) conventional thermal generation

SPP renewables (Wind and Utility Scale  First-Tier and Second-Tier

2030 Summer . .
Solar) conventional thermal generation

SPP renewables (Wind and Utility Scale  SPP conventional thermal
Solar) generation
Table 8.25: Transfers by Model

2030 Summer

Single contingencies (N-1) for all SPP branches, transformers, and ties greater than or equal to 345 kV
were analyzed. SPP and first-tier 100 kV and above facilities were monitored for voltage and thermal
violations. The initial condition for each model was the source zone sum of real power generation output
(MW). The maximum source zone transfer capability was the real power maximum generation (Pmax).
The transfers were performed on each model in 200 MW steps until voltage collapse occurred in the pre-
contingency and post-contingency (N-1, 345 kV and 500 kV facilities) conditions. Each future was
evaluated for increasing generation transfer amounts to determine different voltage collapse points of the
transmission system. Source and sink generation was scaled on a pro-rata basis to reach the pre-
contingency maximum power transfer limit, or the voltage stability limit (VSL). Multiple transfer limits
were determined based on the worst N-1 contingency and independently evaluating the next worst
contingency to determine the top five post-contingency VSL.

8.4.2 SUMMARY

Figure 8.2 shows a summary of the voltage stability assessment limits by future, model and transfer path.
The table includes the transfer path, source and sink generation pre-transfer levels, critical contingency,
post transfer level when VSL is reached, incremental transfer limit amount, and whether or not thermal
overloads occur prior to voltage collapse. The table shows in all instances either minimum internal
conventional thermal generation levels or when a thermal limit is reached prior to the VSL.

Thermal
Overloads

Transfer Initial Initial VSL Prior to
Source Source Sink Source Transfer | Voltage

-->Sink (GW) (GW) (GW) (GW) Collapse
Future 1: 2030 Light Load

Wind Reached Minimum Sink N/A
-->Internal

Wind
-->External 19.7 18.3 Blackberry-Wolf Creek 215 17.0 1.8 Yes

Thermal
" 19.7 18.3 Sooner-Wekiwa 215 17.0 1.8 Yes
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Thermal
Overloads
Transfer Initial Initial Prior to
Source Source Sink Transfer | Voltage
-->Sink (GW) (GW) (GW) Collapse
" 19.7 18.3 Terry Road-Sunnyside 21.5 17.0 1.8 Yes
Future 1: 2030 Summer Peak
Solar &
Wind 21.1 28.7 Crossroad-Eddy County 26.2 23.8 5.2 Yes
-->Internal
" 21.1 28.7 Holt-S3458 26.2 23.8 5.2 Yes
Solar &
Wind 211 721 Ketchem-Sibley 26.7 67.5 54 Yes
-->External
" 211 721 La Cygne-Stillwell 26.6 67.5 54 Yes
" 21.1 72.1 JEC-Hoyt 26.8 67.3 5.7 Yes
Future 2: 2030 Light Load
Wind Reached Minimum Sink N/A
-->Internal
Wind 18.8 179 Hugo-Sunnyside 21.0 16.1 18 Yes
-->External
" 18.8 17.9 Blackberry-Wolf Creek 21.6 15.7 2.2 Yes
" 18.8 17.9 Fort Smith-ANO 21.6 15.7 2.2 Yes
Future 2: 2030 Summer Peak
Solar &
Wind 25.2 24.6 Crossroad-Eddy County 29.6 204 41 Yes
-->Internal
" 25.2 24.6 Terry Road-Sunnyside 39.0 11.6 13.0 Yes
" 25.2 24.6 Mathewson-Northwest 39.8 10.9 13.7 Yes
Solar &
Wind 25.2 70.5 Ketchem-Sibley 304 66.2 44 Yes
-->External
" 25.2 70.5 La Cygne-Stilwell 30.6 66.0 45 Yes
" 25.2 70.5 Blackberry-Wolf Creek 31.0 65.7 4.6 Yes

Table 8.26: Post-Contingency Voltage Stability Transfer Limit Summary

Table 8.27 shows a summary of the voltage stability assessment limits and thermal limits by future,
model, and transfer path. The table includes the transfer path, total renewable capacity, post transfer
level when thermal violations and VSLs are reached, and a comment summarizing either the minimum
internal conventional thermal generation levels or when a thermal limit is reached prior to the VSL
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Total
Transfer Renewable
Source-->Sink Capacity (GW) Comment
Future 1: 2030 Light Load
Wind-->Internal 25.6 N/A N/A
Wind-->External 26.9 21.5 20.2
Future 1: 2030 Summer Peak
Solar & Wind 33.1 26.2 23.4
-->Internal
_sf’::;:r:‘::’d 33.1 267 238
Future 2: 2030 Light Load
Wind-->Internal 30.1 N/A N/A
Wind-->External 30.8 21.0 20.2
Future 2: 2030 Summer Peak
Solar & Wind 40.2 296 28.0
-->Internal
Solar & Wind 412 30.4 28.2
-->External

Table 8.27: Voltage Stability Results Summary

8.4.3 CONCLUSION

The analysis demonstrates the planned system does not reach a VSL prior to system thermal limits;
therefore, the potential benefits attributed to the consolidated portfolio are validated. Voltage collapse
occurs at renewable levels less than the projected renewable capacity amounts. However, thermal issues
(i.e., causing renewable curtailments) occur prior to voltage collapse when thermal issues are captured in
the market economic models as congestion. The APC benefit of the consolidated portfolio generally
derives from relieving congestion on thermal issues. Voltage collapse occurs at aggregate renewable
levels greater than what is observed in the reliability hours after modeling the consolidated portfolio.

8.5 FINAL RELIABILITY ASSESSMENT
8.5.1 METHODOLOGY

Thermal and voltage violations were identified in the market powerflow portfolio rebuilt models
following the same methods in the base reliability powerflow assessment. There were three thermal
violations identified a result of the new market dispatch and portfolio additions, although they were
reclassified and invalidated as reliability violations per section 4.2.5 of the ITP Manual. No additional
voltage violations were observed and no supplementary solutions were developed to accommodate the
market powerflow models.

8.5.1.1 Short-Circuit Model

A proxy automatic sequencing fault calculation (ASCC) short-circuit analysis was performed on the 2020
ITP year-two summer maximum fault current model to find percent increases in fault currents in relation
to the base case model on which the needs assessment was performed. All consolidated portfolio projects
expected to alter or need zero sequence data were added to the model regardless of their in-service dates.
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After performing this analysis, it was found that 113 of the 9,888 buses monitored experienced a 5
percent increase in fault current. Only nine of the 113 buses appeared to exceed common breaker duty
ratings of 20kA. The subsequent short-circuit analysis performed next cycle will confirm whether or not
the duty ratings are exceeded given the latest modeling assumptions.

8.5.2 SUMMARY

8.5.2.1 Base Reliability Models

The resulting thermal and voltage violations were solved or marked invalid through methods such as
reactive device setting adjustments, model updates, identification of invalid contingencies, non-load-
serving buses, and facilities not under SPP’s functional control. Additional rebuilds were identified as
needed for portfolio inclusion based on downstream overloads resulting from rebuilds already selected in
the proposed portfolio. Due to the fact that these sections of the Deaf Smith 115kV corridor were not up
to minimum design standard, they have all been identified as rebuild projects. Per the ITP manual, base
reliability projects driving additional needs require portfolio project adjustment or additions in order to
fully mitigate the resulting needs. The details of the additional rebuilds are listed below.

Rebuild Projects Portfolio Need Identification

Deaf Smith #6-Hereford 115 kV rebuild Base Reliability

Deaf Smith #6-Friona 115 kV rebuild Base Reliability

Cargill-Friona 115 kV rebuild Final Reliability Assessment
Cargill-Deaf Smith #24 115 kV rebuild Final Reliability Assessment
Parmer-Deaf Smith #24 115 kV rebuild Final Reliability Assessment
Parmer-Deaf Smith #20 115 kV rebuild Final Reliability Assessment
Curry-Deaf Smith #20 115 kV rebuild Final Reliability Assessment

Table 8.28: Additional Identified Reliability Rebuilds

8.5.2.2 Market Powerflow Models

The resulting thermal and voltage violations identified in the market powerflow portfolio rebuilt models
were generated using the same methods in the base reliability powerflow assessment. There were three
thermal violations identified as resultant of the new market dispatch and portfolio additions, although
they were reclassified and invalidated as reliability violations per Section 4.2.5 of the ITP Manual. Of the
fifteen voltage violations identified, thirteen were related to local planning more stringent monitoring
criteria and only two were low voltage per the SPP Planning Criteria. Per the ITP manual, no new
solutions were developed for these identified violations, and the facilities will be monitored in the 2021
ITP for any further issues.

8.5.2.3 Short-Circuit Model

The final reliability assessment for the short-circuit model did not show any new fault-interrupting
equipment to have its duty ratings exceeded by the maximum available fault current (potential violation)
due to the addition of the consolidated portfolio.

8.5.3 CONCLUSION

Overall, only the Base Reliability assessment yielded any additional needs which were addressed by
portfolio project additions per the direction provided in the ITP Manual.
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9 NTC RECOMMENDATIONS

SPP staff makes NTC recommendations for projects included in the consolidated portfolio based on
results from the staging process and SPP Business Practice 7060. If financial expenditure is required
within four years from board approval, the project is generally recommended for an NTC or NTC-C. To
determine the date when financial expenditure is required, the project’s lead time is subtracted from its
need date. Expected lead times for transmission projects are determined using historical data on
construction timelines from SPP’s project tracking process. NTC-Cs are issued for projects with an
operating voltage greater than 100 kV and a Study Estimate greater than $20 million.

Two exceptions to this process for the 2020 ITP are the Eddy County-North Loving 345 kV line identified
as a reliability project with a June 2028 need date and the Split Rock 345/115 kV terminal equipment
identified as an economic project with a January 2025 need date for the reasons discussed in section 7.1.7
and 7.3.10, warranting additional analysis necessary in future planning studies before move forwarded
with the planned projects.

As discussed throughout the report the eastern New Mexico area is extremely complex. Both economic
and reliability issues are present and a comprehensive solution is necessary to address the thermal
loading, low voltage, and voltage collapse conditions. The Eddy County-North Loving 345 kV line does not
address some of these conditions as it is not a comprehensive solution. Additionally, there are some out of
scope compliance events NERC TPL 001-4 P3 planning events that are also known to cause concerns in
the area. SPP Operations staffis also currently working to update interface ratings due to transmission
topology being placed in service in the near future. SPP expects to continue studying this in the 2021 ITP
assessment with the goal of utilizing information gathered in the 2020 ITP along with new analysis to
provide a comprehensive solution to address the system conditions in the area.

The terminal equipment that would require replacement to increase the rating of the Split Rock 345/115
kV transformers, which is not an SPP tariff facility and would require FERC filings to support SPP
regionally beneficial seams project cost allocation. The project was also identified and assessed during the
2020 MISO-SPP CSP, but was not found to be jointly beneficial. Additionally, the project marginally passed
SPP’s consolidation criteria.

For the reasons listed above the Eddy County-North Loving 345 kV line and the Split Rock 345/115 kV
terminal equipment upgrades are not recommended for an NTC.

Table 9.1 below shows SPP’s NTC recommendations when considering staging results, expected lead
times, and other qualitative information related to the recommended projects.

Financial

Lead Time | Expenditure
Description Need Date (months) Date
Watford 230/115 kV transformer circuit 1
terminal equipment, circuit 2 replacement

6/1/2022 24 11/17/2020 NTC
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Financial
Lead Time | Expenditure
Need Date (months) Date
Circleville-Goff 115 kV circuit 1 rebuild 6/1/2025 24 6/1/2023 NTC
Goff-Kelly 115 kV rebuild 6/1/2025 24 6/1/2023 NTC
South Shreveport-Wallace Lake 138 kV rebuild 6/1/2024 24 6/1/2022 NTC-C
Grady 138 kV capacitor bank 12/1/2022 24 12/1/2020 NTC
Richmond 115 kV substation, Richmond 115/69
kV transformer, Richmond-Aberdeen 115 kV 12/1/2022 36 11/17/2020 NTC
line
Cushing Tap-Shell Cushing Tap-Shell Pipeline
Py rgebui‘l’ p 9 'ap P 6/1/2023 24 6/1/2021 NTC
::Z:::‘:;?eaf Smith 230 kV terminal 4/1/2022 18 11/17/2020  NTC
ZI:L\:\;:::::otter County 230 kV terminal 4/1/2022 18 11/17/2020 NTC
Carlisle-Murphy 115 kV rebuild 6/1/2022 24 11/17/2020 NTC
Roswell 115/69 kV replace transformer #1 6/1/2022 24 11/17/2020 NTC
S$3456-S3458 345 kV terminal equipment 6/1/2029 18 12/1/2027 No
Meadowlark-Tower 33 115 kV rebuild 6/1/2023 36 11/17/2020 NTC
:::T;m"::r‘c’fr'c‘::‘:th 230 kV terminal 6/1/2028 18 12/1/2026 No
Jon?s-Lubbo.ck S.outh 230 kV terminal 6/1/2028 18 12/1/2026 No
equipment circuit 2
Deaf Smith-Plant X 230 kV terminal equipment 4/1/2022 18 11/17/2020 NTC
Newhart-Plant X230 kV terminal equipment 4/1/2022 18 5/17/2022 NTC
Lub!)ock South-WoIfforth.230 kV terminal 6/1/2022 18 12/1/2020 NTC
equipment and clearance increase
Allen-Lubbock South 115 kV rebuild 6/1/2022 24 11/17/2020 NTC
Allen-Quaker 115 kV rebuild 6/1/2022 24 11/17/2020 NTC
Eddy County-North Loving 345 kV new line 6/1/2028 48 6/1/2024 No
Bismarck 115 kV reactors 4/1/2022 24 11/17/2020 NTC
Moorehead 230 kV reactor 4/1/2022 24 11/17/2020 NTC
Russell 115 kV capacitor bank 6/1/2022 24 11/17/2020 NTC
Maljamar 115 kV capacitor bank 6/1/2028 24 6/1/2026 No
Devil's Lake 115 kV reactor 4/1/2022 24 11/17/2020 NTC
Agate 115 kV reactor 4/1/2022 24 11/17/2020 NTC
Nixa-Nixa Espy 69 kV terminal equipment 6/1/2022 18 12/1/2020 No
Replace four breakers at Anadarko 138 kV 6/1/2022 18 12/1/2020 NTC
Replace three breakers at Northeast 161 kV 6/1/2022 18 12/1/2020 NTC
Replace one breaker at Stilwell 161 kV 6/1/2022 18 12/1/2020 NTC
Replace one breaker at Leeds 161 kV 6/1/2022 18 12/1/2020 NTC
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Financial
Lead Time | Expenditure
Need Date (months) Date
Replace one breaker at Shawnee Mission 161 kV 6/1/2022 18 12/1/2020 NTC
Replace one breaker at Southtown 161 kV 6/1/2022 18 12/1/2020 NTC
Replace two breakers at Lake Road 161 kV 6/1/2022 18 12/1/2020 NTC
Replace two breakers at Craig 161 kV 6/1/2022 18 12/1/2020 NTC
A.nad.arko-Gracemont 138 kV rebuild as double- 1/1/2023 36 11/17/2020 NTQ—
circuit Modify
Russett-South Brown 138 kV rebuild 1/1/2022 30 11/17/2020 NTC

Butler-Tioga 138 kV new line; wreck-out Butler-

Altoona 138 kV 1/1/2024 36 1/1/2021 NTC-C
GRDI:\1 345/.161 kV circuit 1 and circuit 2 1/1/2022 18 11/17/2020 NTC
terminal equipment

Columbus East 230/115 kV transformer 1/1/2039 24 1/1/2037 No
replacement

Fran.ks-South Crocker-Lebanon 161 kV terminal 1/1/2028 18 7/1/2026 No
equipment

Tap Woodwa.rd-Border 345 kV, Chisholm-Tap 1/1/2022 48 11/17/2020 NTC-C
345 kV new line

Dover Switch-Okeene 138 kV and Aspen- 1/1/2022 18 11/17/2020 NTC

Mooreland-Pic 138 kV terminal equipment
Pleasant Valley 345/138 kV Station, Minco-
Pleasant Valley-Draper 345 kV new line,
Franklin-Midwest 138 kV terminal equipment, 1/1/2025 48 1/1/2021 NTC-C
Cimarron-Draper 345 kV terminal equipment
and Pleasant Valley cut-in

Split Rock 345/115 kV circuit 10 and 11

. . 1/1/2025 18 7/1/2023 No
terminal equipment
Oah'e-SuIIy4I03uttes-WhitIock 230 kV terminal 1/1/2028 18 7/1/2026 No
equipment
Deaf Smith #6-Hereford 115 kV rebuild 4/1/2022 24 11/17/2020 NTC
Deaf Smith #6-Friona 115 kV rebuild 4/1/2022 24 11/17/2020 NTC
Cargill-Friona 115 kV rebuild 4/1/2022 24 11/17/2020 NTC
Cargill-Deaf Smith #24 115 kV rebuild 4/1/2022 24 11/17/2020 NTC
Parmer-Deaf Smith #24 115 kV rebuild 4/1/2022 24 11/17/2020 NTC
Parmer-Deaf Smith #20 115 kV rebuild 4/1/2022 24 11/17/2020 NTC
Curry-Deaf Smith #20 115 kV rebuild 4/1/2022 24 11/17/2020 No

Table 9.1: NTC Recommendations

40 Information in this table includes considerations of the updated cost estimate.
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10 GLOSSARY

ABB ABB Group licenses the PROMOD enterprise software SPP uses for economic simulations
APC Adjusted production cost = Production Cost $ + Purchases $-Sales $
ARR Auction Revenue Rights
ATC Available transfer capacity
BAA Balancing Authority Area
BAU Business as usual
B/C Benefit-to-Cost Ratio
BES Bulk-Electric System
CcC Combined cycle
CLR Cost per loading relief
CcT Combustion turbine
CVR Cost per voltage relief
DPP Detailed Project Proposal
E&C Engineering and construction cost
ERCOT Electric Reliability Council of Texas (ERCOT)
EHV Extra-high voltage
ESWG Economic Studies Working Group
FCITC First contingency incremental transfer capacity
FERC Federal Energy Regulatory Commission
(c]] Generator Interconnection
GIA Generator Interconnection Agreement
GOF Generator outlet facilities
GW Gigawatt
GWh Gigawatt hour
HV High voltage
IFTS Interruption of firm transmission service
IRP Integrated resource plan
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Integrated System, which includes the Western Area Power Administration’s Upper Great
IS Plains Region (Western-UGP), Basin Electric Power Cooperative, and the Heartland
Consumers Power District
ITP Integrated Transmission Planning
ITP Manual Integrated Transmission Planning Manual
kv Kilovolt
Locational Marginal Price = the market-clearing price for energy at a given Price Node
LMP equivalent to the marginal cost of serving demand at the Price Node, while meeting SPP
Operating Reserve requirements
MISO Midcontinent Independent System Operator
MTEP19 2019 MISO Transmission Expansion Plan
MTEP20 2020 MISO Transmission Expansion Plan
MTEP MISO Transmission Expansion Plan
MDWG Model Development Working Group
MMWG Multi-regional Modeling Working Group
MOPC Markets and Operations Policy Committee
MW Megawatt
NERC North American Electric Reliability Corporation
NITSA Network Integration Transmission Service Agreement
NPV Net present value
NREL National Renewable Energy Laboratory
NCLL Non-consequential load loss
NTC Notification to Construct
PPA Power Purchase Agreement
PST Phase-shifting transformer
RCAR Regional Cost Allocation Review
RPS Renewable portfolio standards
SASK Saskatchewan Power
SPC Strategic Planning Committee
SPP OATT SPP Open Access Transmission Tariff
TO Transmission Owner
TSR Transmission Service Request
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TVA Tennessee Valley Authority

TWG Transmission Working Group

US EIA United States Energy Information Administration
VSL Voltage stability limit

Table 10.1: Glossary
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APPENDIX D — ELECTRIC ENERGY AND DEMAND FORECAST

o Current Load Forecast Tables: This appendix contains tables of the base case energy sales and
coincident peak demand forecasts for each year within the planning period, 2022-2041:

— Annual sales of energy and coincident peak demand on a system-wide basis;

— Annual sales of energy and coincident peak demand by customer class;

— Annual sales of energy and coincident peak demand disaggregated between Commission
jurisdictional sales, FERC jurisdictional sales, and sales subject to the jurisdiction of other

states;

— Annual Sales of Energy and Coincident Peak Demand by Retail and Wholesale Customer
Class

— Annual coincident peak system losses and the allocation of such losses to the transmission
and distribution components of the system;

— Assumptions for economic and demographic factors relied on in load forecasting; and
— Expected capacity and energy impacts of existing and proposed demand-side resources.

— Annual Actual and Forecasted Firm Peak Demand for Base, and Forecasted Firm Peak
Demand for Low and High Probable Scenario

— Annual Actual and Forecasted Energy Sales for Base, and Forecasted Energy Sales for
Low and High Probable Scenario

— Annual Energy Sales Forecast Comparison
— Annual Coincident Peak Demand Forecast Comparison

— Annual Weather Normalized Firm Peak Demand Forecast Comparison
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Table D-1: SPS’s Base Case Energy Sales and Coincident Peak Demand Forecasts in the
Context of the Last Twelve Years of History

Energy Annual Peak Annual
Sales Increase | Demand | Increase
(GWh) (GWh) (MW) (MW)

2010 27,935 568 4951 (36)
2011 28,843 908 5,155 204
2012 26,614 (2,229) 5,145 (10)
2013 27,443 829 5,026 (119)
2014 26,162 (1,281) 4,844 (182)
2015 24,584 (1,578) 4,643 (201)
2016 24,678 93 4,800 157
2017 24,223 (455) 4,344 (456)
2018 25,433 1,210 4,618 274
2019 24,677 (756) 3,888 (730)
2020 23,082 (1,595) 3,748 (140)
2021 23,338 256 4,060 312
2022 23,731 393 3,969 91)
2023 23,671 (60) 3,874 (94)
2024 23,748 77 3,899 24
2025 23,987 239 3,937 38
2026 23,772 (214) 3,867 (69)
2027 23,650 (123) 3,905 38
2028 23,808 159 3,934 29
2029 23,994 185 3,961 26
2030 24,145 151 3,982 21
2031 24,290 145 4,007 25
2032 24,451 161 4,033 26
2033 24,647 196 4,061 28
2034 24,849 202 4,085 24
2035 25,104 255 4,122 37
2036 25,267 163 4,153 31
2037 25,527 260 4,183 30
2038 25,722 196 4,207 24
2039 25,976 254 4,241 34
2040 26,212 235 4275 35
2041 26,418 206 4,302 27
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Table D-4: Historical and Forecasted Annual Sales of Energy and Coincident Peak
Demand by Retail and Wholesale Customer Class

Energy (GWh) Peak (MW)
Retail Firm| Wholesale Firm | System Firm | Retail Firm| Wholesale Firm | System Firm
2010 18,575 9,359 27,935 3,361 1,590 4,951
2011 18,639 10,204 28,843 3,297 1,858 5,155
2012 18,532 8,082 26,6014 3,378 1,767 5,145
2013 18,768 8,675 27,443 3,285 1,741 5,026
2014 19,108 7,055 26,162 3,316 1,531 4,847
2015 19,127 5,457 24,584 3,304 1,344 4,648
2016 19,259 5,419 24,678 3,436 1,370 4,806
2017 19,305 4917 24,223 3,407 941 4,348
2018 20,450 4,982 25,433 3,590 1,032 4,622
2019 21,027 3,650 24,677 3,542 521 4,063
2020 20,574 2,508 23,082 3,507 417 3,924
2021 20,973 2,365 23,338 3,624 436 4,060
2022 21,728 2,003 23,731 3,668 301 3,969
2023 22,358 1,314 23,671 3,749 125 3,874
2024 22,874 874 23,748 3,799 100 3,899
2025 23,199 788 23,987 3,837 100 3,937
2026 23,440 333 23,772 3,867 0 3,867
2027 23,650 0 23,650 3,905 0 3,905
2028 23,808 0 23,808 3,934 0 3,934
2029 23,994 0 23,994 3,961 0 3,961
2030 24,145 0 24,145 3,982 0 3,982
2031 24,290 0 24,290 4,007 0 4,007
2032 24,451 0 24451 4,033 0 4,033
2033 24,647 0 24,647 4,061 0 4,061
2034 24,849 0 24,849 4,085 0 4,085
2035 25,104 0 25,104 4,122 0 4,122
2036 25,267 0 25,267 4,153 0 4,153
2037 25,527 0 25,527 4,183 0 4,183
2038 25,722 0 25,722 4,207 0 4,207
2039 25,976 0 25,976 4,241 0 4,241
2040 26,212 0 26,212 4,275 0 4,275
2041 26,418 0 26,418 4,302 0 4,302
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Table D-5: Forecasted Coincident Peak Demand System Losses (MW)

Retail
Secondary Primary Sub- Backbone Total
Distribution | Distribution | Transmission | Transmission Retail |FERC|Total System
2021 281 62 4 22 369 29 399
2022 284 63 4 23 374 31 404
2023 290 64 4 23 382 30 412
2024 294 65 4 23 387 30 417
2025 297 66 4 24 391 16 407
2026 300 66 5 24 394 16 410
2027 302 67 5 24 398 17 415
2028 305 68 5 24 401 0 401
2029 307 68 5 24 404 0 404
2030 308 68 5 24 406 0 406
2031 310 69 5 25 408 0 408
2032 312 69 5 25 411 0 411
2033 315 70 5 25 414 0 414
2034 316 70 5 25 416 0 416
2035 319 71 5 25 420 0 420
2036 322 71 5 25 423 0 423
2037 324 72 5 26 426 0 426
2038 326 72 5 26 429 0 429
2039 328 73 5 26 432 0 432
2040 331 73 5 26 436 0 436
2041 333 74 5 26 439 0 439
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Appendix E
Page 1 of 121
Southwestern Public Service Company Case No. 21-00169-UT

Hourly Load Profiles

This section contains typical day load patterns on a system-wide basis for each customer class
provided for peak day, average day and representative off-peak days for each calendar month.

The following monthly class load shapes are developed from company load research data for the
year 2020. The following statistics were used for each requirement:

REQUIREMENT STATISTIC

Peak Day System Peak Day

Average Day Average Weekday Excluding Holidays
Representative Off-Peak Day Average Weekends and Holidays

The following pages contain tables and graphs for each of the load patterns described above.

Primary General Service Tables E-1.1 — E-1.12
Large Municipal and School Tables E-2.1 — E-2.12
Small Municipal and School Tables E-3.1 — E-3.12
Secondary General Service Tables E-4.1 — E-4.12
Large General 69 kV Tables E-5.1 — E-5.12
Large General Transmission Customers Tables E-6.1 — E-6.12
Residential Regular Tables E-7.1 — E-7.12
Residential Heat Tables E-8.1 — E-8.12
Small General Service Tables E-9.1 — E-9.12

Irrigation Power Service Tables E-10.1 — E-10.12
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