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STAKEHOLDER GROUP RA POLICY TIMETABLE

SAWG CAWG & BOD/RSC
RTWG
Educational Next Steps on
Review approval and

educational review
File PBA\ELCC Z/infe/ 54

Availability/Winter May

RAR RR605 Approved  Approved N\A Approved  Approved Approved iesngs 7/24
Winter and
Summer Approved 5/24 5/14,5/16 6/11 6/27 7/24 8/24 10/24*

Season/EUE RR 622

Fuel Assurance RR JoJolge)¥=To| 5/24 5/14,5/16 6/11 6/27 7/24 8/24 10/24

Demand Response

RR 618 7/24 8/24 8/24 9/24 9/24 10/24 10/24 1/25

Outage Policy
RR616

Approved 3/24 N\A Approved 3/24 4/24 5/24 N/A
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RA POLICY AND RR TARGETS

Polic REAL Target MOPC Target Non-Bindin Bindin FERC filin
y g g g g g
grouping

Normalized EUE standard policy
VOLL metric and usage policies*

Outage Policy RR 616

Availability/Winter RAR refile
RR605

Winter PRM RR 622

Summer PRM RR 622
Normalized EUE standard RR 622
Fuel Assurance/OMC RR

PRM stabilization/projection
policies*

Demand Response RR 618

Ramping RAR policy*
Ramping RAR RR*
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March 2024

March 27, 2024
Joint ESWG and
TWG Meeting

Complete
Complete

May/June 2024
May/June 2024
May/June 2024
May 2024

June 2024

July 2024

July 2024
October 2024

April 2024
July 2024

April 2024
April 2024

July 2024
July 2024
July 2024
July 2024

July 2024

October 2024

October 2024
January 2025

Summer 2025

TBD

Winter 2024/2025
Winter 2024/2025

Winter 2024/2025
Summer 2025
Summer 2025
Winter 2024/2025

N/A

Winter 2024/2025

Summer 2025
Summer 2025

Summer 2026

TBD

Winter 2025/2026
Winter 2025/2026

Winter 2026/2027
Summer 2026
Summer 2026
Winter 2026/2027

N/A

Winter 2026/2027

Summer 2027
Summer 2027
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KEY CONSIDERATIONS FOR RESOURCE ADEQUACY PRM

¥ Per SPP Tariff and industry standard, SPP is required to maintain a

1 day in 10 years Loss of Load Expectation (LOLE) rellab|l|ty metrlc ‘ \
ST SN BT o _— | e
Fuel mix changes, load changes, and cold weather generation outages have shifted and is projected to
" continue moving seasonal risk from summer to wmter season for the SPP region . . e
IREXI AT~
@’  Generation mix uncertainty (slow solar installations)
XA AR |
- Planned and Maintenance outages on remaining aging

conventional fleet are increasing risk
IXERAR [
= Actual peaks are consistently higher than submitted forecasts
(47,822MW for 2026 vs 47,157MW last winter)
%1 SPP’s current equivalent 2023/24 Winter base PRM is 37.5% (using winter accredited resources; 42% using aII
resources i;ludig those accredited se
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SUMMER PRM VS. OPERATING CAPACITY MARGIN (OCM)

Measure Names
M Historical Operating Capacity Margin
1 5% PRM Prospective Operating Capacity Margin (Avg)
M Prospective Operating Capacity Margin (Max)
B Prospective Operating Capacity Margin (Min)
W PRM
20

3

[J
on

Margin %

~

Current OCM
projections with
15% PRM depict

increasingly tight
operations
N

J

2017 2018 2019 2020 2021

2022 2023 2024 2025 2026 2027 2028

Operating Capacity Margin — Minimum value per year of total capacity MWs available minus load ‘)SPP 7
sepintegiio N as a percentage of the load (Note the WWE has been excluded)



WINTER PRM VS. OPERATING CAPACITY MARGIN (OCmM)

PRM vs. Actual Margins

% ~ Resource Advisory/Conservativeops __  \ _ /N _ _/ _ __ __ _ _ __ __ _____ Current OCM
i T— projections with
e s R S e 4t O 36% PRM for
Load Shed Estimation 2027

o /

Yearl

Operating Capacity Margin — Minimum value per year of total capacity MWs available minus load
shown as a percentage of the load “SPP -
SPP Internal Only




EFFECT OF MOVING FROM 37% TO 33% ON OUTAGES

Measure Names

December January February March - jjzzlgag:;a(‘;’;:‘ég gl ;;‘lf;’]‘;’)
. [ Total GAP
22K
20K
18K Reducing the PRM to 33% would take the
available GAP to 0 in early January and
16K extremely low for early February negating any
chance for longer termed planned maintenance
14K approval in the winter season
v 12K
=
= 10K
8K
6K
4K

.2 = 811141?20232629.2 5 8 1 340 202526 49 |2 5 811141?202326.2 5 18 13234 17 2023 26 29
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PLANNED OUTAGES (MAX DAILY 2024 VS. MAX
HISTORICAL)

January

February

March

May

June

July

August

September

October

November

December

MWs

24K

22K

20K

18K

16K

14K

12K

A

Year of LOCALHOUR
W 2024

Measure Names
. Max. Years Prior

12 6 1014182226302 6 1014182226 ‘2 8 10141822263032 6 1014182226 |2 6 10141822 2630!2 6 10 14 18 22 26 |Z 6 10 14 18 22 2630!2 610141822 2630(2 6 1014182226 |2 & 10141822263052 6 1014182226 |2 & 101418222630!
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SEASONAL BALANCE OF RISKS

Limit Wind to 14% Installed Average since 2021, BTM/Import0.1 Forced Outage Rate
Season Hours Load MWhrs Hours (w/Uri) Load MWhrs (w/Uri)
Winter 54 71,604 78 99,839
Summer 4 2,894 4 2,894
Ratio (Winter/Summer) 13.5 24.74222529 19.5 34.49861783
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During the past 5 years SPP estimates ~19.5

(~13.5 excluding winter storm URI) times more
hours of potential load loss hours in the winter
than in the summer

°$Pp



WINTER LOAD FORECASTS: MEMBER-SUBMITTED

COMPARED TO ACTUALS AND GROWTH SCENARIOS

60,000 MW
58,973 MW
58,000 MW
56,000 MW Even SPP’s th ScenariOS 54,646 MW
of growth for peak load are /
54,000 MW higher than the load our
stakeholders project for
52,000 MW resource adequacy
50,563 MW
50,000 MW
48,000 MW / bS] There’s a gap between the
- —o loads stakeholders submit
46,000 MW for different purposes:
Higher when looking at

44,000 MW regional transmission
needs (ITP) and lower

42,000 MW . :
when looking at their

40,000 MW resource adequacy needs

2021-2022 2022-2023 2023-2024 2026-2027 2029-2030
—e—RA WB/LOLE, NCP ——|TP —e—Actual peak, with 6% growth 2024+
—e— Actual peak, with 4% growth 2024+ =e=Actual peak, with 2% growth 2024+ QSPP 12
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OPTIONS FOR MEETING PRM REQUIREMENT

Purchase existing excess capacity from others

Defer currently planned retirements

Reduce off-system sales

Increase demand response and/or interruptible load

Use interim service in Gl process

Sufficiency Valuation Curve currently in effect

“SPP
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75,000

70,000

65,000

60,000

55,000

50,000
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SUMMER LOAD FORECASTS: MEMBER-SUBMITTED

COMPARED TO ACTUALS AND GROWTH SCENARIOS

Stakeholder ITP submission of

69,836
summer load projections are
higher than the lowest growth
assumptions and remain below
trends of more rapid growth.
63,269

61,567

59,555

57,709

Summer load forecasts

_— T are similar, though with a

slightly smaller gap
— ' between stakeholder-
submitted RA and ITP
2021 2022 2023 2026 2029 Ioad forecasts
—@=—RA Workbook: LOLE, NCP =@—RA Workbook/LOLE, CP (using 96.9 LDF) =—@— |ntegrated Transmission Plan
=@ Actual NCP, with 4.9% growth 2024+ Actual CP, with 4.9% growth 2024+ =—@=— Actual CP, with 2.45% growth 2024+
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LOSS OF LOAD EXPECTATION (LOLE) EXPECTED UNSERVED ENERGY (EUE)
LOLE (Days EUE (Annual
Per 10 Years) MWh)
25 Industry Standard "Zone of No Entry” for LOLE mmm— | OLE (Days/10yr) === EUE (MWH/Yr) 339%/16% PRM .05 Winter/.05 Summer 1100
=7 1000
868 MWh 020 MW
1020 MW
5 / 900
\
36%/16% PRM .03 Winter/.07 Summer \‘ 800
\
Y 700
1.5 599 MWh \
\
- - 600
ey
= \ 2
g 355 MWh \ s
130 MWh \ 500
1 244 MWh “ e
79MWh 08 117 MWh “ 152 MWh 400
\
0.6 \\ 300
05 “0.5
0.5 L MWh 200
B 100
0.07
o f
0 0
2017 2019 2021 2023 2026 Winter 2026 Summer 2026 Annual D026 Winter 2026 Summer 2022(6)2/-\6nnu |
% % o o 2026 Annual o o
12% PRM 15% PRM 36%/16% PRM LOLE/EUE " 33%/16% PRM | Annual
2017 2019 2021 2023 2026 2026 2026 LOLE/EUE
(2015 study) (2017 study) (2019 study) (2021 study) (2023 study) (2023 study) (2023 study) (Zozzg?ftidy) ’:” SPP 15
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WINTER IS SPP’S RISKIEST SEASON

« 2023 LOLE study results show
that for 2026:

» 45.2% winter PRM
16.9% summer PRM

« 2023 LOLE study results show
that for 2029:

* 53% winter PRM
1896 summer PRM

SPP Internal Only

Winter share of
seasonal risk moving
from 56% to 97%
Cold weather outages

Higher LOLE with slowed
renewable insta|(s

Higher performing
conventional resources

Hi .
lrgeher net variable energy
source perforene! Lower general fleet
performance

A OSPP

Summer heat domes



RISK VS. COSTS: LOLE STUDY

SPP’s 2023 LOLE study results in 45.2% Winter PRM and 16.9% Summer PRM

1 day in 10 years LOLE results in 33% winter, 16% summer

+ Expected Unserved Energy of 1,020MWh maximizes 3ppm standard.

+SPP’s forecasted 3ppm in 2026 = 1020MWh

« Operations is seeing more issues throughout the year, inclusive of shoulder months (non-PRM seasons)

Current capacity headroom (2024/2025 submitted resources and load forecast)

Planned & Maintenance assumed to be OMW during CCH

Frequency and magnitude of recent winter weather events

SPP’s LOLE study assumes a future increase in solar capacity to 4828MW.

Winter PRM

SPP currently has only 444MW installed solar. W PRM w/solar B PRM w/o solar
B PRM w/P&M ® LOLE

« If solar does not go commercial in-time, LOLE increases in winter.
* Therefore a 36% winter PRM is recommended.

36% PRM in winter 2026/27 is minimal recommended level given all current
knowns and uncertainties ‘3SPP
. 17
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SPP STAFF RECOMMENDATIONS

II!**

Set the Base
Planning Reserve
Margins at 36% for
the winter season
and 16% for the
summer season,
effective beginning
with the 2026
summer season
and 2026/27
winter season.

SPP Internal Only

Py

REAL consider the
PBA, ELCC, and
Fuel Assurance
policies
interconnected for
improved
reliability and
equity.

The Fuel Assurance
requirements and the
PRM increase should both
be recommended for
approval by the RSC and
SPP BOD.

REAL approve
extending
applicability of the
Sufficiency
Valuation Curve
such that it applies
to the three
seasons occurring
in the years
following the year
in which a PRM
increase is
approved (in this
case, it would
apply to summer
2026, winter
2026/27, summer
2027, and winter
2027/28).

REAL support the
development by
REAL of a policy to
provide deficient
LREs the
opportunity to
choose Voluntary
Load Mitigation as
an option to
paying a deficiency
payment based on
the Sufficiency
Valuation Curve.

This option should be
applicable only after a

PRM increase is approved,

for the same time frame
as the Sufficiency
Valuation Curve.

SAWG evaluate and
recommend
summer
2029/winter
2029/30 PRM
values

for September 2024
REAL consideration

$

REAL evaluate and
update, if
necessary, SPP
Attachment AA
CONE effective for
winter 2027/28

OSPP



RECOMMENDED MOTION

* Motion to approve the following policies as an interconnected package:

» Set the Base Planning Reserve Margins at 36% for the winter season and 16%
for the summer season, effective beginning with the 2026 summer season and
2026/27 winter season.

« Approve extending applicability of the Sufficiency Valuation Curve such that it
applies to the three seasons occurring in the years following the year in which a
PRM increase is approved (in this case, it would apply to summer 2026, winter
2026/27, summer 2027, and winter 2027/28).

» Support the development of a policy to provide deficient LREs the opportunity
to choose Voluntary Load Mitigation as an option to paying a deficiency
payment based on the Sufficiency Valuation Curve.

* SAWG to evaluate and recommend summer 2029 and winter 2029/30 PRM
values for September 2024 REAL consideration

* REAL to evaluate and update the SPP Attachment AA CONE effective
for summer 2028

“3PP
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Southwest Power Pool, Inc.

1. EXECUTIVE SUMMARY

The objective of the 2023 Loss of Load Expectation (LOLE) study, which is required to be performed
at least once every two years in accordance with Attachment AA of the Southwest Power Pool
(SPP) Open Access Transmission Tariff (OATT), was to analyze the Summer Season and Winter
Season Planning Reserve Margin (PRM) for Planning Years 2026 and 2029. SPP LOLE studies
consider the annual reliability metric of “1 day in 10 years,” or 0.1 days per year (d/yr), as required
by Attachment AA’. Unless otherwise specified, LOLE in this report is in terms of days per year.
The current SPP PRM s fifteen percent (15%). If an entity's capacity mix is comprised of at least
seventy-five percent (75%) hydro-based generation, then such entity’s PRM is nine-point eight
nine percent (9.89%)

The 2023 LOLE study also analyzed how the seasonal balance of risk and Expected Unserved
Energy (EUE) impact the PRM for each planning year by varying range of LOLE, from 0.01 to 0.1
days per year. Sensitives regarding the impact of modeled incremental cold weather outages and
planned and maintenance outages on the PRM were also analyzed. The results reflect the
assumptions and methodology approved by the Supply Adequacy Working Group (SAWG) in the
2023 LOLE Study scope, and the additional directives from Improved Resource Availability Task
Force (IRATF) and Resource and Energy Adequacy Leadership (REAL) team. Sensitives of certain
assumptions were performed at the request of the SAWG.

In summary, the 2023 LOLE study:

X Analyzed Planning Years 2026 and 2029 while meeting the LOLE study requirements in
Attachment AA

X Incorporated multiple new modeling assumptions including 43 weather years and
incremental cold weather forced outages

x Determined 2026 Base Scope PRM? to be Summer: 17% and Winter: 45% while maintaining
the 0.1 days per year LOLE reliability metric

x Determined 2029 Base Scope PRM? to be Summer: 21% and Winter: 51% while maintaining
the 0.1 days per year LOLE reliability metric

" Open Access Transmission Tariff Attachment AA

2 SPP Planning Criteria Section 4.0

3 It should be noted the Base LOLE scope did not specify a seasonal balance of LOLE. The Base LOLE PRM
values given here are calculated assuming the same amount of perfect negative capacity is applied
throughout the entire simulation year.
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x Determined cold weather outages impacted the Winter PRM ranging from 16% to 30%
depending on the sensitivity scenario

X Determined planned and maintenance outages impacted the Winter PRM by 2% and 7%
for planning years 2026 and 2029, respectively, depending on the sensitivity scenario

x Determined planned and maintenance outages do not impact the Summer PRM based on
how it was modeled in this analysis

x Performed sensitivities that evaluated the changes in the following inputs:

0 Modeled varying balance of risk across the summer and winter seasons while
maintaining the tariff required 1 day in 10 year LOLE standard. These sensitivities
were performed to account that risk in the winter season will start increasing as the
resource mix shifts to more energy limited resources. By assuming a specified LOLE
metric to each season, risks can be better quantified when maintaining the 0.1 LOLE
metric across the entire year, which is important when stablishing a separate PRM
percentage for each season.

0 Modeled reductions in the impact of Incremental Cold Weather Outages. Further
evaluation of Incremental Cold Weather Outages indicated that while the full
impact of the incremental outages was consistent with the outages observed
during Winter Storm Uri, Winter Storm Elliot and Winter Storm Geri would account
for approximately 50% of the incremental modeled outages (as described in
sections 4.3 and 5.4). Any reduction of modeled incremental cold weather outages
when establishing the PRM would assume winterization improvements for
conventional resources when compared to Winter Storm URI.

0 Modeled a sensitivity without planned and maintenance outages. This information
helped inform the impact of planned and maintenance outages on the winter and
summer PRM while comparing the results to previous operational experiences
during the respective season.

1.1. STUDY ENHANCEMENTS

The LOLE study input model consisted of multiple modeling assumptions including multiple
historical weather years (1980-2022); hourly load, solar, and wind profiles; load forecast
uncertainty; random forced outages draws and variability; physical and economic resource
parameters; resource retirements; future resource additions; zonal transmission limitations;
incremental conventional resource forced outages due to extreme cold temperatures; and
planned and maintenance outages. Each of these variables can have an impact on the resulting
PRM. These variables are determined in the LOLE study scope, reviewed and approved by the
SAWG. The more notable changes from the previous LOLE study are the inclusion of planned &
maintenance outages, 43 weather years, and incremental cold weather outages, which are detailed
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in later sections of this report. Table 1 shows the enhancements in the study assumption

compared to the 2021 LOLE study.

Table 1: LOLE Study Assumption Comparison

Assumptions
Historical Wind,

Solar, & Load
Profiles

Planning Years

Modeled
Resource Mix

Reliability Metric
Application

Temperature
Outages

Demand
Response
Programs
Value of Wind,
Solar, and
Battery in PRM
Calculation

Load Forecast
Uncertainty

Determination of
1 day in 10 year
threshold

2023 Study

2021 Study

9 Years (2012-

Description

Created additional
variability; applied to
wind, solar, and load

43 Years (1980-2022) 2020) profiles
Year 2 and Year
Year 3 and Year 6 (2026 5 (2023 and
and 2029) 2026) Further outlook
Separate LRE future Resources
resource submissions in  derived from RA
addition to RA Workbook Resource mix dependent
Workbooks submissions upon LRE plans
Seasonal balance or risk
Annual (Summer and incorporation of
Seasonal Based) seasonal PRMs

Incremental cold
weather outages applied
for extreme winter

Temperature correlated
performances of

temperatures None resources and outages
Existing and future
programs were included
Actual Program to increase accuracy and
Parameters No limits variability
Improved ELCC
accreditation based on
System ELCC (all weather Methodology latest SPP’s approved
years) similar to ELCC ELCC method
7 discrete
Considered in the 43 standard Increased variability of

weather years

deviation points

study simulations

Perfect Negative
Generation

Generation
Removal

Created additional
variability; applied to
wind, solar, and load
profiles

1.2. FORECASTER APACITYAND DEMAND

The modeled capacity in the 2023 LOLE study is shown in Table 2 and Table 3 for Planning Year
2026 and 2029, respectively. The total forecasted non-coincident peak (NCP) demand for both
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planning years is shown in the Table 4. The NCP demand is calculated by adding together all
individual LRE's peak demand forecasts of the same season and planning year provided from the
entities, which may not all peak at the same time. The all values in the tables represent the total
capacity and demand in the SPP Balancing Authority (BA) Area and were based on the Resource
Adequacy data submittals from individual LREs and Generator Owners (GO).

Table 2: Generation Parameters for Planning Year 2026
Modeled in Summer Accreditation
Fuel Type Planning Year for Base PRM Calculation
2026 (MW) (MW)

Winter Accreditation
for Base PRM
Calculation (MW)
Natural Gas
and Other 32,733

32,325 32,733

Gases
Coal 20,422 20,422 20,422
Hydro 3,252 3,252 3,252
Nuclear 1,948 1,948 1,948
Petroleum 1,805 1,777 1,805
Battery 426 426 (100%)* 354 (83%)*
wind 37,964 5,413 (14%)* 9,576 (25%)*
Solar 4,828 2,867 (59%)* 521 (10%)*
s:snnggge 1,850 1,850 1422
F'”:“miztrfsma' 2,100 2,100 2,071
Total 107,328 63,674 63,653

Fuel Type

Natural Gas
and Other
Gases

Coal

Hydro

Nuclear
Petroleum

Table 3: Generation Parameters for Planning Year 202 9.
Summer Accreditation

Modeled in

Planning Year

2029 (MW)

for Base PRM
Calculation (MW)

Winter Accreditation for
Base PRM Calculation

(MW)

35,178 34,770 35,178
18,975 18,975 18,975
2,992 2,992 2,992
1,948 1,948 1,948
1,805 1,777 1,805

4 Wind and solar accreditation values change with respect to incremental cold weather outage level.
Battery accreditation was based on SPP 2022 ELCC ESR Report
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Battery 426 426 (100%)* 354 (83%)*
Wind 39,264 7,820 (20%)* 11,660 (30%)*
Solar 7,074 4,170 (59%)* 779 (11%)*

Demand

Response 2,231 2,231 1,678
Firm External

Imports 2,255 2,255 2,233

Total 107,328 63,674 63,653

Table 4: Non -Coincident Peak Demand

NCP Demand in Model Summer Winter
Planning Year 2026 58,028 47,822
Planning Year 2029 59,555 49,592

1.3. RESULTS

The LOLE study results reflect the assumptions and methodology outlined in the approved LOLE
study scope. The results provide insight to SPP staff, stakeholders, and other applicable governing
bodies when making resource adequacy policy decisions and establishing a PRM.

1.3.1BASESCOPERESULTS

The Base Scope results analyze each planning year to the annual 0.1 days per year LOLE threshold,
meaning, the total amount of LOLE from all hours of the year was equal to 0.1 days per year. To
achieve the annual 0.1 LOLE, the same level of perfect generation was removed in all hours of the
year. Planning Year 2026 Base Scope results are shown in Table 5. The results show that 4,614MW
of perfect generation was removed from the system to achieve the annual 0.1 LOLE metric. In
terms of seasonal PRM, a summer PRM of 16.9% and a winter PRM of 45.2% were determined.
The calculation for determining the PRM is outlined in Section 5.1 of this report. The seasonal
components that comprise the 0.1 annual LOLE are 44% contribution from the summer season
56% contribution from the winter season, meaning that the predominant risk of LOLE is in the
winter season. This is a shift from previous LOLE studies which the SPP BA area'’s risk of LOLE had
been predominantly driven by the summer season. The main cause of this shift in LOLE risk is the
implementation of incremental cold weather outages (see Section 4.3.3). Implementation of
incremental cold weather outages was introduced in the 2023 LOLE Study to capture cold
temperature correlated outages that have previously not been considered. The incremental cold
weather outages were a way to bridge the gap of probabilistically simulated forced outages based
driven by “net load”, which focuses solely on individual generators’ outage rates, and the
aggregated, simultaneous forced outages observed in real-time operations over recent winter
events.
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For Planning Year 2029 (see Table 6), 3,428 MW of perfect generation was removed from the
system to achieve 0.1 LOLE, which resulted in a summer PRM of 21% and winter PRM of 51%.
Summer and winter season contributed 3% and 97% to the 0.1 annual LOLE, respectively. This
seasonal balance of risk represents a significant change from previous LOLE studies in that nearly
all risk is being observed in the winter season. The change in base scope PRM from 2026 to 2029
is impacted by changes in the resource mix, which can shift hours of risk. As the resource mix
changes between 2026 and 2029, risk conditions (which are driven by net load) will change the
times of system risk to periods in which one resource class may be performing better than another
resource class®. As a result, the change in resource mix may offset some impacts of one reliability
factor (e.g. incremental cold weather outages), but it may also increase risks due to planned and
maintenance outages being taken during LOLE hours in the winter season. It is important to note
that SERVM does not consider cold weather outages or temperature when scheduling planned
and maintenance outages in simulations. Furthermore, the shift in risk hours increases wind
accreditation from 25% to 30% between planning years from 2026 to 2029, which further increases
the PRM.

Table 5: Planning Year 2026 Base Scope Results at 0.1 d/yr LOLE

Summer Winter
16.9% 45.2%
(44% contribution to LOLE) (56% contribution to LOLE)
EUE 139 MWh 1,186 MWh

Perfect generation
removed to achieve 4,614 MW
annual 0.1 d/yr LOLE

PRM

Table 6: Planning Year 2029 Base Scope Results at 0.1 d/yr LOLE
Summer Winter

21% 51%
(3% contribution to LOLE) (97% contribution to LOLE)

PRM

EUE 7 MWh 1,014 MWh

Perfect g eneration
removed to achieve 3,428 MW
annual 0.1 d/yr LOLE

> For example, an increase in the penetration of solar resources may shift risk away from times that solar
potential was high to times that solar potential was low. if the new time of risk also includes a high
number of forced and planned outages of thermal units, there may be larger impacts to the PRM.
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1.3.2ADDITIONAL SENSITIVITY RESULTS

After numerous stakeholder and staff discussions, while incorporating SAWG's requests for
additional scenarios from the scoping process, additional sensitivities were conducted to further
investigate the impact of seasonal risk, incremental cold weather outages, and planned and
maintenance outages have on the PRM.

Seasonal Balance of Risk

The directives from the IRATF regarding the 2023 LOLE study was to calculate and determine a
PRM for both the summer and the winter seasons.® The Base Scope results show a natural balance
of LOLE across the year allows the PRM for each season to be calculated assuming a seasonal
balance where the percent LOLE contribution is equivalent to LOLE in days per year. For example,
in the 2026 Base Scope results, 56% of LOLE contribution was in the winter season which equates
to 0.056 days per year LOLE. The 2029 Base Scope results indicate that as higher amounts of solar
are added to the system, the system risk is sharply shifting toward the winter season. If the trend
of increased solar penetration continues, more risk will be concentrated in the winter with longer
duration of LOLE events. To address the reliability risk, a higher PRM may be needed to reduce
the risk while considering EUE. Industry practice has been to allow a certain amount of risk in
either season, which also facilitates the ability for less capacity to be required in the season that
sees less risk. SPP staff performed a series of sensitivities that varied the risk of LOLE between the
winter and summer seasons. This variance of risk between the seasons was accomplished by
calculating required capacity (and associated PRM) for differing values of LOLE (from 0.01 LOLE
to 0.1 LOLE) for each season. LOLE was not analyzed below 0.01 d/yr in order to surface minimal
LOLE measurement and not to exceed 0.1 d/yr. The seasonal risk results showed that PRM
decreases as LOLE increases, while EUE exponentially increases as LOLE increases. This relationship
is illustrated in Figure 1. The planning year 2029 also showed the same pattern.

2026 Summer PRM, LOLE, and EUE Relationship 2026 Winter PRM, LOLE, and EUE Relationship
70% 2,500 70% 2,500
60% 60%
2,000 2,000
50% 50% Winter PRM
1,500 ! 1500
_40% = _ A% =
= = 3 H
s £ 3 =
g s E H
30% o 30% o
1,000 1,000
20% 20%
Summer PRM
‘Winter EUE
500 500
10% 10%
Summer EUE
0% 0 0% 0
0.00 0.02 0.03 0.04 0.05 0.06 0.07 0.08  0.09 0.1 0.01 0.02 0.03 0.04 0.05 0.06 0.07 008 0.9 0.1

LOLE (days/year) LOLE (days/year)

Figure 1. 2026 summer and winter PRM with respect to LOLE

® The current 15% PRM in the SPP Planning Criteria is an annual PRM value and applied to both the
summer and winter season.
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Incremental Cold Weather Outages

Additional scenarios investigated the change in PRM and EUE for both Planning Years with varying
levels of incremental cold weather outages. Overall, the inclusion of incremental cold weather
outages increases winter PRM due to rising forced outages accounts for more needed PRM.
Incremental cold weather outages (CWO) do not impact summer season since the correlated
outages occurred at temperatures below 40 degrees Fahrenheit. Figure 2 shows the PRM impact
of each cold weather outage scenario at varying LOLE levels, which includes the application of
planned and maintenance outages mainly occurring in the winter season. This is an illustration of
how PRM changes with increasing amount of cold weather outage at the same LOLE level. The
same relationship is true for both 2026 and 2029 planning years. Comparing the winter PRM at
0.1 LOLE from 0% CWO to 100% CWO, the PRM increases from 26% to 42% while the EUE
increases exponentially. The impact of EUE is shown in more detail outlined in Section 5.4 of this
report. Section5, Table 25 through Table 28, shows more granular matrix of sensitivity results.

2026 WINTER PRM VS LOLE
70%

60%
50%
T 40%

s —4—With 100% Cold Weather Outage

=

o 30% ’____’—__.—__ With 50% Cold Weather Outage
—4—With No Cold Weather Outage

20%

LOLE (DAYS/YEAR)

Figure 2. Effects of cold weather outage on 2026 PRM with respectto LOLE

Planned and Maintenance Outages

Additional scenarios investigated the change in PRM and EUE for both Planning Years without the
inclusion of planned and maintenance outages. Overall, the inclusion of planned and maintenance
outages increases winter PRM and did not impact summer season, since the planned and
maintenance outages scheduled in the simulation were primarily driven by “net load” of the SPP
BA. For the 2026 planning year, planned and maintenance outages generally increase PRM about
2% higher with those outages than without those outages, and an increase of 8% for 2029
planning year. The impact of planned maintenance outage is different between planning years
due to change in resource mix, which causes a shift of risk hours to different weather years and
hours while offsetting some impacts of incremental cold weather outages. This shift in risk hours
causes an increase of planned and maintenance outages during LOLE hours in the winter season.
Incremental cold weather outages were not considered when scheduling planned and
maintenance outages.
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1.4. SPP STAFF CONCLUSIONS

The 2023 LOLE study results showed the Base Scope PRM with Year 2026 resource mix was 17%
for summer and 45% for winter, which means the current 15% PRM will not satisfy the 1 day in 10
year LOLE metric for the 2026 Summer Season and 2026-27 Winter Season. With Year 2029
resource mix, the Base Scope PRM was 21% for summer and 51% for winter. Additional
sensitivities showed a significant impact on the winter PRM due to incremental cold weather
outages, reflecting outage levels more aligned with real-time, ranging from an incremental 16%
to 30% depending on LOLE level. Planned and maintenance outages resulted in an average winter
incremental PRM impact of 2% for year 2026 and 7% for year 2029. The study results also showed
the following relationship:

X LOLE and PRM are inversely proportional to each other
X PRM and EUE are inversely proportional to each other
x EUE is exponentially proportional to LOLE

x Cold weather, planned and maintenance outages did not impact summer

Overall, the 2023 LOLE study results indicate a separate PRM with separate capacity requirements
is needed for summer and winter seasons to recognize the seasonal balance of risk. Also, as colder
temperature outages increase with the incorporation of additional wind and solar resources, the
loss of load risk shifts to the winter season. Due to the shift in seasonal risk, it would be appropriate
to consider a maximum LOLE threshold for the winter season or incorporation of an EUE reliability
metric to complement the LOLE metric. It is important to consider how the varying incremental
cold weather outage levels with planned and maintenance outages impact the PRM for each
season. In addition, future policy applications of Resource Adequacy, physical generation or
process improvements, and forward-looking expectations of extreme operational situations
would need to be considered in conjunction with these results to establish an adequate, reliable,
and sustainable PRM. An SPP Staff recommendation on a Base PRM for each season, using the
results of the 2023 LOLE study, will be outlined in a separate document provided to the
appropriate working groups, committees, and governing bodies.
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2. INTRODUCTION

2.1. LOSS OF L@D EXPECTATIONDVERVIEW

Loss of Load Expectation (LOLE) is defined as the expected number of days per year, or hours per
year, when there is not enough capacity to serve load (see Figure 3). The overlapping area between
the high demand and low supply represents LOLE. Using Monte Carlo methods, LOLE studies are
probabilistic studies that determine the required amount of capacity to meet a desired reliability
target. SPP currently utilizes the industry practice of 1 day in 10 years ("0.1 LOLE"), or 0.1 days in
a year, for LOLE studies. Unless otherwise specified, LOLE is in terms of days per year. In essence,
the LOLE metric is a measure on how much “steel in the ground” is needed from a reliability
standpoint which is translated to a PRM. The LOLE study analyzes each hour of the year to
determine whether there is sufficient capacity available to serve the load.

Reserve Margin = 15%
Demand * - 3 Supply

LOLE

1

il

90 100 110 120 130
MW

Figure 3: Graphical example of LOLE and PRM

2.2. LOLEAPPLICATION

The LOLE study analyzes the ability to reliably serve the SPP BA Area’s demand, which supports
the determination of the PRM. The LOLE study gives insight to stakeholders and respective state
commissions when making policy decisions related to resource adequacy in addition to setting
the PRM. SPP developed the study inputs and assumptions with directions from stakeholders,
specifically the Supply Adequacy Working Group (SAWG). The LOLE study utilizes probabilistic
methods by altering capacity through the application of generator forced outages and forecasted
demand by means of load uncertainty and wind and solar variability. The LOLE study attempts to
reflect actual real-time operational parameters while simulating system limitations on a robust set
of uncertainties.

SPP staff collects study data through various sources including:
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¥ SPP transmission planning department for transmission and generator parameter
assumptions

¥ Resource Adequacy Workbook and additional future resource assumption submissions
as provided by Load Responsible Entities (LRE) and Generator Owners for generation and
demand

¥ North American Electric Reliability Corporation (NERC) Generating Availability Data
System (GADS) submissions as provided by generator owners for calculating forced
outage rates and annual planned and maintenance rates based on historical occurrences

¥4 SPP operations staff for historical load and wind shapes for developing individual wind
and solar generator profiles

¥ SPP markets staff for economic and physical resource constraints
Y2 SPP operations staff for known operational constraints, parameters, and guidelines

¥ National Renewable Energy Laboratory (NREL) National Solar Radiation Database
(NSRDB) for historical solar profiles applied to the future sites

¥ National Oceanic Atmospheric Administration (NOAA) temperature data for building
hourly historical weather and incremental cold weather outage profiles

3. SOFTWARE OVERVIEW

SPP uses Strategic Energy Risk Valuation Model (SERVM) to create a realistic simulation model for
the LOLE study. SERVM is a production-cost modeling tool, which requires various sets of data
input as described in later sections. SERVM allows users to evaluate resource adequacy based on
physical reliability metrics, such as the 0.1 LOLE metric, as well as the economic assessments of
resource adequacy standards. SERVM combines the economic dispatch characteristics of
production cost models with the granularity and probabilistic simulation capabilities of multi-area
reliability models. SERVM offers a few features such as fully automated simulations of sensitivities,
fast hourly chronological simulation to allow for thousands of iterations, simulation of a full
distribution of weather years affecting load and resources, consideration of load uncertainty due
to economic growth, Monte Carlo simulation of generator outages, and utilization of scarcity
pricing algorithms.

Energy providers, energy consultants, utilities, power marketers, and system operators use SERVM
to determine and justify target planning reserve margins, analyze reliability risks to inform
necessary economic tradeoffs to stakeholders, evaluate the effects of energy limited resources
(such as demand response, constrained thermal, constrained hydro, storage, and intermittent
resources), evaluate the impact of increased energy efficiency, estimate frequency of emergency
operating procedure activation, evaluate potential environmental regulation changes, evaluate
effective load carrying capability for intermittent resources, and understand the impact that future
resource options could have on reliability.
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4. DATA INPUT, ANALYSIS, AND
ASSUMPTIONS

4.1. ZONE OVERVIEW

The SPP BA Area includes all, or parts, Arkansas, lowa, Kansas, Louisiana, Minnesota, Missouri,
Montana, New Mexico, Nebraska, North Dakota, Oklahoma, South Dakota, Texas, and Wyoming.
The SPP BA Area was separated into six zones for purposes of modeling weather shapes. SPP
identified areas with greater constraints and modeled these constraints between the six zones.
The zones were developed by grouping generators and loads together based on common
electrical impacts. The boundaries between the zones generally consist of transmission elements
that are constraints for transfer of energy. However, geographical weather variability and transfer
capabilities between zones were considered.

The LOLE zones were originally established in the 2019 LOLE study using the Integrated
Transmission Planning (ITP) models to derive the boundaries. The monitored elements in the
analysis included all BES transmission lines and transformers 100kv and above in the SPP BA area
and contingencies included facilities 230kv and above. The analysis was performed by running a
1 MW test transfer from each generating plant to SPP load. The power flows on Bulk Electric
System (BES) elements were analyzed for 5% Transfer Distribution Factor (TDF) impacts. These
impacts determined which generating plants should be grouped together. A second analysis then
simulated First Contingency Incremental Transfer Capability (FCITC) transfers across the SPP
footprint (north to south, south to north, etc.) and identified additional constraints that eventually
divided the SPP footprint into six (6) zones. The SPP System zone was a no-load zone in the
assessment connecting all zones together.

The modeled zones are listed below and labeled on the geographic map in Figure 4 accordingly,
which is consistent with the 2019 and 2021 LOLE studies:

Zone 1  Integrated System

Zone 2  Nebraska

Zone 3  West Kansas

Zone 4  East Kansas/Missouri

Zone 5  Southwest SPP

Zone 6  Southeast SPP
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Study
Zones

Southwest
Power Pool

1 Inch equals 182 m

Figure 4: Geographical locations of the |

Figure 5 shows each zone with their coordinating peak demand and nameplate capacity for study
year 2026 of the 2023 LOLE study as well as how each LOLE zone was connected in the model.

\\
\

| ZONE 1 - Integrated
System
Peak Demand: Summer 5,781 MW
Winter 5,790 MW
o N
( ZONE 2 — Nebraska |

Nameplate Capacity: 10,602 MW

a
[ ZONE 6 - Southeast SPP

A

Peak Demand: Summer 21,753 MW Peak Demand: Summer 7,701 MW
Winter 6,196 MW

Winter 17,567 MW
Nameplate Capacity: 42,816 MW ~ Nameplate Capacity: 12,625 MW

. N a0 N
| ZONE 3 — West Kansas

e
[ ZONE 5 - Southwest |
SPP
Peak Demand: Summer 1,152 MW

eak Demand: Summer 5,940 MW
Winter 787 MW

Winter 4,511 MW
Nameplate Capacity: 11,876 MW Nameplate Capacity: 5,124 MW
@ N
|  ZONE 4 - East Kansas/
Missouri
Peak Demand: Summer:
14,884MW
Winter 11,400 MW
Nameplate Capacity: 23,848 MW

Figure 5: Diagram of LOLE Zones Modeled for Planning Year 2026

2023 SPP Loss of Load Expectation Report June 2024 13



Southwest Power Pool, Inc.

4.1.1.ZONAL TRANSFER LIMITS

Transfer analyses were conducted to measure the transfer capabilities between zones to represent
the transmission limitations between the zones in SERVM, as represented by the red arrows in
Figure 5. The monitored elements and contingencies in the transfer limit analysis consisted of all
BES transmission lines, transformers greater than or equal to100kV, N-1 and breaker-to-breaker
single contingencies, and additional contingencies or monitored elements provided by the
Transmission Owners (TOs) within the BA footprint. SPP respected all known System Operation
Limits (SOLs), as well as monitoring all known Flowgates in the analysis.

To simulate a transfer across a path, generation was scaled up in the exporting zone, and scaled
down in the importing zones. The “maximum transfer” function from PowerGem’s TARA software
was used to determine the import/export limitations. When a limitation was reached by nearing
the rating limit of a constraint, generation with lower impacts on the constraint was dispatched in
preference to generation that had higher impacts on the constraint. For each zone, import/export
capabilities were determined by simulating import/export transfers to and from all first-tier zones.
These transfer limitations were modeled in SERVM and represent the maximum possible transfers
to and from each zone utilizing all available re-dispatch of generation in reference to the SPP
system.

4.2. HOURLYLOAD PROFILE&AND FORECASTEIPEAK
DEMAND

One of the enhancements in the 2023 study was the inclusion of 43 weather years. Historical
hourly load data of 43 weather years, from 1980 to 2022, was modeled to produce multiple 8,760
hourly load profiles for each modeled zone. Hourly load profiles had to be built where historical
load data was not available. Astrapé Consulting created the synthetically derived load shapes for
2023 LOLE study based on temperature, the most recent five (5) years of actual historical load
data in the SPP BA, and hour of week factors by using a neural network software. This information
was mapped applied to 43 weather years of data obtained from National Oceanic and
Atmospheric Administration. Synthetic load shapes were created for each LOLE zone. The method
of creating synthetic shapes also applied to wind and solar for the historical years where data was
not available for years dating back to 1980. Appendix B outlines the weather shape development
process in more detail.

Forecasted peak demand was applied in the study by using the non-coincident forecasts provided
by LREs. Each LRE was assigned to an LOLE zone. Then, the LRE forecasts of their respective zone
were summarized together to create a zonal non-coincident forecast. SPP derived zonal
coincident factors for each season by using historical LRE load profiles and applied the coincident
factors to the zonal forecasted demand. Through the simulation process, the adjusted zonal
forecasts were applied to the zonal historical shapes, which produced the SPP load shape since
the LOLE Study was performed on SPP as a whole. Overall, the historical hourly load profiles were
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proportionally scaled to correspond to individual LRE forecasted Peak Demand for planning years
2026 and 2029.

The forecast was set as the median point of all the historical weather years on a seasonal basis.
Figure 6 and Figure 7 show the Peak Demand percent difference between the median year and a
weather year for summer and winter season, respectively. The graphics are representative of the
single peak load-hour for the season. The years towards the right of the graph are the higher peak
load years, which are mostly the weather years driving LOLE in the simulations. The peak load
from weather years furthest right on the graph is well in excess of the “50/50" forecasts provided
by the LREs. The 0% line represents the median “50/50" peak load, which corresponds to the LRE
submitted forecasts.

The forecasted peak demand for year 2026 and 2029 was produced based upon the 2023
Resource Adequacy Workbook submissions (see Table 7). The percentage difference between the
median peak year and the forecasted peak value for each zone was applied in the same manner
to each weather year on a seasonal basis. For example, if the median summer season historical
peak out of all 43 weather years was 50,000 MW and the forecast was 54,000 MW, then the median
peak year was scaled up 8% (54,000 / 50,000). Likewise, all other hours and weather years of the
applicable season would be scaled up 8%. The Non-Coincident Peak was calculated by summing
all individual forecasted peaks together. Figure 7 shows higher peak loads in the winter season
corresponding to the recent winter storms from 2021 (Uri) and 2022 (Elliott).

Table 7: Non-Coincident Forecasted Peak Demand

Planning Year
2026 58,028 47,822
2029 59,555 49,592

2023 SPP Loss of Load Expectation Report June 2024 15



Southwest Power Pool, Inc.

Summer Peak Load Variability
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4.3. CONVENTIONAL (ENERATION

The generation modeling information consisted of multiple data sets including resource
capability, resource forecasts from member submissions, historical outage data from NERC GADS,
and physical and economic parameters from the SPP Marketplace. The following sections detail
each modeling component.

4.3.1. RATINGSAND FORECASTED RESOURCES

SPP modeled the maximum capacity ratings based on seasonal capability testing, which was
submitted by members through 2023 Workbook submissions. A separate data request sent to
LREs, and Generator Owners were sent out for the 2023 LOLE Study to gain understanding of
individual LRE's future resource plans. The data requests were demand response program
parameters, outage data, year-3 and year-6 resource plans, and engineered shapes for new wind
and solar resources. The plans provided to SPP were reflected for planning years 2026 and 2029
in the study, which includes projected retirements, planned conversions of coal to natural gas, and
projected newly installed resources. Resources modeled in this study only consider the resources
fully located and operated within SPP. Partially owned, or partially contracted capacity/resources
not fully represented in the SPP Balancing Authority were modeled as an external firm imports. In
addition, only firm external support was modeled. Non-firm external support was not included in
the model. The amount of installed capacity by fuel type for each planning year is shown in Table
8. The differences between 2026 and 2029 in coal and natural gas were due to the retirements in
coal plants and/or the conversion of coal plants to natural gas plants. The additional information
provided by the LREs outside of the normal Workbook submission process was an enhancement
from the 2021 LOLE Study.

Table 8: Forecasted thermal and hydro capacity by fuel type

Difference

Fuel Type 2026 (MW) 2029 (MW) [2029 -2026]
Biomass 84 84 0
Coal 20,422 18,975 -1,447
Hydro and Pump Storage 3,252 3,252 0
Natural Gas 32,649 35,258 2,609
Nuclear 1,948 1,948 0
Petroleum 1,805 1,805 0
Total 60,160 61,322 1,162

4.3.2. FORCED OUTAGES

Forced outages are stochastic and main components of conventional resources modeled in the
LOLE study. SPP derived forced outage values for each resource by using actual historical NERC
GADS data from January 2015 to December 2022. Each resource receives an individual forced
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outage rate based on its historical outage data for each season. For LOLE study, Time-to-repair
(TTR) historical event durations, and time-to-failure (TTF) variables were modeled to represent the
resource’s Equivalent Forced Outage Rate (EFOR) in SERVM. EFOR values include de-rates and full
forced outages (see Appendix A). Resources that did not have historical outage data were
assigned forced outage events and rates from a similar resource with outage data considering
size, technology type, and age. Summer and winter seasons were modeled separately because the
majority of resources experience a higher forced outage rate in the winter season compared to
the summer season. Table 9 and Table 10 show the weighted average EFOR values by fuel type
and resource size for the summer and winter seasons, respectively. The SPP system weighted
average forced outage rate was 14% for the summer season and 18% for the winter season, which
is an increase from the 2021 LOLE Study.

Table 9: Summer Weighted Average Forced Outage Values by Unit Size and Fuel Type

16%
16% 23% 14% 8% 12% 13%
17% 23% 13% 12% 22%

2%
18% 12%

Table 10: Winter Weighted Average Forced Outage Values by Unit Size and Fuel Type
Unit Size (MW)
51-100 101-200 201-400 401-600

Fuel Type

Biomass
Coal
Natural Gas
Nuclear
Petroleum

Figure 8 and Figure 9 show the summer and winter EFOR, respectively, by unit type and size in
the LOLE study.

2023 SPP Loss of Load Expectation Report June 2024 18



Southwest Power Pool, Inc.

Summer EFOR Weighted Average
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Figure 8: Summer EFOR (%) by unit size for all modeled thermal resources
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Figure 9: Winter EFOR (%) by unit size for modeled thermal resources

4.3.3. INCREMENTACOLDWEATHEROUTAGES

The inclusion of incremental cold weather outage is an enhancement made from the 2021 LOLE
study. The analysis of simultaneous outages due to cold temperatures complemented two
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initiatives from the Improved Resource Availability Task Force (IRATF) initiatives, specifically SIR
227 and RPA 2.9, to look at the winter season risks, analyze the impact of incremental cold weather
outages, and see if any additional assumptions need to be made in the LOLE study. Astrapé
Consulting analyzed historical forced outages and created the temperature-correlated outage
data for the 2023 LOLE study by analyzing NERC GADS data (2012-2021) in the SPP footprint’ (see
Figure 70). Forced outages and forced de-rates were compared to historical temperatures to
derive an outage curve for each LOLE zone based on extreme cold temperatures. As expected,
extreme cold temperatures increase outages due to prolonged cold time periods, regardless of
fuel type. In addition, more northern located resources showed a strong correlation with
temperature at lower degrees than resources located more south within SPP.

50,000 mAggregate Other
F 45,000
20,000 mAggregate Hydro and Pump
r 40,000  storage Hydro
E | 35000 ™Aggregate GT - Oil
= 15,000
-4 - 30,000 wmAggregate ST - Gas
?IP F 25,000
5 10,000 mAggregate GT - Gas
o - 20,000
[} i
&P | 15,000 ™Aggregate Combined Cycle
o
é >0 - 10,000 mAggregate ST - Coal
F 5,000
M Aggregate ST - Nuclear
0 -0
-11-5 1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 —Aggregate Load

Temperature °F
Figure 10: Aggregate average forced outages from the Astrapé analysis

In SERVM, cold weather outage data, which was implemented on a zonal basis, was modeled as
additional outages on top of the baseline simulated forced outages. The random draws of forced
outages are mainly driven by net load of the system, which does not always correspond to
temperature patterns. The incremental cold weather outages give an additional, or cumulative
outage effect on LOLE from temperature that was not considered in the 2021 LOLE Study.
Historical zonal temperatures of each weather year were aligned with the expected outages for
the observed extreme cold temperatures in addition to the outages that were already being
simulated as forced outages through the probabilistic forced outage rates (EFOR) modeling of
thermal resources.

7 SPP Correlated Outage Analysis
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Figure 8 illustrate how the random forced outages and incremental cold weather outages occur
in SERVM. Figure 10 illustrates an example of forced outages occurring in one SERVM iteration
of weather year 2021 during February where the red area is the random forced outages, and the
gray area represents the incremental cold weather outages applied to the model due to
temperature correlation. The total 25,000 MW of simulated forced outages is comparable to the
forced outages experienced during Winter Storm Uri (February 2021) in the SPP BA, which shows
the study model is calibrated and comparable to actual historical events. To highlight, incremental
cold weather outages are deterministic additive outages, while the forced outages are stochastic
baseline outages in the simulation. Figure 12 shows forced outages, planned and maintenance
outages, renewable output and load considering planning year 2026 forecasts applied to February

of weather year 2021.
Forced Outages
25,000
LOLE Hours
20,000

Cold Weather Related Outages

Outages (WMW)

=

== <5 = = = = < & & &
B . . . .

Figure 11: Application of incremental cold weather outages and random forced outages
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2026 SERVM Simulated - Weather Year 2021
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Figure 12: Planning year forecasts applied to February of weather year 2021 in SERVM

Figure 13 shows all hourly simulated forced outage data corresponded to temperature. The
temperature is represented as the average temperature across the SPP footprint. The bottom gray
line represents the average SERVM generated stochastic forced outages. The middle blue line
represents the average incremental cold weather outages and the SERVM generated outages at
their respective temperatures. As the temperature gets lower, the incremental cold weather
outages increase. The top green line is the maximum amount of total outages observed in the
simulation. Additionally, when considering all simulated weather years, 1% of winter hours (1,250
hours) occurred at less than 10 degrees and 0.1% of winter hours (125 hours) occurred at less than
0 degrees. It is important to note, Figure 13 utilizes simulated data from the LOLE study, not actual
outage data. However, the simulation uses actual historical data. Figure 13 also only considers the
winter season, December to March. Figure 14 illustrates the information shown on Figure 13 with
actual outages during winter storm Uri, Gerri, and Elliot superimposed. Simulated LOLE hours
mainly occur at lower temperatures.
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LOLE Study Simulated Forced Outages vs Temperature
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Figure 13: Simulated Forced Outages vs. Temperature for Year 2026
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Figure 14. Simulated f orced outage and actual outage during Uri, Gerri, and Elliot

4.3.4. PLANNED AND MAINTENANCE OUTAGES

The 2023 LOLE study included planned and maintenance outage assumptions for each thermal
resource. SPP used historical GADS data to determine annual planned and maintenance outage
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rates for each resource. The actual planned and maintenance event durations were also modeled
to allow SERVM to randomly select the duration of the outage events, which provided additional
model variance. The simulated planned and maintenance outages were not set as they
historically occurred, such as not during the exact same timeframe.

Planned and maintenance outages for thermal units were modeled using the scheduled
maintenance function in SERVM by switching the status of each unit to “off-line” for a specified
period based on start time, end time, and duration. When SERVM schedules the outages based
on daily peak of all 43 weather years, it uses foresight of load, wind, and solar output (“net load").
However, SERVM does not take forced outages and incremental cold weather outages into
consideration when scheduling planned and maintenance outages, which is different than real-
time operations. This scheduling function was applied to each historical weather year individually,
to optimize the best time for taking planned and maintenance outages—i.e., lower “net load”
hours, and while attempting to minimize LOLE impacts on the SPP system. This mainly occurs
outside of the summer season for the SPP footprint since the SPP BA is predominately summer
peaking. Once the outage duration elapsed, a resource’s cold start-up time was honored before
it was made available for dispatch in the model simulation. The SERVM scheduling assumption
for the LOLE study was set to the option of “Peak Daily of All Selected Weather Years”. This option
builds a daily peak load array using the highest day out of all weather years (Highest January 1
out of all weather years; Highest January 2 out of all weather years, etc.).

For resources that have historical NERC GADS data, an annual maintenance outage rate was
modeled for the individual resource. Resources that did not have historical outage data were
assigned annual maintenance rates from a similar resource with historical outage data considering
size, technology type, and age. Figure 15 shows the annual maintenance and planned outage
rates by unit type and size.
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Maintenance Rate by Unit Size
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Figure 15: Annual maintenance and planned outage rates by unit size for all modeled
thermal resources

Figure 16 represents the scheduled maintenance and planned outages over a calendar year. It
shows the minimum, average, and maximum capacities of planned and maintenance outages
observed on the system for any one hour out of all historical 43 weather years, which is created
by SERVM. Each weather year has a different variation, some periods of the year more widely than
other years. Lower levels of planned and maintenance outages occurred during LOLE risk hours,
while higher levels of planned and maintenance outages occurred at lower net load hours and
lower LOLE risk hours. The difference between the highest and the lowest point in the graph is
driven by the book ends of weather years. Each point on the graph represents a different hour
which could occur in different weather years. The lines do not represent an individual weather
year. In addition, there is a separation of summer and winter seasons. SPP predominant peaks in
summer season but still has winter risk. In terms of scheduling, however, outages are mainly
scheduled outside of summer season due to SPP having higher net load in summer from annual
perspective, which is depicted in the graph.
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Thermal Planned & Maintenance Outages (SERVM Output over 1980-2022 Weather Years)
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Figure 16: Simulated t hermal planned and maintenance outage s

4.3.5. ECONOMIC AND PHYSICAIHERMALRESOURCE
CHARACTERISTICS

The 2023 LOLE study utilized the economic dispatch and unit commitment logic in SERVM. This
economic dispatch allowed unit characteristics to be modeled which enabled SERVM to dispatch
the most economical units when serving load. The most inexpensive wind and solar resources
were dispatched first, followed by hydro and inexpensive conventional resources, and then higher
priced dispatchable resources and emergency units as needed. For resources without physical
parameter data, staff derived and applied a value based upon averaging the existing data for
specific resource sizes and types. These unit characteristics included physical parameters with data
from the SPP Integrated Marketplace to represent a more realistic model. The same parameters
used in the 2021 LOLE Study were also used in the 2023 LOLE Study. Listed below are the economic
and physical unit characteristics:

X Minimum Down-Time; the number of hours a unit must be offline after a shutdown
before beginning startup again

X Minimum Up-Time; the number of hours a unit must be in operation before shutting
down

x Ramp Rate
X Cold and Warm Start Up Cost
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x Cold and Warm Start Up Time
X Shut Down Time

In addition to these unit attributes, the LOLE study utilized parameters from previous LOLE studies
including unit minimum capacity, standard O&M assumptions, and class average heat rate
coefficients. The following graphs represent the modeling parameters for cold startup time, ramp
rate, minimum up-time, and minimum down-time.
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Figure 17: Modeled cold start up time aggregated by individual resource max - \dapacity .
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Figure 18: Capacity d ifference between minimum and maximum capacity  categorized by
ramp rate.
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Average Minimum Uptime by Feul Type
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Figure 19: Average min up time by fuel type and unit size
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Figure 20: Average min down time by fuel type and unit size

4.3.6. HYDRORESOURCIMODELNG

The LOLE Study included approximately 3,200 MW of hydro resources, which is the combined
amount of conventional hydro, pumped storage, and run of river hydro resources. The hydro
resources were modeled on a facility level. Monthly limits were applied to each facility based on
historical output. The parameters included daily average energy, schedule flow range, and
monthly maximum hydro energy. Historical data from years 2016 to 2022 were analyzed to create
a median year for each month and the parameters occurring in the corresponding month and
year were modeled with all historical weather years (see Figure 21). The grey line in Figure 21
represents the median year, which is the average value of each month based upon the historical
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monthly hydro parameters. No forced or planned outage rates were applied to the hydro
resources, since the historical daily and monthly energy limits considered these parameters. Run-
of-river, reservoir, and conventional hydro facilities were modeled with the same assumptions.
Pump storage hydro resources were modeled with charging and discharging limitations and
considered as flexible resources to utilize the capacity when needed in the simulation.
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Figure 21: Aggregated d aily average energy by historical year and month .

4.3.7. BEHIND THEMETERGENERATION

Behind-the-meter generation, approximately 1,100 MW, submitted as a resource in the 2023
Workbook submissions was modeled as generation for the LOLE study with assigned parameters
from similar size and technology type resources. All other generations not reported as a resource
were considered in the peak demand forecast of each LRE.

4.4. RENEWABLERESOURCES

4.4.1.WIND AND SOLAR

In conjunction with wind and solar reported in the 2023 Workbook and additional future resource
mix submissions by the LREs, the total wind nameplate amount for Planning Year 2026 was 37,964
MW; and, for Planning Year 2029 was 39,264MW. The registered wind nameplate as of March
2023 was 33,725MW. No assumptions were made with generation interconnection queue outside
of the resource plans provided by LREs. It also is important to note that wind and solar
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accreditation depends on the specific incremental cold weather outage assumptions. It is also
important to note that the increase of wind capacity can affect the PRM calculation as shown in
Table 25 through Table 28. The locations of wind resources that are currently in commercial
operation within the SPP footprint are shown in Figure 22 below:

Wind Resources
Registered In SPP Market |
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Figure 22: Wind Resource Registered in SPP Market B

Currently, the registered solar nameplate is 484MW per 2023 LRE data submissions, the capacity
is projected to 4,828MW for Planning Year 2026, and 7,074MW for Planning Year 2029. The
increase of 2,250 MW in solar capacity from year 2026 to 2029 can affect the PRM calculation as
shown in Table 25 through Table 28. Most of the solar generation in the SPP footprint is located
in Zone 5 and Zone 6, spanning New Mexico and Texas state borders. As shown in Table 11.

Table 11. Wind and Solar Nameplate for Year 2026 and 2029
Year 2026 Year 2029
Wind Wind Solar

Wind and solar resources were modeled in SERVM with an hourly generation profile assigned to
each individual resource for the weather years 1980 to 2022. A similar methodology to generate
synthetic load profiles in the earlier section was used for wind and solar shapes where historical
data was not available. Wind profiles were produced using the 14 years of historical data,
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aggregated SPP load, and temperature correlations. Based on historical and synthetic data, similar
load days were matched, and the same day was used to correlate between load and wind
generation. The output was correlated to temperature, meaning, performance was based on
temperature. These profiles provided more variability on historical weather years to analyze in the
model. The method used to derive synthetic shapes is outlined in Appendix B.

The solar profiles were created by using the historical data from the National Solar Radiation
Database based on unique locations in each LOLE Zone. Several sites were chosen to provide
adequate coverage in each Zone. The missing historical years were supplemented with synthetic
profiles. Synthetic profiles were created by matching a daily solar profile from the day that most
closely matched the load of the database. Wind and solar resources were not modeled
probabilistically but represented as variability through modeling historical hourly profiles.

4.4.2. ENERGYSTORAGHRESOURCE

The energy storage resources (ESRs) were modeled as stand-alone 4-hour batteries with the
cycling efficiency of 90% and were dispatched based on economic arbitrage and load. The LOLE
study model included 426MW of batteries in LOLE zones 2, 4, and 6 for planning years 2026 and
2029 per the data submitted by the members as shown in Table 12 . There are 1TTMW of registered
batteries in the SPP footprint currently. No forced outages or planned and maintenance outage
rates were assigned to ESRs. The accreditation of ESRs used in the PRM calculations were based
on the 2022 ELCC ESR Study Report®.

Table 12. ESR Nameplate for Year 2026 and 2029
Year2026  Year 2029

4.5. INTERREGIONAL RANSACTIONS

Interregional transaction capacity consists of firm transaction sales and purchases, as well as
partially owned resources outside the SPP BA control. External firm transaction would also include
having firm transition service with the contract. These capacities were obtained from the 2023

8 SPP 2022 ELCC ESR Study Report
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Workbook submissions. Non-firm assistance, non-firm assistance via DC ties, or any external
system’s capabilities are not included in interregional transactions. Forced outages, planned and
maintenance outages are also not modeled for the transactions.

The net transaction amount is calculated by subtracting the export planning capacity amount
(negative value) from the import firm transmission reservation amount (positive value) for each
zone. All zonal sales are modeled as export transaction units and all purchases are modeled as
import transaction units. Firm Power transactions are treated as capacity transactions with an
additional amount of capacity for the applicable LRE's planning reserve margin. The transactions
were modeled on seasonal basis when applicable and modeled as a perfect hourly generator in
corresponding LOLE Zone. The perfect capacity application assumes the import or export amount
is upheld in all hours of the applicable season. The transaction amounts are not modeled
individually but rather as a whole within the respective zone. The Table 13 shows the net
transaction amounts from external regions incorporated in this LOLE study. The values shown in
Table 13 are all net import values.

Table 13: Net Interregional Transactions modeled in the LOLE Study
Summer 2026  Winter 2026 -2027 Summer 2029 Winter 2029 -2030

Region (MW) (MW) (MW) (MW)
Zone 1 288 268 287 267
Zone 2 195 185 200 198
Zone 3 1 1 1 1
Zone 4 666 666 876 876
Zone 5 0 0 0 0
Zone 6 950 950 891 891
TOTALS 2,100 2,071 2,255 2,233

4.6. DEMAND RESPONSE

SPP Members submitted their current and future demand response programs and associated
parameters for this LOLE study. The reported programs are controllable and dispatchable per
Attachment AA. Any non-controllable and non-dispatchable demand response programs are
included in LREs’ submitted forecasted peak demands. The program data included dispatch
frequency, seasonal availability, program capacity, and program duration. In SERVM, demand
responses were modeled as equivalent to thermal units with high fuel costs with emergency
status, which forces them to be dispatched as a last resort to prevent or reduce impacts of loss of
load events in the simulations. Each program was modeled on an individual basis. Table 14 below
shows the amount of demand response modeled by season for each planning year.
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Table 14: Demand Response Programs modeled in the LOLE Study
Demand Response \ Planning Year 2026 Planning Year 2029

SPP Total (MW) 1,850 (Summer) 2,231 (Summer)
1,422 (Winter) 1,678 (Winter)

4.7. OTHER STUDY ASSUMPTIONS

x Each planning year included all hours from January 1 to December 31 from all
weather years

0 Summer season: June 1 — September 30

0 Winter season: December 1 — March 31
x Operating reserves were fully depleted before measuring LOLE
x Utilized SERVM's economic commitment feature

0 Generation dispatched using a Security Constrained Economic Dispatch
algorithm based on the SPP Balancing Authority Area boundary

x Various trials and outage patterns were performed to reach a convergence of
90% or greater
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5. RESULTS & DISCUSSION

5.1. PRM CALCULATION

The PRM established in the SPP Planning Criteria and results shown in the LOLE Study are
calculated using non-coincident peak demand, which represents a non-coincident PRM. Non-
coincident peak (NCP) demand is the summation of individual LRE's peaks, which may occur at
different hours or days throughout the season instead of a coincident peak where the demand
occurs at the same hour. The following equation was used to calculate the PRM results for all
scenarios, which utilizes all LRE's peak demands modeled for each study year in SERVM:

%=L=?E&NI=J@

24/ L ZAZ1J@
L % KIRAJPEXKIFINE EBKDO PA%D % 2ANBARPAN=PEKD ZAI=J@
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Where,

Conventional Generation = all accredited thermal and hydro resources, demand response,
and net external transactions at their installed or modeled
maximum capacity

Perfect Negative Gen = the amount of perfect generation removed from the system to

reach the appliable LOLE target

System ELCC = the combined accredited ELCC amount of wind, solar and ESR

NCP demand = the summation of all individual LRE's forecasted peak demands

5.2. CAPACITY AND DEMAND INLOLE STUDY

As shown in the equation above, the PRM depends on the capacity and demand represented in
the SPP footprint. Table 15 and Table 16 show the breakdown of conventional generation and
system ELCC capacity for each season included in the PRM equation. The NCP demand values for
each planning year derived from the 2020 RA Workbook submissions is shown in

Table 17. Table 18 shows an example PRM calculation for planning year 2026 Base Scope results.

Table 15: Generation Parameters for Planning Year 2026.
Modeled in Summer Accreditation Winter Accreditation
Fuel Type Planning Year for Base PRM Calculation for Base PRM
2026 (MW) (MW) Calculation (MW)

Natural Gas
and Other
Gases
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Coal

Hydro

Nuclear

Petroleum

Battery

Wind

Solar

Demand
Response

Firm External
Imports

Total

20,422 20,422 20,422
3,252 3,252 3,252
1,948 1,948 1,948
1,805 1,777 1,805
426 426 (100%)° 354 (83%)°

37,964 5,413 (14%)° 9,576 (25%)°
4,828 2,867 (59%)° 521 (10%)°
1,850 1,850 1,422
2,100 2,100 2,071

107,328 63,674 63,653

Fuel Type

Natural Gas
and Other
Gases

Table 16: Generation Parameters for Planning Year 202 9.

Summer Accreditation
for Base PRM

Calculation (MW)

Modeled in
Planning Year
2029 (MW)

35,178

34,770

Winter Accreditation for
Base PRM Calculation

(MW)

35,178

Coal

Hydro

Nuclear

Petroleum

Battery

Wind

Solar

Demand
Response

Firm External
Imports

Total

18,975 18,975 18,975
2,992 2,992 2,992
1,948 1,948 1,948
1,805 1,777 1,805
426 426 (100%)° 354 (83%)°

39,264 7,820 (20%)° 11,660 (30%)°
7,074 4,170 (59%)° 779 (11%)°
2,231 2,231 1,678
2,255 2,255 2,233

107,328 63,674 63,653

9 Wind and solar accreditation values change with respect to incremental cold weather outage level.
Battery accreditation was based on SPP 2022 ELCC ESR Report.
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Table 17: Non -Coincident Peak Demand

NCP Demand in Model Summer  Winter
Planning Year 2026 58,028 47,822
Planning Year 2029 59,555 49,592

Table 18: PRM Calculation Example
Summer Winter

Year 2026 Base PRM scenario 2026 2026- 2027 Formula

SPP Modeled Non-Coincident Peak (NCP)

Demand (MW) 58,028 47,822 [A]
Modeled Thermal, Hydro, DR (MW) 61,574 61,582 [B]

System ELCC Capacity

(Wind/Solar/Battery) (MW) 8,746 10,420 (€]

Net Import 2,100 2,071 [D]

Total Capacity for PRM calculation 72,419 74,072 [E] = [B]+[C]+[D]
Negative Generation Adjustment to

1 day in 10 years (MW) 4,614 4,614 [F]

SPP BASE PRM 16.8% 45.2%| [G] = ([EXIFIHAD/[A]

5.3. BASESCOPERESULTS

The base scope analyzed the seasonal PRM and EUE of annual 0.1 LOLE with the full amount of
modeled incremental cold weather outages, inclusion of planned and maintenance outages, along
with all other input and modeling assumptions approved in the 2023 LOLE study scope. The results
for Year 2026 are shown in

Table 19 and Year 2029 are shown in Table 22. The resulting PRM and EUE values represent a
combination of summer and winter LOLE that did not exceed the annual 0.1 days per year LOLE
metric, meaning, adding the summer LOLE and winter LOLE was equal to 0.1 days per year. This
assumes the same level of perfect generation was removed in both seasons representing the
removal of annual capacity.

The Planning Year 2026 Base Scope results show that 4,614MW of perfect generation was
removed from the system to achieve the annual 0.1 LOLE. In terms of seasonal PRM, this resulted
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in a summer PRM of 16.9% and a winter PRM of 45.2%. The seasonal components that resulted in
0.1 annual LOLE were 44% contribution (0.044 LOLE) in the summer season and 56% contribution
(0.056 LOLE) in the winter season, meaning that the predominant risk of LOLE is in the winter
season. This is a major change from previous LOLE studies. Traditionally, SPP BA area’s risk of LOLE
has been predominantly driven by the summer season. However, with the modeling addition of
incremental cold weather outages and increased amounts of solar, the loss of load risk shifted to
the winter season. There were 82 unique hours in the summer and 64 unique hours in the winter
that contributed to the LOLE. As an example of unique hours, hour 1 of 1980 was simulated 300
times but is only represented as one unique hour. Taking this into consideration, there were
approximately 129,000 unique hours simulated for each season.

Figure 23 shows the percentages of which hours of day contributed to loss of load hours for each
season. The contribution was determined by aggregating each hour of the day in each season. It
is evident that LOLE risk-hours shift between seasons, mainly due to solar generation (winter peaks
often occur after sunset), incremental cold weather outages occurring during the early morning
hours of the day, and the load profile differences between the seasons. The individual weather
year contributions to LOLE are shown in Table 20 and Table 21. For the summer season, three
weather years had a predominant contribution to the LOLE: 1980 (33%), 2011 (17%), and 2012
(29%), which is consistent with historical record heatwaves across the SPP region in combination
with low wind output. For winter season, four weather years: 1983 (4%), 1989 (22%), 1996 (2%),
and 2021 (72%) contributed to winter LOLE. Again, this is consistent with historical records. 1983
was the Great Freeze of ‘83, 1989 and 1996 had cold wave and blizzard, and of course, 2021
showing the most recent Winter Storm Uri.

Table 19: Base Scoperesults for Planning Year 202 6
Summer Winter

PRM 16.9% 45.2%
(44% contribution) (56% contribution)
EUE 139 MWh 1,186 MWh
Perfect Generation
removed to Achieve -4,614 MW
0.1 LOLE
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Loss of Load Hours
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Figure 23. Planning Year 2026 Hour of Day Contribution to Loss of Load Hours

Table 20. Weather Year Contributionto  Summer LOLE

Percent Contribution of Summer
LOLE

Weather Year

1980
1986
1999
2001
2006
2008
2010
2011
2012
2022
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Table 21. Weather Year Contributionto  Winter LOLE

Percent Contribution of Winter
LOLE

Weather Year

1983
1989
1996
2021

Figure 24 shows how incremental cold weather outage shift the loss of load risk hours of the day
to earlier hours of the day. Intuitively, this makes sense due to earlier hours of the day having
lower temperatures.

Winter Hours of Loss of Load

12% ‘
10%
——With Incremental Cold Weather Outage
Without Incremental Cold Weather Outage
_ s ] &
=]
S 6% f—*'//
g — /
@
o 4% /,cr-——--;_ =
2% /’/
0% I l I
0 2 4 6 8 10 12 14 16 18 20 22 24
Hour of Day

Figure 24. Impact of Incremental Cold Weather Outages on LOLE

For Planning Year 2029 (see Table 22), 3,428 MW of perfect generation was removed from the
system to achieve 0.1 LOLE. This resulted in a summer PRM of 21% and a winter PRM of 51%.
Summer and winter season contributed 3% and 97% to the 0.1 annual LOLE, respectively. The 8%
increase in PRM from 2026 to 2029 was due to changes in the resource mix and retirements, which
shifts risk hours to different hours and weather years. Additionally, the assumptions for scheduling
of planned and maintenance outages assumptions played a role in the PRM increase. As the
resource mix changed between 2026 and 2029, it was observed that risk patterns change drive
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system risk times to periods in which one renewable resource class may have been generating a
higher capacity factor than another renewable resource class. The results in capacity contribution
shifts between renewable resources because of different weather years driving the risk. As a result,
some impacts of incremental cold weather outages are offset due to solar resource output, which
then shifts risk to periods of high wind output and increased schedules for planned and
maintenance outages in the winter season. This effect drives a higher needed PRM for planning
year 2029 for both the summer and winter season when compared to planning year 2026. It is
important to note that the SERVM software does not consider incremental cold weather outages
when scheduling planned and maintenance outages in simulations, which also caused an increase
in resulting 2029 PRM values.

In Planning Year 2026, the weather year 2021 was the predominant driver of LOLE and the
resulting PRM. In Planning Year 2029, the additional penetration of solar resources shifts the risk
to a different time period than was observed in the Year 2026 study. As a result, the year 2021
contributes less LOLE and attributes less to the PRM.

Table 22: Base Scoperesults for Planning Year 202 9
Summer Winter

21% 51%
(3% contribution) (97% contribution)

EUE 7 MWh 1,014 MWh

PRM

Perfect Generation
Removed to Achieve 3,428 MW
0.1 LOLE

The weather years’ contribution to summer and winter 2029 LOLE are shown in shown in Table 23
and Table 24. For 2029 summer, the same weather years, 1980 (21%), 2011 (41%), and 2012 (25%),
which contributed to 2026 LOLE, were major contributors for 2029 LOLE. For 2029 winter, again
the same four weather years: 1983 (8%), 1989 (22%), 1996 (22%), and 2021 (37%) were the major
drivers to 2029 winter LOLE. The percent contribution changed from Year 2026 due to changes in
the resource mix, such as 1,350 MW increase in thermal, 1,300 MW increase in wind, and 2,250
MW increase in solar, that shifts risk hours to different hours and weather years. There were 29
unique hours driving summer LOLE and 144 unique hours driving winter LOLE.
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Table 23. Contribution to Summer LOLE by Weather Year for Year 2029

21%
3%
3%
3%

41%

24%
3%

Table 24. Contribution to Winter LOLE by Weather Year for Year 2029

Weather
Year

1981
1983
1984
1985
1989
1996
2021

Percent Contribution of Winter

In terms of hour of day contribution to LOLE, evening hours contributed most during summer
season, and early morning hours contributed most during winter season, similar to Year 2026, as
shown in Figure 25.
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2029 Loss of Load Hours
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Figure 25. Year 2029 Hour of Day Contribution to LOLE

As mentioned previously, the resource mix changes from 2026 to 2029 shifts risk hours to different
hours in weather years. As a result, it offsets some impacts of incremental cold weather outage. In
summer, the increase of solar capacity shifted the risk hour to late afternoon. In winter the increase
in wind capacity shifted the risk hour to early morning. That shift in the risk hours is shown in

Figure 26.
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Figure 26: Shift in risk hours for summer and winter seasons between planning years
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5.4. SENSITIVITESEVALUATED

After numerous stakeholder and staff discussions, while incorporating SAWG's requests for
additional scenarios from the scoping process, additional sensitivities were conducted to further
investigate the impact of seasonal risk, incremental cold weather outages, and planned and
maintenance outages have on the PRM.

Seasonal Balance of Risk

The directives from the IRATF regarding the 2023 LOLE study was to calculate and determine a
PRM for both the summer and the winter seasons.'® The Base Scope results show a natural balance
of LOLE across the year allows the PRM for each season to be calculated assuming a seasonal
balance where the percent LOLE contribution is equivalent to LOLE in days per year. For example,
in the 2026 Base Scope results, 56% of LOLE contribution was in the winter season which equates
to 0.056 days per year LOLE. The 2029 Base Scope results indicate that as higher amounts of solar
are added to the system, the system risk is sharply shifting toward the winter season. If the trend
of increased solar penetration continues, more risk will be concentrated in the winter with longer
duration of LOLE events. To address the reliability risk, a higher PRM may be needed to reduce
the risk while considering EUE. Industry practice has been to allow a certain amount of risk in
either season, which also facilitates the ability for less capacity to be required in the season that
sees less risk. SPP staff performed a series of sensitivities that varied the risk of LOLE between the
winter and summer seasons. This variance of risk between the seasons was accomplished by
calculating required capacity (and associated PRM) for differing values of LOLE (from 0.01 LOLE
to 0.1 LOLE) for each season. LOLE was not analyzed below 0.01 d/yr in order to surface minimal
LOLE measurement and not to exceed 0.1 d/yr.

2026 Summer PRM, LOLE, and EUE Relationship 2026 Winter PRM, LOLE, and EUE Relationship
70% 2,500 70% 2,500
60% 60%
2,000 2,000
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—
1,500 T 15w
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= w = w
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e ‘Winter EUE
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LOLE (days/year) LOLE (days/year)

Figure 27. 2026 summer and winter PRM and EUEwith respect to LOLE

0 The current 15% PRM in the SPP Planning Criteria is an annual PRM value and applied to both the
summer and winter season.
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2029 Summer PRM, LOLE, and EUE Relationship 2029 Winter PRM, LOLE, and EUE Relationship
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Figure 28. 2029 summer and winter PRM and EUE with respect to LOLE

Incremental Cold Weather Outages

Additional scenarios investigated the change in PRM and EUE for both Planning Years with varying
levels of incremental cold weather outages. Overall, the inclusion of incremental cold weather
outages increases winter PRM due to rising forced outages accounts for more needed PRM.
Incremental cold weather outages (CWO) do not impact summer season since the correlated
outages occurred at temperatures below 40 degrees Fahrenheit. Figure 2 shows the PRM impact
of each cold weather outage scenario at varying LOLE levels, which includes the application of
planned and maintenance outages mainly occurring in the winter season. This is an illustration of
how PRM changes with increasing amount of cold weather outage at the same LOLE level. The
same relationship is true for both 2026 and 2029 planning years. Comparing the winter PRM at
0.1 LOLE from 0% CWO to 100% CWO, the PRM increases from 26% to 42% while the EUE
increases exponentially. Table 25 through Table 28 show more granular matrix of sensitivity
results.

2026 WINTER PRM VS5 LOLE
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Figure 29. Effects of cold weather outage on 2026 PRM with respectto LOLE
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Planned and Maintenance Outages

Additional scenarios investigated the change in PRM and EUE for both Planning Years without the
inclusion of planned and maintenance outages. Overall, the inclusion of planned and maintenance
outages increases winter PRM and did not impact summer season, since the planned and
maintenance outages scheduled in the simulation were primarily driven by “net load” of the SPP
BA. For the 2026 planning year, planned and maintenance outages generally increase PRM about
2% higher with those outages than without those outages, and an increase of 8% for 2029
planning year. The impact of planned maintenance outage is different between planning years
due to change in resource mix, which causes a shift of risk hours to different weather years and
hours while offsetting some impacts of incremental cold weather outages. This shift in risk hours
causes an increase of planned and maintenance outages during LOLE hours in the winter season.
Incremental cold weather outages were not considered when scheduling planned and
maintenance outages.

Table 25: Planning Year 2026 PRM and EUE Range with -and-without Planned and

Maintenance Outages

LOLE Incremental Cold Weather Outage
without Planned and Maintenance
(dayslyear) Outage

0% | 25% 50% 75% | 100% 0% 25% 50% 75% | 100%

0.01 | PRM 29% | 36% 43% 51% 61% 28% 35% 42% 49% 59%
EUE

(MWh) 37 32 41 33 30 46 40 34 38 40

0.02 | PRM 28% | 34% 40% 47% 549% 26% 32% 39% 46% 53%
EUE

(MWh) 91 140 129 144 146 113 131 145 136 155

0.03 | PRM 28% | 32% 37% 44% 50% 25% 30% 36% 42% 48%
EUE

(MWh) 147 276 359 391 463 194 278 355 383 439

0.04 | PRM 27% | 31% 36% 42% 48% 24% 29% 35% 40% 46%
EUE

(MWh) 203 426 576 639 767 282 475 612 648 701

0.05 | PRM 27% | 30% 35% 40% 46% 24% 28% 33% 39% 45%
EUE

(MWh) 264 570 773 910 | 1,048 370 678 868 906 978

0.06 | PRM 26% | 30% 35% 39% 45% 24% 28% 32% 37% 43%

(EI\;JV'\E/h) 327| 684 961| 1151|1270 | 458| 795 1,090 | 1,193 | 1,306

0.07 | PRM 26% | 29% 35% 38% 44% 23% 27% 32% 36% 42%

(EI\;JV'\E/h) 389 | 797 | 1150 | 1,388 | 1,551 | | 546 | 911 | 1.313| 1,502 | 1,663

0.08 | PRM 26% | 29% 35% 37% 43% 23% 27% 31% 35% 41%

(EI\;JV'\E/h) 451 | 911| 1338 | 1,655 | 1,856 | | 633 | 1,028 | 1,536 | 1,843 | 2,042

0.09 | PRM 26% | 29% 34% 37% 42% 23% 26% 30% 34% 40%
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I(EI\;JVI\E/h) 514 | 1,024 | 1,527 | 1,928 | 2,122 721 | 1,144 | 1,761 | 2,206 | 2,414
0.1 | PRM 26% | 28% | 34% | 36% | 41% 22% | 26% | 30% | 34% | 39%
(El\bljv%/h) 576 | 1,137 | 1,716 | 2,202 | 2,366 825 | 1,264 | 1,985 | 2,542 | 2,784

Table 26: Planning Year 2026 Summer PRM Range
Summer season is not affected by cold weather and planned maintenance outages.

LOLE 2026 Summe:EUE
(days/year) PRM (MWh)
0.01 18% 24
0.02 18% 53
0.03 17% 85
0.04 17% 117
0.05 16% 152
0.06 16% 198
0.07 16% 244
0.08 15% 290
0.09 15% 336
0.10 15% 423

Table 27: Planning Year 2029 PRM and EUE Range with -and-without Planned and

Maintenance Outages .

LOLE Incremental Cold Weather Outage
without Planned and Maintenance
(dayslyear) Outage
0% | 25% | 50% | 75% | 100% 0% | 25% | 50% | 75% | 100%
0.01 | PRM 35% | 45% | 46% | 53% | 60% 29% | 41% | 44% | 51% | 59%
EUE
(MWh) 23 22 29 33 36 42 36 44 43 45
0.02 | PRM 35% | 44% | 44% | 51% | 58% 27% | 38% | 41% | 48% | 56%
EUE
(MWh) 56 60 67 104 122 105 137 157 143 171
0.03 | PRM 34% | 43% | 44% | 49% | 56% 26% | 37% | 38% | 45% | 51%
EUE
(MWh) 90| 101 | 115| 179 237 187 298 362 418 490
0.04 | PRM 33% | 43% | 43% | 48% | 54% 25% | 36% | 37% | 43% | 49%
EUE
(MWh) 124 | 142 | 167 | 260 355 269 499 611 697 828
0.05 | PRM 33% | 42% | 42% | 48% | 53% 25% | 34% | 35% | 41% | 47%
EUE
(MWh) 172 | 193 | 219 | 343 471 367 698 880 | 1,013 | 1,122
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0.06 | PRM 33% | 42% | 42% | 47% | 53% 24% | 34% | 34% | 40% | 46%
(E,\;JVI\E/h) 225 | 246 | 271 | 427 586 466 868 | 1,170 | 1,365 | 1,384
0.07 | PRM 33% | 42% | 42% | 47% | 52% 24% | 33% | 33% | 39% | 45%
(E,\;JV%/h) 278 | 298| 338 | 513 701 566 | 1,039 | 1,426 | 1,705 | 1,773
0.08 | PRM 32% | 42% | 41% | 46% | 51% 24% | 33% | 33% | 38% | 43%
(E,\;JV%/h) 331 | 351 | 407 | 600 816 665 | 1,209 | 1,671 | 2,017 | 2,200
0.09 | PRM 32% | 41% | 41% | 46% | 51% 23% | 32% | 32% | 37% | 42%
(El\bljv%lh) 384 | 403 | 476 | 686 932 764 | 1,369 | 1,917 | 2,330 | 2,529
0.1 | PRM 32% | 41% | 41% | 46% | 51% 23% | 32% | 32% | 37% | 42%
(El\bljv%lh) 437 | 455 | 545| 773 | 1,048 871 1,501 | 2,137 | 2,609 | 2,859

Table 28: Planning Year 2029 Summer PRM Range.

LOLE 2029 Summer
(dayslyear) PRM EUE
0.01 20% 24
0.02 19% 55
0.03 18% 91
0.04 18% 128
0.05 18% 164
0.06 17% 201
0.07 17% 240
0.08 17% 291
0.09 17% 342
0.1 17% 392
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6. CONCLUSION

The 2023 LOLE study results showed the Base Scope PRM with Year 2026 resource mix was 17%
for summer and 45% for winter, which means the current 15% PRM will not satisfy the one day in
ten year LOLE metric for the 2026 Summer Season and 2026-27 Winter Season. With Year 2029
resource mix, the Base Scope PRM was 21% for summer and 51% for winter. Additional
sensitivities showed a significant impact on the winter PRM due to incremental cold weather
outages, reflecting outage levels more aligned with real-time, ranging from an incremental 16%
to 30% depending on LOLE level. Planned and maintenance outages resulted in an average winter
incremental PRM impact of 2% for year 2026 and 7% for year 2029. The study results also showed
the following relationship:

x LOLE and PRM are inversely proportional to each other
X PRM and EUE are inversely proportional to each other
X EUE is exponentially proportional to LOLE

x Cold weather, planned and maintenance outages did not impact summer

Overall, the 2023 LOLE study results indicate a separate PRM is needed for summer and winter
seasons to consider the seasonal balance of risk. Also, as colder temperature outages increase
with the incorporation of additional wind and solar resources, the loss of load risk shifts to the
winter season. Due to the shift in seasonal risk, it would be appropriate to consider a maximum
LOLE threshold for the winter season or incorporation of an EUE reliability metric to complement
the LOLE metric. It is important to consider how the varying incremental cold weather outage
levels with planned and maintenance outages impact the PRM for each season. In addition, future
policy applications of Resource Adequacy, physical generation or process improvements, and
forward-looking expectations of extreme operational situations would need to be considered in
conjunction with these results to establish an adequate, reliable, and sustainable PRM. A Staff
recommendation on a Base PRM for each season, using the results of the 2023 LOLE study, will
be outlined in a separate document provided to the appropriate working groups, committees,
and governing bodies.
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/. APPENDICES

7.1. APPENDIX A: EQUIVALENT FORCED OUTAGE RATE
(EFOR) CALCULATION EXAMPLE

SERVM imports historical Generating Availability Data System (GADS) data events for each unit
and SERVM randomly draws from these events to simulate the unit outages. Units without
historical data use history from similar units. The events are entered using the following variables:
Time-to-Repair Hours (ttr hours) and Time-to-Fail Hours (ttf hours). After calculating the Demand
Forced Outage Rate (EFOR) values, average ttr hours were calculated for each unit by averaging
all the ttr hours from the historical GADS data. Calculated EFOR values and average Time-to-
Repair Hours were used to calculate an Average Time-to-Fail (ttf) Hours value for each unit using
the following formula. Section 4.3.2 Forced Outage describes the parameters and inputs for
calculating the EFOR values used in the parallel assessment.
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Once the average ttf value was calculated, five ttf hours values were input into SERVM for each
unit to provide a uniform distribution: the average value, 50%, 75%, 125%, and 150% of the value
to produce a wider range of probability. Each ttr value calculated from the historical GADS data

was imported into SERVM.

As an example, assume that from 2015 — 2020, a generator had 15 full outage events and 30
partial outage events reported in the GADS data. The Time-to-Repair and Time-to-Fail between
each event is calculated from the GADS data. These multiple Time-to-Repair and Time-to-Fail
inputs are the distributions used by SERVM. Because typically there is an improvement in EFOR
across the summer, the data is broken up into seasons such that there is a set of Time-to-Repair
and Time-to-Fail inputs for summer and winter, based on history. Further, assume the generator
is online in hour 1 of the simulation. SERVM will randomly draw a Time-to-Fail value from the
distribution provided for both full outages and partial outages. The unit will run for that amount
of time before failing. A partial outage will be triggered first if the selected Time-to-Fail value is
lower than the selected full outage Time-to-Fail value. Next, the model will draw a Time-to-Repair
value from the distribution and be on outage for that number of hours. When the repair is
complete, it will draw a new Time-to-Fail value. The process repeats until the end of the iteration
when it will begin again for the subsequent iteration. The full outage counters and partial outage

counters run in parallel. This more detailed modeling incorporating multiple states is important
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to capture the tails of the distribution that a simple convolution method or a Monte Carlo

approach that only captures full outages would not capture.
The events are entered using the following variables:
Full Outage Modeling

Time-to-Repair Hours
Time-to-Fail Hours

Partial Outage Modeling

Partial Outage Time-to-Repair Hours
Partial Outage De-rate Percentage
Partial Outage Time-to-Fail Hours

Maintenance and Planned Outages

Maintenance Outage Rate — percentage of time in a month that the unit will be on maintenance
outage.

Time-to-Repair Hours

SERVM uses this percentage along with the time-to-repair distributions and schedules the
maintenance outages during off peak periods

Each outage event in the data was classified as one of the following event types”: D1, D2, D3,
D4, MO, PD, PO, RS, SF, U1, U2, or U3. Duration and number of events for the five-year period
were summed by event type for each unit. EFOR values were calculated using the formulas
below.
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Table 29: Variables used in calculatingEFOR values
Variable Description
FOH Forced outage hours

Sum of all hours during forced outages (U1, U2, and U3) and

startup failures (SF)
(1* L 5(E7sE7tE7u

SH Sum of all service hours

EFDH Equivalent Forced De-rated Hours

" Additional information on event types can be found in the NERC GADS data reporting instruction
document
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Each individual forced de-rate (D1, D2, and D3 events) are
transformed into equivalent full outage hours. The equivalent hours
of all the events are then summed
&EAN=PEICNOEWKBIA@ Q?PEKJ
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7.2. APPENDIX B: 2023 LOLE STUDY SCOPE

7.2.1. OVERVIEW AND OBJECTIVE

Attachment AA of the SPP Open Access Transmission Tariff (OATT) states SPP shall perform a
biennial Loss of Load Expectation (LOLE) study, which investigates the expected number of days
per year of available generating capacity to serve forecasted Peak Demand. Determination of the
SPP Planning Reserve Margin (PRM) will be supported by the probabilistic LOLE Study, which will
analyze the ability of generation to reliably serve the SPP Balancing Authority (BA) Area’s
forecasted Peak Demand while utilizing a Security Constrained Economic Dispatch (SCED). SPP,
with input from the stakeholders, will develop the inputs and assumptions to be used for the LOLE
Study. SPP will study the PRM such that the LOLE for the applicable planning year does not
exceed one (1) day in ten (10) years, or 0.1 day per year. As discussed in the body of this scope,
additional parameters to determine the PRM are proposed while maintaining the tariff
requirement that the one (1) day in ten (10) year threshold is not exceeded. At a minimum, the
PRM will be determined using probabilistic methods by altering capacity through the application
of generator forced outages and forecasted demand through the application of load uncertainty
to ensure the LOLE does not exceed 0.1 day per year. Final results will be compiled into a report

and presented to the Supply Adequacy Working Group (SAWG).

The current SPP PRM is fifteen percent (15%). If a modeled area’s capacity mix is comprised of at
least seventy-five percent (75%) hydro-based generation, then such entity’s PRM shall be nine
point eight nine percent (9.89%), as defined in the SPP Planning Criteria. Any change to the PRM
will be approved through the appropriate stakeholder working group and committee process at

SPP.

Consistent with direction from the Improved Reliability and Availability Task Force (IRATF), a
separate PRM will be determined for the winter season, distinct from the summer season. This
will require the collection and tabulation of LOLE data in a different manner as further discussed

in this study scope.
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