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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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Study Timeline 

 
 

LOLE Study Timeline 

 

1. LOLE Study scope development and data collection 

2. LOLE Study performed for study years  

3. LOLE Study results and report review 

4. Additional sensitivities and analysis (as needed) 
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Input Data  

Software 

SERVM will be the resource adequacy software used for the 2023 LOLE Study. SERVM is a 

production-cost software, which performs a Security Constrained Economic Dispatch while utilizing 

a Monte-Carlo algorithm when varying the uncertainty of load and availability of capacity through 

multiple simulations. 

Area Modeling 

The LOLE Study is performed on the SPP Balancing Authority Area footprint, which includes all or 

parts of Arkansas, Kansas, Louisiana, Missouri, New Mexico, Nebraska, Oklahoma, Texas, Iowa, 

Minnesota, Montana, North Dakota, and South Dakota. The SPP Balancing Authority Area footprint 

will be modelled as separate areas referred to as Planning Reserve Zones (PRZs) that were determined 

through the Zonal Formation Methodology performed for the 2019 LOLE Study.   If a specific zone 

is transmission constrained, the planning reserve margin will determine by the “weakest link” or most 

limiting zone and applied to all LREs if there is any change in the Planning Reserve Margin 

requirement. The map below represents the PRZs that will be modeled. The modeled zones are listed 

below and labeled on the geographic map in  

Figure 1 accordingly: 

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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Figure 1: Geographical Locations of the Six Zones Modeled in the LOLE Study 

 

Base Models and Topology 

The LOLE Study will utilize a pipe and bubble methodology for modeling the transmission system.  

The load and resources of an individual PRZ will be modeled as a “bubble” representing each zone.  

Import capabilities and export capabilities (“pipe sizes”) between PRZs will be determined in 

accordance with the LOLE PRZ Import-Export Transfer Capability Methodology.    

For the LOLE Study, the import and export capability analysis will use the 2023 series Integrated 

Transmission Planning (ITP) models for system topology.  The study years will include the summer 

peak for 2025 and 2028.  The winter PRM analysis will utilize the winter peak models for 2025 and 

2028. Transmission additions and retirements are captured in the ITP models with SPP member input 
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from the ITP process1. The LOLE PRZ import-export methodology will take into account internal and 

crossing interfaces and flowgates for years 2025 and 2028. The analysis will also consider the latest 

SPP list flowgates and interfaces.  

Load Modeling  

Historical Weather Years and Load Forecast Uncertainty 

Historical hourly load data from 2010 to 2021 will be obtained through SPP operational data and 

collected for each modeled zone. The data from these historical years will be used to develop 

additional synthetic weather years going back to 1980 to reflect the impact of weather on load. 

Based on the collected historical weather and load data, a neural network program will be used to 

develop relationships between weather observations, such as temperature, and load. The historical 

weather will consist of hourly temperature from the weather stations listed in Table 1, which were 

also used in the correlated incremental forced outage analysis.  

Table 1. Weather Stations for temperature  

Zone 
Weather Station # 

1 

Weather Station 

#2 

Zone 1 
Minot, ND + 

Williston, ND 
Watertown, SD 

Zone 2 Lincoln, NE North Platte, NE 

Zone 3 Dodge City, KS Wichita, KS 

Zone 4 Chanute, KS Wichita, KS 

Zone 5 Amarillo, TX Midland, TX 

Zone 6 Oklahoma City, OK Shreveport, LA 

Other inputs into the neural net model will consist of an hour-of-week factor as well as temperature 

and average temperatures from the preceding 8, 24, and 48 hours. Different weather and load 

relationships will be built for each of three defined seasons (winter, summer, and shoulder). The 

winter season consists of January, February, March, and December; the shoulder season consists 

                                                 

 
1 Link to the latest ITPNT process scope and ITP Manual: https://www.spp.org/engineering/transmission-planning/ 

https://www.spp.org/engineering/transmission-planning/


 

2023 Loss of Load Expectation Scope 
 9 

 

of months, April, May, October, and, November; and the summer season consisted of June, July, 

August, and September. These relationships will be applied to the last forty (40) years of weather 

to develop 40 synthetic load shapes for the study years. Equal probabilities will be given to each 

of the 40 load shapes in the simulation. The modeling of 40 historical weather years will replace 

the Load Forecast Uncertainty (LFU) method utilized in previous SPP LOLE Studies since the 

historical LFU method is primarily driven by temperature correlations to create modeled standard 

deviations from a 50/50 forecast.  

Peak Demand 

Forecasted peak for the respective study year will be sourced from the 2023 Resource Adequacy 

Workbook submissions and assigned to the historical year by season which shows the median peak 

demand compared to all other years. All other years’ peaks will be assigned the appropriate 

deviation amount from the median year as shown in historical shapes. For example, if the median 

year has a historical peak demand of 5,000 MW and year 2012 has a historical peak demand of 

5,200 MW, then the ratio for 2012 will be 1.04 (5,200 / 5,000). If the forecasted peak demand is 

5,300 MW for year 2026, then the forecasted will be applied to the median year and 2012 peak 

will be 5,512 MW (1.04 * 5,300 MW). The median year will be determined using SPP’s historical 

peak loads by season.  

Generation Modeling 

Generation data includes the following: Generation capacity, Forced Outage Rates, outage duration, 

maintenance schedules, and jointly owned resource information from data obtained through Ventyx 

or SPP Operations, modelling parameters in the ITP process, and data sourced from the Resource 

Adequacy Workbook. 

Generation Portfolio – Year 3 

Resources submitted in the 2023 Resource Adequacy Workbook process for planning year 2026 

will be modeled in the LOLE Study.   
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Generation Portfolio – Year 6 

In order to set as accurate of a PRM as possible for the Year 6 analysis, LREs shall provide the 

most recent projected generation additions and retirements for this study in the 2023 Resource 

Adequacy Workbook submissions for planning year 2029. As the SPP resource portfolio moves 

toward higher penetrations of energy limited resources, metrics in addition to LOLE will be 

required to analyze an accurate need for capacity and setting a PRM that will satisfy the reliability 

needs of the load.  

Conventional Resource Ratings 

The net capability ratings will be based on the values submitted in the Resource Adequacy 

Workbook for the 2026 and 2029 summer and winter seasons.   

Conventional Resource forced outage modeling 

Forced outage modeling for conventional resources will consist of using the Equivalent Forced 

Outage Rate (EFOR) values, forced outage durations, maintenance scheduling parameters, and 

outage events sourced from 2015 to 2022 NERC GADS data. For conventional resources that do 

not submit NERC GADS data, an average forced outage rate will be applied based on size, fuel 

type, and age of the resource. 

Incremental forced outage modeling correlated with extreme temperature  

In addition to taking forced outages on each individual resource in the model, simultaneous forced 

outages of multiple generators will be considered as an incremental outage application due to 

extreme temperatures.  An analysis has been performed and determined that extreme cold 

temperatures have more of an impact to incremental simultaneous outages while extreme hot 

temperatures have not been demonstrated to have a measureable impact using historical NERC 

GADS data.  These incremental outages will have a low probability weight applied to them based 

on historical load, temperature and outage correlations across the 40 historical weather years. 

These incremental outages determined through this analysis will be simulated in the study to be 

consistent with direction from the Improved Resource Availability Task Force (IRATF) initiatives 

RPA 2.6 and RPA 2.7.  
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Planned outage modeling 

Planned outages for thermal resources are modeled using the scheduled maintenance function in 

SERVM by switching the status of each resource to “off-line” for a specified period based on start 

time and duration.  Once the outage duration has elapsed, the resource is placed back online in the 

model.  Previous planned outages will be taken into consideration when modeling the maintenance 

window for each resource. SERVM determines the best time to force a maintenance outage based 

upon a set seasonal timeframe window.   

Economic and Physical Resource Parameter Modeling 

Generation will be dispatched economically in accordance with the data provided from SPP 

Operations.  Startup times, minimum downtimes, and ramping capability will be honored for all 

generating units in accordance with the data provided for each resource.  This may result in certain 

resources with longer start up times not being able to be dispatched for situations that require units 

with short lead times.  Data from the 2021 LOLE Study will be utilized, which was sourced from 

actual information provided through the SPP Integrated Marketplace for Start-up Cost, Start-up 

Time, Ramp Rates, Min Down Time, and Min Run Time attributes. For generators where the data 

is not provided through the SPP Integrated Marketplace, the information will be supplemented by 

class average values derived from existing data. 

Hydro Resource Modeling 

Hydro facilities will be aggregated into one resource for each LRZ. Unlike thermal generation, 

hydro monthly parameters will be modeled based on historical performance. These parameters 

include: daily average energy, schedule flow range (representing the average min and max dispatch 

level for the hydro resource), monthly maximum hydro energy, and max capacity. Forced outage 

rates will not be applied to hydro resources since they will be modeled as one resource and the 

historical energy limitations for each month will be applied. Run of River resources will be 

included with conventional hydro resources.  

Behind-the-meter generation 

Behind-the-meter generation reported in the 2023 Resource Adequacy Workbook submissions will 

be modeled as generation for the LOLE study.  
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Wind and Solar Modeling 

Solar and wind resources will be modeled with distinct 8,760 hourly profiles for each of the 40 weather 

years developed for the load modeling. Historical profiles from 2012 to 2021 will used for wind 

resources to generate the daily profiles for 40 weather years. To maintain correlation between load 

and wind in the different profiles, the same day will be used for each wind project being captured. The 

method will utilize the day that aligned best with the peak load out of all the days +/- 25 days of the 

source day that was available for the 2012 to 2021 period. While the process is intended to maintain 

correlation, further adjustments may be necessary to match historical correlations if for instance 

historical generator data begins with different commercial operation dates. If it is required, Astrapé 

has developed a correlation tool in which the daily profiles will be re-arranged so the historical and 

modeled profiles will have similar correlations.   One wind profile will be modeled for each PRZ at a 

minimum. 

Solar profiles will be built using irradiance and weather data downloaded for each determined site 

location, as listed below, for the years 1998-2020 from the National Renewable Energy Laboratory’s 

(NREL) National Solar Radiation Database (NSRDB) Data Viewer. Irradiance profiles will be 

obtained for each of the determined solar sites. Data from the NSRDB will be placed into NREL’s 

System Advisor Model (SAM) for each year and site to generate hourly 8760 solar profiles for both 

fixed and single axis tracking solar profiles. Inverter loading (“DC/AC”) ratio assumptions will be 1.2 

for zones 3, 4, 5, and 6, while PRZ 1 and PRZ 2 will have the assumption of 1.3 inverter loading 

(“DC/AC”) ratio. Profiles for 1980 to 1998 will be selected by using the daily profiles from the day 

that best match the peak load out of all the days +/- 3 days of the source day for the 10-year period. 

Profiles for 1998 to 2020 will be sourced directly from the normalized hourly SAM data profiles. The 

site profile with the nearest location to any modeled future solar facilities will be assigned to the 

facility. 

Coordinates 

(LAT/LONG) Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 

Site 1 48.423, -106.395 42.819, -103.120 39.592, -101.547 39.592, -96.342 36.739, -102.283 36.639, -99.228 

Site 2 47.031, -104.669 41.616, -103.857 39.328, -99.351 39.357, -94.705 36.259, -100.607 36.279, -97.952 

Site 3 48.355, -103.273 42.548, -101.458 38.904, -101.178 38.944, -96.926 35.219, -102.537 35.918, -99.320 

Site 4 46.605, -101.661 41.426, -101.965 38.488, -99.389 38.686, -95.238 34.813, -100.671 35.640, -98.228 

Site 5 48.042, -100.214 40.583, -100.645 38.239, -101.255 38.408, -93.969 34.038, -102.511 35.254, -99.439 
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Site 6 46.518, -98.310 41.635, -99.795 37.899, -99.503 38.129, -97.434 33.065, -102.410 34.769, -98.333 

Site 7 47.521, -97.510 42.558, -98.843 37.639, -101.299 37.849, -95.911 32.585, -103.654 34.455, -99.281 

Site 8 45.549, -103.857 40.756, -99.287 37.246, -99.325 37.598, -94.172 33.606, -103.679 36.734, -96.780 

Site 9 44.045, -102.105 41.985, -98.043 39.582, -97.574 37.498, -97.497 34.678, -103.679 36.239, -95.059 

Site 10 45.389, -100.112 41.606, -96.723   37.185, -96.165   36.290, -93.442 

Site 11 43.963, -99.985 40.477, -97.396       35.965, -96.606 

Site 12 45.504, -98.399 40.380, -96.038       35.394, -94.970 

Site 13 43.798, -97.599         34.928, -96.632 

Site 14 42.977,-94.134         34.142, -94.632 

Site 15 42.502, -95.555         33.922, -96.366 

 

DC Tie and External Capacity Modeling 

DC tie and external capacity transactions that are supported by firm contractual commitments in the 

2023 Resource Adequacy Workbooks submissions will be modeled as hourly generators in the 

applicable LOLE PRZ. If the transaction is a sale to an entity external to the SPP BA Area, it would 

be an export of capacity. If the transaction is a purchase from an entity external to the SPP BA Area, 

it would be an import of capacity. Forced outage rates will not be assigned to the external purchase of 

capacity. Purchases and Sales with entities internal to the SPP BA Area will not be explicitly modeled 

because the selling entity’s resources will be modeled internally to the applicable PRZ in the LOLE 

Study.  

Demand Response Modeling 

In areas that reported controllable-capacity demand through the 2023 Resource Adequacy Workbook 

submissions, actual operating parameters of the Demand Response Programs will be modeled if 

provided to SPP.  If the owner of the Demand Response Program does not provide actual operating 

parameters of the program, the following parameters will be used as a default. 

 1 Program call per day 

 20 Program calls per season 

 1 hour minimum utilization per call 

 4 hour maximum utilization per call  
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Determination of 1 day in 10 year threshold 

Perfect negative generation will be added to the model in order to achieve the SPP system at reaching 

the 0.1 day per year reliability threshold. The same amount of negative generation will be added to 

each hour in the simulation. This method is also used in the SPP Effective Load Carrying Capability 

(ELCC) Studies.  

Seasonal impacts of 1 day in 10 year threshold 

Consistent with direction from the IRATF, a separate PRM will be determined for the winter 

season, distinct from the summer season.  This will require the collection of LOLE in a different 

manner.  Staff proposes to collect LOLE separately in the summer (June-September) and winter 

(December-March) seasons to assist in post study discussions to determine the appropriate method 

for establishing a seasonal PRM going forward.  At a minimum, the annual metric of 1 day in 10 

years will be maintained between the two seasons. The proposal of the appropriate Summer Season 

and Winter Season PRM can be determined at a later date with the assistance of this study.   

Expected Unserved Energy (EUE) 

In addition to using the LOLE standard to determine the amount of capacity necessary for 

calculating the PRM, the metric for Expected Unserved Energy (EUE) will be evaluated.  EUE 

refers to the average energy (in MW-hours) that is expected to be unserved during loss of load 

events.  How EUE’s relationship to LOLE is dependent upon the resource fleet being analyzed.  A 

resource fleet composed of fully dispatchable generators with typical outage rates will generally 

have a relatively low EUE value that is dependent on the load peak duration.  A resource fleet that 

is composed of a large portion of energy limited resources may have a similar LOLE relationship 

but will exhibit larger amount of EUE.  As the SPP resource fleet continues to evolve towards a 

heavy penetration of energy limited (wind/solar/ESR) resources, EUE will play a larger role in the 

determination of capacity required.  Staff proposes to collect EUE values with all study scenarios 

to assist in post study discussions to determine the appropriate method for establishing an EUE 

metric.   
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LOLE Results Analysis 

Hourly results will be collected during the simulations to demonstrate system conditions when loss of 

load occurs in the analysis to better portray the details associated with the resulting PRM. At a 

minimum, the loss of load and expected unserved energy will be monitored and represented as a 

percentile distribution. 

Additional Assumptions 

1) Each simulation period will be from January 1 to December 31  

2) The summer period is defined as June 1 – September 30  

3) The winter period is defined as December 1 to March 31 

4) Various trials and outage patterns will be performed to reach a convergence of 90% or greater 

5) Only existing and planned reported generation will be modeled  

6) Depletion of SPP operating reserves  

7) Generation is dispatched using a Security Constrained Economic Dispatch algorithm based on 

the SPP Balancing Authority Area boundary 

8) The economic commitment feature of SERVM will be utilized instead of a “must run” 

methodology 
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  2023 vs 2021 Study Differences    

A   Assumptions 2023 Study 2021 Study 

Determination of 1 day in 10 year 

threshold Perfect Negative Generation Generation Removal 

Planning Years Year 3 and Year 6 Year 2 and Year 5 

Load Forecast Uncertainty 

Considered in the 40 

Historical Weather year 

7 discrete standard 

deviation points 

Demand Response Programs 

Model Parameters of the 

Programs No limits 

Historical Wind, Solar, & Load Profiles 40 Historical Weather Years Nine Years (2012-2020) 

Winter Season analysis 

LOLE Study on the winter 

season 

No winter analysis part of 

the 2021 LOLE Study scope 

Forced Outage Rates 

EFOR (With Derates) 2015-

2022; incremental  outages 

applied for extreme 

temperatures 

EFOR (With Derates) 2015-

2020 

Value of Wind, Solar, and Battery in PRM 

Calculation 

Average SPP ELCC values 

from latest ELCC Studies 

Methodology similar to 

ELCC 

Economic Uncertainty 

Predetermined percentage 

of load weighted by 

probability based on future 

economic growth 

uncertainty 

Considered in the Load 

Forecast Uncertainty 

method 

Reliability Metric Application Seasonal Annual 

Reliability Metrics Reported LOLE and EUE LOLE 
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Simulation Study Process  

SPP will conduct the SERVM Monte-Carlo simulation in the way resources in SPP will be randomly 

forced out of service during each hour of the study. Each simulation accounts for a different variation 

of forced outages, wind output, and load uncertainty for all hours of the year.  The stop criteria for the 

Monte-Carlo simulation is to make the convergence factor of LOLE greater than or equal to 90% for 

consideration of probabilistic indices. SERVM calculates the convergence factor to determine if 

additional simulations are needed.  
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Reporting  

The LOLE Study scope and results will be reviewed and approved by the Supply Adequacy Working 

Group. Once the final metric results are calculated, they will be compiled in a report, which will be 

presented to the appropriate working groups or committees for review.   

 

 

 

 

 

  


