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1. EXECUTIVE SUMMARY  

Southwest Power Pool (SPP) performs a Loss of Load Expectation (LOLE) analysis every two years to 

determine the adequate amount of planning reserves needed to maintain a reliability metric of one day 

(or less) in ten years, as required by Attachment AA1 of the SPP Open Access Transmission Tariff (OATT). 

The current SPP Planning Reserve Margin (PRM) is twelve percent (12%). 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 results of this study reflect the assumptions and methodology 

approved by the Supply Adequacy Working Group (SAWG) in the 2019 LOLE Study scope. 

The 2019 LOLE Study: 

 Analyzes planning years 2021 and 2024  

 Meets the assumptions and parameters of the 2019 LOLE Study scope approved by the Supply 

Adequacy Working Group (SAWG) 

 Verifies if the current PRM is adequate to maintain a loss of load reliability metric of one day (or 

less) in ten years for planning year 2021 

 Determines the PRM at one day in ten years loss of load for the assumptions outlined in the 

2019 LOLE Study scope 

 Determines the PRM at one day in ten years loss of load for two sensitivity cases; Capacity 

Adjustment sensitivity and “Commit-All” Generator sensitivity 

1.1. STUDY ENHANCEMENTS 

Several modifications were incorporated to the modeling assumptions and study process for the 2019 

LOLE Study. As the SPP LOLE study evolves, it is necessary to analyze and improve modeling assumptions 

to make study improvements and mature the study process as reliability concerns may shift over time. 

Table 1 demonstrates the key assumption enhancements and their impact applied to the 2019 LOLE 

study that differed from the 2017 LOLE study.  

                                                 
1 https://www.spp.org/documents/58597/attachment%20aa.pdf 

https://www.spp.org/documents/58597/attachment%20aa.pdf
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Table 1: Assumption differences between the 2017 and 2019 LOLE studies 

Study Inputs 2017 LOLE Study  2019 LOLE Study  Impact 

Software Used GridView & SERVM SERVM Ability to model multiple years of 
historical data and reduce simulation 
time.  

Zonal 
Representation 

16 Load Balancing 
Authorities 

6 LOLE Zones Reduced simulation time. 

Transmission 
System 
Representation 

Nodal representation Pipe & Bubble 
representation 

Allowed transmission limitations and 
capabilities to be modeled between zones 
instead by bus detail level. 

Estimated 
Forced Outage 
Rate (EFOR) 
values for 
thermal and 
hydro resources 

Values derived from 
five years (2012 – 
2016) of historical 
NERC GADS data. No 
de-rates included 
(FOR-d). 

Values derived from 
five years (2012 – 
2016) of historical 
NERC GADS data. De-
rates included (EFOR) 

Including derates in EFOR values 
represent a more realistic system for 
economic unit dispatch. 

Weather Year 
Modeling 

Modeled 2014 as 
single weather year. 

Modeled seven 
historical weather 
years (2012-2018) 

Applied to solar, wind, and load shapes to 
create variability when planning for future 
occurrences. 

Wind Capacity 
Contribution in 
PRM Calculation 

Utilized accredited 
values derived from 
member Workbook 
submittals.  

Calculated wind 
capacity contribution 
similar to Effective 
Load Carrying 
Capability (ELCC) 
methodology 

The new wind capacity contribution 
method accurately reflects how SERVM 
values the wind based on a 1 day in 10 
years reliability threshold. 

Unit 
Commitment 

Commit-All Economic  Economic dispatch includes physical 
parameters and forced outage de-rates 
that help reflect unit performance using 
real-time operational limits.  

Unit Parameter 
Modeling 

No physical unit 
parameters 

Physical unit 
parameters 

Allowed generators in SERVM to be 
modeled with parameters that mirrors 
real-time unit dispatch  

 

1.2. LOLE CAPACITY CONTRIBUTION 

The capacity configuration by fuel type and category for the SPP Balancing Authority (BA) Area by study 

year is shown below in Table 2. All values, except for the value of wind, was derived from the assumptions 

submitted by entities in the 2019 Resource Adequacy Workbook process, as outlined in Attachment AA.  
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Table 2: SPP Accredited Capacity by Fuel Type 

Accredited Capacity by Fuel Type 
2021 Study Year 

(MW) 

2024 Study Year 

(MW) 

Demand Response-Available 823 823 

Coal Capacity 22,973 22,731 

Gas Capacity 30,612 29,810 

Hydro and Pumped Storage Capacity 3,090 3,090 

Nuclear Capacity 1,958 1,958 

Wind Capacity2 5,761 6,250 

Solar Capacity 201 201 

Petroleum Capacity  2,341 2,341 

Biomass 89 89 

External Net Transactions 1,479 1,550 

Total Capacity3 69,327 68,843 

 

1.3. RESULTS 

Upon completing the assumptions and sensitives set forth in the 2019 LOLE Study scope, it was 

determined the current PRM of 12.0% does not exceed the threshold of one day in ten years for planning 

year 2021. Error! Reference source not found. below shows PRM results of the various study cases 

performed at the one day in ten years reliability threshold. The results of this study give insight to SPP 

stakeholders and respective state commissions when making policy decisions related to resource 

adequacy, especially when considering adjusting the SPP PRM. The PRM is applied to each LRE’s 

Resource Adequacy Requirement, which requires each entity to procure enough capacity for their 

summer season’s forecasted peak demand, as required in Attachment AA.  

                                                 
2 Wind capacity values are based on a calculation similar to the ELCC study. Solar values are accredited based on 

member submittals in the Workbook. 
3 Total capacity = Demand Response + all fuel type capacities + External Net Transactions 
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       Table 3: SERVM PRM (%) Results at 0.1 d/yr LOLE 

Planning Year 2021 2024 2021 2021 

Commit Method Economic Economic Commit All Economic 

Scaling Method to derive 

 0.1 d/yr LOLE Load Scale Load Scale Load Scale Gen Scale 

Capacity (MW) 69,331 68,843 68,776 60,475 

Wind at 0.1 Days/year (MW) 5,761 6,250 5,198 5,437 

Demand at 0.1 Days/year (MW) 62,043 61,109 62,698 54,275 

PRM at 0.1 Days/year 11.75% 12.65% 9.69% 11.42% 

 

1.4. RECOMMENDATION 

The 2019 LOLE Study indicates the margin between SPP‘s 12% PRM requirement and the PRM at the 

reliability metric of one day in ten years has decreased to approximately 0.25%, from a margin of 

approximately 1.5%, as indicated in the 2017 LOLE Study. The results also indicate an increase to the 

current PRM of 12% may be required by 2024.   Based on the results of the 2019 LOLE Study, SPP Staff 

does not recommend a change in the Planning Reserve Margin but does recommend the continual 

development of enhancing the LOLE Study in order to refine a consistent baseline set of assumptions to 

be used in future LOLE studies going forward, starting with the 2021 LOLE Study Scope. 
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2. INTRODUCTION 

2.1. LOLE OVERVIEW  

LOLE is typically defined as the expected number of days or hours per period, usually a year, which there 

is insufficient capacity to serve load. If load is specified on an hourly basis, then hourly LOLE is calculated 

by determining whether there is sufficient capacity available to serve the load for each hour of the year. 

An LOLE analysis is typically performed to determine the amount of capacity that needs to be acquired 

to meet a desired reliability target, commonly expressed as an expected value or LOLE. SPP currently 

utilizes the industry practice of 0.1 days/year, or 1 day in 10 years, for LOLE studies to support the 

determination of the PRM as outlined in Attachment AA of the SPP OATT. 

2.2. STUDY PROCESS AND APPLICATION 

Determination of the PRM is supported by the probabilistic LOLE study, which analyzes the ability to 

reliably serve the SPP BA Area’s forecasted Peak Demand. SPP, with direction from stakeholders, 

develops the inputs and assumptions used for the study. The LOLE study utilizes probabilistic methods 

by altering capacity through the application of generator-forced outages and forecasted demand by 

means of load uncertainty variability. SPP attempts to reflect actual real-time operational parameters 

while testing system limitations on a robust set of uncertainties. SPP staff collects data for the study 

through various sources including the following: 

 SPP transmission planning staff for transmission and generator parameter assumptions 

 Resource Adequacy Workbook submissions as provided by Load Responsible Entities (LRE) 

and Generator Owners for generation and demand assumptions 

 North American Electric Reliability Corporation (NERC) Generating Availability Data System 

(GADS) submissions as provided by generator owners for calculating forced outage rates based 

on historical occurrences 

 SPP operations staff for historical load and wind shapes for developing individual wind 

generator profiles  

 SPP operations staff for known operational constraints, parameters, and guidelines 

The LOLE study gives insight to stakeholders and respective state commissions when making policy 

decisions related to resource adequacy, especially when considering adjusting the SPP PRM. The PRM is 

applied to each LRE’s Resource Adequacy Requirement, which requires each entity to procure enough 

capacity for their summer season’s forecasted peak demand.  
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3. DATA DESCRIPTION, ANALYSIS, AND KEY STUDY 

ASSUMPTIONS 

The production-cost modeling tool used for the 2019 LOLE study was SERVM which requires various 

detailed data inputs as described later in this section. SPP used SERVM to determine the PRM at multiple 

levels to achieve a one day in ten-year threshold for the initial set of assumptions for study years 2021 

and 2024 as outlined in the 2019 LOLE Study Scope and approved by the SPP SAWG. SERVM was also 

used to determine the PRM at a one day in ten-year reliability threshold for the Capacity Adjustment 

sensitivity and the “Commit All” Dispatch sensitivity. 

3.1. SERVM SOFTWARE OVERVIEW 

SERVM is a comprehensive and robust multi-area reliability-planning tool. It allows users to evaluate 

resource adequacy not only based on physical reliability metrics, such as the one day in ten years 

standard, but also to assess the economics of such 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 number of features such as a user-

friendly interface, 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. 

SPP utilized the SERVM software to create a realistic model simulation to determine the PRM at a one 

day in ten-year reliability threshold by modeling multiple historical weather years, modeling various 

physical unit parameters, and scaling load shapes to future forecasted Peak Demands. The software also 

uses a “pipe and bubble” transmission representation which allowed SPP to model transmission 

constraints and capabilities between the six zones within the footprint. Utilizing the Monte Carlo 

stimulation built into SERVM, SPP modeled Equivalent Forced Outage Rate (EFOR) values for thermal 

generators and analyzed each study case thousands of iterations to derive convergent results.  
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3.2. ZONE OVERVIEW 

The SPP BA Area includes all or parts of Arkansas, Iowa, Kansas, Louisiana, Minnesota, Missouri, 

Montana, New Mexico, Nebraska, North Dakota, Oklahoma, South Dakota, Texas, and Wyoming. The SPP 

BA Area was divided into six zones to apply load shapes and load forecast uncertainty factors. Dividing 

the footprint into six zones greatly reduced the amount of simulation time required for each study case 

in SERVM. This allowed SPP to increase simulation iterations for each study case. SPP was also able to 

identify areas with greater constraint concerns and model 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. 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 

 

 
 

Figure 1: Geographical Locations of the Six Zones Modeled in the LOLE Study 
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3.3. ZONE DEVELOPMENT 

To develop the zones used for the study, SPP staff performed an analysis to ensure these zones would 

represent SPP’s footprint accurately. The 2019 Integrated Transmission Planning (ITP) Balancing 

Authority Reliability (BAR) summer peak models for each study year were used to represent SPP system 

topology in the zonal analysis. The monitored elements in this analysis included all BES transmission 

lines and transformers 100kv and above in the SPP BA area. The contingencies analyzed included 

facilities 230kv and above. The analysis was performed by running a 1MW 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 

in Figure 2 below was a no-load zone in the assessment, and each zone is labeled with their coordinating 

peak demand and nameplate capacity for study year 2021.  

 

Figure 2: Diagram of Zones Modeled in SERVM 
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3.4. MONITORED CONSTRAINTS AND ELEMENTS 

After the six (6) zones were determined, transfer analyses were conducted to measure the transfer 

capabilities between zones to represent the limitations to be modeled as import-export limitations in 

SERVM.  The monitored elements and contingencies used in the analysis included all BES transmission 

lines and transformers 100kV and above. N-1 and breaker-to-breaker single contingencies were also 

considered. Additional contingencies or monitored elements were included as provided by the 

Transmission Owners (TO’s) within the BA footprint. SPP respected all known System Operation Limits 

(SOL’s) as well as monitored 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 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. 

3.5. HOURLY LOAD SHAPES AND FORECASTED PEAK DEMAND 

Seven years (2012-2018) of historical hourly load data were individually modeled to produce 8,760 

hourly load profiles for each modeled zone. The historical data was obtained through SPP Operations 

department. Each year had an individual forecasted Peak Demand that the hourly load data was 

proportionally scaled to. The forecasted Peak Demand for year 2021 and 2024 was produced based upon 

the 2019 Resource Adequacy Workbook submittal process.  

In order to not overestimate the amount of hours at the peak demand, SPP chose to scale only the 

historical hourly load data for year 2014 (the median year of the seven historical years) to the Workbook 

peak demand for years 2021 and 2024. The other six years were also scaled to a forecasted peak demand 

calculated by distributing the variance between the peaks of the non-median years to the median year. 

In Table 4 below, each historical year’s forecasted peak demand is shown for years 2021 and 2024 in the 

future. The median year, 2014, is bolded to show it is the only year scaled with the Workbook peak 

demand.  
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Table 4: Yearly Peak Demands 
Historical 

Year 

2021 Peak 

Demand (MW) 

2024 Peak 

Demand (MW) 

2012 55,715 56,817 

2013 53,379 54,435 

2014 54,247 55,320 

2015 53,103 54,153 

2016 54,421 55,497 

2017 54,057 55,126 

2018 56,152 57,263 

3.6. LOAD FORECAST UNCERTAINTY  

3.6.1. METHOD 

SERVM allows for two options in dealing with load uncertainty: 1) user defined uncertainty 

pattern, and 2) probability distribution. For this study, a user-defined uncertainty pattern and a 

probability distribution were both used to add uncertainty to the load values. A different load 

uncertainty was created for each area within SPP, similar to the method used in the 2017 LOLE 

Study. 

3.6.2. UNCERTAINTY COMPONENT 

A load model was used to define the peak-load multipliers used to modify forecasted loads.  Daily 

peak values were selected and regressed against historical peak temperatures from 2007-2016. 

Microsoft Excel was used to analyze the probability distributions of temperatures observed at 

key weather stations throughout the SPP footprint.  The load model increased load as the winter 

temperatures decreased and as the shoulder and summer temperatures increased. A forecast was 

then created for both study years. Based on the derived forecasts, multipliers were calculated and 

populated in a user defined uncertainty pattern for each area.  The user-defined uncertainty 

pattern allows users to provide seven monthly load patterns.  Each area has a different value for 

each month multiplied by seven probabilities (84 values). SERVM randomly selects the load 

pattern at the beginning of the simulation hour, and applies it for each simulation. The random 

load uncertainty allows for unexpected increases of load added to the adjusted peak demand for 

each area to analyze the criteria of one day in ten years at the testing reserve margin. 

3.6.3. INCORPORATING THE PROBABILITY 

The randomly selected load multipliers were determined from a uniform distribution and 

selecting one of seven possible multipliers. The probability of occurrence for load multipliers 

decreased as the multiplier for load increased (e.g., Set 1 is 50% likely, Set 2 is 19% likely, Set 7 

is 0.6% likely). No multipliers decreased the load values in this study for reliability considerations 

of load increases. Multiplier Set 1 was the base case multiplier, and effectively multiplies all loads 

by 1. Sets 2–7 were intended to proportionally increase loads up to extreme peaks within SPP. 
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Figure 3 is an example of one area’s load incremental matrix and  Figure 4 shows the occurring 

probability of each load increase pattern. 

 

 
Figure 3: Example load probability matrix for one area 

 
  Figure 4: The occurrence probability for each multiplier 

3.6.4. CONSIDERATION FOR VARIABILITY OF UNCERTAINTY  

The load-uncertainty probability took into consideration stochastic temperatures within the 

different areas, in addition to recognizing the structural effects that holidays, weekends, seasons, 

and previous hour’s load have on load expectations. Other sources of uncertainty reasonably 

independent of temperature were considered sufficiently small in magnitude and not necessary 

at this time to model independently. A random error term was created to incorporate variability 

that could occur from uncertainty types such as economic industrial/commercial health and dew 

point. 

3.6.5. APPLYING LFU’S TO LOAD SHAPES 

After all LFU multiplier’s were derived and applied to each of the six zones, each zone’s shape 

was scaled to a forecasted Peak Demand. As stated in Section 3.5 of this report, each of the seven 

historical years (2012-2018) were scaled to a different forecasted peak demand. These peak 

demands were divided proportionally to each of the six zones depending on the size of the zone. 

For example, if a zone accounts for one fifth of the overall load of the SPP footprint, then that zone 

would be scaled to one fifth of the new overall load. This methodology was applied to each 

historical year and each P1-P7 zonal shapes. During the SERVM simulations, the zones were 

summed together to create one shape for the SPP footprint for each of the P1-P7 probabilities. In 
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Table 5 and Table 6 below, SPP’s modeled Peak Load for the seven different historical years and 

seven different LFU multipliers is shown for both year two and year five future scenarios. The 

probability of occurrence of each multiplier coincides with the probabilities shown in Figure 4 

previously. 

Table 5: Year 2021 Scaled Peak Load Shapes 

LFU Probability of Occurrence for Each Historical Year’s Modeled Peak Demand 

Historical 
Year 

50% 19.15% 14.99% 9.18% 4.41% 1.65% 0.62% 

2012 55,715 56,002 56,358 57,017 57,397 57,634 57,672 
2013 53,379 53,654 53,995 54,627 54,990 55,217 55,254 
2014 54,247 54,526 54,873 55,515 55,884 56,115 56,152 
2015 53,103 53,377 53,716 54,344 54,706 54,932 54,968 
2016 54,421 54,701 55,049 55,693 56,064 56,295 56,332 
2017 54,057 54,336 54,681 55,320 55,689 55,919 55,955 
2018 56,152 56,441 56,800 57,464 57,847 58,086 58,124 

 

Table 6: Year 2024 Scaled Peak Load Shapes 

LFU Probability of Occurrence for Each Historical Year’s Modeled Peak Demand 

Historical 
Year 

50% 19.15% 14.99% 9.18% 4.41% 1.65% 0.62% 

2012 56,817 57,110 57,473 58,145 58,532 58,774 58,812 
2013 54,435 54,715 55,063 55,707 56,078 56,309 56,346 
2014 55,320 55,605 55,958 56,613 56,990 57,225 57,263 
2015 54,153 54,432 54,778 55,419 55,788 56,018 56,055 
2016 55,497 55,783 56,138 56,795 57,172 57,409 57,446 
2017 55,126 55,410 55,762 56,415 56,790 57,025 57,062 
2018 57,263 57,558 57,923 58,601 58,991 59,235 59,274 

 

3.7. OTHER KEY STUDY ASSUMPTIONS  

3.7.1. SIMULATION PERIOD 

Each study year (2021 and 2024) included all hours from January 1st to December 31st. The 

LOLE calculation considers all hours of the year for the probability of loss of load. 

3.7.2. OPERATING RESERVES 

All of SPP’s operating reserves were assumed available and depleted during simulation to avoid 

load shed.   
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3.7.3. REGIONAL DISPATCH 

Generation was dispatched using a Security Constrained Economic Dispatch (SCED) algorithm 

based upon the SPP BA Area.  

3.8. UNIT MODEL CHARACTERISTICS  

For the 2019 LOLE Base-Case scenario, SPP utilized the economic dispatch and unit commitment. 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 the most inexpensive conventional resources. In addition, when utilizing an economic 

dispatch, EFOR values were calculated in lieu of the FORd values where EFOR values include all derates. 
For units within SPP’s footprint that did not have any physical parameter data, staff derived and applied 

a value based upon averaging the existing data for specific resource sizes and types. These additional unit 

characteristics included physical parameters with data provided by SPP Operations staff from the SPP 

Integrated Marketplace to represent a more realistic model. Listed below are the economic dispatch 

physical unit characteristics: 

 EFOR values calculated using Time to Repair Hours(ttrhrs), Time to Fail Hours (ttfhrs) from 
2012 to 2016 NERC GADS data 

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

 Minimum Up-Time; the number of hours a unit must be in operation before shutting down  
 Ramp Rate; the MW/min downward or upward ramp rate of the generator 
 Cold Start Up Cost  
 Cold Start Up Profile; the MWh startup profile for generators  
 Shut Down Profile; the MWh hourly profile for a unit once shutdown commences  

 

In addition to these new unit variables, SPP utilized parameters previously modeled in past studies 

including unit minimum capacity, unit retirement date, and unit heat rate coefficients. In the following 

tables, each variable is shown as an average broken down by resource type and resource size. These 

tables represent the weighted average of the values utilized in the economic SERVM model. 

Table 7: Weighted Average Minimum Downtime Values  

Minimum 
Downtime (Hours) 

0-20 21-50 51-100 
101-
200  

201-
400  

401-
600 

601-
800 

801+ 

   Biomass 0.5 - - - - - - - 

   Coal 26.3 14.1 25.3 24.5 32.05 47.8 72.8 80.0 

   Natural Gas 2.9 3.8 10.8 14.5 16.2 46.6     

   Nuclear - - - - - - 40.2 78.0 

   Petroleum 5.2 1.7 0.8 2.3 - - - - 

 

Table 8: Weighted Average Minimum Uptime Values  

Minimum Uptime 
(Hours) 

0-20 21-50 51-100 
101-
200  

201-
400  

401-
600 

601-
800 

801+ 

   Biomass 1.0 - - - - - - - 
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   Coal 119.8 90.3 29.5 70.4 63.8 74.7 91.3 72.0 

   Natural Gas 3.1 6.1 11.7 23.4 31.0 90.3 - - 

   Nuclear - - - - - - 24.0 72.0 

   Petroleum 7.6 2.3 2.3 0.8 - - - - 

 

Table 9: Weighted Average Ramp Rate Values  

Ramp Rate 
(MW/Min) 

0-20 21-50 51-100 
101-
200  

201-
400  

401-
600 

601-
800 

801+ 

   Biomass 30.0 - - - - - - - 

   Coal 0.2 1.1 1.6 1.0 2.9 2.5 2.0 2.2 

   Natural Gas 3.5 5.3 5.8 5.9 3.9 3.2 - - 

   Nuclear - - - - - - 0.1 1.5 

   Petroleum 5.3 4.6 4.1 1.0 - - - - 

 

Table 10: Weighted Average Cold Startup Profile Values  

Cold Startup Profile 
(Hours) 

0-20 21-50 51-100 
101-
200  

201-
400  

401-
600 

601-
800 

801+ 

   Biomass 2.5 - - - - - - - 

   Coal 29.3 18.5 18.3 19.8 27.7 25.3 19.5 - 

   Natural Gas 3.6 4.2 6.0 7.7 11.8 22.2 - - 

   Nuclear - - - - - - 38.0 24.0 

   Petroleum 1.6 1.9 0.9 2 - - - - 

 

Table 11: Weighted Average Shutdown Profile Values  

Shutdown Profile 
(Hours) 

0-20 21-50 51-100 
101-
200  

201-
400  

401-
600 

601-
800 

801+ 

   Biomass 1.0 - - - - - - - 

   Coal 8.0 8.0 7.5 8.0 8.0 8.0 8.0 8.0 

   Natural Gas 3.6 3.7 3.9 4.0 4.0 4.0 - - 

   Nuclear - - - - - - 20.0 20.0 

   Petroleum - - - - - - - - 

 

3.9.  TRADITIONAL DISPATCHABLE GENERATION  

The data for generation that was included in the models consisted of the following: resource capability 

information from the Workbook submissions, Equivalent Forced Outage Rate (EFOR) information from 

NERC GADS data, and operational parameters information from the SPP Marketplace for each resource. 

For planned generation to be included in the analysis, the generation must either have been under 

construction or have a signed generator interconnection agreement. 
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3.9.1. RATINGS 

The maximum capacity ratings submitted in the 2019 Workbook submissions were modeled and 

are based on SPP member’s summer seasonal capability testing. In Table 12 below the amount of 

installed capacity by fuel type for each study year are shown. 

Table 12: Installed thermal and hydro capacity by fuel type 

Installed Capacity  Unit 2021 2024 
Difference 

[2024-2021] 
   Biomass MW 89 89 0 
   Coal MW 22,973 22,731 -242 
   Hydro and Pump Storage MW 3,090 3,090 0 
   Natural Gas MW 30,612 29,810 -802 
   Nuclear MW 1,958 1,958 0 
   Petroleum MW 2,341 2,341 0 
Total MW 61,063 60,019 -1,044 

 

3.9.2. FORCED OUTAGE MODELING 

As part of the previous LOLE Study, SPP worked with Astrapé Consulting to develop Demand 

Forced Outage Rate (FORd) values calculated from five years of actual historical outages (January 

2012 to December 2016) using NERC GADS data. For the 2019 LOLE Study, the economic 

commitment and dispatch of resources was used for the analysis. With this change, Equivalent 

Forced Outage Rate (EFOR) values are more appropriate to use in the model since the resources 

are no longer committed for every hour of the year if they are not on outage. EFOR values include 

de-rates whereas FORd do not. To incorporate this change, SPP reached out to Astrapé to update 

the previously used FORd values to EFOR values. This was done by scaling the ttrhour (Time-to-

repair-hours) values within SERVM to achieve the appropriate EFOR while maintaining the 

previous ttfhour (Time-to-fail-hours) values. See Appendix A for FORd calculation explanation. 

The EFOR values were calculated for each unit and modeled in the SERVM software. EFOR values 

from the fuel type averages across the SPP region were assigned to units that did not have 

historical outage data, which was approximately 10% of the thermal and hydro capacity mix used 

in the simulation. Table 13 shows the class average EFOR values by fuel type and size of thermal 

and hydro resources. The SPP system weighted average is 12.55%. 

Table 13: Weighted Average Forced Outage Values by Unit Size and Fuel Type 
EFOR (%): Fuel Type Vs 
Size (MW)  0-20 21-50 51-100 101-200  201-400  401-600 601+ 
   Biomass 33.3 -- -- -- -- -- -- 
   Coal 39.1 27.4 27.5 9.0 13.6 10.1 9.9 

   Hydro/Pump Storage 4.2 1.2 2.3 1.3 -- -- -- 
   Natural Gas 11.0 13.9 21.2 10.1 6.5 18.0 -- 
   Nuclear -- -- -- -- -- -- 5.4 
   Petroleum 30.5 39.9 43.8 0 -- -- -- 

 



 

22 

3.9.3. PLANNED OUTAGE MODELING 

Planned outages for thermal and hydro units were modeled using the scheduled maintenance 

function in SERVM by switching the status of each unit to “off-line” for a specified period of time 

based on start time, end time, and duration.  Once the outage duration elapsed, the resource’s 

cold start-up time was honored before it was placed back online in the model. Each resource was 

assigned a planned maintenance outage rate for the year based on specific unit type generic data. 

Then, the model assigned planned maintenance periods outside the summer season. For 

generators that did not have designated planned outages, the same maintenance season and 

duration were assigned to the generators based on size and fuel type. Nuclear units have a fixed 

maintenance schedule, which was pulled from historical maintenance outage data and modeled 

for each of the study years. The modeled summer season was defined as June 1 to September 30 

in SERVM. The summer season establishes a timeframe where all generation will be available, 

except for generation on forced outage, i.e. no planned maintenance outages will be taken. 

Maintenance outage timeframes and durations will vary from iteration to iteration in order to 

consider an array of probabilistic occurrences for each resource.  

3.9.4. BEHIND-THE-METER GENERATION 

If the behind-the-meter generation was submitted as a resource in the 2019 Workbook 

submissions, then it was modeled as generation for the LOLE study. All other generation was 

considered a load reduction to peak demand in the model.  

3.10. WIND AND SOLAR RESOURCES 

The LOLE study included wind and solar resources currently installed, under construction, or that have 

a signed interconnection agreement. Wind and solar resources were modeled in SERVM with an hourly 

generation profile assigned to each individual resource. Hourly generation is based upon historical 

profiles correlating with the yearly load shapes (2012 to 2018) which are obtained through SPP 

Operations. Any resources that did not have historical shapes were supplemented by the nearest 

resource.  

The value of solar in the LOLE study was accredited based upon member submittals in the 2019 

Workbook. All solar generation in the SPP footprint is geographically located in the southwest region 

spanning the New Mexico and Texas state borders. The committed solar capacity in the 2019 LOLE Study 

totaled 201MW for both planning years of 2021 and 2024 which was slightly higher than the 194MW of 

solar committed in the 2017 LOLE Study.  

Unlike solar, wind units operate in many different areas of the SPP footprint. The map shown in Figure 

5: SPP Wind GenerationFigure 5Error! Reference source not found. shows the geographically diverse 

locations of wind resources within the SPP region that are in current commercial operation which 

amount to 25,276MW as of January 15, 2020. The total amount of nameplate wind modeled in the 2019 

LOLE Study was 23,529 MW, which is a 4,190 MW increase from the 2017 SPP LOLE study.  
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Figure 5: SPP Wind Generation 

A new method for determining wind contribution was used for wind resources that contributed to a 

significant change since the 2017 LOLE study. During the 2017 SPP LOLE study, the accredited wind 

value was derived by the LRE submitted data through the Resource Adequacy Workbook. This method 

did not capture the true value of wind utilized during the LOLE stimulations. For the 2019 LOLE study, 

SPP considered the value of wind based upon a method similarly used in Effective Load Carrying 

Capability (ELCC) studies. This method was utilized for all cases and simulated on two different 

scenarios; the SPP footprint including all the nameplate wind on the system, and the SPP footprint with 

no wind. Each scenario simulated all seven years of data (2012-2018) together, and was performed in 

matching weather and load years on the same historical year. For example, the 2012 weather year was 

simulated with the 2012 load shape.  

The following steps show the process and equations utilized for the wind value analysis. 

1. Determine the incremental load amount the SPP system can withstand without exceeding 

the reliability threshold of one day in ten years with all SPP wind capacity included in the 
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model. 

 

2. Determine the incremental load amount the SPP system can withstand without exceeding 

the reliability threshold of one day in ten years with no SPP wind capacity included in the 

model and all other generation remaining constant. 

 

3. Calculate capacity contribution for the nameplate wind capacity. This will be done by taking 

the difference of load required in step one vs. the load required. 

 

𝐖𝐢𝐧𝐝 𝐂𝐚𝐩𝐚𝐜𝐢𝐭𝐲 𝐂𝐨𝐧𝐭𝐫𝐢𝐛𝐮𝐭𝐢𝐨𝐧 =  𝐋𝐨𝐚𝐝 𝟏 − 𝐋𝐨𝐚𝐝 𝟐 

From the equation shown above, the difference of the increased load of the two scenario’s resulted in the 

capacity value of wind contribution on the system at the 0.1 days/year reliability threshold. In Table 14 

below, the increased load for the Base-Case analyses and resulting wind for years 2021 and 2024 can be 

seen. This new methodology increased the capacity value of wind considered in the PRM calculation from 

approximately 1,500 MW in the 2017 LOLE study to over 5,700 MW in the 2019 LOLE study (for the 2-

year out future scenario). The capacity value of wind in each scenario was used in the calculation for 

determining the PRM results at 0.1 days/year reliability threshold. 

Table 14: Base-Case Wind Capacity Contribution Values  

  

Peak Load 

With Wind 

Peak Load 

Without Wind 

Wind Capacity 

Contribution 

2021 LOLE Study 

Year 60,020 54,259 5,761 

2024 LOLE Study 

Year 61,109  54,648   6,461 
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3.11. INTERREGIONAL TRANSACTIONS 

All interregional capacity sales and purchases were firm transactions obtained through the 2019 

Workbook submissions. The net transaction amount was calculated by subtracting the export planning 

capacity amount from the import firm transmission reservation amount for each zone. Firm Power 

transactions were treated as capacity transactions with an additional amount of capacity for the area’s 

applicable planning reserve margin. For example, an external Firm Power purchase of 100 MW would be 

represented as a capacity purchase, i.e. import of capacity, for 112 MW (100 + 100*12%). Once the 

transaction amounts were obtained, they were modeled as generators in the SERVM software. All zonal 

sales were modeled as Export Transaction units, and all purchases were modeled as Import Transaction 

units. The transaction amounts were not modeled as units external to SPP as whole, but the values were 

modeled on a zone to zone basis. The net transaction amounts from external regions incorporated in the 

LOLE calculation are given in Table 15 below. 

Table 15: Net Interregional transaction value modeled in the LOLE analysis 

Region 
2021 Net External 

Transactions (MW) 
2024 Net External 

Transactions (MW) 

Zone 1 -85 -85 
Zone 2 59 130 
Zone 3 1 1 
Zone 4 438 438 
Zone 5 0 0 
Zone 6 1,066 1,066 

Total 1,479 1,550 
 

3.12. DEMAND RESPONSE 

The values for controllable and dispatchable demand response programs reported in the Workbook 

submissions were modelled as equivalent thermal units with high fuel costs so that those units would be 

dispatched last to reflect demand-response operating scenarios to prevent loss of load events. SPP as a 

whole had 824 MW of demand response programs modeled in both years 2021 and 2022 for the LOLE 

study, which is an increase of approximately 100 MW from the 2017 LOLE Study.  
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4. MODEL SIMULATION 

4.1. MARKET ANALYSIS APPROACH 

The SERVM software solves each hour using a Security Constrained Unit Commitment (SCUC) and SCED 

algorithm, which is similar to the SPP Integrated Marketplace. The setting in SERVM for committing 

resources was set to an “Economic” status for all generation within the SPP BA Area. This setting was 

based on the assumption that all capacity in the SPP footprint would dispatch most economically based 

on unit parameters if it was not on maintenance outage, on forced outage, retired, or committed to 

serving an external area outside the SPP footprint. The map in Figure 6 shows the dispatching boundary 

of the SPP BA Area for the LOLE study.  The SERVM software dispatches generation on an hour by hour 

basis by balancing load and generation taking into account localized constraints, generation outages, and 

increased load forecast uncertainty4. 

 
Figure 6: Regional map indicating the dispatch boundary for the LOLE analysis 

 

                                                 
4 Study does not include any load or generation in the western interconnection. 
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4.2. MONTE-CARLO ALGORITHM 

SPP conducted the SERVM Monte Carlo simulation on multiple iterations, in which each trial accounts for 

variations in random forced outages and load forecast uncertainty. Each trial represented a single 8760-

hour simulation. The Monte-Carlo simulation allows the model to forecast future scenario’s while still 

modeling the random variables. This technique takes into account a single iteration and records the 

outcome. Then, the simulation continues hundreds of times for that iteration to create a probability 

distribution of the possible final outcome. For the 2019 LOLE Study, each simulation was iterated 300 

times to ensure the resulting outcome was highly probable. Each simulation included a varying LFU 

multiplier, LFU probability, historical load and weather shape, and forecasted Peak Demand. 
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5. STUDY RESULTS 

5.1. PRM CALCULATION 

The results are represented by non-coincident reserve margins of each analysis. Non-coincident reserve 

margin means the results are based upon the summation of individual LRE peaks being summed 

together, which may occur at different hours or days throughout the year. The resulting reserve margin 

is calculated upon the sum of all area peak demands modeled for each study year in SERVM. The following 

equation was used to calculate the PRM for the Base-Case and sensitivity results: 

𝑃𝑅𝑀 (%) =  
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 − 𝐷𝑒𝑚𝑎𝑛𝑑

𝐷𝑒𝑚𝑎𝑛𝑑
∗ 100 

 

As shown in the equation above, the PRM calculation depends on the capacity and demand represented 

in the SPP footprint. The capacity for this calculation included all accredited thermal and hydro unit 

resources, demand response, and net external transactions that are listed in Table 15 in this report. In 

addition to these resources, the calculated value for wind and solar were also included in the capacity 

value. The demand value utilized in the calculation is the non-coincident SPP Peak Demand that resulted 

when the model reached the one day in ten-year reliability threshold. The capacity and demand values 

varied for each scenario and can be seen in the following sections.  

5.2. BASE-CASE RESULTS 

The Base-Case of the 2019 LOLE Study utilized an economic unit commitment to represent a more 

realistic model. This economic unit commitment involved many new resource characteristics including 

EFOR values. In addition to these changes, SPP also incorporated a methodology similar to ELCC to 

calculate the value of wind for the PRM calculation. The Base-Case results, shown in Table 16, for the 

2021 study year indicate that 0.1 days/year metric can be maintained with a PRM of 11.75%, which 

is less than SPP’s current PRM requirement of 12%.  The Base-Case results for the 2024 study year 

indicate that a 12.65% PRM will be required to maintain the 0.1 days/year metric.   

Table 16: Base-Case Results  

Study Year 

 

Capacity (MW) 

Demand @ 0.1 

d/yr LOLE (MW) 

PRM @ 0.1 d/yr  

LOLE (%) 

2021 69,327 62,043 11.75% 

2024 68,843 61,109 12.65% 
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5.3. CAPACITY ADJUSTMENT SENSITIVITY 

A sensitivity was performed to determine the PRM by reducing capacity of the system as an alternative 

to increasing demand. SPP created a methodology to rank generators based upon various data categories. 

The categories included capacity factors, startup times, and startup costs based upon SPP Market and 

Operational data, in addition to the age of the resources and the EFOR values modeled in SERVM. The 

lowest ranked units were removed by zone from the model until the reliability threshold of 0.1 days/year 

was met. The Capacity Adjustment sensitivity was studied on the same economic model for planning year 

2021 that was utilized in the Base-Case, and all unit parameters remained unchanged. When the 0.1 

days/year reliability threshold was met,  8,540MW of generation had been  removed from the model 

across the SPP footprint.  

To calculate the value of wind for this sensitivity, a second model was simulated with all wind generation 

removed in addition to the units removed following the previously described ranking methodology. 

Perfect generation was then added back into the model until the reliability threshold of 0.1 days/year 

was met. This perfect generation represented the value of wind in the Capacity Adjustment model. 

Following this methodology, the amount of 5,437MW of wind was valued in the sensitivity. In Table 17 

below, the results for the sensitivity are shown. 

Table 17: Capacity Adjustment Sensitivity Results  

Study Year 

Capacity  @ 0.1 

d/yr LOLE (MW) Demand (MW) 

PRM  @ 0.1 d/yr  

LOLE (%) 

2021 60,475 54,275 11.42% 

 

5.4. “COMMIT ALL” GENERATOR DISPATCH SENSITIVITY 

An additional sensitivity was performed to capture the effects of changing the study from a “Commit All” 

generator dispatch in 2017 to an economic generator dispatch in 2019 (“Commit All” sensitivity).  The 

SERVM software allows various unit characteristics to be modeled dependent upon whether the model 

is running a “Commit-All” unit dispatch or an economic dispatch. A “Commit-All” dispatch will commit 

any and all units to serve load if the unit is not on outage. The outages are modeled utilizing FORd values, 

which means unit derates are not included. After a unit experiences a simulated outage, the resource will 

be brought back online in less than one hour. This dispatch allows units to run at the maximum capacity 

following the net load shapes while randomizing forced outages. After committing all resources, they are 

dispatched in an order based upon operating and maintenance costs, fuel prices, and heat rates. A 

”Commit-All” dispatch will generally results in higher production costs for the generation fleet than an 

economic dispatch.   For the “Commit-All” sensitivity, the following unit characteristics were utilized: 

 Unit maximum capacity from Workbook submissions  
 Unit minimum capacity  
 FORd values calculated using Time to Repair Hours(ttrhrs), Time to Fail Hours (ttfhrs)  
 Unit heat rate coefficient  
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The major differences in the “Commit-All” scenario included no physical unit parameters and modeling 

FORd values in place of EFOR values. In Table 18 below, the weighted average FORd values are 

represented by specific fuel type and fuel size. The SPP system weighted average for the “Commit All” 

sensitivity is 8.02%. 

Table 18: “Commit-All” Weighted Average FORd   

FORd (%): Fuel Type Vs Size 
(MW)  

0-20 
21-
50 

51-
100 

101-
200  

201-
400  

401-
600 

601+ 

   Biomass 8.0 -- -- -- -- -- -- 

   Coal 7.7 7.0 7.2 6.8 7.2 9.7 9.8 

   Hydro/Pump Storage 4.2 1.2 2.3 1.3 -- -- -- 

   Natural Gas 7.4 8.0 8.5 5.6 4.6 12.2 -- 

   Nuclear -- -- -- -- -- -- 5.4 

   Petroleum 10.6 22.1 33.6 0.0 -- -- -- 

 

 The value of wind for this sensitivity was calculated using the same ELCC methodology similar to the 

Base-Case study. Following this methodology, 5,198MW of wind was valued in the sensitivity. The results 

of the “Commit All” sensitivity can be seen in Table 19 below. 

Table 19: “Commit-All” Sensitivity Results  

Transmission Year 

 

Capacity (MW) 

Demand @ 0.1 

d/yr LOLE (MW) 

PRM @ 0.1 d/yr LOLE 

(%) 

2021 68,767 62,698 9.68% 
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6. RECOMMENDATION AND CONSIDERATIONS 

Several modifications to the assumptions and study process were incorporated in the 2019 LOLE Study 

compared to the 2017 LOLE Study. One of the main study changes that affected results was switching 

from a commit all to an economic dispatch structure for conventional generation.  Whereas the 2017 

LOLE Study results indicated a margin of approximately 1.5% between SPP‘s required PRM of 12% and 

the PRM at the reliability metric of one day in ten years, the 2019 study results indicate the PRM of 12% 

is now the minimum allowable margin at one day in ten years for planning year 2021.5   

The 2019 LOLE Study indicates that the capacity margin SPP has been accustomed to over the past 

several years is declining at a faster rate than previous years have shown.  For reference, the declining 

trend of capacity is reflected in the 2020 Resource Adequacy June Report6, which shows an SPP BA 

Reserve Margin nearing 20% for the 2020 Summer Season, decreasing to approximately 14% for the 

2024 Summer Season. While reserve margins for years 2020 and 2024 do not fully reflect the 

consideration of generation plans to replace retired resources, the LOLE Study emphasizes the need to 

enhance the methodology for analyzing generation needs in the mid-term planning horizon (three to six 

years).  New resources are expected to be installed in the next five years (a large portion being wind, 

solar, storage and hybrid facilities), but those plans have yet to be finalized by LREs and communicated 

to SPP through the Resource Adequacy process.   

The finalized results of the 2019 bi-ennial LOLE Study confirms that the current PRM of 12% is adequate 

for maintaining system reliability at one day in ten years for the 2020 and 2021 Summer Seasons. 

However, in planning year five (2024) of the 2019 LOLE Study, which takes into account reported 

generation retirements but does not include new firm generation,  shows that a PRM greater than 12%  

is required to maintain the reliability metric of one day in ten years based on the forecasted conditions.   

In conclusion, SPP Staff does not recommend a change in the Planning Reserve Margin based on the 2019 

LOLE study, but does recommend enhancing the LOLE study in order to refine a consistent baseline set 

of assumptions to be used in future LOLE studies, starting with the 2021 LOLE Study Scope. 

6.1. STUDY IMPROVEMENT CONSIDERATIONS 

While providing accurate PRM values to stakeholders is important, establishing a constant multi-year 

projection based on dependable analytical methods is just as important for resource adequacy planning. 

The continuation of incorporating study enhancements are important to accurately and consistently 

reflect a PRM that the SPP stakeholders can be confident that will ensure reliability. However, PRM values 

are subject to change along with a changing resource portfolio in the SPP region, that is shifting from 

coal-based generation resources to generation fueled by natural gas and renewables over the past 

                                                 
5 2017 SPP LOLE Study Report 
6 2020 SPP June Resource Adequacy Report 

https://www.spp.org/documents/58198/2017%20spp%20lole%20study%20report.pdf
https://spp.org/documents/62405/2020%20spp%20june%20resource%20adequacy%20report.pdf
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decade, it is imperative to continue developing and refining the LOLE analytical process to reliably 

capture evolving Resource Adequacy constructs. 

SPP coordinated with Astrapé Consulting during the 2017 LOLE Study to implement the SERVM software 

fully for the 2019 LOLE Study. With this software, SPP was able to enhance the study by modeling 7 years 

of historical load and weather data while more accurately modeling unit outage probabilities and 

physical characteristics. The SERVM software also aided SPP in calculating the value of wind based on 

probabilistic parameters to coincide with the reliability metric of one day in ten years. Multiple 

enhancements were applied, but the SERVM software has the capability to still further improve the LOLE 

Study. The SAWG and other respective working groups or committees will discuss all future 

enhancements and scope changes. SPP would recommend the following future enhancements, at a 

minimum, for the LOLE study:  

 Incorporation of more weather years applied to load profiles 

 Incorporation of more weather years applied to renewable generation profiles 

 Implement Control Room Operations Window (CROW) data for EFOR. 
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APPENDIX A: FORCED OUTAGE RATE (FOR) 

CALCULATIONS 

Unlike typical production cost models, 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 (FORd) values as previously described, average Time-to-

Repair (ttr) Hours were calculated for each unit by averaging all the ttr hours from the historical GADS 

data. Calculated FORd 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 3.9.2: Forced outage modeling 

describes the parameters and inputs for calculating the FORd values used in the parallel assessment. 

𝑡𝑡𝑓𝑎𝑣𝑔 =
𝑡𝑡𝑟𝑎𝑣𝑔(1 − 𝐹𝑂𝑅𝐷)

𝐹𝑂𝑅𝐷
 

Once the average ttf value was calculated, three ttf hours values were input into SERVM for each unit to 

provide a uniform distribution: the average value, 80% of the value, and 120% of the value. Each ttr value 

calculated from the historical GADS data was imported into SERVM.  

As an example, assume that from 2011 – 2015, 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, off peak, 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 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.  

Astrapé's approach using SERVM is to calibrate modeling results to these actual cumulative outage 

curves to ensure the modeling represents reality.  Unlike typical production cost models, SERVM does 

not use an FORd value for each unit as an input. Instead, historical GADS data events are entered in for 
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each unit and SERVM randomly draws from these events to simulate the unit outages. 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 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 

 

Planned Outages   

Entered in as a percentage or with actual dates. 
 
Each outage event in the data was classified as one of the following event types7: 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. FORd and EFOR values were calculated using the formulas below.  

𝐹𝑂𝑅𝐷 =  
(𝐹𝑂𝐻𝐷)

(𝑆𝐻 +  𝐹𝑂𝐻𝐷)
∗ 100% 

 

𝐸𝐹𝑂𝑅 =  
(𝐹𝑂𝐻 +  𝐸𝐹𝐷𝐻)

(𝑆𝐻 + 𝐹𝑂𝐻 +  𝐸𝐹𝐷𝐻)
∗ 100% 

 

Table 20: Variables used in calculating FORd values 

Variable Description 

FOH Forced outage hours 

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

startup failures (SF) 

𝐹𝑂𝐻 =  𝑆𝐹 + 𝑈1 + 𝑈2 + 𝑈3 

# of FOH 

Occurrences 

Number of times a U1, U2, U3, or SF event occurred 

r Average forced outage duration 

                                                 
7 Additional information on event types can be found in the NERC GADS data reporting instruction document: 

https://www.nerc.com/pa/RAPA/gads/DataReportingInstructions/2018%20GADS%20Data%20Reporting%20Instructio

ns.pdf 

https://www.nerc.com/pa/RAPA/gads/DataReportingInstructions/2018%20GADS%20Data%20Reporting%20Instructions.pdf
https://www.nerc.com/pa/RAPA/gads/DataReportingInstructions/2018%20GADS%20Data%20Reporting%20Instructions.pdf
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𝑟 =  
𝐹𝑂𝐻

(# 𝑜𝑓 𝐹𝑂𝐻 𝑜𝑐𝑐𝑢𝑟𝑒𝑛𝑐𝑒𝑠)
 

SH Sum of all service hours 

AH Available hours 

𝐴𝐻 = 𝑆𝐻 + 𝑅𝑆𝐻 

RSH Reserve shutdown (RS) hours 

# of Start 

Attempts 

Sum of number of times the unit had startup failure (SF) events and 

the number of times the unit went from inactive to active 

T Average reserve shutdown time 

𝑇 =  
𝑅𝑆𝐻

(# 𝑜𝑓 𝑆𝑡𝑎𝑟𝑡 𝐴𝑡𝑡𝑒𝑚𝑝𝑡𝑠)
 

# of Actual Starts Number of times the unit went from inactive to active 

D Average demand time 

𝐷 =  
𝑆𝐻

(# 𝑜𝑓 𝐴𝑐𝑡𝑢𝑎𝑙 𝑆𝑡𝑎𝑟𝑡𝑠)
 

fp 
𝑓𝑝 =  

𝑆𝐻

𝐴𝐻
 

EFDH Equivalent Forced De-rated Hours 

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 

𝐸𝐹𝐷𝐻 =  
(𝐷𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 ∗ 𝑆𝑖𝑧𝑒 𝑜𝑓 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛)

(𝑁𝑒𝑡 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦)
 

EFDHD Equivalent forced de-rate hours demand 

𝐸𝐹𝐷𝐻𝐷 =  𝑓𝑝 ∗ 𝐸𝐹𝐷𝐻 

f Demand factor f 

𝑓 =  
(

1

𝑟
+

1

𝑇
)

(
1

𝑟
+

1

𝑇
+

1

𝐷
)
   

 

r=Average forced outage deration = (FOH) / (# of FO occurrences) 

D=Average demand time = (SH) / (# of unit actual starts) 

T=Average reserve shutdown time = (RSH) / (# of unit attempted 

starts 

FOHD Number of hours a unit was in a U1, U2, U3, or SF and the unit 

would have operated had it been available 

𝐹𝑂𝐻𝐷 = 𝑓 ∗ 𝐹𝑂𝐻 
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APPENDIX B: SERVM SOFTWARE DETAIL 

Strategic Energy Risk Valuation Model (SERVM) is a state-of-the-art multi-area reliability and economic 

simulation tool that was originally developed by the Southern Company in the 1980s to support resource 

adequacy decisions. Significant resources have been devoted to enhancing the model, which has been 

used in a number of applications by various companies since that time. 

Today, the probabilistic simulation tool is managed by Astrapé Consulting who provides consulting 

services and/or licenses SERVM to a number of users, including MISO, SPP, ERCOT, Entergy, California 

Public Utilities Commission, Pacific Gas & Electric, Louisville Gas & Electric (LG&E), Kentucky Utilities 

(KU), Southern Company and all its subsidiaries, Duke Energy, Progress Energy, TVA, Santee Cooper, 

Terna (Italian Transmission Operator), CLECO, PNM, FERC, NARUC, and EPRI to inform resource 

adequacy decisions.  The model has been commercially available and marketed by Astrapé Consulting 

since 2005, and has been vetted by public service commissions across the U.S.   

KEY ATTRIBUTES OF SERVM 

1. Hourly and Intra Hour Chronological Model 

SERVM is designed to simulate chronologically an entire year (8,760 hours) for hundreds of 

iterations for each selected scenario. SERVM can also capture intra-hour analysis when 

evaluating intermittent resource integration.   

2. Dispatch Capabilities 

a. Economic Commitment and Dispatch 

The developers of SERVM recognized that incremental capacity decisions are not simply 

affected by firm load shed events or other substantial reliability events, but should also take 

into account economic benefits of the incremental capacity.  In addition, reliability can be 

affected by the physical limitations on units such as minimum uptimes and downtimes, 

startup times, ramp rates, and other criteria.  For this reason, SERVM uses a week-ahead and 

day-ahead hourly economic commitment and dispatch that takes physical constraints and 

economic considerations into account. 

b. Reliability Dispatch During Constrained Periods 

Based on experience in multiple electric markets, the dispatch of electric systems can 

change substantially during peak periods.  Constrained resources may be conserved, 

emergency energy may be requested from neighboring regions, and other emergency 

operating procedures may be implemented such as frequency control and interruptible 

resource dispatch.  SERVM allows for complete flexibility in setting these thresholds and 
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determining which actions the dispatch logic should take during peak periods and reliability 

events. 

c. Hydro Dispatch 

Run of river, storage, and pumped storage hydro resources all have various constraints that 

prevent them from being perfectly capable of meeting all reliability situations.  Minimum 

hourly and daily flow requirements, max hourly or daily flows, the sporadic nature of 

rainfall, and physical constraints on the generators affect the total reliability value of hydro 

resources. SERVM allows users to develop dispatch schemes for all classes of hydro 

resources so that the simulated dispatch of a hydro fleet closely mimics the actual dispatch 

of the fleet.  The simulated dispatch schemes can change depending on the hydrological 

nature of a year and month and will be responsive to system conditions not related to the 

weather year. 

d. Dispatch of Energy-limited Resources and Associated Constraints 

As demand-side options play an increasingly larger role in resource adequacy, the operating 

constraints of such resources must be considered.  Some demand-side options have price 

curves to determine their dispatch; other programs have daily, weekly, monthly, seasonal, 

or annual dispatch limits.  SERVM allows users to model each of these characteristics 

explicitly.  

Wind, solar, and other energy-limited resources also have unpredictable intermittent 

output that must be tied to weather conditions.  When evaluating various load forecast 

scenarios, the weather that affects the load must be matched up to the weather that affects 

the output of wind, solar, hydro, and thermal resources.  In SERVM, the user inputs multiple 

weather stations, then ties those weather variables to both system loads and resources.  For 

each weather station, SERVM considers an hourly forecast for each weather year being 

simulated. Forecast error distribution on an intra-hour, hour ahead, and day ahead for wind 

and PV resources are also input into the model.  These forecast errors are used when 

evaluating operational flexibility of the system.   

3. Modeling of Weather Uncertainty 

Astrapé Consulting has refined a neural network load modeling process that has been in use by 

utilities for decades.  This process develops weather and load relationships from recent history 

that are then used to develop a large set of load shapes based on 20 to 40 years of weather data. 

These load shapes represent what the load would look like if historical weather years were to 

occur again in the future. SERVM takes each of these 8,760-hour synthetic annual shapes to 

simulate many discrete scenarios for future years. In addition to the load sensitivity to weather, 

availability and output from conventional and intermittent resources can also be tied to 

weather conditions, and hydro resources can be mapped to weather-related dispatch profiles.  

Some previous resource adequacy studies have recognized the sensitivity of results to the 

choice of coincidental load and wind shapes used in the simulation process, However, very few 
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studies have relied on a robust simulation approach to take into account multiple weather 

shapes. This is due to the difficulty of building and simulating many different shapes in 

reliability tools other than SERVM. SERVM is uniquely constructed to integrate this feature into 

the framework of the model so that building a study using 20 load shapes takes no longer than 

constructing a single load shape. After taking into account the uncertainty of weather, SERVM 

can demonstrate the impact different weather years have on reliability as seen in example 

Figure 7.   

 
Figure 7: Example of multiple weather scenarios and impacts on reliability costs 

4. Monte Carlo Unit Outage Modeling 

For production cost modeling, average unit Equivalent Forced Outage Rate (EFOR) is a 

sufficient metric to determine the average production cost of a system.  However, in reliability 

modeling, much more granular outage data are required to capture outage-related impacts on 

reliability.  SERVM unit outage logic brings units online and sends them into outage conditions 

using Monte Carlo techniques that very closely approximate actual operations.  Outage 

variables include time-to-fail and time-to-repair distributions for both full and partial outages, 

maintenance outage likelihood, startup failure probabilities, and others that allow the user to 

match a historical cumulative outage distribution rather than a seasonal EFOR point.  SERVM 

allows the user to calibrate to both EFOR and cumulative outages. 

5. Multi-Area Simulations 

SERVM allows users to build connections to the system being modeled with stochastic 

transmission limitations to neighboring systems. Generation within each area simulated can be 

modeled at the unit level or at the system level.  Load shapes of neighboring systems can be tied 

to the same shape as the base system or individual load shapes for each system can be imported 

into the model.  

6. Scarcity Pricing Algorithms 
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SERVM includes a flexible scarcity-pricing model that allows users to take multiple variables 

tied to system conditions into consideration to determine pricing during capacity shortfalls.  

These scarcity-pricing curves are developed based on historical purchases executed in the 

region.  During the base case setup, the pricing market is always calibrated to an actual 

historical year.    

7. Economic Load Forecast Uncertainty 

In addition to weather-related load uncertainty, SERVM also allows users to model forward-

looking economic load forecast uncertainty with multipliers and associated probabilities.  The 

model applies these multipliers to each weather year. 
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APPENDIX C: LOLE STUDY SCOPE 

B1. INTRODUCTION 

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. The LOLE is usually measured in 

days/year or hours/year. The understanding is that when given in days/year, it represents a comparison 

between daily peak values and installed capacity. This study will be performed biennially based upon the 

typical industry standard metric, which is the loss of load probability of one day in ten years or 0.1 

days/year.  

The current SPP Planning Reserve Margin (PRM) is twelve percent (12%).  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 process at SPP.   

B2. EXECUTIVE OVERVIEW 

Determination of the PRM will be supported by a probabilistic LOLE Study, which will analyze the ability 

of generation to reliably serve the SPP Balancing Authority Area’s forecasted Peak Demand while 

utilizing a Security Constrained Economic Dispatch.  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.  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 metric results will be compiled 

into a report and presented to the Supply Adequacy Working Group. 

B3. OBJECTIVE 

The LOLE study provides an assessment of whether installed and proposed capacity is adequate to serve 

the forecasted Peak Demand while determining an appropriate PRM to maintain an LOLE of 1 day in 10 

years. 

B4. STUDY TIMELINE 
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LOLE Study Timeline 

1. LOLE Study scope development and data collection 

2. LOLE Study performed for current year + 2 and current year + 5  

3. LOLE Study initial report and working group review of results 

4. Initial report presented to MOPC (placeholder) 

5. Additional sensitivities performed and analysis of results (as needed) 

B5. INPUT DATA 

Software 

SERVM will be the resource adequacy software used for the 2019 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 LOLE zones that will be determined through the Zonal Formation 

Methodology.  Each LOLE zone will be modelled as a separate area to reflect the diversity of Load Forecast 

Uncertainty (LFU) factors. The planning reserve margin will still be determined 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 LOLE zones that will be modeled. 
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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 LOLE zone will be modeled as a “bubble” representing each zone.  

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

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

For the LOLE Study, the import and export capability analysis will use the 2019 series Integrated 

Transmission Planning (ITP) Base Reliability (BR) models for generation, load, and system topology.  The 

study years will include the summer peak for 2021 and 2024.  Transmission additions and retirements 

are captured in the ITP BR models with SPP member input from the ITP process8.  

CONSTRAINTS AND MONITORED ELEMENTS 

The LOLE zonal Import-Export methodology will take into account internal and crossing interfaces and 

flowgates for years 2021 and 2024. The analysis will also consider the latest SPP list flowgates and 

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

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


 

43 

interfaces. Interfaces are key groups of transmission lines that are observed as one group between 

Balancing Authority regions or internal areas.  

Hourly Load Profiles 

Historical hourly load data from 2012 to 2018 will be used to produce 8,760 hourly load profiles for each 

modeled zone. The historical data is obtained through SPP operational data. FERC 714 filings will be used 

to complete any missing or abnormal data for each profile.  

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 Ventyz or 

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

Workbook. 

RATINGS 

The maximum capacity ratings will be based on the values submitted in the Resource Adequacy 

Workbook for the 2019 and 2024 summer seasons.  The capability testing procedure and requirements 

are described in SPP Planning Criteria section 7.19. 

RESOURCE FORCED OUTAGE MODELING 

Forced outage modeling and economic parameters will consist of using the Equivalent Forced Outage 

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

Astrape Consulting.  

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 PARAMETER MODELING 

Generation will be dispatched economically in accordance with the data provided in the models.  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 

will be sourced from actual information provided through the SPP Integrated Marketplace for Star-up 

Cost, Start-up Time, Ramp Rates, Min Down Time, and Min Run Time attributes. For generators where 

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

                                                 
9 https://www.spp.org/documents/33003/spp%20effective%202016%20planning%20criteria%201.pdf 

https://www.spp.org/documents/33003/spp%20effective%202016%20planning%20criteria%201.pdf
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class average values derived from existing data used in the ITP Economic Planning process or from 

Astrape Consulting. 

BEHIND-THE-METER GENERATION 

Behind-the-meter generation is generally netted and modeled with Peak Demand.  If the behind-the-

meter generation is not netted in the 2019 Resource Adequacy Workbook submissions and modeled as 

generation in the ITP Near Term models, then it will be modeled as generation for the LOLE study.  

Wind and Solar Modeling 

The model includes all wind and solar resources currently installed or proposed to be in-service in the 

SPP Balancing Authority Area footprint with an hourly wind generation profiles assigned to each 

resource. Hourly wind generation is based upon historical profiles correlated with the yearly load shapes 

(2012 to 2018), which are obtained through SPP Operations. The wind or solar shape is separate from 

the calculated accreditation value based upon current SPP Criteria section 7.1.5.3 (7). The accredited 

value will be used when calculating the testing reserve margin for demand adjustments.  

DC Tie and External Capacity Modeling 

DC tie and external capacity transactions that are supported by firm commitments will be modeled as 

hourly generators at the point of interconnection to SPP as a separate bubble in the system model. They 

are initially dispatched at the committed firm capacity amount and have a max value equivalent to the 

amount reserved for firm transmission service. The transactions used for both study years are obtained 

through the Resource Adequacy Workbook submissions and verified against transactions used in the SPP 

ITPNT planning process. 

If the sale or purchase of capacity is between a SPP area and an outside entity, a generator is placed on 

the SPP entity’s swing bus for the amount of the transaction. If the transaction is a sale to the outside 

entity, it would be an export of capacity. If the transaction is a purchase, it would be an import of capacity. 

Demand Response Modeling 

In areas that reported controllable-capacity demand through the 2019 Resource Adequacy Workbook 

submissions, equivalent thermal resources were added to the model with high fuel costs, so those 

resources would be dispatched last to reflect demand response operating scenarios.  

Modeling Load Forecast Uncertainty  

METHOD 

SERVM allows for two options in dealing with demand uncertainty: 1) User defined uncertainty pattern, 

and 2) probability distribution. For this study, a user-defined uncertainty pattern and a probability 

distribution are both used to add uncertainty to the load values. A different load uncertainty distribution 

pattern will be modeled for each modeled area. 
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UNCERTAINTY COMPONENTS 

A load model is used to define the peak-demand multipliers used to modify forecasted Peak Demand.  

The daily peak are selected and regressed against historical peak temperatures from 2006-2016.  Excel 

will be used to analyze the probability distributions of temperatures observed at key weather stations 

throughout the SPP footprint. A forecast will then be created for both study years.  Based on the forecasts, 

multipliers were calculated and were populated in a user defined uncertainty pattern.  The user-defined 

uncertainty pattern allows users to provide seven monthly demand patterns.  Each area has a different 

value for each month multiplied by seven probabilities (84 values). The load uncertainty allows for 

unexpected increases of demand in addition to the adjusted testing reserve margin. 

Demand Adjustment 

The forecasted Peak Demand shall be adjusted in SERVM scaling SPP’s peak hour demand by the amount 

needed to meet the testing reserve margin.  

 

B6. SUMMARY OF ASSUMPTIONS 

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

2) The summer period is defined as June 15th – September 15th  

3) At a minimum, 3000 trials per case will be run, to reach a convergence of 90% or greater 

4) Only existing and planned reported generation is modeled  

5) Forego SPP operating reserves  

6) The forecasted Peak Demand shall be adjusted in SERVM scaling SPP’s peak hour demand 

by the amount needed to meet the testing reserve margin.  

7) Resource outages will be determined by comparing SERVM simulation outages to real time 

historical outages  

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

on the SPP Balancing Authority Area boundary 

9) The economic commitment feature of SERVM will be applied to simulations instead of the 

“must run” methodology 

10)  Unit parameters such as ramp rate, min downtime, and startup time will be considered 

B7. SIMULATION AND 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 
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probabilistic indices. SERVM calculates the convergence factor to determine if additional simulations are 

needed.  

B8.  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 for review. 

B9. ADDITIONAL SENSITIVITIES 

This section provides an overview of sensitivities in addition to the base assumptions for the LOLE Study. 

Capacity Adjustment Sensitivity 

Instead of increasing demand to the testing reserve margin level, an additional sensitivity will be 

performed to reduce capacity. Capacity factors from SPP operations will be used to determine the order 

of reducing capacity until “one day in 10 year” threshold is achieved. 

Commit All” Generator Model Comparison Sensitivity 

An additional sensitivity will be performed to understand how generator attributes with economic 

commitment dispatch effects the PRM versus a “commit all” unit commitment reliability based model.  
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APPENDIX D: LIST OF ACRONYMS 

AECI Associated Electric Cooperative Incorporated  

BA Balancing Authority 

BTM behind-the-meter  

CP Coincident Peak 

CROW Control Room Operations Window  

DC Direct Current  

EFOR Equivalent Forced Outage Rate 

FORd Demand Forced Outage Rate  

ELCC Effective Load Carrying Capability  

ERCOT Electric Reliability Council of Texas 

FCITC First Contingency Incremental Transfer Capability 

FCTTC First Contingency Total Transfer Capability  

FERC Federal Energy Regulatory Commission  

GADS Generating Availability Data System 

ISO Independent System Operator  

ITP Integrated Transmission Planning  

ITPNT Integrated Transmission Planning Near-Term  

LBA Legacy Balancing Authority  

LFU Load Forecast Uncertainty  

LOLE Loss of Load Expectation  

LRE Load Responsible Entity 

MDWG Modeling Development Working Group 

MISO Midcontinent Independent System Operator 

MOPC  SPP Market and Operations Policy Committee 

MW Megawatt 

NCP Non-coincident Peak 

NERC North American Electric Reliability Corporation  

OASIS Open Access Same-Time Information System  

OATT Open Access Transmission Tariff  

POD Point of Delivery 

POR Point of Receipt  

PRM Planning Reserve Margin  

RTO Regional Transmission Organization 

SAWG Supply Adequacy Working Group 

SCED Security Constrained Economic Dispatch 

SERVM Strategic Energy & Risk Valuation Model  

SOL System Operating Limit  
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SPP Southwest Power Pool 

TO Transmission Owner 

TTC Total Transfer Capability  

ttf Time-to-Fail  

ttr Time-to-Repair  

  

 


