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LOAD ANALYSIS AND LOAD FORECASTING 

 
 

Commission Rule 20 CSR 4240-22.030, Load Analysis and Load Forecasting, provides in 

part as follows: 

PURPOSE:  This rule sets minimum standards for the maintenance and updating of historical data, the level of 

detail required in analyzing loads, and the purposes to be accomplished by load analysis and by load forecast 

models.  The load analysis discussed in this rule is intended to support both demand-side management efforts 

of 4 CSR 240-22.050 and the load forecast models of this rule.  This rule also sets the minimum standards for 

the documentation of the inputs, components, and methods used to derive the load forecasts. 

 

 SELECTING LOAD ANALYSIS METHODS  
 

(1)  The utility may choose multiple methods of load analysis if it deems doing so is necessary to achieve all of 

the purposes of load analysis and if the methods are consistent with, and calibrated to, one another.  The 

utility shall describe and document its intended purposes for load analysis methods, why the selected load 

analysis methods best fulfill those purposes, and how the load analysis methods are consistent with one 

another and with the end-use consumption data used in the demand-side analysis as described in 4 CSR 240-

22.050.  At a minimum, the load analysis methods shall be selected to achieve the following purposes: 

 

(A) To identify end-use measures that may be potential demand-side resources, generally, those end-

use measures with an opportunity for energy and/or demand savings; 

(B) To derive a data set of historical values from load research data that can be used as dependent and 

independent variables in the load forecasts; 

(C) To facilitate the analysis of impacts of implemented demand-side programs and demand-side rates 

on the load forecasts and to augment measurement of the effectiveness of demand-side resources 

necessary for 4 CSR 240-22.070(8) in the evaluation of the performance of the demand-side programs 

or rates after they are implemented; and 

(D) To preserve, in a historical database, the results of the load analysis used to perform the demand-

side analysis as described in 4 CSR 240-22.050, and the load forecasting described in 4 CSR 240-22.030. 

 

The load forecast documented in this volume is intended to fulfill the requirements of 20 CSR 

4240-22.30 (“IRP Rule”).  Except for the Variance Request described and approved in Section 

1.1, the forecast is consistent with the load forecast methods prescribed in the IRP Rule. 
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 Variance Request 
 

On April 1, 2021, Liberty-Empire filed a Variance Request identifying one load forecasting 

deviation and one load forecasting disclosure.  The deviation and disclosure are identified 

below.  On May 12, 2021, the variance request was granted in File No. EO-2021-0331. 

 

Deviation Request: End-Use Information for the Industrial Class 

20 CSR 4240-22.030 (4)(A)(1) requires that analysis for each major class include information by 

end-use to the extent possible.   

 

The Variance Request asks to be exempt from the end-use analysis for the industrial class.  

While Liberty-Empire includes end-use information for the residential, small commercial, and 

large commercial classes based on Energy Information Administration (“EIA”) data, no data are 

available for the industrial class.  This request is consistent with Liberty-Empire’s 2013, 2016, 

and 2019 IRP filings. 

 

Disclosure: Forecast by Major Class 

Various rules in 20 CSR 4240-22 identify the data and forecast should be performed by “major 

class.” 20 CSR 4240-22.020 (37) defines “major class” as a cost-of-service class for the utility. 

 

In Liberty-Empire’s 2013, 2016, and 2019 IRP filings, Liberty-Empire requested and was granted 

variances allowing the IRP to be developed using the following revenue classes. 

• Residential 

• Commercial 

• Industrial  

• Wholesale 

• Street & Highway 

• Interdepartmental 

• Public Authority 
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However, on November 15, 2018, the Commission issued an Order Granting Variances (in File 

No. EO-2019-0049) stating that Liberty-Empire and the Missouri Office of the Public Counsel 

(“OPC”) agreed that Liberty-Empire would not seek the same forecast class variance request in 

its 2022 IRP filing unless OPC agreed that a variance is appropriate.  On March 31, 2021, Liberty-

Empire met with OPC for a technical discussion and the parties agreed that Liberty-Empire 

should define “major classes” for purposes of the 2022 IRP load forecast as the following: 

• Residential (RG rates)  

• Small Commercial (CB and SH rates)  

• Large Commercial (GP and TEB rates)  

• Large Power (LP rate)  

• Power Feed Mills (PFM rate)  

• Transmission (PT rate)  

• Lighting (LS and PL rates)  

• Linde (formerly Praxair)  

• Municipals  

 

Changing the definition of “major class” has two implications for this IRP forecast.  First, Liberty-

Empire redeveloped its historical databases to align with the new classes.  The new database 

contains, at a minimum, historical data from 2010 forward.  Second, Liberty-Empire developed 

a new set of forecast models which render class-level comparisons with prior IRP filings in 

appropriate.  However, system level comparisons are still applicable. 

 

  



NP 

20 CSR 4240-22.030 Vol. 3 - 15 File No. EO-2021-0331 
Load Analysis and Load Forecasting 

 HISTORICAL DATABASE FOR LOAD ANALYSIS 
 

The utility shall develop and maintain data on the actual historical patterns of energy usage within its 

service territory.  The following information shall be maintained and updated on an ongoing basis and 

described and documented in the triennial compliance filings: 

 

 Customer Class Detail 
 

(A) Customer Class Detail.  At a minimum, the historical database shall be maintained for each of the 

major classes; 

 

With the new major class definition, Liberty-Empire developed the historical modeling dataset 

to include historical sales and customer counts data for the following classes. 

• Residential (RG rates)  

• Small Commercial (CB and SH rates)  

• Large Commercial (GP and TEB rates)  

• Large Power (LP rate)  

• Power Feed Mills (PFM rate)  

• Transmission (PT rate)  

• Lighting (LS, PL, and SPL rates)  

• Linde (formerly Praxair)  

• Municipals  

 

The database contains data from January 2010 through April 2021. 

 
 Load Data Detail 

 

(B) Load Data Detail.  The historical load database shall contain the following data: 

 

 Actual and Weather-Normalized Energy, and Number of Customers 
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Liberty-Empire maintains actual hourly net system loads.  The historical database is maintained 

with at least 10 years of data. 

 

While Liberty-Empire does not weather-normalize historical hourly net system loads, it does 

weather-normalize monthly class sales and monthly peaks.  The weather-normalized sales and 

peaks characterize the net system loads.  Section 2.2.1 shows the weather-normalized sales and 

Section 2.2.2 shows the weather-normalized peaks. 

 

Weather-normalized sales are calculated as the sum of the weather-normalized class sales.  

Weather-normalized class sales are developed using the sales models described in Section 6.1.2 

and weather from the Springfield, Missouri airport.  Normal weather is defined as the 30-year 

average from 1991 to 2020. 

 

Weather-normalized peaks are calculated based on the final peak model described in Section 

6.1.2.10.  Normal peak producing weather is developed using the most recent 20 years of peak 

producing weather.  Summer and winter weather-normalized net system peaks are shown in 

Figure 3-2. 
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 Update Procedure 
 

2.  The utility shall develop and implement a procedure to routinely measure and regularly update 

estimates of the effect of departures from normal weather on class and system electric loads.  The 

estimates of the effect of weather on historical major class and system loads shall incorporate the 

nonlinear response of loads to daily weather and seasonal variations in loads.  

 

Liberty-Empire updates its load forecast each year.  During each forecast cycle, Liberty-Empire 

reviews the historical dataset for data anomalies and updates its forecast models.  Once the 

forecast is complete, Liberty-Empire reviews the forecast with senior management prior to its 

adoption.  The update process ensures that the latest data and weather response information is 

included in the modeling process.   

 

 Weather Measures and Estimation of Weather Effects Description and 
Documentation 

 

3.  The utility shall describe and document the methods used to develop weather measures and the 

methods used to estimate the effect of weather on electric loads.  If statistical models are used, the 

documentation shall include at least: the functional form of the models; the estimation techniques 

employed; and the relevant statistical results of the models, including parameter estimates and tests of 

statistical significance.  The data used to estimate the models, including the development of model input 

data from basic data, shall be included in the work papers supplied at the time the compliance report is 

filed; 

 

The load forecast uses regression models to capture the effect of weather on electric loads.  

The regression models use multipart splines to capture the nonlinear relationship between load 

and weather.  The statistical significance of the spline variables is considered in the overall 

context of the regression model.  The models and relevant statistics are described in Section 

6.1.2. 

 

 Assessments 
 

(D) For each major class specified pursuant to subsection (2)(A), the utility shall provide, on a seasonal and 

annual basis for each year of the historical period— 
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 Historic End-Use Drivers of Energy Usage and Peak Demand 
 

1.  Its assessment of the historical end-use drivers of energy usage and peak demand, including trends in 

numbers of units and energy consumption per unit; 

 

The residential, small commercial, and large commercial sales models use Itron’s Statistically 

Adjusted End-Use (“SAE”) modeling framework.  The SAE model includes annual end-use drivers 

obtained from Itron based on the Energy Information Administration’s (“EIA”) 2021 Annual 

Energy Outlook (“AEO”).  These data capture changing end-use saturation and energy efficiency 

trends for each census region based on adopted energy efficiency standards and codes. 

 

The peak model uses inputs from the class sales models. By using the sales models, the peak 

model implicitly incorporates the impact of the changing end-uses embedded in the residential, 

small commercial, and large commercial models. 

 

 Weather Sensitivity of Energy and Peak Demand 
 

2.  Its assessment of the weather sensitivity of energy and peak demand. 

 

Historic weather data are obtained from the National Oceanic and Atmospheric Administration 

(“NOAA”) for the Springfield, Missouri airport.  These data are used to develop monthly heating 

and cooling degree days and peak producing weather.  The weather data are included in the 

sales and peak models to capture the weather sensitivity of electric consumption.  

 

 Plots Illustrating Trends 
 

3.  Plots illustrating trends materially affecting electricity consumption over the historical period; 

 

The major trends affecting electric consumption are economic indicators, prices, weather, and 

end-use trends.  Figure 3-3 through Figure 3-7 show annual plots summarizing the major trends 

used in the forecast models. 
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Economic data are provided by Woods and Poole Inc. for the Joplin and Springfield 

metropolitan statistical areas (“MSA”).  The data are combined applying a 60% weight to the 

Joplin MSA and a 40% weight to the Springfield MSA.  Weights are based on March 2021 

residential customer counts for counties included in the Joplin and Springfield MSAs. 

 

End-use data are provided by Itron and are adjusted to reflect Liberty-Empire’s 2008 Potential 

Study and 2015 Saturation Survey.  Calibrating Itron’s data to Liberty-Empire’s historical 

saturation data includes smoothing the transitions between known Liberty-Empire saturation 

levels and Itron’s long-term trends.  Both residential and commercial end-use data are also 

adjusted to include historical DSM savings. 

 

 Length of Historical Database 
 

(F) Length of Historical Database.  The utility shall develop and retain the historical database over the 

historical period. 

 

Liberty-Empire created the historical database to include, at a minimum, data from January 

2010 through April 2021. 
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 ANALYSIS OF NUMBER OF UNITS 
 

For each major class, the utility shall describe and document its analysis of the historical relationship 

between the number of units and the economic and/or demographic factors (explanatory variables) that 

affect the number of units for that major class.  The analysis may incorporate or substitute the results of 

secondary analyses, with the proviso that the utility analyze and verify the applicability of those results to 

its service territory.  If the utility develops primary analyses, or to the extent they are available from 

secondary analyses, these relationships shall be specified as statistical or mathematical models that relate 

the number of units to the explanatory variables. 

 

 Identification of Explanatory Variables 
 

(A) Choice of Explanatory Variables.  The utility shall identify appropriate explanatory variables as 

predictors of the number of units for each major class.  The critical assumptions that influence the 

explanatory variables shall also be identified and documented. 

 

Selection of the appropriate explanatory variables for the class number of units models (i.e., 

customer count models) is performed in the model building process.  The variable selection 

considers variables used in the prior IRP models and additional economic variables from the 

Woods and Poole dataset.  The selection of the explanatory variable is based on statistical 

significance and industry accepted causality. 

 

For classes with a small number of customers or relatively constant number of customers, a 

constant forecast is used.  These classes do not show correlation with known economic drivers 

and statistical modeling is not appropriate.  Instead, customer increases are included when 

specific customer projects are known. 

 

The key explanatory variables for each customer count model are listed and described in Table 

3-5.   
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 USE PER UNIT ANALYSIS 
 

For each major class, the utility shall describe and document its analysis of historical use per unit by end 

use. 

 

 End-Use Load Detail 
 

(A) End-Use Load Detail.  For each major class, use per unit shall be disaggregated, where information 

permits, by end-uses that contribute significantly to energy use or peak demand. 

1.  The utility shall consider developing information on at least the following end-use loads: 

 

 Residential Sector 
 

A.  For the residential sector: lighting, space cooling, space heating, ventilation, water heating, 

refrigerators, freezers, cooking, clothes washers, clothes dryers, television, personal computers, furnace 

fans, plug loads, and other uses; 

 

The residential sales forecast uses Itron’s SAE modeling framework.  This framework models 

residential average usage based on end-use information.  The model includes the following 

end-uses: 

• Electric space heating 

• Central air conditioning 

• Room air conditioning 

• Heat Pumps 

• Electric water heating 

• Electric cooking 

• Refrigeration 

• Freezers 

• Dishwashers 

• Clothes washers 

• Clothes dryers 

• Televisions 
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• Lighting 

• Miscellaneous end-uses   

 

These data are obtained from the 2021 EIA AEO and developed by Itron for the West North 

Central region.  End-use saturations are modified to include Liberty-Empire’s 2008 Potential 

Study and 2015 Saturation Survey.  End-use intensity data are modified to include estimates of 

Liberty-Empire’s historical DSM programs. 

 

 Commercial Sector 
 

B.  For the commercial sector: space heat, space cooling, ventilation, water heat, refrigeration, lighting, 

office equipment, cooking equipment, and other uses; and 

 

Both small commercial and large commercial class sales use Itron’s SAE modeling framework 

and Itron’s commercial sector SAE data.  The commercial sector SAE data includes the following 

end-uses: 

• Electric heating 

• Cooling 

• Ventilation 

• Electric water heating 

• Electric cooking 

• Refrigeration 

• Lighting 

• Office equipment 

• Miscellaneous end-uses   

 

These data are obtained from the 2021 EIA AEO and developed by Itron for the West North 

Central region.  End-use intensity data are modified to include estimates of Liberty-Empire’s 

historical DSM programs. 
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 Industrial Sector 
 

C.  For the industrial sector: machine drives, space heat, space cooling, ventilation, lighting, process 

heating, and other uses. 

 

The industrial sales forecast is developed using a regression model.  This model does not 

include end-use information.  Liberty-Empire submitted a variance request specifying that end-

use information was not available for the industrial class.  The variance request was approved 

on May 12, 2021 in File No. EO-2021-0331. 

 

 Modifications of End-Use Loads 
 

2.  The utility may modify the end-use loads specified in paragraph (4)(A)1. 

 

 Removal or Consolidation of End-Use Loads 
 

A.  The utility may remove or consolidate the specified end-use loads if it determines that a specified end-

use load is not contributing, and is not likely to contribute in the future, significantly to energy use or peak 

demand in a major class. 

 

Itron’s SAE modeling framework consolidates end-use information into three explanatory 

variables, XHeat, XCool and XOther.  Each variable aggregates technology information for 

heating, cooling, and base load end-uses and combines the aggregated information with 

economic variables that describe how customers use electricity.   

 

 Additions to End-Use Loads 
 

B.  The utility shall add to the specified end-use loads if it determines that an end-use load currently not 

specified is likely to contribute significantly to energy use or peak demand in a major class. 

 

There were no additions to specified end-use loads. 

 

 Modification of End-Use Documentation 
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C.  The utility shall provide documentation of its decision to modify the specified end-use loads for which 

information is developed, as well as an assessment of how the modifications can be made to best preserve 

the continuity and integrity of the end-use load database. 

 

Construction of the end-use variables is maintained in the MetrixND forecasting software.  

Input data for the end-uses are obtained from Itron’s annual SAE data updates.  Modifications 

to the end-use data are described in Section 2.5. 

 

 Schedule for Acquiring End-Use Load Information 
 

3.  For each major class and each end-use load, including those listed in paragraph (4)(A)1., if information 

is not available, the utility shall provide a schedule for acquiring this end-use load information or 

demonstrate that either the expected costs of acquisition were found to outweigh the expected benefits 

over the planning horizon or that gathering the end-use load information has proven to be infeasible. 

 

While Liberty-Empire uses end-use data for the residential, small commercial, and large 

commercial classes developed by Itron, it does not use end-use data for the industrial class.  As 

explained in Liberty-Empire’s April 1, 2021, Variance Request, Itron and Liberty-Empire do not 

maintain end-use information for the industrial class. 

 

End-use data is useful for classes with a large number of customers and where end-use 

saturation data can be used to model equipment stock turnover and efficiency changes.  

Currently, the industrial class consists of 44 customers.  Due to the low number of customers in 

this class, equipment stock turn over will be “lumpy” and not yield strong statistical benefits.  

As a result, Liberty-Empire does not intend to collect industrial end-use data in the future. 

 

 Weather Effects on Load 
 

4.  The utility shall determine the effect that weather has on the total load of each major class by 

disaggregating the load into its cooling, heating, and non-weather-sensitive components.  If the cooling 
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or heating components are a significant portion of the total load of the major class, then the cooling or 

heating components of that load shall be designated as end uses for that major class. 

 

Weather has a significant impact on most major classes.  The weather impact is modeled with 

the XHeat, XCool, Heating Degree Days (“HDD”), and Cooling Degree Days (“CDD”) variables.  

The model variables are defined in Section 6.1.2. 

 

 End-Use Development 
 

(B) The database and historical analysis required for each end use shall be developed from a utility-specific 

survey or other primary data.  The database and analysis may incorporate or substitute the results of 

secondary data, with the proviso that the utility analyze and verify the applicability of those results to its 

service territory.  The database and historical analysis required for each end use shall include at least the 

following: 

 

 Measures of the Stock of Energy-Using Capital Goods 
 

1.  Measures of the stock of energy-using capital goods.  For each major class and end-use load identified 

in subsection (4)(A), the utility shall implement a procedure to develop and maintain adequate data on 

the energy-related characteristics of the building, appliance, and equipment stock including saturation 

levels, efficiency levels, and sizes, where applicable.  The utility shall update the data before each triennial 

compliance filing;  

 

Liberty-Empire does not maintain a database of equipment stock for use in the SAE model.  

Instead, Liberty-Empire acquires equipment stock data through Itron’s SAE datasets for each 

IRP forecast cycle.  Itron’s SAE datasets are based on the EIA’s AEO equipment stock forecasts.   

 

 End-Use Energy and Demand Estimates 
 

2.  Estimates of end-use energy and demand.  For the end-use loads identified in subsection (4)(A), the 

utility shall estimate monthly energies and demands at the time of monthly system peaks and shall 

calibrate these energies and demands to equal the weather-normalized monthly energies and demands 

at the time of monthly peaks for each major class for the most recently available data. 
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Estimates of end-use sales are embedded in the SAE models used for the residential, small 

commercial, large commercial, and municipal classes.  By design, the SAE models calibrate 

historical billed sales to the end-use data through the model coefficients.  Using these model 

coefficients, the end-use sales may be calculated by multiplying the model coefficients by their 

input end-use data. 

 

Estimates for end-use demand are embedded in the peak model.  The key inputs to the peak 

demand model are the end-use sales components.  Like the SAE models, end-use demand 

components may be calculated using the model coefficients and their input data. 
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 SELECTING LOAD FORECASTING MODELS 
 

The utility shall select load forecast models and develop the historical database needed to support the 

selected models.  The selected load forecast models will include a method of end-use load analysis for at 

least the residential and small commercial classes, unless the utility demonstrates that end-use load 

methods are not practicable and provides documentation that other methods are at a minimum 

comparable to end-use methods.  The utility may choose multiple models and methods if it deems doing 

so is necessary to achieve all of the purposes of load forecasting and if the methods and models are 

consistent with, and calibrated to, one another.  The utility shall describe and document its intended 

purposes for load forecast models, why the selected load forecast models best fulfill those purposes, and 

how the load forecast models are consistent with one another and with the end-use usage data used in 

the demand-side analysis as described in 4 CSR 240-22.050.  As a minimum, the load forecast models shall 

be selected to achieve the following purposes: 

 

 Consumption Drivers and Usage Patterns 
 

(A) Assessment of consumption drivers and customer usage patterns—to better understand customer 

preferences and their impacts on future energy and demand requirements, including weather sensitivity 

of load; 

 

Consumption drivers and usage patterns are analyzed in the model development process.  The 

residential, small commercial, large commercial, and municipal classes use Itron’s SAE modeling 

framework to incorporate end-use saturation and efficiency patterns.  The remaining classes 

use a mix of econometric models and exponential smoothing models to forecast class sales 

trends.  When classes do not show significant growth over the historical period, forecast trends 

are projected to be “flat” or “constant”.  The forecast models are described in 6.1.2.   

 

 Long-Term Load Forecasts 
 

(B) Long-term load forecasts—to serve as a basis for planning capacity and energy service needs.  This can 

be served by any forecasting method or methods that produce reasonable projections (based on 

comparing model projections of loads to actual loads) of future demand and energy loads; 
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The forecast is developed using three main modeling processes: (1) monthly class sales models, 

(2) monthly system peak model, and (3) hourly profiles models.  When these three processes 

are combined, the result is a long-term hourly load forecast from 2022 through 2051. 

 

The process is summarized below: 

 

1. Monthly Class Sales Models:  The sales models use Itron’s SAE method for the 

residential, small commercial, large commercial, and municipal classes and the 

traditional econometric or exponential smoothing methods for the remaining classes.   

 

The following rate classes are modeled: 

• Residential 

• Small Commercial 

• Large Commercial 

• Industrial 

• Power Feed Mills 

• Transmission 

• Linde (formerly Praxair) 

• Lighting 

• Municipal (Lockwood) 

 

The sales models are based on historical monthly rate class data and include the impacts 

of historical DSM programs, behind-the-meter photovoltaic (“PV”) generation, and 

Covid-19 heathcare orders. 

 

2. Monthly System Peak Model:  The peak model forecasts monthly gross system peaks.  

The peak model is an econometric model and based on historical and forecast sales. 

 



NP 

20 CSR 4240-22.030 Vol. 3 - 37 File No. EO-2021-0331 
Load Analysis and Load Forecasting 

3. Hourly Load Models:  The system hourly load forecast is developed by aggregating 

hourly class forecasts, calibrating it to the peak model forecast, and then adjusting the 

hourly forecast for future electric vehicles (“EV”) and behind-the-meter PV.  The hourly 

class forecasts are developed using the sales model forecast scaled for losses and 

shaped with hourly profile models.  The EV forecast calibrates an hourly charging profile 

to forecasted monthly EV sales.  The PV forecast calibrates an hourly PV generation 

profile to forecasted monthly PV generation. 

 

 Policy Analysis 
 

(C) Policy analysis—to assess the impact of legal mandates, economic policies, and rate designs on future 

energy and demand requirements.  The utility may use any load forecasting method or methods that it 

demonstrates can adequately analyze the impacts of legal mandates, economic policies, and rate designs. 

 

The load forecasting method includes the impacts of legal mandates and economic policies 

through the input variables.  The models are specifically designed to capture adopted changes 

in end-use codes and standards, and historical Covid-19 impacts.  Future price effects are 

assumed to be constant in real dollars.  Finally, economic policy is embedded in the long-term 

economic forecast. 

 

  



NP 

20 CSR 4240-22.030 Vol. 3 - 38 File No. EO-2021-0331 
Load Analysis and Load Forecasting 

 LOAD FORECASTING MODEL SPECIFICATIONS 
 

 Description and Documentation 
 

(A) For each load forecasting model selected by the utility pursuant to section 4 CSR 240-22.030(5), the 

utility shall describe and document its— 

 

 Determination of Independent Variables 
 

1.  Determination of appropriate independent variables as predictors of energy and peak demand for each 

major class.  The critical assumptions that influence the independent variables shall also be identified. 

 

As described in Section 5.2, the forecast is developed in three steps.  This section describes the 

critical assumptions in each step.  Appendix A contains Itron’s report summarizing the modeling 

method, model, and results. 

 

Step 1: Monthly Class Sales Models.  Three classes of independent variables are used in the 

monthly class sales models – weather variables, end-use variables, and economic trend 

variables.  These classes of variables are described below. 

 

 a. Weather Variables.  For each class, Liberty-Empire determined whether 

temperature is critical in the forecast model.  Through the examination of 

scatter plots and statistical models, temperature is incorporated into most 

class sales models.  When temperature is included, weather variables are 

constructed using multipart weather splines (HDD and CDD) and weighted 

current and prior month weather that approximate billing cycle impacts.  

Weather forecasts use 30-year normal temperatures for Springfield, 

Missouri. 

 

 b. End-Use Variables.  For residential, small commercial, large commercial 

and municipal classes, Liberty-Empire uses the SAE model framework.  In 
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this framework, end-use trends calibrated to Liberty-Empire specific 

saturation and efficiency data are used to model the changing usage over 

time.  An evaluation of statistical fit is used to determine the 

appropriateness of the model calibration. 

 

 c. Economic Variables.  Economic variables are used in the customer count 

models.  The selection of these variables is based on statistical fit and the 

relationship between the economic driver and class growth.   

 

Step 2: Monthly System Peak Model.  The peak model uses the peak dataset, weather, and 

growth trends.  These inputs are described below. 

 

 a. Peak Dataset.  The peak dataset is developed using historical monthly 

peaks restored with estimated curtailments from January 2010 to April 

2021.  Historical peaks remove the municipal data (i.e., Monett, Mount 

Vernon, and Chetopa). 

 

 b. Weather.  Historical weather data are derived from the historical weather 

conditions on past monthly peak days.  Normal weather is used to create 

the long-term peak forecast.  The normal weather calculation uses the 

following steps: 

 

   1) Historical peak temperature is calculated as three-day weighted 

average.  The weighted average consists of 70% of the current day 

temperature, 20% of the prior day temperature, and 10% of the two-

day prior temperature. 
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   2) The normal peak weather is the average of historical peak weather 

over the prior 20 years (or 21 years) calculated as the average from 

January 2001 through April 2021. 

 

   3) Shoulder month peaks may be driven by hot or cold weather.  For 

instance, April peaks are driven by hot weather in 9 of the 21 historical 

years.  For normal peak weather in April, May and October, the 

normal weather is modified by removing historical years from the 

average that do not match the primary weather effect.  In April, the 

predominate peak weather effect is heating.  As a result, the cooling 

peak weather is removed from the April normal weather calculation.  

May is designated as a cooling month, and October is designated as a 

heating month. 

 

   4) Because January and August are the seasonal peaks, their normal 

values are replaced using the seasonal peak averages. 

 

 c. Growth Trends.  Peak growth is related to the underlying changes in end-

use equipment in the customer classes.  For example, if electric space 

heating is growing faster than space cooling, summer peaks should grow at 

a different rate than winter peaks.  This differentiated peak growth is 

captured by decomposing the sales models into their heating, cooling, and 

base load components and using these components to drive winter, 

summer, and baseload peak growth.  Statistical evaluation of the growth 

drivers is used to identify the most appropriate variables. 

 

Step 3: Hourly Load Models.  The hourly load forecast is developed using a bottom-up 

approach, then calibrating the hourly load forecast to the system peak forecast.  The approach 

begins by developing hourly rate class profile models based on Liberty-Empire’s load research 
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data.  The hourly profiles are forecast using daily normal weather.  Next, the hourly profiles are 

calibrated to their respective class sales forecasts from Step 1 and scaled for losses to obtain 

the hourly class loads.  The hourly class loads are summed to obtain the hourly system loads 

and calibrated to the system peak forecast from Step 2.  Finally, independent forecasts for EVs 

and PVs are used to modify the hourly system load forecast.  The key assumptions in this step 

are described below. 

 

 a. Daily Normal Weather.  Normal daily average temperatures are calculated 

using a 30-year period (1991-2020) and the rank-and-average method.  In 

the forecast period, the rank-and-average results are mapped to the 2003 

temperature calendar and scaled to be consistent with the 30-year 

monthly normal HDDs and CDDs. 

 

 b. PV Model.  Behind-the-meter solar is forecast based on the EIA’s 2021 AEO 

PV forecast calibrated to historical Liberty-Empire solar adoption.  The 

hourly profiles are based on the National Renewable Energy Laboratory’s 

(“NREL”) PVWatts Calculator for Springfield, Missouri. 

 

 c. EV Model.  The EV forecast is based on Liberty-Empire’s 2020 electric 

vehicle study and extended using EIA’s 2021 AEO EV growth rates.  The 

hourly profiles are based on Los Angeles Department of Water and Power’s 

(LADWP) published energy charging profiles. 

 

 Historical Explanatory Variables by Class 
 

A.  The utility shall assess the applicability of the historical explanatory variables pursuant to subsection 

(3)(A) to its selected forecast model. 

 

The key variables included in each class model are summarized in Table 3-5.  This section 

summarizes the modeling method for each class. 
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Residential Class 

Residential electric sales are weather sensitive and subject to changing usage patterns over 

time based on the saturation and efficiency of end-use appliances.  To capture these changes, 

two models are used to develop the residential electric sales forecast.  These models are 

defined below: 

• Customer Model:  This model forecasts the number of residential customers in each 

month. 

• UPC Model:  This model forecasts the average UPC for each month. 

 

The class sales forecast is calculated by multiplying the customer forecast with the UPC forecast 

to obtain the total sales in each month.  Using two models to develop the residential class 

forecast captures both the class growth based on a changing number of customers (customer 

model) and changes in customer usage patterns (UPC model). 

 

Small Commercial Class 

The Small Commercial class consists of customers with the CB, SH, and MS rates.  As with the 

residential class, small commercial sales are modeled using two models.  These models capture 

both the growth based on the number of customers and the changing usage of the average 

customer based on end-use information.  These models are defined below: 

• Customer Model:  This model forecasts the number of small commercial customers in 

each month. 

• UPC Model:  This model forecasts the average UPC for each month. 

 

The class sales forecast is calculated by multiplying the customer forecast with the UPC forecast 

to obtain the total sales in each month.  Using two models to develop the small commercial 

class forecast captures both the class growth based on a changing number of customers 

(customer model) and changes in customer usage patterns (UPC model). 
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Large Commercial Class 

The Large Commercial class consists of customers with the GP and TEB rates.  This class is 

modeled using two models.  These models capture both the growth based on the number of 

customers and the changing usage of the average customer based on end-use information.  

These models are defined below: 

• Customer Model:  This model forecasts the number of large commercial customers in 

each month. 

• UPC Model:  This model forecasts the average UPC for each month. 

 

The class sales forecast is calculated by multiplying the customer forecast with the UPC forecast 

to obtain the total sales in each month.  Using two models to develop the large commercial 

class forecast captures both the class growth based on a changing number of customers 

(customer model) and changes in customer usage patterns (UPC model). 

 

Industrial Class 

The Industrial class consists of customers with the LP rate.  This class is modeled using a 

customer count forecast and a UPC Model.  The class sales forecast is calculated by multiplying 

the customer forecast with the UPC forecast to obtain the total sales in each month: 

• Customer Forecast:  Between January 2011 and April 2021, this class increased from 38 

customers to 44 customers.  The low number of customers cannot be reliability forecast 

using a statistical model.  Instead, the industrial customer forecast is based on known 

customer expansions and projects. 

• UPC Model:  This model forecasts the average UPC for each month. 

 

The class sales forecast is calculated by multiplying the customer forecast with the UPC forecast 

to obtain the total sales in each month. 
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Power Feed Mill Class 

The Power Feed Mill (“PFM”) class consists of customers with the PFM rate.  This class is 

modeled using a customer count forecast and a UPC Model.  The class sales forecast is 

calculated by multiplying the customer forecast with the UPC forecast to obtain the total sales 

in each month: 

• Customer Forecast:  Between January 2011 and April 2021, the class increased from 7 

customers to 10 customers.  Since the number of customers has remained constant 

since 2015, the forecast assumes no additional customers through the forecast period. 

• UPC Model:  This model forecasts the average UPC for each month.   

 

The class sales forecast is calculated by multiplying the customer forecast with the UPC forecast 

to obtain the total sales in each month. 

 

Transmission Class 

The Transmission class consists of customers with the transmission rates.  This class is modeled 

using a customer count forecast and a UPC Model.  The class sales forecast is calculated by 

multiplying the customer forecast with the UPC forecast to obtain the total sales in each 

month: 

• Customer Forecast:  Between January 2011 and April 2021, the number of customers 

varies between 10 and 13.  Since the number of customers has not dramatically 

changed, the forecast assumes the existing 13 customers continue through the forecast 

period with no new additions. 

• UPC Model:  This model forecasts the average UPC for each month. 

 

The class sales forecast is calculated by multiplying the customer forecast with the UPC forecast 

to obtain the total sales in each month. 
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Linde Class 

The Linde forecast is for a single customer.  This customer was previously named “Praxair”.  The 

forecast for Linde is constructed using the historical average monthly consumption and 

information about the customer’s planned expansion. 

 

Before the customer’s planned expansion, the forecast is the average of the historical monthly 

consumption from January 2015 through April 2021, removing October 2018 as a data outlier.  

The planned expansion **   

**. 

 

Lighting Class 

The Lighting class consists of customer with the LS, PL, and SPL rates.  This class is modeled 

using two models.  These models capture both the growth based on the number of customers 

and the changing usage of the average customer based on end-use information.  These models 

are defined below: 

 

• Customer Model:  This model forecasts the number of lighting customers in each 

month. 

• UPC Model:  This model forecasts the average UPC for each month.   

 

The class sales forecast is calculated by multiplying the customer forecast with the UPC forecast 

to obtain the total sales in each month. 

 

Municipal Class 

The Municipal class consists of the city of Lockwood wholesale customer.  This class is modeled 

using total Lockwood sales in each month. The Lockwood sales model uses Itron’s SAE model 

framework and assumes that Lockwood’s sales are dominated by residential customers. 
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 Model Variables:  The primary driver of the customer model is households.  

Binary variables are included to capture data anomalies and seasonality.  The 

autoregressive (AR) term corrects for serial correlation. 

 

   1) Households:  Households is calculated as the weighted average of the 

Joplin and Springfield MSAs based the Woods and Poole economic 

forecast. 

 

   2) Binary Variables.  The JanApr2011 binary variable captures the change 

in customers resulting from the 2011 Joplin tornado.  The Sep2018, 

Oct2018, Nov2018, Dec2018, and Feb2019 binary variables capture 

data anomalies.  The Jan, Feb, and Dec binary variables capture 

seasonality. 

 

   3) AR1:  The AR1 term corrects for serial correlation and does not impact 

the strength of the household’s driver. 

 

 2. UPC Model:  The UPC Model is an SAE model estimated with historical data 

from January 2011 through April 2021.  Table 3-9 shows the UPC model 

specification and Table 3-10 shows the UPC model statistics. 

 

  a. Residential SAE Model Summary:  The SAE model contains end-use 

information for heating, cooling, and other technologies.  The data for the 

SAE model is from Itron’s 2021 SAE West North Central region modified for 

Liberty-Empires’ 2008 Potential Study, 2015 Saturation Survey, and DSM 

programs. 
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   3) XOther:  This variable captures the general response for all non-

heating and cooling technologies.  The variable includes the effects of 

hours of light, price, income, household size, and DSM programs. 

 

   4) Binary Variables:  The JanFeb2011 and JanFeb2019 binary variables 

remove data anomalies. 

 

   5) Solar:  The ResSolar_UPC_Hist variable is the estimated historical 

behind-the-meter solar installation sales associated with Liberty-

Empire’s solar rebate program.  The historical installed capacity is 

converted to monthly generation using monthly load factors and then 

divided by customers to obtain solar generation per customer.  The 

model assumes no changes in solar generation in the forecast.  New 

solar installations are externally forecast and added to the final 

forecast after the statistical modeling is complete. 

 

   6) Covid-19:  The Covid_Res variable is a binary variable that begins in 

April 2020 and ends in February 2021.  The variable captures the 

increase in residential usage resulting from Covid-19 health care policy 

orders.  The Covid-19 impact on residential customers ends in 

February 2021 and no further Covid-19 impacts are expected. 

 

 Small Commercial Class 
 

The small commercial class is modeled with two models, a customer model and a UPC model.   

 1. Customer Model:  The customer model is a regression model estimated with 

historical data from January 2011 through April 2021.  Table 3-11 shows the 

customer model specification and Table 3-12 shows the customer model 

statistics.   
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   3) MA1:  The MA1 term corrects for serial correlation and does not 

impact the strength of the total employment driver. 

 

 

 2. UPC Model:  The UPC Model is an SAE model estimated with historical data 

from January 2011 through April 2021.  The SAE model is based on the same 

theoretical foundation as the residential SAE model but is modified for 

commercial end-use information.  Table 3-13 shows the UPC model 

specification and Table 3-14 shows the UPC model statistics. 

 

  a. Small Commercial SAE Model Summary:  The SAE model contains end-use 

information for heating, cooling, and other technologies.  The data for the 

SAE model is from Itron’s 2021 SAE West North Central region. 
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   3) XOther: This variable captures the general response for all non-heating 

and cooling technologies.  The response includes the effects of other 

base load technology efficiencies, saturation by technology and 

building types, price, employment, and DSM programs. 

 

   4) Binary Variables:  The Year2011 variable captures the usage shift from 

the 2011 Joplin tornado. The OctNov2020 variable captures billing 

data errors in the historical dataset.   

 

   5) Solar:  The SComSolar_UPC_Hist variable is the estimated historical 

behind-the-meter solar installation sales associated with Liberty-

Empire’s solar rebate program.  The historical installed capacity is 

converted to monthly generation using monthly load factors and then 

divided by customers to obtain solar generate per customer.  The 

model assumes no changes in solar generation in the forecast.  New 

solar installations are externally forecast and added to the final 

forecast after the statistical modeling is complete. 

 

   6) Covid-19:  The Covid_SCom variable is binary variable from April 2020 

to May 2020 and approximates the decline in small commercial usage 

from Covid-19 health care policy orders.  The Covid-19 impact on small 

commercial customers ends in May 2020 and no further Covid-19 

impacts are expected. 

 

 Large Commercial Class 
 

The large commercial class is modeled with two models, a customer model and a UPC model.   

 1. Customer Model:  The customer model is a regression model estimated with 

historical data from January 2011 through April 2021.  Table 3-15 shows the 
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  b. Model Variables:  The UPC model includes the standard SAE variables 

(XHeat, XCool, and XOther), binary variables, a solar variable, and Covid-19 

variables.  

 

   1) XHeat:  This variable captures the general heating response for a 

typical commercial customer.  The response includes the effects of 

heating technology efficiencies, saturation by technology and building 

types, weather, price, employment, and DSM programs. 

 

   2) XCool:  This variable captures the general cooling response for a 

typical commercial customer.  The response includes the effects of 

cooling technology efficiencies, saturation by technology and building 

types, weather, price, employment, and DSM programs.   

 

   3) XOther: This variable captures the general response for all non-heating 

and cooling technologies.  The response includes the effects of other 

base load technology efficiencies, saturation by technology and building 

types, price, employment, and DSM programs. 

 

   4) Binary Variables:  The SepOct2019 and OctNov2020 variables capture 

offsetting data anomalies.  The Year2014, Year2015, and Year2016 

binary variables capture short term usage shifts. 

 

   5) Solar:  The LComSolar_UPC_Hist variable is the estimated historical 

behind-the-meter solar installation sales associated with Liberty-

Empire’s solar rebate program.  The historical installed capacity is 

converted to monthly generation using monthly load factors and then 

divided by customers to obtain solar generate per customer.  The 

model assumes no changes in solar generation in the forecast.  New 
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 Power Feed Mill (PFM) Class 

The PFM class is modeled with manual customer count forecast and a UPC model. 

 1. Customer Count Forecast:  Between January 2011 and April 2021, the class 

increased from 7 customers to 10 customers.  The low number of customers 

cannot be reliability forecast using a statistical model.  Since the number of 

customers has remained constant since 2015, the forecast assumes no 

additional customers through the forecast period.   

 

 2. UPC Model:  The existing 10 customers’ usage is modeled with a UPC model.  

The model captures the recent usage patterns and Covid-19 impacts.  Table 3-

21 shows the UPC model specification and Table 3-22 shows the UPC model 

statistics.   

 

Table 3-21 - PFM UPC Model 
**Confidential in Its Entirety** 

 

Table 3-22 - PFM UPC Model Statistics 
**Confidential in Its Entirety** 
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 Model Variables:  The UPC model includes a weather variable, binary variables, 

and a Covid-19 variable. 

 

   1) Weather:  The class’s weather response is modeled using an HDD 

variable with a temperature reference point of 65 degrees. 

 

   2) Binary Variables:  The Jul, Aug, Sep, Oct, and Nov binary variables 

model the seasonal usage pattern.  The Dec2019Jan2020 variable 

captures the offsetting data anomalies for these two months.  The 

Year2016Plus variable models the usage stabilization after 2016. 

 

   3) Covid-19: The Covid_PFM variable from March 2020 to December 

2020 and approximates the decline in PFM usage from Covid-19 health 

care policy orders.  While the variable is not statistically significant, the 

variable captures the minor reduction in usage and has a P-value of 

22.18%. The model does not expect future changes resulting from 

Covid-19. 

 

   4) MA1:  The MA1 term corrects for serial correlation. 

 

 Transmission Class 
 

The transmission class is modeled with manual customer count forecast and a UPC model. 

 1. Customer Count Forecast:  Between January 2011 and April 2021, the number 

of customers varies between 10 and 13.  The low number of customers cannot 
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  g. Covid19.  This binary variable models the Covid-19 healthcare policy 

impacts. 

 

 Models by Others 
 

3.  Assessment of the applicability of any load forecast models or portions of models that were utilized by 

the utility but developed by others, including a specification of the functional forms of any equations or 

models, to the extent they are available. 

 

The forecast models were developed by Itron for Liberty-Empire. 

 

 Deviations 
 

(B) If the utility selects load forecast models that include end-use load methods, the utility shall describe 

and document any deviations in the independent variables or functional forms of the equations from those 

derived from load analysis in sections (3) and (4). 

 

There were no deviations in the independent variables or functional forms of the equations. 

 

 Historical Database 
 

(C) Historical Database for Load Forecasting.  In addition to the load analysis database, the utility shall 

develop and maintain a database consistent with and as needed to run each forecast model utilized by 

the utility.  The utility shall describe and document its load forecasting historical database in the triennial 

compliance filings.  As a minimum, the utility shall— 

 
 Independent Variables 

 
1.  Develop and maintain a data set of historical values for each independent variable of each forecast 

model.  The historical values for each independent variable shall be collected for a period of ten (10) years, 

or such period deemed sufficient to allow the independent variables to be accurately fore-casted over the 

entire planning horizon; 

 

Empire maintains, at a minimum, a 10-year data set of historical values for independent 

variables.  2021 is the first year of forecast driver values. 
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 Adjustments 
 

2.  Explain any adjustments that it made to historical data prior to using it in its development of the 

forecasting models; 

 
Adjustments to the historical data are described in Section 2.5. 

 
 Comparison of Historical Independent Variable Projections 

 
3.  Archive previous projections of all independent variables used in the energy usage and peak load 

forecasts made in at least the past ten (10) years and provide a comparison of the historical projected 

values in prior plan filings to actual historical values and to projected values in the current compliance 

filing; and 

 

Over the past 10 years, Liberty-Empire has filed IRP forecasts in 2013, 2016, and 2019.  This 

section compares the key independent variables used in the 2022 IRP with the prior IRP 

variables.  All variables are converted to indices for ease of comparison. 

 

The economic data includes two definitional changes.  First, the 2013 IRP economic data are 

based on state-level economic forecasts.  In the 2016 through 2022 IRPs, the economic data are 

based on the Joplin and Springfield MSAs economic forecasts.  Second, in the 2022 IRP, 

employment is based on total employment.  In the 2013 through 2019 IRPs, employment is 

based on non-manufacturing employment.  The economic driver comparisons are shown in 

Figure 3-8 through Figure 3-10. 
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 Comparison of Historical Energy and Peak Demand Projections  

 
4.  Archive all previous forecasts of energy and peak demand, including the final data sets used to develop 

the forecasts, made in at least the past ten (10) years.  Provide a comparison of the historical final forecasts 

to the actual historical energy and peak demands and to the current forecasts in the current triennial 

compliance filing. 

 
A comparison of historical customers, energy net system (MWh) and system peaks (MW) to 

forecasts in the 2013 through 2019 IRPs are shown in Table 3-37 through Table 3-39.  In these 

tables actual values are not weather-normalized and contain municipal data (i.e., Monett, 

Mount Vernon, and Chetopa).  The 2022 IRP forecast values include partial actual values 

through April 2021.  Figure 3-17 through Figure 3-19 compare the four IRP forecasts.   

 
Table 3-37 - IRP Comparison - Total Customers 

**Confidential in its Entirety** 
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Figure 3-17 - IRP Comparison - Total Customers 

**Confidential in its Entirety** 

 

Table 3-38 - IRP Comparison - Net System Energy (MWh) 
**Confidential in its Entirety** 
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Table 3-39 - IRP Comparison - System Peaks (MW) 
**Confidential in its Entirety** 
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 BASE CASE LOAD FORECAST 
 

The utility’s base-case load forecast shall be based on projections of the independent variables that utility 

decision-makers believe to be most likely.  All components of the base-case load forecast shall assume 

normal weather conditions.  The load impacts of implemented demand-side programs and rates shall be 

incorporated in the base-case load forecast, but the load impacts of proposed demand-side programs and 

rates shall not be included in the base-case forecast. 

 

 Major Class and Total Load Detail 
 

(A) Major Class and Total Load Detail.  The utility shall produce forecasts of monthly energy usage and 

demands at the time of the summer and winter system peaks by major class for each year of the planning 

horizon, and shall describe and document those forecasts in its triennial compliance filings.  Where 

applicable, these major class forecasts shall be separated into their jurisdictional components. 

 

 Describe and Document Relevant Economic and Demographics 
 

1.  The utility shall describe and document how the base-case forecasts of energy usage and demands 

have taken into account the effects of real prices of electricity, real prices of competitive energy sources, 

real incomes, and any other relevant economic and demographic factors.  If the methodology does not 

incorporate economic and demographic factors, the utility shall explain how it accounted for the effects 

of these factors. 

 

The forecast models include the effects of real electricity prices, demographic factors, and 

economic factors.  These components are documented in the model variables, Section 6.1.2. 

 

 Describe and Document Effects of Legal Mandates 
 

2.  The utility shall describe and document how the forecasts of energy usage and demands have taken 

into account the effects of legal mandates affecting the consumption of electricity. 

 

Liberty-Empire uses Itron’s SAE modeling framework for the residential, small commercial, large 

commercial, and municipal classes.  The SAE model uses the EIA’s 2021 AEO as the foundation 

for long term energy efficiency trends.  The EIA’s AEO includes legally mandated appliance 

efficiency standards and building codes. 
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 Describe and Document Consistency 
 

3.  The utility shall describe and document how the forecasts of energy usage and demands are consistent 

with trends in historical consumption patterns, end uses, and end-use efficiency in the utility’s service area 

as identified pursuant to sections 4 CSR 240-22.030(2), (3), and (4). 

 

The forecast models are developed using statistical models.  The statistical models are 

estimated over a historical period which capture the relationship between past usage with key 

driver variables.  Consistency with historical consumption patterns is shown in the model 

statistical fit.  The statistics for each model are show in 6.1.2. 

 

 Describe and Document Weather-Normalized Class Loads 
 

4.  For at least the base year of the forecast, the utility shall describe and document its estimates of the 

monthly cooling, heating, and non-weather-sensitive components of the weather-normalized major class 

loads. 

 

Weather sensitive components of the residential, small commercial, large commercial and 

industrial classes are obtained by applying the models’ weather variable coefficient to normal 

weather data.  The results of this calculation are the sales associated with heating and cooling.  

Non-heating and cooling loads are assumed to be base load (non-weather-sensitive load).  

Table 3-40 summarizes the monthly data heating and cooling data for the major classes into 

annual values. 
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Table 3-40 - Annual Heating, Cooling, and Base Load Components  

of the Major Classes MWh (Billed Year Basis) 

**Confidential in its Entirety** 

 

 Describe and Document Modification of Modules 
 

5.  Where judgment has been applied to modify the results of its energy and peak forecast models, the 

utility shall describe and document the factors which caused the modification and how those factors were 

quantified. 

 

Liberty-Empire makes two adjustments to the forecast models.   These adjustments impact the 

Industrial and Linde (formerly Praxair) classes.  In both classes, the forecast models are 

designed to forecast a constant number of customers.  These models are described in Section 

6.1.2.4 and 6.1.2.7.  The adjustments to these classes are made to capture known customer 

projects from 2021 through 2022.  Liberty-Empire is not aware of any additional projects after 

2022. 
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Table 3-41 shows the estimated customer, sales, and coincident peak additions by month 

through 2023.  The monthly pattern of 2023 additions continues through 2051. 

 

Table 3-41 - Forecast Adjustments 
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 Plots of Class Monthly Energy and Coincident Peak Demand 
 

6.  For each major class specified pursuant to subsection (2)(A), the utility shall provide plots of class 

monthly energy and coincident peak demand at the time of summer and winter system peaks.  The plots 

shall cover the historical database period and the forecast period of at least twenty (20) years.  The plots 

of coincident peak demands for the historical period shall include both actual and weather-normalized 

peak demands at the time of summer and winter system peaks.  The plots of coincident peak demand for 

the forecast period shall show the class coincident demands for the base-case forecast at the time of 

summer and winter system peaks. 

 

 Sales Forecast 
 

7.1.6.1.1 Residential Annual Summary 
 

The residential sales forecast is developed using the models described in Section 6.1.2.1.  Figure 

3-20 through Figure 3-22 show the annual sales forecast, customer forecast, and UPC forecast.  

Both the sales and UPC figures show normalized values for comparative purposes.  Table 3-42 

and Table 3-43 summarize the sales, customer, and UPC forecasts and average annual growth 

rates for selected years.  In the tables, 2020 is the last full year of actual data, and 2022 is the 

first full year of forecast data.  2021 values are actual values through April and forecast values 

from May through December. 
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Table 3-44 - Small Commercial Forecast Summary 

**Confidential in its Entirety** 

 

Table 3-45 - Small Commercial Forecast - Average Annual Growth Rates 

**Confidential in its Entirety** 

 

7.1.6.1.3 Large Commercial Annual Summary 
 

The large commercial sales forecast is developed using the models described in Section 6.1.2.3.  

Figure 3-26 through Figure 3-28 show the annual sales forecast, customer forecast, and UPC 

forecast.  Table 3-46 and Table 3-47 summarize the sales, customer, and UPC forecasts and 

average annual growth rates for selected years.  In the tables, 2020 is the last full year of actual 

data, and 2022 is the first full year of forecast data.  When shown, 2021 values are actual values 

through April and forecast values from May through December. 
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Figure 3-28 - Large Commercial UPC Forecast 

**Confidential in its Entirety** 

 

Table 3-46 - Large Commercial Forecast Summary 

**Confidential in its Entirety** 
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Table 3-47 - Large Commercial Forecast - Average Annual Growth Rates 

**Confidential in its Entirety** 

 

7.1.6.1.4 Industrial Annual Summary 
 

The industrial sales forecast is developed using the models described in Section 6.1.2.3 and the 

manual forecast additions described in Section 7.1.5.  Figure 3-29 through Figure 3-31 show the 

annual sales forecast, customer forecast, and UPC forecast.  Table 3-48 and Table 3-49 

summarize the sales, customer, and UPC forecasts and average annual growth rates for 

selected years.  In the tables, 2020 is the last full year of actual data, and 2022 is the first full 

year of forecast data.  2021 values are actual values through April and forecast values from May 

through December. 
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Table 3-49 - Industrial Forecast - Average Annual Growth Rates 

**Confidential in its Entirety** 

 

7.1.6.1.5 PFM Annual Summary 
 

The PFM sales forecast is developed using the models described in Section 6.1.2.5.  Figure 3-32 

through Figure 3-34 show the annual sales forecast, customer forecast, and UPC forecast.  

Table 3-50 and Table 3-51 summarize the sales, customer, and UPC forecasts and average 

annual growth rates for selected years.  In the tables, 2020 is the last full year of actual data, 

and 2022 is the first full year of forecast data.  2021 values are actual values through April and 

forecast values from May through December. 
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Figure 3-36 - Transmission Customer Forecast 

**Confidential in its Entirety** 
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Table 3-53 - Transmission Forecast - Average Annual Growth Rates 

**Confidential in its Entirety** 

 

7.1.6.1.7 Linde Annual Summary 
 

The Linde (formerly named “Praxair”) sales forecast is developed using the models described in 

Section 6.1.2.7 and the estimated expansion described in Section 7.1.5.  Figure 3-38 shows the 

annual sales forecast and Table 3-54 show the annual sales forecast for selected years.  In the 

tables, 2020 is the last full year of actual data, and 2022 is the first full year of forecast data.  

2021 values are actual values through April and forecast values from May through December. 

 

Figure 3-38 - Linde Sales Forecast 
**Confidential in its Entirety** 
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Table 3-54 - Linde Forecast Summary 

**Confidential in its Entirety** 

 

7.1.6.1.8 Lighting Annual Summary 
 

The lighting sales forecast is developed using the models described in Section 6.1.2.8.  Figure 3-

39 through Figure 3-41 show the annual sales forecast, customer forecast, and UPC forecast.   

Table 3-55 and Table 3-56 summarize the sales, customer, and UPC forecasts and average 

annual growth rates for selected years.  In the tables, 2020 is the last full year of actual data, 

and 2022 is the first full year of forecast data.  2021 values are actual values through April and 

forecast values from May through December. 
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Figure 3-41 - Lighting UPC Forecast 

**Confidential in its Entirety** 

 
Table 3-55 - Lighting Forecast Summary 

**Confidential in its Entirety** 
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Table 3-57 - Municipal Forecast Summary 

**Confidential in its Entirety** 

 

Table 3-58 - Municipal Forecast - Average Annual Growth Rates 

**Confidential in its Entirety** 

 

7.1.6.1.10 Electric Vehicle Adjustment 
 

Unlike prior IRP forecasts, the incremental EV forecast is excluded from the class forecasts so 

that the coincident load shape impact may be integrated into the load forecast.  The EV 

forecast is included in Step 3 of the load forecast process as described in Section 6.1.1. The EV 

forecast is based on Liberty-Empire’s 2020 EV study base case assuming Covid-19 scenario.  The 

study forecasts EV adoption through 2030.  After 2030, the EV forecast is extended by applying 

the EIA’s AEO 2021 EV adoption growth rates.  Figure 3-43 shows the incremental EV count 

forecast. 
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Figure 3-46 - System Winter Peak Forecast 
**Confidential in its Entirety** 

 

 

Table 3-63 - System Peak Forecast Summary 
**Confidential in its Entirety** 
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Table 3-66 - Winter Coincident Peak by Class 

**Confidential in its Entirety** 

 

7.1.6.2.2 Class Level Coincident Energy at the System Peaks 
 

Table 3-67 and Table 3-68 show the monthly class energy in the month of the seasonal peak for 

selected years.   

Table 3-67 - Summer Peak Month Energy by Class 

**Confidential in its Entirety** 
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Table 3-68 - Winter Peak Month Energy by Class 

**Confidential in its Entirety** 

 

 Plots of Net System Load Profiles 
 

7.  The utility shall provide plots of the net system load profiles for the summer peak day and the winter 

peak day showing the contribution of each major class.  The plots shall be provided in the triennial filing 

for the base year of the forecast and for the fifth, tenth, and twentieth years of the forecast.  Plots for all 

years shall be included in the work papers supplied at the time of the triennial filing. 

 

Figure 3-55 through Figure 3-64 show the forecast hourly load profiles for the base, 5th, 10th, 

15th, and 20th forecast years.  The system profile includes the load shape changes from the 

electric vehicle and behind-the-meter solar forecast.  Class load shapes exclude load shape 

impacts from the electric vehicle and behind-the-meter solar forecast. 
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Figure 3-55 - Forecasted Residential Summer Peak Day Profiles 
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Figure 3-56 - Forecasted Residential Winter Peak Day Profiles 
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Figure 3-57 - Forecasted Small Commercial Summer Peak Day Profiles 
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Figure 3-58 - Forecasted Small Commercial Winter Peak Day Profiles 
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Figure 3-59 - Forecasted Large Commercial Summer Peak Day Profiles 
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Figure 3-60 - Forecasted Large Commercial Winter Peak Day Profiles 
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 Describe and Document Forecasts of Independent Variables 
 

(B) Forecasts of Independent Variables.   

The forecasts of independent variables shall be specified, described, and documented. 

 

The independent variables used in the model are documented in Section 6.1.2.  Four classes of 

independent variables are used in the forecast. Two classes, economics and end-use data, are 

obtained from external vendors. The economic data are obtained from Woods and Poole.  The 

end-use data are obtained from Itron.  The remaining two classes, prices and weather, are 

calculated internal to the forecasting process.  Prices are assumed constant in real dollars.  

Temperatures are calculated as 30-year normal values.  Plots of the variables are shown in 

Section 2.4.3.   

 

 Documentation of Mathematical Models 
 

1.  Documentation of mathematical models developed by the utility to forecast the independent variables 

shall include the reasons the utility selected the models as well as specification of the functional form of 

the equations. 

 

Documentation of the forecast models are shown in Section 6.1.2.  Models are selected based 

on statistical fit and overall descriptive power of the independent variables.   

 

 Documentation of Adopted Forecasts Developed by Another Entity 
 

2.  If the utility adopted forecasts of independent variables developed by another entity, documentation 

shall include the reasons the utility selected those forecasts, an analysis showing that the forecasts are 

applicable to the utility’s service territory, and, if available, a specification of the functional form of the 

equations used to forecast the independent variables. 

 

The forecast is developed by Itron on behalf of Liberty-Empire. 
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 Comparison of Forecast from Independent Variables to Historical Trends 
 

3.  These forecasts of independent variables shall be compared to historical trends in the variables, and 

significant differences between the forecasts and long-term and recent trends shall be analyzed and 

explained. 

 

The forecasts are compared to historical trends are shown in the figures contained in Section 

2.4.3. 

 

 Applied to Modify Results 
 

4.  Where judgment has been applied to modify the results of a statistical or mathematical model, the 

utility shall specify the factors which caused the modification and shall explain how those factors were 

quantified. 

 

Post forecast adjustments are included in the industrial and Linde (formerly Praxair) classes.  

These adjustments are discussed in Section 7.1.5. 

 

 Net System Load Forecast 
 

(C) Net System Load Forecast.  The utility shall produce a forecast of net system load profiles for each year 

of the planning horizon.  The net system load forecast shall be consistent with the utility’s forecasts of 

monthly energy and peak demands at time of summer and winter system peaks for each major class. 

 

The net system load forecast is developed using the steps detailed in Section 5.2.  Figure 3-65 

shows the annual net system load forecast.  Table 3-69 and Table 3-70 show the net system 

load forecast and growth rates for selected years.  Historical data excludes municipal data (i.e., 

Monett, Mount Vernon, and Chetopa).  2021 values are actual values through April and forecast 

values from May through December. 
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Figure 3-65 - Forecasted Net System Load 
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Table 3-69 - Net System Load Forecast Summary 

**Confidential in its Entirety** 
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Table 3-70 - Net System Load Forecast - Average Annual Growth Rates 
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 LOAD FORECAST SENSITIVITY ANALYSIS 
 

(8) Load Forecast Sensitivity Analysis.   

 

The utility shall describe and document its analysis of the sensitivity of the dependent variables of the 

base-case forecast for each major class to variations in the independent variables identified in subsection 

4 CSR 240-22.030(6)(A). 

 

For the 2022 IRP, Liberty-Empire created four scenarios.  The high and low scenarios capture 

changes to the economic assumptions and use normal weather.  The high and low scenarios are 

discussed in Section 8.1.  The extreme and mild scenarios capture changes to weather and use 

baseline economics assumptions.  The weather scenarios are discussed in Section 8.2.  The 

results of the scenarios and analysis are presented in this section. 

 

 Normal Weather Load Forecast Scenarios 
  

(A) The utility shall produce at least two (2) additional normal weather load forecasts (a high-growth case 

and a low-growth case) that bracket the base-case load forecast.  Subjective probabilities shall be assigned 

to each of the load forecast cases.  These forecasts and associated subjective probabilities shall be used 

as inputs to the risk analysis required by 4 CSR 240-22.060. 

 

The two normal weather scenarios create reasonable planning bounds around the base 

forecast.  The high and low scenarios are created in direct compliance to the Commission’s rule 

directing Liberty-Empire to create two additional normal weather load forecasts.  These 

forecasts capture economic uncertainty.  

 

The subjective probabilities were assigned to these scenarios by the utility decision-makers, as 

further described in Volume 6. The subjective probabilities were assigned are as follows: 

• High Case 25% 

• Base Case 50% 

• Low Case 25% 
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 High and Low Case 
 

The high scenario consists of high economic indices, a high EV forecast, and a low PV forecast.  

These assumptions are described below. 

 

• The high scenario economic indices are based on the ratio of the historical annual 

average population growth rate to the forecast annual average population growth rate.  

The historical annual average population growth rate (2000-2021) is 0.89%.  The 

forecast annual average growth rate (2022-2051) is 0.55%.  The ratio is 1.618 

(0.89%/0.55%).  Each high economic index is created by scaling the index’s annual 

average growth rate by the ratio and then redeveloping the forecast using the new 

growth rate. 

• The high EV forecast is developed like the base EV forecast except that the forecast uses 

the highest forecast included in Liberty-Empire’s 2020 electric vehicle study (i.e., Liberty 

High Scenario).   

• The low PV forecast assumes no incremental adoption of PV after 2023. 
 

The low scenario consists of low economic indices.  The EV and PV forecasts are the same as the 

base scenario forecasts.  The economic assumption is described below. 

 

• The low economic indices are created by subtracting the difference between the high 

and base scenario indices from the base scenario index.  By subtracting the difference, 

the low economic indices mirror the high economic indices around the base scenario. 

 

Figure 3-66 through Figure 3-70 show the high, base, and low scenario economic indices for 

employment, population, households, and real income.  Figure 3-70 shows the base and high 

increment EV forecasts.  Figure 3-71 shows the low and base PV forecasts. 
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Figure 3-74 - Base, High, and Low Scenarios - Winter Peaks 
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Table 3-73 - Base, High, and Low, Scenarios - Winter Peaks (MW) 
**Confidential in its Entirety** 

 

 

 Estimate of Sensitivity of System Peak Load Forecasts to Extreme Weather 
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(B) The utility shall estimate the sensitivity of system peak load forecasts to extreme weather conditions.  

This information shall be considered by utility decision-makers to assess the ability of alternative resource 

plans to serve load under extreme weather conditions when selecting the preferred resource plan pursuant 

to 4 CSR 240-22.070(1). 

 

The mild and extreme weather scenarios capture the uncertainty associated with weather 

conditions.  The weather scenarios are based on a 1 in 10 occurrence.   

 

The base case uses normal monthly HDDs and CDDs based on a 30-year average (1991 to 2020) 

using Springfield, Missouri daily average temperatures.  The mild and extreme weather 

scenarios are developed using the same historical weather data but identify the 1 in 10 

scenarios above and below the base forecast normal temperatures. 

 

Monthly Weather.  Monthly HDD and CDD scenarios are created by ranking historical annual 

HDD and CDD values (base 65 degrees) from lowest to highest values.  The mild case is 

determined by using the 3rd lowest year in the ranked list (i.e., 1 in 10 occurrences). The extreme 

case is determined by using the 3rd highest year in the ranked list.  Figure 3-75 and Figure 3-76 

show the ordered annual HDD and CDD with the mild and extreme scenarios.  Table 3-74 shows 

the annual HDD and CDD scenario values. 
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Table 3-76 - Base. Mild and Extreme Weather Scenario - Annual Energy (MWh) 
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Figure 3-81 - Base, Mild and Extreme Weather Scenario - Summer Peak 
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Table 3-77 - Base, Mild and Extreme Weather Scenario - Summer Peak (MW) 
**Confidential in its Entirety** 

 

Figure 3-82 - Base, Mild and Extreme Weather Scenario – Winter Peak 
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Table 3-78 - Base, Mild and Extreme Weather Scenario - Winter Peak (MW) 
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 Energy Usage and Peak Demand Plots 
 

(C) The utility shall provide plots of energy usage and peak demand covering the historical database period 

and the forecast period of at least twenty (20) years. 

 

 Energy and Peak Plots 
 

1.  The energy plots shall include the summer, non-summer, and total energy usage for each calendar year.  

The peak demand plots shall include the summer and winter peak demands. 

 

The historical and forecast summer, winter, and total energy and seasonal peaks are listed in 

Table 3-79 and Table 3-80. Summer energy is defined as energy from May through October.  

Winter energy is defined as energy from January through April and November through 

December.  Historical values include data through April 2021 and include municipal (Monett, 

Mount Vernon, and Chetopa) values until they leave the system in mid-2020.  Historical peaks 

are not restored for estimated curtailments.  Figure 3-83 through Figure 3-85 plot the historical 

and forecast energy and peaks. 

 

 



NP 

20 CSR 4240-22.030 Vol. 3 - 152 File No. EO-2021-0331 
Load Analysis and Load Forecasting 

Table 3-79 - Historical and Forecast Summer, Winter, and Total Energy 
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Table 3-80 - Historical and Forecast Summer and Winter Peaks 
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Figure 3-83 - Historical and Forecast Summer and Winter Energy  
**Confidential in its Entirety** 
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 Scenario Forecast Results Summary 
 

2.  The historical period shall include both actual and weather-normalized values.  The forecast period 

shall include the base-case, low-case, and high-case forecasts. 

 

Figure 3-86 through Figure 3-88 compare the seasonal and total energy forecasts for the four 

scenarios.  The extreme and mild scenarios use the base scenario forecast economics, but 

change the forecast normal weather.  The high and low scenarios use forecast normal weather, 

but change the base scenario forecast economics.  Historical energy excludes the municipals 

(i.e., Monett, Mount Vernon, and Chetopa). 

 

Figure 3-86 - Historical and Forecast Summer Energy - All Scenarios 
**Confidential in its Entirety** 
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Figure 3-87 - Historical and Forecast Winter Energy - All Scenarios 
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Figure 3-89 - Historical and Forecast Summer Peak - All Scenarios 
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Figure 3-90 - Historical and Forecast Winter Peak - All Scenarios 
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