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Price/LCOE
Solar Resource ($/MWh)
Rhudes Creek PPA beginning 2023 27.82
125 MW PPA beginning 2025
2021 IRP Resource Option 28.05
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Table 6-5: Summer Peak Demand and Resource Summary (MW, 2021 IRP)
2022 | 2023 | 2024 | 2025 § 2028 | 2034 | 2035 2036
Gross Peak Load 6,522 | 6,500 | 6,485 | 6,594 | 6,637 | 6,585 | 6,588 | 6,602
Non-Dispatchable DSM | -294 -300 -305 -311 -311 -311 -311 -311
Net Peak Load 6,229 | 6,201 | 6,179 | 6,283 | 6,326 | 6,274 | 6,277 | 6,291
Generation Resources 7,688 | 7,688 | 7,688 | 7,688 § 7,688 | 7,688 | 7,688 | 7,688
CSR 127 127 127 127 127 127 127 127
DCP 61 60 58 56 52 45 44 43
Retirements/Additions
Coal! -300 -300 -300 -300 §-1,009 ] -1,969 | -1,969 | -1,969
Large-Frame SCCTs? 0 0 0 0 0 -121 -363 -484
Small-Frame SCCTs? 0 0 0 -47 -47 -47 -47 -47
New Solar* 0 79 79 204 204 204 204 204
Total Supply 7,576 | 7,653 | 7,651 | 7,728 | 7,015 | 5.927 | 5,684 | 5,562
Reserve Margin 1,348 | 1,452 | 1,472 | 1,445 689 -347 -593 -729
Reserve Margin % 21.6% | 23.4% | 23.8% | 23.0% [ 10.9% | -5.5% | -9.4% | -11.6%

! The Companies assume that Mill Creek 1 and 2 cannot be operated simultaneously during ozone season due to NOx
limits, which results in a reduction of available summer capacity through 2024. This analysis assumes that Mill Creek
1 is retired in 2024, Mill Creek 2 and Brown 3 are retired in 2028, and Ghent 1-2 are retired in 2034.

2 This analysis assumes that Brown 9 is retired in 2034, Brown 8 and 10 are retired in 2035, and Brown 11 is retired

in 2036.

3 This analysis assumes that Haefling 1-2 and Paddy’s Run 12 are retired in 2025.
4 This analysis assumes 100 MW of solar capacity is added in 2023, and an additional 160 MW of solar capacity is
added in 2025. Capacity values reflect 78.6% expected contribution to summer peak capacity.
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Table 6-6: Summer Peak Demand and Resource Summary (MW, 2021 IRP)

2022 | 2023 | 2024 | 2025 § 2028 | 2034 | 2035 | 2036

Net Peak Load 5,898 | 5,874 | 5,859 | 5,961 ] 6,050 § 5,979 | 5,982 | 5,996
Generation Resources 7973 | 7,973 | 7,973 | 7,973 § 7,973 § 7,973 | 7,973 | 7,973
CSR 127 127 127 127 127 127 127 127
DCP 0 0 0 0 0 0 0 0
Retirements/Additions

Coal! 0 0 0 -300 §-1,013§-1,978 | -1,978 | -1,978

Large-Frame SCCTs? 0 0 0 0 0 -138 -404 | -532

Small-Frame SCCTs® 0 0 0 -55 -55 -55 -55 -55

New Solar? 0 0 0 0 0 0 0 0
Total Supply 8,100 | 8,100 | 8,100 | 7,744 § 7,031 | 5,928 | 5,662 | 5,534
Reserve Margin 2,201 | 2,226 | 2,240 | 1,783 982 -50 -320 -461
Reserve Margin % 37.3% | 37.9% | 38.2% | 29.9% | 16.2% | -0.8% | -5.3% | -7.7%

5 This analysis assumes 100 MW of solar capacity is added in 2023, and an additional 160 MW of solar capacity is
added in 2025. Capacity values reflect zero expected contribution to winter peak capacity as specified in section 5.(4).
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Appendix B:
Residential SAE Modeling Framework

The traditional approach to forecasting monthly sales for a customer class is to develop an econometric
model that relates monthly sales to weather, seasonal variables, and economic conditions. From a
forecasting perspective, econometric models are well suited to identifying historical trends and to
projecting these trends into the future. In contrast, end-use models can incorporate the end-use factors
driving energy use. By including end-use structure in an econometric model, the statistically adjusted
end-use (SAE) modeling framework exploits the strengths of both approaches.

There are several advantages to this approach.

e The equipment efficiency and saturation trends, dwelling square footage, and thermal integrity
changes embodied in the long-run end-use forecasts are introduced explicitly into the short-
term monthly sales forecast. This provides a strong bridge between the two forecasts.

e By explicitly incorporating trends in equipment saturations, equipment efficiency, dwelling
square footage, and thermal integrity levels, it is easier to explain changes in usage levels and
changes in weather-sensitivity over time.

e Data for short-term models are often not sufficiently robust to support estimation of a full set of
price, economic, and demographic effects. By bundling these factors with equipment-oriented
drivers, a rich set of elasticities can be incorporated into the final model.

This section describes this approach, the associated supporting SAE spreadsheets, and the MetrixND
project files that are used in the implementation. The main source of the residential SAE spreadsheets is
the 2020 Annual Energy Outlook (AEQ) database provided by the Energy Information Administration
(EIA).

Statistically Adjusted End-Use Modeling Framework

The statistically adjusted end-use modeling framework begins by defining energy use (USE}, ) in year (y)
and month (m) as the sum of energy used by heating equipment (Heat,,), cooling equipment (Cooly,m),
and other equipment (Othery,,). Formally,

USEy ,m = Heaty,, + Cool,, ., + Other,, ,,, (1)

Although monthly sales are measured for individual customers, the end-use components are not.
Substituting estimates for the end-use elements gives the following econometric equation.

USE,, = a+ by X XHeat,, + by X XCool,,, + b3 X XOther,, + &, (2)

XHeat,, XCool,, and XOther., are explanatory variables constructed from end-use information, dwelling
data, weather data, and market data. As will be shown below, the equations used to construct these X-
variables are simplified end-use models, and the X-variables are the estimated usage levels for each of
the major end uses based on these models. The estimated model can then be thought of as a
statistically adjusted end-use model, where the estimated slopes are the adjustment factors.

2020 Residential SAE Update 19
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Constructing XHeat
As represented in the SAE spreadsheets, energy use by space heating systems depends on the following
types of variables.

¢ Heating degree days

e Heating equipment saturation levels

e Heating equipment operating efficiencies

e Average number of days in the billing cycle for each month

e Thermal integrity and footage of homes

e Average household size, household income, and energy prices

The heating variable is represented as the product of an annual equipment index and a monthly usage
multiplier. That is:

XHeat,, ,, = Heatlndex,, , X HeatUse,, (3)
Where:

e XHeat,,is estimated heating energy use in year (y) and month (m)
e Heatlndexy,is the monthly index of heating equipment
e HeatUsey,,is the monthly usage multiplier

The heating equipment index is defined as a weighted average across equipment types of equipment
saturation levels normalized by operating efficiency levels. Given a set of fixed weights, the index will
change over time with changes in equipment saturations (Sat), operating efficiencies (Eff), building
structural index (Structurallndex), and energy prices. Formally, the equipment index is defined as:

satl?Pe
( A*fff ”’e)

4
SacTyP @)
Eff2Pe

The Structurallndexis constructed by combining the EIA’s building shell efficiency index trends with
surface area estimates, and then it is indexed to the 2015 value:

HeatIndex, = Structurallndex, X Yrype WeightT™vPe x

BuildingShellEf ficiencyIndexyxSurfaceArea,

(®)

Structurallndexy = BuildingShellEf ficiencyIndexisXSurfaceAreaqs

The Structurallndexis defined on the StructuralVars tab of the SAE spreadsheets. Surface area is
derived to account for roof and wall area of a standard dwelling based on the regional average square
footage data obtained from EIA. The relationship between the square footage and surface area is
constructed assuming an aspect ratio of 0.75 and an average of 25% two-story and 75% single-story.
Given these assumptions, the approximate linear relationship for surface area is:

SurfaceArea, = 892 + 1.44 X Footage, (6)

In Equation 4, 2015 is used as a base year for normalizing the index. As a result, the ratio on the right is
equal to 1.0 in 2015. In other years, it will be greater than 1.0 if equipment saturation levels are above
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their 2015 level. This will be counteracted by higher efficiency levels, which will drive the index
downward. The weights are defined as follows.

Type

. E
Weight™ve = =295 HeatShare!?P® (7)
HHyg 15

In the SAE spreadsheets, these weights are referred to as Intensities and are defined on the EIAData tab.
With these weights, the Heat/ndexvalue in 2015 will be equal to estimated annual heating intensity per

household in that year. Variations from this value in other years will be proportional to saturation and
efficiency variations around their base values.

For electric heating equipment, the SAE spreadsheets contain two equipment types: electric resistance
furnaces/room units and electric space heating heat pumps. Examples of weights for these two
equipment types for the U.S. are given in Table 1.

Table 1: Electric Space Heating Equipment Weights

Equipment Type Weight (kWh)
Electric Resistance Furnace/Room units 916
Electric Space Heating Heat Pump 346

Data for the equipment saturation and efficiency trends are presented on the Shares and Efficiencies
tabs of the SAE spreadsheets. The efficiency for electric space heating heat pumps are given in terms of
Heating Seasonal Performance Factor [BTU/Wh], and the efficiencies for electric furnaces and room
units are estimated as 100%, which is equivalent to 3.41 BTU/WHh.

Price Impacts. In the 2007 version of the SAE models and thereafter, the Heat Index has been extended
to account for the long-run impact of electric and natural gas prices. Since the Heat Index represents
changes in the stock of space heating equipment, the price impacts are modeled to play themselves out
over a 10-year horizon. To introduce price effects, the Heat Index as defined by Equation 4 above is
multiplied by a 10-year moving-average of electric and gas prices. The level of the price impact is guided
by the long-term price elasticities:

SatTve
oy
. Type fj}
HeatIndex, = Structurallndex,, X Weight"YP¢ x Type X
Type <Sat15 Typa)
Effis

(TenYearMovingAverageElectric Pri cey,m)(p X (TenYearMovingAverageGas Pricey,m)y (8)

Since the trends in the Structural index (the equipment saturations and efficiency levels) are provided
exogenously by the EIA, the price impacts are introduced in a multiplicative form. As a result, the long-
run change in the Heat Index represents a combination of adjustments to the structural integrity of new
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homes, saturations in equipment and efficiency levels relative to what was contained in the base EIA
long-term forecast.

Heating system usage levels are impacted on a monthly basis by several factors, including weather,
household size, income levels, prices, and billing days. The estimates for space heating equipment usage
levels are computed as follows:

0.20

WgtHDDylm) ( HHSize, )0'25 (Incomey )
HDDq5 HHSize s Income;g

. A . K
ElecPrice GasPrice
x ( y,m> x ( y,m) (9)

ElecPrice;s GasPrice;s s

HeatUsey n, = (

Where:

e WgtHDDis the weighted number of heating degree days in year () and month (m). This is
constructed as the weighted sum of the current month's HDD and the prior month's HDD.
The weights are 75% on the current month and 25% on the prior month.

e HDDis the annual heating degree days for 2015

e HHSizeis average household size in a year ()

e [ncomeis average real income per household in year ())

e FElecPriceis the average real price of electricity in month (m) and year ()

e (asPriceis the average real price of natural gas in month (m) and year (y)

By construction, the HeatUse,,, variable has an annual sum that is close to 1.0 in the base year (2015).
The first two terms, which involve billing days and heating degree days, serve to allocate annual values
to months of the year. The remaining terms average to 1.0 in the base year. In other years, the values
will reflect changes in the economic drivers, as transformed through the end-use elasticity parameters.
The price impacts captured by the Usage equation represent short-term price response.

Constructing XCool
The explanatory variable for cooling loads is constructed in a similar manner. The amount of energy
used by cooling systems depends on the following types of variables.

e Cooling degree days

¢ Cooling equipment saturation levels

e Cooling equipment operating efficiencies

e Average number of days in the billing cycle for each month

e Thermal integrity and footage of homes

e Average household size, household income, and energy prices

The cooling variable is represented as the product of an equipment-based index and monthly usage
multiplier. That is,

XCooly, , = Coollndex,, X CoolUsey, p, (10)
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Where

e XCool, s estimated cooling energy use in year (y) and month (m)
e (Coollndexyis an index of cooling equipment
e (oolUseynis the monthly usage multiplier

As with heating, the cooling equipment index is defined as a weighted average across equipment types
of equipment saturation levels normalized by operating efficiency levels. Formally, the cooling

equipment index is defined as:
sat)”P°
Effy "

<5at{gPE/ )
T
Eff, "¢

Data values in 2015 are used as a base year for normalizing the index, and the ratio on the right is equal
to 1.0 in 2015. In other years, it will be greater than 1.0 if equipment saturation levels are above their
2015 level. This will be counteracted by higher efficiency levels, which will drive the index downward.
The weights are defined as follows.

Coollndex, = Structurallndexy X Yryp, Weight™P€ x (112)

Energleg’pe

WeightType = x CoolShare]JP° (12)

15
In the SAE spreadsheets, these weights are referred to as Intensities and are defined on the EIAData tab.
With these weights, the Coollndexvalue in 2015 will be equal to estimated annual cooling intensity per
household in that year. Variations from this value in other years will be proportional to saturation and
efficiency variations around their base values.

For cooling equipment, the SAE spreadsheets contain three equipment types: central air conditioning,
space cooling heat pump, and room air conditioning. Examples of weights for these three equipment
types for the U.S. are given in Table 2.

Table 2: Space Cooling Equipment Weights

Equipment Type Weight (kWh)
Central Air Conditioning 1,012
Space Cooling Heat Pump 306
Room Air Conditioning 277

The equipment saturation and efficiency trends data are presented on the Shares and Efficiencies tabs of
the SAE spreadsheets. The efficiency for space cooling heat pumps and central air conditioning (A/C)
units are given in terms of Seasonal Energy Efficiency Ratio [BTU/WHh], and room A/C units efficiencies
are given in terms of Energy Efficiency Ratio [BTU/Wh].

Price Impacts. In the 2007 SAE models and thereafter, the Cool Index has been extended to account for
changes in electric and natural gas prices. Since the Cool Index represents changes in the stock of space
heating equipment, it is anticipated that the impact of prices will be long-term in nature. The Cool Index
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as defined Equation 11 above is then multiplied by a 10-year moving average of electric and gas prices.
The level of the price impact is guided by the long-term price elasticities.

Type
Sat,,
Eff,™
Coollndex, = Structurallndex, X z Weight™VPe x = 4 X
Sat, P¢
Type < 15 / Type)
Effis

(TenYearMovingAverageElectric Pri cey,m)q) X (TenYearMovingAverageGas Pri cey_m)y (13)

Since the trends in the Structural index, equipment saturations and efficiency levels are provided
exogenously by the EIA, price impacts are introduced in a multiplicative form. The long-run change in
the Cool Index represents a combination of adjustments to the structural integrity of new homes,
saturations in equipment and efficiency levels. Without a detailed end-use model, it is not possible to
isolate the price impact on any one of these concepts.

Cooling system usage levels are impacted on a monthly basis by several factors, including weather,
household size, income levels, and prices. The estimates of cooling equipment usage levels are
computed as follows:

0 £ 0.25 0.20
WgtCDD HHSize Income
CoolUsey, n, = ( y'm) X ( , y) X (—y) X
’ CDDqg HHSize s Incomeyg

: A : K
Elec Price GasPrice
( y,m) X ( y,m) (14)

Elec Priceqs Gas Priceqs
Where:

e WgtCDDis the weighted number of cooling degree days in year (y) and month (m). This is
constructed as the weighted sum of the current month's CDD and the prior month's CDD. The
weights are 75% on the current month and 25% on the prior month.

e (DDis the annual cooling degree days for 2015.

By construction, the CoolUse variable has an annual sum that is close to 1.0 in the base year (2015). The
first two terms, which involve billing days and cooling degree days, serve to allocate annual values to
months of the year. The remaining terms average to 1.0 in the base year. In other years, the values will
change to reflect changes in the economic driver changes.

Constructing XOther
Monthly estimates of non-weather sensitive sales can be derived in a similar fashion to space heating
and cooling. Based on end-use concepts, other sales are driven by:

¢ Appliance and equipment saturation levels

e Appliance efficiency levels

e Average number of days in the billing cycle for each month
e Average household size, real income, and real prices
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The explanatory variable for other uses is defined as follows:
XOthery, , = OtherEqpIndex,, ,, X OtherUse,, (15)

The first term on the right-hand side of this expression (OtherEgplndex;) embodies information about
appliance saturation and efficiency levels and monthly usage multipliers. The second term (OtherUse)
captures the impact of changes in prices, income, household size, and number of billing-days on
appliance utilization.

End-use indices are constructed in the SAE models. A separate end-use index is constructed for each
end-use equipment type using the following function form.

(Sat;m/ )

UECTP®
UEC,

Satfgpe/
1
UEC,JP¢

(TenYearMovingAverageElectric Price)* x

x MoMult}P x

Appliancelndex, , = Weight™?¢ x

(TenYearMovingAverageGas Price)® (16)

Where:

e Weightis the weight for each appliance type

e Satrepresents the fraction of households, who own an appliance type
e MoMulty, is a monthly multiplier for the appliance type in month (m)
e Effis the average operating efficiency the appliance

e UECis the unit energy consumption for appliances

This index combines information about trends in saturation levels and efficiency levels for the main
appliance categories with monthly multipliers for lighting, water heating, and refrigeration.

The appliance saturation and efficiency trends data are presented on the Shares and Efficiencies tabs of
the SAE spreadsheets.

Further monthly variation is introduced by multiplying by usage factors that cut across all end uses,
constructed as follows:

; 0.46 0.10

BDaysym HHSize Income

2. ) X ( - y) X (—y) X
30.44 HHSize s Incomeqs

(Elec Pr icey,m)‘p 9 (Gas Pr icey‘m))L
ElecPriceqs Gas Pricess

ApplianceUse,, , = (

(17)
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The index for other uses is derived then by summing across the appliances:

OtherEqpIndex,, ,, = ¥ Appliancelndex,, ,, X ApplianceUse,, ,, (18)

Supporting Spreadsheets and MetrixND Project Files

The SAE approach described above has been implemented for each of the nine Census Divisions. A
mapping of states to Census Divisions is presented in Figure 17. This section describes the contents of
each file and a procedure for customizing the files for specific utility data. A total of 18 files are
provided. These files are listed in Table 3 and are now in xIsx Excel file format.

Figure 17: Mapping of States to Census Divisions

WEST MIDWEST NORTHEAST
ifi i West East Middl N
Pacific Mountain North Gentral | North Gentral | Atlantic Eng?:‘;wd
NH

West East South
South Central | South Central Atlantic
SOUTH
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Table 3: List of SAE Files

Spreadsheet MetrixND Project File
NewEngland.xlsx SAE_NewEngland.ndm
MiddleAtlantic.xlsx SAE_MiddleAtlantic.ndm
EastNorthCentral.xlsx SAE_EastNorthCentral.ndm
WestNorthCentral.xlsx SAE_WestNorthCentral.ndm
SouthAtlantic.xlsx SAE_SouthAltantic.ndm
EastSouthCentral.xlsx SAE_EastSouthCentral.ndm
WestSouthCentral.xlsx SAE_WestSouthCentral.ndm
Mountain.xlsx SAE_Mountain.ndm
Pacific.xlsx SAE_Pacific.ndm

As defaults, the SAE spreadsheets include regional data, but utility data can be entered to generate the
Heat, Cool, and Other equipment indices used in the SAE approach. The MetrixND project files link to
the data in these spreadsheets. These project files calculate the end-use Usage variables are constructed
and the estimated SAE models.

Each of the nine SAE spreadsheets contains the following tabs:

¢ Definitions contains equipment, end use, worksheet, and Census Division definitions.

¢ Intensities calculates the annual equipment indices.

e Shares contains historical and forecasted equipment shares. The default forecasted values are
provided by the EIA. The raw EIA projections are provided on the E/AData tab.

e Efficiencies contains historical and forecasted equipment efficiency trends. The forecasted
values are based on projections provided by the EIA. The raw EIA projections are provided on
the EIAData tab.

e StructuralVars contains historical and forecasted square footage, number of households,
building shell efficiency index, and calculation of structural variable. The forecasted values are
based on projections provided by the EIA.

e Calibration contains calculations of the base year Intensity values used to weight the equipment
indices.

e ElAData contains the raw forecasted data provided by the EIA.

¢ MonthlyMults contains monthly multipliers that are used to spread the annual equipment
indices across the months.

e EV contains a worksheet for incorporating electric vehicle (EV) impacts.

e PV contains a worksheet for incorporating photovoltaic battery (PV) impacts.

The MetrixND Project files are linked to the Annualindices, ShareUEC, and MonthlyMults tabs in the
spreadsheets. Sales, economic, price and weather information for the Census Division is provided in the
linkless data table UtilityData. In this way, utility specific data and the equipment indices are brought
into the project file. The MetrixND project files contain the objects described below.
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Parameter Tables
e Elas. This parameter table includes the values of the elasticities used to calculate the Usage
variables for each end-use. There are five types of elasticities included on this table.

- Economic variable elasticities

- Short-term own price elasticities

- Short-term cross price elasticities

- Long-term own price elasticities

- Long-term cross price elasticities

The short-term price elasticities drive the end-use usage equations. The long-term price elasticities drive
the Heat, Cool and other appliance indices. The combined price impact is an aggregation of the short
and long-term price elasticities. As such, the long-term price elasticities are input as incremental price
impact. That is, the long-term price elasticity is the difference between the overall price impact and the
short-term price elasticity.

Data Tables
¢ AnnualEquipmentindices links to the Annualindices tab for heating and cooling indices, and
ShareUEC tab for water heating, lighting, and appliances in the SAE spreadsheet.
o UtilityData is a linkless data table that contains sales, price, economic and weather data specific
to a given Census Division.
¢ MonthlyMults links to the corresponding tab in the SAE spreadsheet.

Transformation Tables

e EconTrans computes the average usage, and household size, household income, and price
indices used in the usage equations.

e WeatherTrans computes the HDD and CDD indices used in the usage equations.

¢ ResidentialVars computes the Heat, Cool and Other Usage variables, as well as the XHeat, XCool
and XOther variables that are used in the regression model.

e BinaryVars computes the calendar binary variables that could be required in the regression
model.

¢ AnnualFcst computes the annual historical and forecast sales and annual change in sales.

¢ EndUseFcst computes the monthly sales forecasts by end uses.

Models
¢ ResModel is the Statistically Adjusted End-Use Model.

Steps to Customize the Files for Your Service Territory

The files that are distributed along with this document contain regional data. If you have more accurate
data for your service territory, you are encouraged to tailor the spreadsheets with that information. This
section describes the steps needed to customize the files.
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Minimum Customization

Save the MetrixND project file and the spreadsheet into the same folder

Select the spreadsheet and MetrixND project file from the appropriate Census Division

Open the spreadsheet and navigate to the Calibration tab

In cell “B9”, replace base year Census Division use-per-customer with observed use-per-customer
for your service territory

Save the spreadsheet and open the MetrixND project file

Click on the Update All Links button on the Menu bar

Review the model results

Further Customization of Starting Usage Levels
In addition to the minimum steps listed above, you can also utilize model-based calibration process
described previously to further fine-tune starting year usage estimates to your service territory.

Customizing the End-use Share Paths

You can also install your own share history and forecasts. To do this, navigate to the Share tab in the
spreadsheet and paste in the values for your region. Make sure that base year shares on the Calibration
tab reflect changes on the Shares tab.

Customizing the End-use Efficiency Paths
Finally, you can override the end-use efficiency paths that are contained on the Efficiencies tab of the
spreadsheet.
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Appendix A:
Commercial Statistically Adjusted End-Use Model

The traditional approach to forecasting monthly sales for a customer class is to develop an econometric
model that relates monthly sales to weather, seasonal variables, and economic conditions. From a
forecasting perspective, econometric models are well suited to identifying historical trends and to
projecting these trends into the future. In contrast, end-use models can incorporate the end-use factors
driving energy use. By including end-use structure in an econometric model, the statistically adjusted
end-use (SAE) modeling framework exploits the strengths of both approaches.

There are several advantages to the SAE approach.

e The equipment efficiency trends and saturation changes embodied in the long-run end-use
forecasts are introduced explicitly into the short-term monthly sales forecast, thereby providing
a strong bridge between the two forecasts.

e By explicitly introducing trends in equipment saturations and efficiency levels, SAE models can
explain changes in usage levels and weather-sensitivity over time.

e Data for short-term models are often not sufficiently robust to support estimation of a full set of
price, economic, and demographic effects. By bundling these factors with equipment-oriented
drivers, a rich set of elasticities can be built into the final model.

This section describes this approach, the associated supporting Commercial SAE spreadsheets, and
MetrixND project files that are used in the implementation. The source for the commercial SAE
spreadsheets is the 2020 Annual Energy Outlook (AEQO) database provided by the Energy Information
Administration (EIA).

Statistically Adjusted End-Use Model Framework

The statistically adjusted end-use modeling framework begins by defining energy use (USE}, ;) in year (y)
and month (m) as the sum of energy used by heating equipment (Heat;, ), cooling equipment (Cool,,m),
and other equipment (Other;, ). Formally,

USEy n = Heaty,, + Cool,, ., + Other,, ,,, (1)

Although monthly sales are measured for individual customers, the end-use components are not.
Substituting estimates for the end-use elements gives the following econometric equation.

USE,, = a + by X XHeat,, + b, X XCool,,, + b3 X XOthern,, + &, (2)

XHeat,, XCooln,, and XOther, are explanatory variables constructed from end-use information, dwelling
data, weather data, and market data. As will be shown below, the equations used to construct these X-
variables are simplified end-use models, and the X-variables are the estimated usage levels for each of
the major end uses based on these models. The estimated model can then be thought of as a
statistically adjusted end-use model, where the estimated slopes are the adjustment factors.
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Constructing XHeat
As represented in the Commercial SAE spreadsheets, energy use by space heating systems depends on
the following types of variables.

e Heating degree days,
e Heating intensity,
e Commercial output and energy price.

The heating variable is represented as the product of an annual equipment index and a monthly usage
multiplier. That is,

XHeat, ,, = HeatIndex, ,, X HeatUse,, , (3)
Where:
e  XHeat,,is estimated heating energy use in year (y) and month (m)

e  Heatlndexy, s the annual index of heating equipment
o HeatUseyn is the monthly usage multiplier

The heating equipment index is composed of electric space heating intensity. The index will change over
time with changes in heating intensity. Formally, the equipment index is defined as:

(HeatIntensity,)

Heatlndex, = HeatSales;3 X

(4)

(HeatIntensity,3)

In this expression, 2013 is used as a base year for normalizing the index. The ratio on the right is equal to
1.0in 2013. In other years, it will be greater than 1.0 if intensity levels are above their 2013 level.

kWh c ialSal
HeatSales,3 = (—) X Omm,fvf,chla 2% (5)
Sqft Heating Ze /Sqfte

Here, base-year sales for space heating is the product of the average space heating intensity value and
the ratio of total commercial sales in the base year over the sum of the end-use intensity values. In the
Commercial SAE Spreadsheets, the space heating sales value is defined on the BaseYrinput tab. The
resulting Heatlndex,value in 2013 will be equal to the estimated annual heating sales in that year.
Variations from this value in other years will be proportional to saturation and efficiency variations
around their base values.

Heating system usage levels are impacted on a monthly basis by several factors, including weather,
commercial level economic activity, and prices. Using the COMMEND default elasticity parameters, the
estimates for space heating equipment usage levels are computed as follows:
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i -0.18
WgtHDD Output Price
o) Guipie) % (Frices) ©

HeatUse,, ,, = ( .
’ HDD43 Outputq3 Price s

Where

e  WQgtHDD is the weighted number of heating degree days in year y and month m. This is
constructed as the weighted sum of the current month's HDD and the prior month's HDD.
The weights are 75% on the current month and 25% on the prior month

e HDD is the annual heating degree days for 2013,

e QOutput is a real commercial output driver in year y,

e Price is the average real price of electricity in month m and year y,

By construction, the HeatUse,,, variable has an annual sum that is close to 1.0 in the base year (2013).
The first terms, which involve heating degree days, serves to allocate annual values to months of the
year. The remaining terms average to 1.0 in the base year. In other years, the values will reflect changes
in commercial output and prices, as transformed through the end-use elasticity parameters. For
example, if the real price of electricity goes up 10% relative to the base year value, the price term will
contribute a multiplier of about .98 (computed as 1.10 to the -0.18 power).

Constructing XCool
The explanatory variable for cooling loads is constructed in a similar manner. The amount of energy
used by cooling systems depends on the following types of variables.

e Cooling degree days,
e Cooling intensity,
e Commercial output and energy price.

The cooling variable is represented as the product of an equipment-based index and monthly usage
multiplier. That is,

XCooly, , = Coollndex,, X CoolUse,, (7)

Where:

e XCool,nis estimated cooling energy use in year y and month m,
e (oollndex; is an index of cooling equipment, and
e (oolUsey,n,is the monthly usage multiplier.

As with heating, the cooling equipment index depends on equipment saturation levels (CoolShare)
normalized by operating efficiency levels (Eff). Formally, the cooling equipment index is defined as:

(CoolSharey )
Effy

(Coolsharel3/Eff13)

(8)

Coollndex, = CoolSales;3 X
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Data values in 2013 are used as a base year for normalizing the index, and the ratio on the right is equal
to 1.0 in 2013. In other years, it will be greater than 1.0 if equipment saturation levels are above their
2013 level. This will be counteracted by higher efficiency levels, which will drive the index downward.
Estimates of base year cooling sales are defined as follows.

kWh c jalsal
CoolSales 3 = (—) X | e e (9)
Sart/ cooling e sqrt,

Here, base-year sales for space cooling is the product of the average space cooling intensity value and
the ratio of total commercial sales in the base year over the sum of the end-use intensity values. In the
Commercial SAE Spreadsheets, the space cooling sales value is defined on the BaseYrinput tab. The
resulting Coollndex value in 2013 will be equal to the estimated annual cooling sales in that year.
Variations from this value in other years will be proportional to saturation and efficiency variations
around their base values.

Cooling system usage levels are impacted on a monthly basis by several factors, including weather,
economic activity levels and prices. Using the COMMEND default parameters, the estimates of cooling
equipment usage levels are computed as follows:

, ~0.18

WgtcDD,, Output Pricey,

CoolUsey, ,, = ( ym) X ( y) X (—ym) (10)
) CDDq3 Output,s Price;s

Where:

e WgtCDD is the weighted number of cooling degree days in year (y) and month (m). This is
constructed as the weighted sum of the current month's CDD and the prior month's CDD.
The weights are 75% on the current month and 25% on the prior month.

e (CDD is the annual cooling degree days for 2013.

By construction, the CoolUse variable has an annual sum that is close to 1.0 in the base year (2013). The
first two terms, which involve billing days and cooling degree days, serve to allocate annual values to
months of the year. The remaining terms average to 1.0 in the base year. In other years, the values will
change to reflect changes in commercial output and prices.

Constructing XOther
Monthly estimates of non-weather sensitive sales can be derived in a similar fashion to space heating
and cooling. Based on end-use concepts, other sales are driven by:

e Equipment intensities,
e Average number of days in the billing cycle for each month, and
e Real commercial output and real prices.

The explanatory variable for other uses is defined as follows:

XOther, ,, = OtherIndex,, ,, X OtherUsey (12)
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The second term on the right-hand side of this expression embodies information about equipment
saturation levels and efficiency levels. The equipment index for other uses is defined as follows:

Share;y pe
/ / Effy ”’e\
\Share;y pe/ /
Efff;ype

e Weight is the weight for each equipment type,
e Share represents the fraction of floor stock with an equipment type, and
e Effis the average operating efficiency.

OtherIndex, ; = Yrype Weightngpe X (12)

Where:

This index combines information about trends in saturation levels and efficiency levels for the main
equipment categories. The weights are defined as follows.

kWh CommercialSales
Weight;3"* = (522) % 12 13
gnty3 Sqft Type ZekWh/Sqfte ( )

Further monthly variation is introduced by multiplying by usage factors that cut across all end-uses,
constructed as follows:

, ~0.18
BDaysy, Ooutput Price,,
OtherUsey, ,, = ( ym) X ( y) X (—ym) (14)
: 30.44 output, Price;s

In this expression, the elasticities on output and real price are computed from the COMMEND default
values.

Supporting Spreadsheets and MetrixND Project Files

The SAE approach described above has been implemented for each of the nine census divisions. A
mapping of states to census divisions is presented in Figure 1. This section describes the contents of
each file and a procedure for customizing the files for specific utility data. A total of 18 files are
provided. These files are listed in Table 1.
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Figure 1: Mapping of States to Census Divisions

WEST

Pacific Mountain

Table 1: List of SAE Electric Files

MIDWEST NORTHEAST
West East Middle New
North Central Morth Central Atlantic |England
NH

VT

West East Ssouth
South Central South Central Atlantic
SOUTH

Spreadsheets

MetrixND Project Files

NewEnglandCom?20.xIsx

NewEnglandCom20.ndm

MiddleAtlanticCom20.xIsx

MiddleAtlanticCom20.ndm

EastNorthCentralCom20.xlsx

EastNorthCentralCom20.ndm

WestNorthCentralCom?20.xIsx

WestNorthCentralCom20.ndm

SouthAtlanticCom?20.xlIsx

SouthAltanticCom20.ndm

EastSouthCentralCom20.xIsx

EastSouthCentralCom20.ndm

WestSouthCentralCom?20.xIsx

WestSouthCentralCom20.ndm

MountainCom?20.xlsx

MountainCom20.ndm

PacificCom?20.xlIsx

PacificCom20.ndm

As defaults, the SAE spreadsheets include regional data, but utility data can be entered to generate the
Heat, Cool, and Other equipment indices used in the SAE approach. The data from these spreadsheets
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are linked to the MetrixND project files. In these project files, the end-use Usage variables (Equations 6,
10, and 14 above) are constructed and the SAE model is estimated.

The nine spreadsheets contain the following tabs.

¢ ElAData contains the raw forecasted data provided by the EIA.

e BaseYrinput contains base year Census Division intensities by end-use and building type as well
as default building type weights. It also contains functionality for changing the weights to reflect
utility service territory.

e Efficiency contains historical and forecasted end-use equipment efficiency trends. The
forecasted values are based on projections provided by the EIA.

¢ Shares contains historical and forecasted end-use saturations.

¢ Intensity contains the annual intensity (kWh/sqft) projections by end use.

¢ Annualindices contains the annual Heat, Cool and Other equipment indices.

¢ FloorSpace contains the annual floor space (sqft) projections by end use.

e PVincorporates the impact of photovoltaic batteries into the forecast.

e Graphs contains graphs of Efficiency and Intensities, which can be updating by selecting from
the list in cell B2.

The MetrixND project files contain the following objects.

Parameter Tables
e Parameters. This parameter table includes the values of the annual HDD and CDD in 2013 used
to calculate the Usage variables for each end-use.
e Elas. This parameter table includes the values of the elasticities used to calculate the Usage
variables for each end-use.

Data Tables
¢ Annuallndices. This data table is linked to the Annualindices tab in the Commercial SAE
spreadsheet and contains sales-adjusted commercial SAE indices.
¢ Intensity. This data table is linked to the Intensity tab in the Commercial SAE spreadsheet.
¢ FloorSpace. This data table links to FloorSpace tab in the Commercial SAE spreadsheet.
e UtilityData. This linkless data table contains Census Division level data. It can be populated with
utility-specific data.

Transformation Tables

e EconTrans. This transformation table is used to compute the output and price indices used in
the usage equations.

e WeatherTrans. This transformation table is used to compute the HDD and CDD indices used in
the usage equations.

e CommercialVars. This transformation table is used to compute the Heat, Cool and Other Usage
variables, as well as the XHeat, XCool and XOther variables that are used in the regression
model. Structural variables based on the intensity/floor space combination are also calculated
here.

e BinaryVars. This transformation table is used to compute the calendar binary variables that
could be required in the regression model.
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¢ AnnualFcst. This transformation table is used to compute the annual historical and forecast
sales and annual change in sales.

¢ EndUseFcst. This transformation table breaks the forecast down into its heating, cooling, and
other components.

Models
e ComSAE. The commercial SAE model (energy forecast driven by end-use indices, price, and
output projections).
e ComStruct. Simple stock model (energy forecast driven by end-use energy intensities, and
square footage).
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CONFIDENTIAL INFORMATION REDACTED
Capital Cost Summary, 2x SCCT Build

Combustion Turbine Package

Site Civil

Mechanical

Electrical

Construction Staff/Equipment

In-directs/Fee

EPC

Owner Cost

Contingency (includes 10% on EPC and Owner Cost)
Total Cost (excluding Transmission)

Transmission Projects Needed

Total Transmission Costs

Total Estimated Costs for Building 2 SCCTs at Existing Site
Total Estimated Costs for Building 2 SCCTs at Existing Site, Cost per CT

NREL SCCT Cost ($/kW)
New SCCT Capacity (MW)
NREL Cost of 1 SCCT

Existing Site 2x Cost as % of NREL Greenfield
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$309,935,429
$154,967,715

$885
234.00
$207,090,000
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