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NOTE TO USERS

The Volume VIII documentation report covers the RED model as developed
prior to its use in producing the final forecasts for the Railbelt Electric
Power Alternatives Study. During the course of making the forecasts included
in Volume I of this series of reports, it appeared to the Battelle-Northwest
researchers that including both an assumed increase in the saturations of
residential electrical appliances and a residential price sensitivity
coefficient, as reported in Chapter 5, double-counted the effect of
electricity prices cn appliance choice. Consequently, appliance saturations
were held constant at 1980 levels to do the initial residential forecast prior
to price adjustments; this was then modified by the Chapter 5 price adjustment
to incorporate the effect of price on appliance ownership and to produce the
residential forecast included in Yolume I.

Battelle-Northwest advises researchers using the RED model to use the
increasing saturations reported in Chapter 5 or the residential price
elasticities, but not both.
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PREFACE

The State of Alaska commissioned Battelle to investigate potential
strategies for future electric power development in Alaska's Railbelt region.
The results of the study will be used by the Office of the Governor to
formulate recommendations for electric power development in the Railbelt.

The primary objective of the study is to develop and analyze several
alternative long-range plans for electric energy development in the Railbelt
region (see Volume I). Each plan is based on a general energy development
strategy rcpresenting one or more policies that Alaska may wish to pursue.
The analyses of the plans will produce forecasts of electric energy demand,
schedules for developing generation and conservation alternatives, estimates
of the cost of power, and discussions of the environmental and socioeconomic
characteristics for each plan.

This report (Volume VIII of a series of seventeen reports, listed below),
presents the structure of the Railbelt Electricity Demand (RED) model. This
model, together with the AREEP model (Volume XI) and an extensive data base,
was used to produce electricity demand forecasts (reported in Volume I) for
the Railbelt. These demand forecasts provided the electric plans, also
presented in Volume I.

RAILBELT ELECTRIC POWER ALTERNATIVES STUDY

Volume I - Railbelt Electric Power Alternatives Study: Evaluation of
Railbelt Electric Energy Plans

Volume II - Selection of Electric Energy Generation Alternatives for
Consideration in Railbelt Electn'c Energg Plans

Volume III - Executive Summary - Candidate Electric Energy Technologies for
Future AppTication in the Railbelt Region of Alaska

Volume IV - Candidate Electric Energy Technologies for Future Application
in_the Railbelt Region of Alaska
Volume V - Preliminary Railbelt Electric Energy Plans




Volume VI

Volume VII

Volume VIII
Volume VIII

Volume IX

Volume X

Volume XI

Volume XII

Volume XIII

Volume XIV

Volume Xv

Volume XV

Volume XVII

-

Existing Generating Facil
Raiiha i perera ofgnlasl:aities and Planned Additions for the

Fossil Fuel Availability and Price Forecasts for the Railbelt

Region of ATaska

Railbelt Electricity Demand (RED) Mode!l Specifications
Appendix - Red Model User's Manual

Alaska Economic Pro jections for n
Requirenents for the RailbeTt — —marind Electricit

Comunity Meeting Publi

ATternatives Stu lc Input for the Railbelt Electric Power

Over/Under (AREEP Version) Model User's Manual

Coal-Fired Steam-Electric Power Plant Alternatives for the

Railbelt Region o Alaska
Natura] Gas-Fired Combi =
the RaiTbelt Region of :e:s-fa 1¢ Power Plant Alternative for

Chak achamna Hyd .
of Alaska ydroelectric Alternative for the Railbelt Region

Browne H 1 . :
Aacks roelectric Alternative for the Railbelt Region of

Wind Energy Altemative for the Railbelt Region of Alaska

Coal-Gasification Combi yc fnative for
the Railbelt Reg ion of’:?:sfa 12 Foser Plant Alternative for

vi
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SUMMARY

The Alaska Railbelt Electric Power Alternatives Study is an electric
power planning study for the State of Alaska, Office of the Governor and the
Governor's Policy Review Committee. Begun in October 1980, and extending into
April 1982, the study's objectives are to forecast the demand for electric
power through the year 2010 for the Railbelt region of Alaska and to estimate
the monetary, socioeconomic, and environmental costs of all options (including
conservation) that could be used to supply this power.

This document, Volume VIII in the series, describes the Railbelt
Electricity Demand model (RED), which is a partial end-use/econometric
forecasting model. RED has several unique capabilities: a Monte Carlo
simulator for analysis of uncertainty in key parameter values, a fuel price
adjustment mechanism that incorporates the impacts of fuel prices on demand,
and an explicit consideration of subsidized investments in conservation

measures.
Volume VIII Appendix, Red Model User's Manual, describes how the model
can be used and provides a description of the computer code derived from this

The forecasts produced by RED for the study are documented in

report.
Evaluation of Railbelt

Volume V, Railbelt Electric Power Alternatives Study:
Electric Energy Plans.
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1.0 INTRODUCTION

The Railbelt Electricity Demand (RED) forecasting model documented in
this report is a partial end-use/econometric model. Initial estimates of
total residential demand are derived by forecasting the number of energy-using
devices and aggregating their potential electricity demand into preliminary
end-use forecasts. The model then modifies these preliminary forecasts, using
econometric fuel price elasticities, to develop final forecasts of total
residential energy consumption. The model thus uses both technical knowledge
of end uses and econometrics to produce the residential forecast. The
industrial (basic) and commercial (government and support) sectors are treated
similarly, but since little information is available on end uses in these
sectors in Alaska, preliminary demand is estimated on an aggregated basis
rather than by detailed end use. Miscellaneous demand is based on the demand
of the other three sectors.

Other important features of the model are a mechanism for handling
uncertainty in some of the model parameters, a methed for explicitly including
government programs designed to subsidize conservation and consumer-installed
dispersed energy options (i.e. microhydro and small wind energy systems), and
the ability to forecast peak electric demand by load center. The model
recognizes three load centers: Anchorage and vicinity (including the
Matanuska-Susitna Borough and the Kenai Penninsula), Fafrbanks and vicinity,
and Glennallen-Valdez. It produces annual energy and peak demand forecasts
every fifth year from 1980 to 2010.

To produce a forecast, the model user must supply the model with
region-specific estimates of total nonmilitary employment and total population
for each forecast period. A few statewide variables are also required:
forecasts of the age/sex distribution of the state's population, the statewide
average annual wage rate, and the Anchorage Consumer Price Index. All of
these variables were produced by the University of Alaska Institute of Social
and Economic Research MAP econometric model; however, they can be derived from
other sources. The user must also supply estimates of prices for gas, oil,
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and electricity. Finally, the model user may select either ranges or default
values for the model's parameters and may run the model in either a
certainty-equivalent or uncertain (Monte Carlo) mede. The model then produces
the forecasts.

This report consists of 10 sections. In Section 2.0 an overview of the
RED model is presented. In Section 3.0 the Uncertainty Module, which provides
the model with Monte Carlo simulation capability, is described. In
Sectinn 4.0 the Housing Module, which forecasts the stock of residential
housing units, is described. These forecasts are used in the electricity
demand forecasts of the Residential Consumption Module, discussed in
Section 5.0, Forecasts of demand in the business sector are produced by the
Business Consumption Module, which is described in Section 6.0. The effects
of government market intervention to develop conservation and dispersed
generation options are covered by the Conservation Module, Section 7.0. In
Section 8.0 miscellaneous electricity demand (street lighting, second homes
etc.) is discussed. The Peak Demand Module, Section 9.0, concerns the '
relationship between annual electricity consumption and annual peak demand.
In Section 10.0 the Rate Model is discussed.

1.2

e —————

2.0 OVERVIEW

The Railbelt Electricity Demand (RED) Model is a simulation model
designed to forecast amnual electricity consumption for the residential,
commercial-industrial-government, and miscellaneous end-use sectors of
Alaska's Railbelt region. The model also takes into account government
intervention in the enerqv markets in Alaska and produces forecasts of system
annual peak demand. The forecasts of consumption by sector and system peak
demand are produced in five-year steps for three Railbelt load centers:

e Anchorage and vicinity (including Anchorage, Matanuska-Susitna
Borough and Kenai Peninsula)

e Fairbanks and vicinity (including the Fairbanks-North Star Borough)

e f(lennallen/Valdez (including settlements along the Richardson
Highwav).

When run in Monte Carlo mode, the model produces a sample probability
distribution of forecasts of electricity consumption by end-use sector and
peak demand for each load center for each forecast year: 1985, 1990, 1995,
2000, 2005, 2010. This distribution of forecasts can be used for planning
electric power generating capacity. The RED model is accordingly designed to
be run in tandem with a separate electric capacity plamning and dispatching
model entitled Alaska Railbelt Electric Energy Planning (AREEP) model.
Separate documentation of this model will be available in a report to be
issued in September 1982.

Figure 2.1 shows the basic relationships among the seven modules that
comprise the RED model. The model begins a simulation with the Uncertainty

‘Hodu‘le. selecting a trial set of model parameters, which are sent to the other

modules. These parameters include price elasticities, appliance saturations,
and regional Toad factors. Exogenous forecasts of population, economic
activity, and retail prices for fuel 0il, gas, and electricity are used with
the trial parameters to produce forecasts of electricity consumption in the
Residential Consumption and Business Consumption Modules. These forecasts,
along with additicnal trial parameters, are used in the Conservation Module to
model the effects on electricity sales of subsidized conservation and

2.1
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The RED model produces an output file of trial values for consumption by
sector and system peak demand by year and load center. This information can
be used bv the AREEP model to plan and dispatch electric generating capacity
for each load center and year. The AREEP model produces an estimate of the
cost of electricity, which is converted to electricity prices used to run the
RED model. If the demand level changes by more than 5%, the RED model can be
rerun in tandem with AREEP, using new prices until consistency is achieved.
Convergence (consistency or near-equality of two successive demand forecasts)
is usually achieved in two to three passes.

The remainder of this section presents brief descriptions of each
module. Detailed documentation of each of the modules is contained in
Sections 3.0 through 9.0 of this report.

UNCERTATINTY MODULE

The purpose of the Uncertainty Module is to randomly select values for
individual model parameters that are considered subject to forecasting
uncertaintv. These parameters include the market saturations for major
appliances in the residential sector; the price elasticity and cross-price
elasticities of demand for electricity in the residential and business sector;
the market penetration of conservation and dispersed generating technologies;
the intensitv of electricity use per square foot of floor space in the
business sector; and the electric system load factors for each load center.

These parameters are generated by a Monte Carlo routine, which uses
information on the distribution of each parameter (such as its expected value
and range) and the computer's random number generator to produce sets of
parameter values. Each set of generated parameters represents a "trial." By
running each successive trial set of gemerated parameters through the rest of
the modules, the model builds distributions of annual electricity consumption
and peak demand. The end points of the distributions reflect the probable
range of annual electric consumption and peak demand, given the level of
uncertainty.
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The Uncertainty Module need not he run every time RED is run. The

parameter file contains "default" values of the parameters that may be used to

conserve computation time,

THE HOUSING MODULE

The Housing Module calculates the number of households and the stock of
housing by dwelling twpe in each load center for each forecast year in which
the model is run. Using exogenous state-wide forecasts of the number of
households, household headship rates hy age, the age distribution of Alaska's
population, and regional forecasts of total population, the housing stock
modu'e first derives a forecast of the number of households in each load
center. Next, it estimates the distribution of households by age of head and
sfze of household for sach Toad center.
four tvpes of housing stock:
multifamily units,

Finally, it forecasts the demand for
single family, mobile homes, duplexes, and

= S
he supply of housing is calculated in two steps. First, the supply of

tvoe of housing from the previous period is adjusted for demolition and
compared to the demand. If demand exceeds supply,
housing begins immediately,
exists,

2ach

construction of additional
If excess supply of a given tvpe of housing

. the mode! axamines the vacancy rate in all types of houses.
'S assumed to have a maximum vacancy rate,
is first reallocated from the closest substi
types. The end result is a forecast of ocey
center for sach housing type in each forecas
to the Residential Consumption Module,

Each type
If this rate is exceeded, demand
tute housing type, then from other
pied housing stock for each load
t year. This forecast is passed

RESTDENTIAL FONSUMPTION MODULE

The Residential Consumption Modul
electricity in the residential sector
year. It does not, in general,

e forecasts the annual consumption of
for each load center in each forecast
take into account explicit government

ial electric energy conservation or

Such interventian s covered in the Conservation Module.
sumption Module employs an end-use approach that recognizes

intervention to promote resident
self-sufficiency.

The Residential Con
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nine major end uses of electricity, and a "small appliances" category that
encompasses a large group of other end uses. For a given forecast of occupied
housing, the Residential Consumption Module first adjusts the housing stock to
net out housing units not served by an electric utility for each type. It
then forecasts the residential appliance stock and the portion using
electricitv, stratified by the type of dwelling and vintage of the appliance.
Appliance efficiency standards and average electric consumption rates are
applied to that portion of the stock of each appliance using electricity. The
stock of each electric appliance is then multiplied by its corresponding
consumption rate to derive a preliminary consumption forecast for the
residential sector. Finally, the Residential Consumption Module receives
exogenous forecasts of residential fuel oil, natural gas, and electricity
prices, along with "trial" values of price elasticities and cross-price
elasticities of demand from the Uncertainty Mndule. [t adjusts the
preliminary consumption forecast for both short- and long-run price effects on
appliance use and fuel switching. The adjusted forecast is passed to the
Conservation and Peak Demand Modules.

BUSINESS CONSUMPTION MODULE

The Business Consumption Module forecasts the consumption of electricity
by load center in commercial, small industrial, and government uses for each
forecast year (1980, 1985, 1990, 1995, 2000, 2005, 2010). Direct promotion of
conservation in this sector is covered in the Conservation Module. Because
the end uses of electricity in the commercial, small industrial and government
sectors are more diverse and less known than in the residential sector, the
Business Consumption Module forecasts electrical use on an aggregate basis
rather than by end use.

RED uses a proxy (the stock of commercial and industrial floor space) for
the stock of capital equipment to forecast the derived demand for
electricitv. Using exogenous forecasts of regional income, regional
population, the rate of inflation, and interest rates, the module forecasts
the regional stock of floor space. Next, econometric equations are used to
predict the intensity of electricity use for a given level of floor space in
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the apsence of any ~elative price changes. Finally, a price adjustment
sfmilar to that in the Fesidentia Corsumption Module fs applied to derive 2
farecast of business alactricity consumotion (excluding large industrial
demand, which must De 2xogencuslv determined). The Business Consumption
Module forecasts are passed to the Conservation and Peak Demand Modules.

CONSERVATION MODULE

3ecause of the potential mpeortance of government intervention in the
market place to ancourage consarvation of enerqy and substitution of nther
forms of energy for alectricity, the RED model includes a module that permits
explicit treatment of technologies and programs that are designed to reduce
the demand for utility-generated alectricity. The module structure is
designed to incorporate assumptions on the technical performance, costs, and
market penetration of electricity-saving inmovations in each end use, load
center, and forecast year. The module forecasts the aggregate electricity
savings by end use, the costs associated with of these savings, and adjusted
consumption in the residential and husiness sectors.

The Conservation Module requires a set of off-line calculations by a
nested computer program called CONSER. These calculations are more complex in
the residential than the commercial sector, since more data are available on
residential sector conservation ootions. In the residential sector, the mode)
user supplies information to CONSER on the technical efficiency (electricity
savings), electricity orice, and costs of installation. Government market
intervention in the form of capital subsidies or Tow-interest loans is
incorporated in Towered installed cost to the consumer. CONSER then
internally calculates the internal rate of return on the option to the
rjonsumer. Tnat rate of return must exceed the passbook savings interest rate
if the option is to main assumed market acceptance. The Conservation Module
then calculates the option's pavback period for technologies considered
“"acceptable” by the user, and a payback decision rule links the payback period
fu a range of market saturations for the technologies. The savings per
installation and market saturation of each option are used to calculate

residential sector electricity savings and costs. In the business sector, the

2.6

model user must specify the technical potential for new and retrofit
energy-saving technologies. The user must also specify the range of
conservation saturation as a percent of total potential conservation. The
Conservation Module then calculates total electricitv savings due to market
intervention in new and retrofit applications and adjusts residential and
husiness consumption for each load center and forecast vear.

MISCELLANEOUS CONSUMPTION MODULE

The Miscellaneous Consumption Module forecasts total miscellaneous
consumption for second (recreation) homes, vacant houses, and other
miscellaneous uses such as street lighting. The module uses the forecast of
residential consumption (adjusted for conservation impacts) to predict
electricity demand in second homes and vacant housing units, The sum of
residential and business consumption is used to forecast street lighting
requirements. Finally, all three are summed together to estimate
miscellaneous demand.

PEAK DEMAND MODULE

The Peak Demand Module forecasts the annual peak hour demand for
electricity. A two-stage approach using load factors is used. The unadjusted
residential and husiness consumption, miscellaneous consumption, and load
center load factors generated by the Uncertainty Module are first used to
forecast preliminary peak demand. Next, displaced consumotion (electricity
savings) calculated by the Conservation Module is multiplied by a peak
correction factor supplied by the Uncertainty Module tu allocate a portion of
electricity savings from conservation to peak demand periods. The allocated
consumption savings are then multiplied by the load factor to forecast peak
demand savings, and the savings are subtracted from peak demand to forecast
revised peak demand.

The following sections describe each module of the model in greater
detail.
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3.0 THE UNCERTAINTY MODULE

RED's Uncertainty Module allows the forecaster to incorporate uncertainty
in key parameters of the RED Mode!l forecast. In other words, the impact of
uncertain parameter values is reflected in the forecast values.

RED allows generation of key subsets of the full set of parameters. It
is not practical to allow all parameters to vary on all runs of the model, as
the total number of such parameter values required for a single pass through
the model is greater than 1000. For example, if the user wanted to generate
50 vaiues for every uncertain parameter, over 50,000 values would have to be
produced. While this is within RED's capabilities, the cost of such an

exercise would be very high. Therefore, discretion is encouraged when using
this option.

MECHANLSH

A Monte Carlo routine uses the host computer's pseudo random number
generator to translate user-supplied information on a parameter, such as its
expected value, its range, and its subjective probability distribution, into
random trial parameter values. By doing repeated simulations of the model,
using several such randomly generated values of the parameter, the model will
yield electricity consumption forecasts that incorporate each parameter's
uncertainty.

INPUTS AND QUTPUTS

The Uncertainty Module requires three basic inputs:
e the number of values to be generated
® a selection of parameters to vary
e the parameter file.
The parameter file contains the default values, ranges, and (if required) the
expected value and variance of each parameter. Table 3.1 provides a summary
of the inputs and outputs of the module.
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TABLE 3.1. Inouts and Outputs of the RED Uncertainty Madule
fa) Inputs

Symbo? Variable

N Number of Values
to be generated

Input From
User Interface

{see Table 3,2) Parameter's Range, Parameter File
Variance, and

Expected Values

(b} Outouts

Symbo1 Variable Output To
(See Tahle 3,2) Random Parameter Other Modules
Values
N Number of Times Model Contral Program

Model is to be Run

MODULE STRUCTURE

An overview of information flows within the Uncertainty Module is given
in Figure 3.1, First, the Program asks whether the user would like to
generate a parameter. If the answer is no, then the default value (from the
parameter file) for each parameter is assigned. If a random parameter value

is to be generated, then the user is queried as to which parameters will be
allowed to vary,

The next step is to choose the number of values to be generated for each
parameter. This is the number of times the remainder of the model will be
run, each time with a different generated value for each parameter. Next, an
arbitrary seed for the random number generator is entered,

Next, the computer generates a random number for each value to be
produced. This is accomplished by calling the computer's "pseudo” random
number Qenerator, which generates a random number between 0 and 1. From the
parameter file, the information on the range of parameter, or (for parameters

with a normal distribution) the range, expected value, and variance are used

3.2
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FIGURE 3.1. RED Uncertainty Module

to construct cumulative probability functions for each parameter. The random
values for each parameter are then generated by applying the random numbers to
these functions.

The Uncertainty Module then passes the generated values for each
parameter to the remainder of RED. The mean and variance for each generated

parameter are also reported.
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PARAMETERS

Table 3.2 provides a list of the parameters that can be generated by the

Uncertainty Module.

TABLE 3.2. Parameters Generated by the Uncertainty Module

: Statistical
Svmbo Name Distribution
bas.‘ cas,‘ das Housing Demand Coefficients Normal
SAT Saturation of Residential Appliances Uniform
Residential, Industrial, and Combined Uniform
Support and Government Own-, 0il-Cross
and Gas-Cross Price Elasticities
RBETA Floor Space Consumption Parameter Normal
CONSAT Saturation of Conservation Technologies Uniform
LF Load Factor Uniform
3.4
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4.0 THE HOUSING MODULE

The consuming unit in the residential sector is the household, each of
which is assumed to occupy one housing unit. The Housing Module provides a
forecast of the number of households and the stock of housing by the type of
dwelling in each of the Railbelt's load centers. The type of dwelling is a
major determinant of energy use in residential space heating. Furthermore,
the type of dwelling is correlated with the stock of residential appliances.
This module, therefore, provides essential inputs for the Residential
Consurption Module,

MECHANISM

The Housing Stock Module uses assumed average household sizes to
translate an exogenous forecast of regional population into a forecast of
regional households. This forecast is then stratified on the age of the head
of household and the number of household members. The housing demand
equations then use this distribution of households by size and age of head to
predict the initial demand for housing by tvpe of dwelling. The initial
demand for each housing type is compared with the remaining stock, and
adjustments in housing demand and construction occur until housing market
clearance is achieved.

INPUTS AND OUTPUTS

Table 4.1 presents the data used and generated within this module. An
exogenous forecast of regional population and the state-wide distribution of
households by age of head is needed as input, while the module passes
information on the occupied and vacant housing stock to the remainder of RED.

MODULE STRUCTLRE

The Housing Module's structure is shown in Figure 4.1. The module begins
each simulation with a user-supplied forecast of population for the load
center, Assumed household sizes for each load center are divided into the
population to obtain a forecast of total households, which is then adjusted

4.1




TABLE 4.1, Inputs and Outputs of the RED Housing Module

{a) Inputs
Symbo | Variable Variable Input From
POP Population Forecast Population Scenario File
"'qu State Households by Age Group Forecast File
b, ¢, d Housing Demand Coefficients Uncertainty Module

(h Dutputs
Symbo 1 Variable Variable Qutput From
HDLy Occueoiad Housing Stock by Tvpe Residential Module
VH Vacant Housing Miscellaneous Module

for military demand, next stratified by age and size of household, and then
used to generate an estimate of demand for each type of housing (TY), Demand
s compared to the initial stock, resulting in new constructio; or
reallocation of demand as appropriate. The end result is a set of estimates
0f occupied and unoccupied housing units by tvpe. Finally, the housing stock
ts reinitializad for the next forecast period.

The first step in the Housing Module is %o find the number of households
In A given Railbelt Toad center, dividing the exogenous forscast of regional
poputation by the region's predicted average household size:

POP
"-&H_tx(_..s.._AH = & RHH‘T'; 1.1

where

7

total number of households

P = oooulation [axogenous)

A3 = average household size (parameter’

3R = mititary households ~esiding on hase 2x0ganous!

i = reqion subscript

B
W

forecast period subscript.

1
i
]

PR TREPPEr P
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FIGURE 4.1. RED Housing Module

On-base military households are subtracted out because they do not
significantly affect off-base housing and, since the military suoplies
electricity to them, on-base households have no impact on the residential
demand for utility-supplied electricity.

Once the total number of households in the region has been obtained, they
are stratified by the size of the household and the age of the household
head. To obtain the distribution of households by size of household, the
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total number of households is multiplied by the probabilities of four size Institute of Social and Economic Research (ISER) from Anchorage data collected
categories derived from information provided in a residential survey conducted by the University of Alaska's Urban Observatory (Goldsmith and Huskey 1980b).
in the Railbelt hy Battelle-Northwest in March and April, 1981. Tc estimate j The remaining category (duplex) is filled with the leftover households.

the distribution of househalds by the age of head, the 1970 Census ratio :
hetween the regional and state relative frequencies of age of head is assumed
to remain constant. The user supplies forecasts of the statewide age
distribution of heads of housenolds. In the Railbelt Alternatives study, this
forecast was oroduced by the MAP model. Using the state relative frequency 1
distribution, therefore, and applying the constant ratios of regional to | bangX Aggp + ba. X Agy + ba X Aoy
statewide frequencies, the mode! obtains forecasts of the regional
distribution of households by age of head.

The demand for a particular type of housing is given by the following
equations:

Wogpie = THHyp X bg +byp X Spqp + Dyp % Spip + byg % Sgqp *

(4.3)

! Wirpst = T & €+ S X Spqe * Sap * Spie * Can * Sae * O25
The joint distribution by size of household and age of head is obtained ! (4.4)
hy multiplving the two distributions: Azit * g X A3it *Chs X Adit

= o+
My, = THH,, B o - Wi = Ty % G ¥ dyy XS0 dag ¥ Tpne ™ U5, ¥ Sage
ftas = it X T, * Pits ¥ Rig (¢.2) (4.5)
a ' dos * gy * d3g X Agyp * dag X Mgge
where |
W . . i HDgsy = THH., = WDp., = HDyc., - HD (4.6)
H = number of households in an age/size class 1 Dpit L it HEl el
A = subscript denoting aggregate state variable !
. vhere
P = regional household size probability [parameter) g
% HD = housing demand
R = ratio of the regional to state relative frequenc f g :
y of age of 1 & 5 #
household head (parameter) : ot RIE AR SigIS ey
i
a=a3a f h i | -
ge of head subscript 1 S .. = HM.,..: s=1,214
A i sit - itas
s = household size subscript. : =
The demand for a particular type of housing - single family, A = 5 HH 3 a=23.4
£ 32 i 3 3y » LA
multi-family, mobile home, or duplex - is hypothesized to be a function of the at éga ras
si 1
hoze o 1the household and the age of the head (which serves as a proxy for MF = index for multifamily
usehold wealth)., Equations projecting demand for three of the types of : i
housing [sinale family, multi-family, mobile homes) were estimated by the ! il e i by

DP = index for duplex
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2 = index denoting the age of household head
a=1 <25
a=2 25-29
a=73 30-54
a=4 55+
5 = index denoting the size of household
s=1 <2
s =2 3
s =3 4-5
s=4 A+

b, ¢, and d are parameters from the Uncertainty Module.

The model then adjusts the housing stock and housing demand so that the
housing market is cleared. Initially, the housing stock is calculated as the
previous period's stock net of demolition:

HSryit = WSryireq) X (1 - ry) (1)

where

HS = housina stock
TY = index denoting the type of housing (SF, MF, MH, and DP)

r = period specific removal rate (parameter).

Net demand for each type of dwelling is defined as the demand minus the
housing stock:

ND HD

Tyit™ Mryie = HSpyie (4.8)

where
ND = net demand.

If net demand for all types of housing is positive, then new construction
immediately occurs in sufficient quantity to meet the net demand plus an

equilibrium amount of vacancies required to ensure normal functioning of the
housing market:

4.6
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e

NCryit = NDpyie * Vry X (HSqyqp + MOy ) (4.9)

where

NC = new construction
v

normal vacancy rate (parameter).

The equilibrium vacant housing stock is the "normal” vacancy rate times the
stock of housing.

If the net demand for a particular type of housing is negative, however,
then the vacancy rate for that type of housing has to be calculated:

1yt

AV =1-
S Yit

(4.10)

where
AV = actual vacancy rate.

If the actual vacancy rate is greater than its assumed maximum, then the
excess supply of that particular type of housing is assumed to drive down the
price of that type of dwelling. Individuals residing in other dwellings could
be induced to move to reduce mortgage or rent payments. An adjustment to the
distribution of housing demands, therefore, is appropriate.

Substitution occurs, if possible, within groups of housing that are close
substitutes (single-family and mobile homes; duplexes and multifamily). If
not enough excess demand exists from the close substitutes to fill the
depressed market, then substitution occurs from all types. The procedure is
as follows:

1. The number of excess vacancies within a type is calculated by
subtracting the housing demand from one minus the maximum vacancy
rate, times the stock.

2. The number of substitute units available to fill the excess supply
is given by subtracting one minus the normal vacancy rate, times the
close substitute stock from the close substitute demand.
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3. The minimum of 1 or 2 is subtracted from the complementary housing
demand and added to the depressed demand.

4. [If excess supply persists (the actual vacancy rate is above its
assumed maximum), then the above procedure is repeated, only the
number of housing units available is iiow calculated using maximum
vacancy rates and all types of housing where the actual vacancy rate
is less than their assumed maximum. The available units are then
allocated based on normalization weights of the number available by
type.

The final outputs of this module are occupied housing by type (”Drm:
and unoccupied housing: ‘

VH = HS - HD (4.11)
it %: (T'lit TYit)

where

VH = total vacant dwelling units.

PARAMETERS

Table 4.2 preserts the average household size parameters for the forecast
periods by load center. The values for 1980 were derived from 1980 Census of
Population (Bureau of Census 1980c). Average household size has declined
significantly in the past ten years. Continuity in this trend is anticipated,
but the rate of reduction is believed to be more moderate than in the past.
The future values of household size in the three Railbelt load centers,
therefore, were reduced from the 1980 levels to converge on the predicted
statewide housenold size in the year 2010 (which is 2.443).

The number of on-base military households, presented in Table 4.3, is
assumed to remain constant over the forecast periods. The level of military

activity in Alaska has stabilized, and little indicates that a major shift
will occur in the future.

4.8

TABLE 4.2. Average Household Size in Railbelt Load Centers, 1980-2010

Year Anchorage Fairbanks Glennallen-Valdez
1980(2) 2.834 2.812 2.843
1985(2) 2.769 2.751 2.776
1990'2) 2.704 2.689 2.710
1995(2) 2.638 2.628 2.643
2000'2 2.573 2.566 2.576
2005¢2) 2.508 2.505 2.510
2010'2) 2.a43 2.443 2.443

(a) Based on assumption that average household size
linearly falls to the predicted statewide household
size in 2010.

TABLE 4.3. Number of Military Households Assumed to Reside on Base
in Railbelt Load Centers

Anchorage Fairbanks Glennallen-Valdez
3,212 3,062 0

Source: Supplied by the Institute of Social
and Economic Research, University
of Alaska.

Tables 4.4 and 4.5 present the parameters used to dJerive the joirc
distribution of households by size and age of head. The baseline figures for
the probability of size parameters were derived from the Battelle-Northwest
end-use survey. Those parameters were adjusted to linearly approach the 1977
Western Regional average household size of 2.6 (Bureau of Census 1977) by the
year 1992, then continue to change at the same rate for the remainder of the
period. The ratio of regional to statewide frequency of age of head was
derived by ISER. These ratios are assumed to remain constant.

The housing demand parameters were estimated by ISER using a linear
probability mdel.‘” The expected values in Table 4.6 are the estimated
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TABLE 4.4.

_—

()

Year
19802/

19850}

1990

1995(0)

2000'2)

2005'0)

2010'P)

Source:

Regional Distribution by 199

Probability of Size of Household in Railbelt Load Centers

Size
<2

4-5
<2
4-5
b+
<2
4-5
<2
4-5
<2
4-5
<2

4-5
6+

Battelle-Northwest
The distribution is assumed

End-Use Survey.
to linearly approach the 1977 Western
2 (Bureau of Census 1977).
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Anchorage Fairbanks Glennallen-Valdez
0.476 0.455 0.426
0.190 0.210 0.1%0
0.291 0.287 0.341
0.042 0.048 0.043
0.515 0.515 0.463
0.182 0.152 0.185
0.262 0.262 0.309
0.041 0.041 0.042
0.553 0.553 0.501
0.174 0.174 0.180
0.233 0.233 0.277
0.040 0.040 0.042
0.591 0.591 0.538
0.165 0.165 0.176
0.205 0.205 0.245
0.039 0.039 0.041
0.629 0.629 0.575
0.157 0.157 0.171
0.176 0.176 0.213
0.039 0.039 0.040
0.667 0.667 0.612
0.149 0.149 0.166
0.147 0.147 0.182
0.038 0.038 0.040
0.705 0.705 0.650
0.140 0.140 0.161
0.118 0.118 0.150
0.037 0.037 0.039

[ er——

TABLE 4.5. Regional Frequency of Age of Household Head
Divided by the State-Wide Frequency

Age of Head Anchorage Fairbanks Glennallen-Valdez

<25 1.07 1.45 0.56
25-30 1.02 1.12 0.76
31-54 1.02 0.97 1.02

35+ 0.80 0.69 1.49

Source: Supplied by the Institute of Social and Economic
Research, University of Alaska.

coefficients reported by ISER. The ranges were calculated as the width of the
95% confidence intervals, whereas the variance was backed out of the reported
F statistics.

Table 4.7 presents the assumed normal and maximum vacancy rates by type
of nouse. [SER (Goldsmith and Huskey 1980b) derived the normal vacancy rates
by taking the ten-year U.S. averages of vacancy rates for owner and renter
units. Single-family and mobile homes have the owner rate; multifamily homes
have the renter rate; and duplexes are the average of owner and renter rates.
For the maximum vacancy rates, Anchorage multifamily rates were available.
The relationship between the normal rates for multifamily and all other types
was used to derive the maximum rates.

Housing demolition rates (Table 4.8) are a function of the age of the
housing stock and the demand for housing. ISER found that approximately one
percent of the housing stock was removed between 1975 and 1980 in Anchorage
and Fairbanks (Goldsmith and Huskey 1980b). As the existing stock ages, the
removal rate is assumed to grow towards the U.S. average, which has been
estimated to be between 2 and 4% per forecast period (5 years).

The housing stock figures displayed in Table 4.9 are those derived by
ISER for their end-use model. The numbers have been adjusted to reflect the
total stock, not only stock served by an electric utility.
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; TABLE 4.7. Assumed Normal and Maximum Vacancy Rates by Type of House
TABLE 4.6. Housing Demand Equations: Parameters' Expected Value, ] (Percent)
Range, and Variance 3

I'hrm?1 HaxiTgT
Parameter Expected Value Range Variance 3 Type Rate(2) Rate

b, 0.461 -—- - Single Family 1.1 3.3

b4y -0.303 0.142 0.001 Mobile Home 1.1 3.3

Do -0.175 0.152 0.001 ‘ Duplex 3.3 10.0

Daa 0.080 0.230 0.003 : Multifamily 5.4 16.0

l:a25 0.182 0.205 0.003

LE 0.317 0.182 0.002 (a) Imputed by EER f‘|)'um Bureau of

the Census (1980a).

O4s 0.380 0.226 9003 J (b) Imputed by ISER from Anchorage

. 0.383 - . Real Estate Research Committee

() . { (1979).

a1 0.225 0.124 0.001 i

‘a2 0:080 0123 0001 $ TABLE 4.8. Assumed Five-Year Housing Removal Rates in Railbelt Region,

g -0.090 0.202 0.003 i 1980-2010 (i_’ercent_nf Housing Stock at Beginning of Period

S ~0.203 0.180 0.002 ; Removed During Period)

3¢ -0.280 0.159 0.002 i Removal

Years Rate (percent)
Ca -0.352 0.198 0.003 e
] 1980-1985 1.25

:D 0.097 - -- 1985-1990 1.50

al 0.068 0.101 0.001 1990-1995 1.7%

;‘az 0.039 0.109 0.001 1995-2000 2.00

24 0.014 0.159 0.002 { 2000-2005 2.25

325 0.008 0.152 0.001 ] 2005-2010 2.50

Is -0-020 0.130 0.001 ! Source: Author Assumption.

d'%s -0.016 0.162 0.002

Source: Goldsmith and Huskey 1980b, Table B.6.
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TABLE 4.9.

Railbelt Housing Stock by Load Center and Housing Type, 1980
{number of units)(a)
Type Anchorage Fairbanks Glennallen-Valdez
Single Family 37,422 9,200 665
Mobile Homes 9,239 2,475 904
Duplexes 5,871 1,397 270
Multifamily 19,061 5,265 266
Total 71,593 19,037 2,105

fa) A unit is occupied by one household. Thus, a d-plex is
considered four housing units.
Source: Goldsmith and Huskey 1980b, Table C.16, C.17, C.18.
These fiqures have been adjusted to reflect the total
stock, rather than units served by electricity.
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5.0 THE RESIDENTIAL CONSUMPTION MODULE

The purpose of the Residential Consumption Module is to provide forecasts
of residential consumption of electricity. Consumption of electricity is not
the instantaneous demand for electricity; rather, it is the guantity of
electricity (kWh) required to meet the customer's needs over a period of
time. The forecasts of the needs of the residential sector do not include the
impacts of conservation produced by market intervention by government. The
potential for and impacts of such conservation activities are handled in the
Conservation Module. Furthermore, the module's forecast of residential
requirements is the amount of electricity that needs to be delivered to the
residential sector - it does not include allowances for line losses.

What this module does do, however, is estimate the amount of electricity
residential consumers use, with explicit consideration of the impacts of
electricity price changes and fuel switching between electricity, gas, and
o0il. Impacts of fuel switching to and from other fuels (such as wood) are
kandled in the Conservation Module.

MECHANISM

The Residential Consumption Module employs an end-use approach. In an
end-use analysis, the first step is to identify the major uses of
electricity. Future market saturations of the uses are forecasted so that the
future stock of electricity-consuming devices is defined. The next step is to
estimate the amount of electricity demanded to meet a future demand for the
services of the devices. The forecast of average consumption of the appliance
stock, therefore, reflects both the trend in the size of the device and its
utilization rate. Once the stock of major electricity-consuming devices and
their corresponding average annual per unit consumption of electricity are
forecast, the future consumption of electricity by device type is obtained by
multiplying the number of devices by their predicted annual average
consumption of electricity. Using the same procedure for miscellaneous
residential uses and summing over all end-uses yields an aggregate forecast of
electricity requirements.

5.1




One major problem of the end-use approach is that the impacts of changes
in fuel prices (both electricity and alternatives) and income on eiectricity
usage are usually treated directly through the forecaster’'s judgment. The RED
Residential Consumption Module addresses this problem differently. By
adjusting the aggregate residential consumption figure with price and
cross-price elasticities of demand derived econometrically from actual
consumption data, RED accounts for price change and fuel-switching impacts in
the residential sector.

INPUTS AND OUTPUTS

Table 5.1 oresents the inputs and outputs of the module. The number of
households hy dwelling type is the number of occupied dwelling units by type
predicted in the Housing Module. The short-run and long-run price and
cross-price alasticities, as well as the appliance saturations, are generated
in the Uncertainty Module. The output of the module is preliminary
rasidential sales of electricity.

TABLE 5.1. [Inputs and Outputs of the RED Residential Module

fa) Inputs
Symbol Variable From
HPTV Households by Type of Dwelling Housing Stock Module
E, CE Price Elasticities Uncertainty Module
SAT Appliance Saturations Uncertainty Module
(b} Outputs
Symhol Variable To
RESCON Residential Electricity Miscellaneous, Peak Demand

Requirements and Conservation Modules

MODULE STRUCTURE

The Residential Consumption Module identifies the following major uses of
electricity in the residential sector:

5.2
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Water Heating
Cooking

Refrigeration

Freezing

Clothes Washing (and additional water heating)
Clothes Drying

Dishwashing (and additional water heating)

Saunas-Jacuzzis
Space Heating

2 X N DB Wy~

In addition, several additional uses of electricity by households are captured
hy a small appliance category. Small appliances include televisions, radios,
lightina, head-bolt heaters, kitchen appliances, heating pads, etc. The basic
premise of this module is that the household is the primary consumer of
electricity, not the individual. However, the number of incividuals in the
household sianificantly affects the consumption of energy for clothes washing,
clothes drying, and water heating. Therefore, there is an adjustment in the
model for changes in the average household size to recognize the impact of
such changes on the usage of these appliances.

For the nine major uses of electricity, the end-use approach is used (see
Figure 5.1}, Figure 5.1 shows the calculations that take place in the
Residential Consumption Module. Beginning with a regional estimate of
occupied housing stock by type, the module uses appliance market saturation
parameters to estimate the stock of each of the major appliances recognized by
the model. The module then calculates the initial fuel mode split for
multifuel appliances, calculates preliminary electric consumption for each
appliance type (including small appliances), and then sums these estimates
together into a preliminary consumption estimate for the residential sector.
Price forecasts for gas, oil, and electricity and "trial"-specific own-price
and cross-price elasticities are used to adjust the preliminary forecast.

Results from the Battelle-Northwest (BNW) end-use survey show significant
differences in the saturations of these ninc end uses by the tvpe of dwelling
in which the household resides. The module, therefore, uses the number of
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occupied housing units of each type of dwelling [single family, multifamily,
mobile home, and duplex) as predicted by the Housing Module as one of the
inputs to estimate the stock of appliances.

The Housing Module, however, merely predicts the number of occupied
pr1mary{a‘ residences by type in a given region, not the number of units
served by electric utilities. By multiplying the number of occupied housing
units by type by an assumed percentage served, the Residential Consumption
Module forecasts the number of primary occupied housing units served:

HHSTyip = SEqp X HDpyse (5.1)

where

HHS = households served
TY = denotes the type of dwelling
SE = proportion of type served by an electric utility
HD = stock of occupied dwellings from the Housing Module
i = region subscript
t = forecast period (t =1, 2, 3, ..., 7).

Once the number of electrically-served households by type of dwelling is
known, the applicance stock can be estimated. The saturation rate for an
appliance is the percentage of households residing in a certain type of
dwelling and having the appliance in question. By multiplying the
honsing-type-specific saturation rate by the number of households residing in
that type of housing and then summing across housing types, the model
forecasts appliance demand in each future forecast period t:

4

Ay, = %;1 (SATryipx * HHSpyge) (5.2)

(a) Excluding second or recreation homes.
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where i EAD.y\ = FMS,, % ADL,. (5.6)

AD = appliance demand
SAT = saturation rate (parameter) i where

E = endiuse oupThince | EAS = initial stock of electric appliances

| FMS = fuel mode split
Next, the model calculates the number of additions to the stock in the | ENA = additions to the electric appliance stock

future. Assuming demand is fully met, the number of new appliances ‘ EAD = total electric appliance stock.
in period t is found by calculating the stock of appliances surviving from all |

¢ : . . . The Resi i ion Modul
previous periods and subtracting this surviving stock from appliance demand: esidential Consumption Module next calculates the average annual

electricity consumption of each major appliance. Different vintages of
t-1 appliances use different amounts of electricity, so the average consumption
_ - m = 0 | .' R 4
NA = lmitk 5 5:'1 M imkc Q. dtk] = Asiok x (1 dtk) (5.3) must reflect the vintage composition of the stock. Furthermore, industry
L energy efficiency standards for appliances could change in future years. The
future vintage specific consumption rate can be derived by multiplying the

where current (1980) consumption rate by a growth factor and adjusting for any
NA = number of new appliances changes in efficiency standards. By weighting these figures by the proportion
Asiok = initial stock of appliances (1980) of the stock they represent, the average consumption of each appliance type in
a forecast year is derived:
dnt'k = vintage speciric scrap rate in period t; for vintage m
(parameter) (m =1, 2, 3, ..., 7). 0
B o (1-‘1,ck (m-1) x Z
Equation 5.3 can be rearranged so that the stock equals the demand: ACipy = ACiok * ok t Zl ACiok * (1+g.) X
i m=
t ENA, . (1-dT )
~ 0 ; E
ADjpy = ASjg x (1 - dyy) + 3 Mg x (1 - dfy) (5.3') (1-csqy) x ok T’ (5.7)
el itk
The future appliance stock, therefore, can be stratified by vintage. Next, where
the model calculates the initial stock of electricity-consuming appliances by
§ : ACiei = rage consumption of appliance k in period t (parameter)
multiplying the number of appliances in each vintage by the percentage using TR = Berag U pe P P
electricity: Aciok = average consumption of appliance k in the beginning period
(parameter)
EAsiok = Fnsik X Asfok (5.4) I = length of forecast periods t and m in years (parameter) set
equal to 5 for this study.
E"ATrllk = F“Sik X Mimk (5.5)
|
5.6 { 5.7
{
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g = growth rate of appliance k consumption (parameter)

cs = conservation standards target consumption reduction
[parameter)

Finally, the preliminary consumption for each major appliance can be
calculated by multiplying the stock of each appliance by its calculated
average consumotion:

CONS ey = EAD;yy X AC4y, (5.8)

where

CONS = preliminary consumption of electricity prior to price
adjustments.

The Residential Module makes no distinction among the various types of
appliances in the small appliance category. The requirements for these units
are simply the product of the number of households in the region, the initial
consumption Tevel, and a growth factor in consumption over time:

CONS i4sa = ,EY WSy X [“ciosa * (ACBjpca X X z)] (5.9)

where

ACG = growth factor in small appliance consumption
sa = index denoting small appliances.

Total preliminary residential consumption is found by summing across end
uses:

9
RESPRE, = 51 CONS ;. + CONS; 4ca . (5.10)

where

RESPRE = total preliminary residential consumption.

5.8
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RESPRE“ reflects mainly the physical characteristics of the stock of
electrical appliances. Consumers, however, can respond dramatically to
changes in the prices of electricity and alternative fuels. The own- and
cross-price elasticities of demand measure the responsiveness of consumers to
price changes. Specifically, the own-price elasticity of demand is the ratio
of the percentage of change in the quantity taken of a good to the percentage
of change in the price of the good relative to the prices of other goods. If
this ratio is less than -1 (for example, -2), then the demand for the good is
said to be elastic. In this case, consumers are fairly responsive to price,
as they reduce the amount they purchase by more than the relative increase in
price (in percentage terms). Similarly, the demand is said to be inelastic if
the elasticity is between -1 and zero, in which case the change in gquantity is
less than the relative change in price (again in percentage terms). In simple
terms, the own-price elasticity measures the responsiveness of consumption of
a good to changes in the price of the good.

The demand for electricity is also a function of the prices of
alternative fuels. The cross-price elasticity of electricity measures the
responsiveness of the quantity of electricity taken with respect to change in
the price of another fuel. In other words, the cross-price elasticity
predicts the percentzge change in the quantity of electricity taken for a
one-percentage change in the relative price of an alternative fuel.

If the cross-price elasticity is positive, then the fuels are said to be
substitutes. As the orice of another fuel rises, the guantity taken of
electricity rises. For example, natural gas and electricity are substitutes.
If the price of gas rises enough relative to the price of electricity, then
some natural gas customers will switch to electricity. If the cross-price
elasticity is negative, the fuels are complements, and increases in the price
of the alternate fuel will cause reductions in the amount of the electricity
that is taken.

Distinguishing between short-run and long-run responses to price is
possible. In the short run, or the immediate future, consumers cannot alter
their usage as much as over longer periods of time, since their stock of
appliances is fixed. Over a longer period of time, they can replace elements

5.9




of their stock with devices that use less electricity, or perhaps use another

fuel source. Therefore, making the distinction betwezn the short-run and the
long-run elasticities is important.

The elasticities generated in RED are aged over the forecast period from
their short-run values to their long-run values, thus explicitly modeling con-
sumers' changing the pattern of use in the short run and fuel switching in the
Tong run. The Uncertainty Module generates both the short-run and long-run
values of the elasticities for specific trials. Since RED produces a forecast
only every five years in the current study, the transition from the short-run
to lona-run value 1s rather abrupt. Specifically, the transition time is
assumed to be seven years. If a price change occurs in the first forecast

vear, ir the next forecast period the elasticity is 5/7 of the way from the
short-run value.

The actual calculation is as follows:

asscm“ = I!ESI’REit X OPA‘.t x CPA“ (5.11)

E 5
DPAit = (F:_:f:_‘e)sa X (:‘_(ﬂu (ESR 7 (ELR ! ESR)

i(t-2) e
(5.12)
b ER
% i(t-2) e
\ io e
CE, 5
oPA P ito = Pitt-1)0 (CEUS" t7 (CEDI-R - CEoge)
o = X =
it Pite-10 ift-Z]U)

CE
[ CE
" (ss:-zm) L ( Pitg ) GSR 5

o0 i(t-1)6

(43 5 R
2 (’:;t-na)( ask * 7(CEgm CEssg) x (p1 t-z)e)CEGLR

(t-2)6 106

5.10

where

RESCON = consumption of electricity in the residential sector
OPA = own-price adjustment
CPA = cross-price adjustment
P = price
E = own-price elasticity
SR = denotes short-run value
LR = denotes long-run value
CE = cross-price elasticity
0 = index denoting oil
6 = index denoting gas
e

index denoting electricity.

RESCON is the predicted electricity consumption in the residential sector
before adjustments for subsidized conservation. This figure is passed to the
Peak Demand and Conservation Modules.

PARAMETERS

The percentage of households served by an electric utility (Table 5.2) is
an important parameter. ISER has estimated that only 91% and 71% of the
occupied housing in Fairbanks and Glenallen-Valdez were connected to an
electric utility (Goldsmith and Huskey 1980b). DOue to the high emphasis the
state legislature and governor have placed on energy, the extension of
electrical service to all who would like service is highly probable.
Therefore, electrical services are assumed to be extended to the entire stock
of housing in the Fairbanks and Glennallen load centers by 1995.

Appliance Saturations |

Because historical growth and comparison with the lower 48 provide weak
quidance on both current and future market saturations of major appliances,
somewhat arbitrary maximum penetration rates necessarily have been assumed,
for which wide bands of uncertainty have been specified. Market penetration
for most appliances is already outside the bounds of lower 48 experience and
shows no signs of slowing down. However, many of the major a2ppliances most
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TABLE 5.2. Percent of Households Served by Electric Utilities in
Hailbelt Load Centers, 1980-2010
- LQURe L] 1weg
Year Anchorage Fairbanks Glennallen-Valdez B o el B e AR
1) < @8 Zarsem 228
1980 100 91 7 So =
1985:"’ 100 a3 80 3R
B) 25 = - D000 O0O0 ®"OOO
9902 100 % % 28 B SS3cd8s ~Sag
1995 100 100 100 ]r: A
[ (I
mmfh: - kBt i 35 | issssss sss8s
2005'" 100 100 100 ey Y “FrE259 SSSn
,Om"bl 100 100 100 £ 5 i SRS R: 2aaca
3 %
T__ 5 o = =
a Em;;ceé 1E:s;q::ndsuntn and Huskey 1980b, Table C.13, E: "i S ooco )
C.14, C.13. ¥ o
[b) The state is assumed to extend electrical service to == 'z‘hu & § g8 .S. _8. g § § § g
all residents by 1995, 5.'5
(-4
;g 13RREER 1mus
Tikely will never reach 100% market saturation for a variety of reasons, such EE £ ] BRI BE3
as transient population, convenience of substitutes 1ike laundromats, small -s’; 2
housing units, etc. The assumptions in this secton reflect a compromise -;-:: f;z NNW NS00 wQww
between rapid historical growth in appliance stocks in Alaska and approaching §..,':‘ Gl R S83838 =358
boundaries on market saturation. 52
& o
-— A .
Tables 5.3 through 5.6 show the default value and range for future market w :5{ ' §. §. § g §. §. ' § §. §.
saturations of major appliances that can use one of several fuels in normal Se ES $282%23 SRR
'] s -
home installation. The table values are the expected percentage of housing 25 £
- < % - - 3 =
::;:s ufda given type that will fnave the appliance in a given year and market E_'E_ ii :“. moco oo :.',. oo o
» and the subjective uncertain range that can be used instead of the oL 222 2aa 828%
default value if the Monte Carlo option is used. The table title indicates "52
the type of house. The assumptions for each type of appliance are given e gggegss 288 &
below. =, ,J LR A ;g &g 2322
Hot Water :|
e ———— - w
Hot water was available in nearly 99% of single-family homes in the = g § E
Anchorage market area, according to the Battelle-Northwest end-use survey. It 2 2 f
'8
j 3 -
=l m d

5.12
5.13

15-20
15-25
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40.0
.0

13.6
17

3

35.0
21.0
25.0
30.0
35.0
40.0

99-100
99-100
99-100
99-100
99-100

99-100

.

00.0

100.0

100.0

100.0'2)

100.0
100.0
100.0

92-98
87-93
87-95
91-95
92-98
92-98

92-98
92-98

95.0
95.0

87.1
89.0
91.0
93.0
95.0
95.0
95.0

95.0

98-100
98-100
98-100

88-92

92-98
98-100
98-100
98-100

99.0
99.0
89.1(2)
95.0
97.0
99.0
9.0
99.0

2000
2005
2010
1980
1985
1990
1995
2000
2005

2010

Valdez
(a) For hot water and cooking, missing values on the Battelle-Northwest survey were not counted.

c. Glennallen-
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is assumed that 99% s a maximum for two reasons: the market saturation of

o
2 gl RERFLR 128R9%S ! EEESE E hot water in the Western U.S. was 99% in the 1970 Census (Bureau of Census
35) s2gRds PTSRRLER °CS2RER F 19701; and Alaska can be expected to have rural cabin-like structures with
E = " limited electric service for some time to come. In the Fairbanks and
E% 5';;: e s s o s ~cceseoe sgeage E Glennallen-Valdez market areas single-family saturations are projected to
.‘_”E:‘-‘ EE arocwQEeo TNoEQRg CP2AERRS = increase to the Anchorage level by 1990 and 2000, respectively. The end-use
§g E; survey and 1970 Census both show saturations in the vicinity of 90% in these
=+ u ' E588BE 888888 888888 ‘ég areas. Increasing urbanization in these two areas and better electric service
2 85 228s8s 222588 gE88gg v- should increase this percentage. Glennallen will remain sufficiently rural,
?—;E ‘§’ T T T Tttt ST T T _5_.§ however, to keep the pace somewhat slower.
-— -
;‘,g §?§ ; o gl ; ; ; ; - ; ; ; g ; ; ; ; ; g Eé‘ The other twpes of structures in the Battelle-Northwest survey showed
EC 23 TEEZE:Z= S2=2=2SE=2 SESZ2E2Z2¢ £= market saturations of nearly 100% in all market areas. The exception was
';E ‘eg multifanily housing. However K the wording of the guestion in the survey upon
ST % TE2E383 ERNERES E282288% ‘"-;» which this calculation is based may have been interpreted as asking whether
ST o= weBE8F S3IRBEE RRBBES go the respondent had a hot water tamk in his unit rather than (as was intended)
3 % E_ = ;: whether he had hot water available. A 100% market penetration for hot water
== 23 ~nocweoccocog oo s e e “;q woweeoao ;E | in duplexes and multifamily buildings was assumed. Mobile homes were
gé CBlRZSTESEE CERBEBER LRERBER gz considered the same as single-family units.
- = awn
S |y 'Eesgss 1288888 1288888 8% | B
e={l | Tl e e R refr it e M
o E 5=l EEEEEE ESS8EESg B8BESBE =% The Battelle-Northwest survey and 1970 fansus (Bureau of Census 1970)
i/ '=.°,| = [ both show Railbelt market saturations for clothes driers far above the U.S.
‘éE §=! Ec ) = = :. EE | average. Information available from the 1980 U.S. Statistical Abstract for
- = == c - - - :
2= =E SEcsssss ssse88 g ; ; ; s ; ; ; .z 1979 shows about 61.5% of eh-actﬂcal‘ly served housing units have an electric
=5 S S = el I or gas drier (up from 44.6% in 1970) (Bureau of Census 1980b). In contrast,
*a 35 ; the Battelle survev showed market saturations ranging from 61% in Fairbanks
£< EI g % § E g g g g g % g E g g g88¢8 g E ‘E ;‘g I4 multifamiuly structures to 100% in Glennallen-Valdez multifamily
e B | E; i structures.r“ Sinqle-family drier saturations ranged from 81% in Fairbanks
o 2 P § ! Eg;ﬁ to 90% in Anchorage. Because Alaska already has such high saturations, the
E ‘E E E -:,g ,'E ‘ y a:g forecast is outside the bounds of historical experience. A reasonabie guess
= g : i IS
§ : : t =z (a) The 100% figure is believed to be an anomaly caused by the small group of

multifamily housing units sampled in the Cooper Valley Electric
Assocfation (CVEA) market area. The true figure was assumed to be 75%.
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is that no more than about 95% of single-family homes, mebile homes, and
duplexes will ever have driers because of the availability of laundromats and
because of the room taken up by washer-drier combinations in small housing
units. For multifamily units, penetration is assumed to be much slower
because of the space problem. Since washers and driers are now installed in
pairs in most new housing, market saturations for driers (which are now about
2% below those for washers in most areas) will approach that for washers as
6ld housing stock is replaced. In general, the lower the existing saturation,
the greater is the uncertainty concerning its future growth rate. The
uncertainty is reflected in wider ranges used in Table 5.7 for multifamily
unit clothes driers,

Cooking Ranges

The Battelle-Northwest end-use survey indicated that between 96 and 100%
of all households surveyed had a range avuilable. The difference between 96
and 100% may be caused by the substitution of hot plates and broiler ovens
(for which estimated national saturation in 1979 was about 26%) and microwave
ovens (for which the estimaied national 1979 saturation was 7.6%). Therefore,
100% of all units currently are assumed to have cooking facilities available
by 1985. This percentage holds throughout the period.

Saunas, Jacuzzis, Etc. (a)

These units are a relatively new phenomenon in private homes, almost all
having been installed since 1970. The Battelle-Northwest end-use survey found
market saturations ranging from zero to 17%, depending on market area and
housing type. Fourteen percent of Anchorage single-family households reported
having one of these units. Among single-family homes built since 1975, the
saturation was 21%. The 21% has been used as a target saturation on which
other groups of housing will converge by 1990 through new construction and
retrofit. The inflation-adjusted cost of saunas and Jacuzzis, whirlpools,
etc. are expected to drop somewhat as it does with any new appliance type.
This could lead to much higher market saturations than currently exist. A

(a) Including hot tubs, whirlpool baths, and “total environment” units.
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ge Electric Appliances in Single-Family Homes,

Market Saturations (Percent) of Lar
Railbelt Load Centers, 1980-2010

TABLE 5.7.

Clothes Washers

Dishwashers

Freezers

au
91.7

ange

Year

Load Center

anqge

ange

1980

1985

90-94

78.2

85-95
85-95

88.3

100.0

100.0

a. Anchorage

92.0
92.5

85.0

90.0

98-102
98-102
98-102
98-102
98-102

98-102

90-95

85-95
85-95

90.0

100.0

1990
1995

91-96
92-98

92-98

92-98

93.7

85-95

90.0

100.0

95.0
95.

85-95
85-95
85-95

90.0

85-95
85-95
85-95

90.0

90.0

100.0

95.0

90.0

90.0

100.0

2010

84.9

84.9

98-102
98-102
98-102
98-102
98-102

1980 100.0
98-102

b. Fairbanks

85-90
90-954

86.0
87.

75-85
85-95

.0

79

86-90
85-95
85-95
85-95
85-95

100.0 88.0
00.0 90

1985
1990
1995

92.5

B5-95
85-95

90.0

90.0

92-98
92-98
92-98

95.0

90.0
90.0

90.0

. 90.0
100.0

2000
2005

95.0

85-95
85-95

90.0
90.0

95.0

85-95

100.0

2010

88-92

90-95

87.1

1980 100.0

1985

c. Glennallen-

90.0

80-90

85.0
85-95

91-95
85-95
85-95
85-95
85-95
85-95

93.0

98-102
98-102
98-102
98-102
98-102

98-102

100.0

Valdez

92.5

90.0

90.0
an.o
90.0
90.0

2

100.0

100.0

1990
1995
2000
2005
2010

91-96
92-98
92-98

93.7

85-95
85-95

90.0
90.0
0.0

95.0

00.0

100.0

95.0

85-95
85-95

92-98

95.0

90.0



P ——————

A S e

very wide range of uncertainty is indicated, whereas the default saturation
for saunas and jacuzzis is projected to be double the current level for new
single-family homes by the year 2010.

Tables 5.7 through 5.10 indicate default market saturations and ranges of
values for large household appliances that are almost always electric. These
include refrigerators, freezers, dishwashers, and clothes washers. The table
title indicates the housing type, and the table values show an expected market
saturation for each appliance by market area and year. The ranges shown in
the tables reflect the degree of uncertainty attached to the default value.
The wider the range, the greater is this subjective uncertainty. The

assumptions supporting the table values are given below by appliance.

Refrigerators

The Battelle-Northwest end-use survey found that virtually 100% of
households had a refrigerator. The California Energy Commission found in 1976
that enough housing units had second refrigerators to raise total California
market saturation to 113 to 116%. ISER, in their report to the Alaska State
Legislature (Goldsmith and Huskey 1980b) assumed that this high percentage

would Tikely not prevail in Alaska because of the cooler climate. In the RED
model the ISER assumption is modified to permit a range of values from 98 to
102%.

Freezers

The end-use survey found market area-wide saturations of freezers ranging
from about 80% in Fairbanks to about 90% in Glennallen-Valdez. These figures
are 10 to 20% higher than assumed by ISER for 1980 for these areas, about 40%
above 1970 Census values for the Railbelt, and 30 to 40% above the U.S.
average. In other words, area-to-area comparisons and historical experience
are not very helpful for predicting future saturations. For single-family
homes and mobile homes, the maximum saturation has been assumed to Just about
have been reached because with better shopping facilities and increased
urbanization, fewer freezers will be necessary for long-term food storage
associated with bulk buying.

5.20

Market Saturations (Percent) of Large Electric Appliances in Mobile Homes,

TABLE 5.8.

Railbelt Load Centers, 1980-2010

ange

Clothes Washers

80.6

Range

ault ange

Dishwashers

e R

Freezers
Default !angg

Lt
<
&)
>

Load Center

80-90
85-95
85-95
92-98
92-98
92-98

100.0

1980
1985

1990
1395

a. Anchorage

85.0

62-72
85-95

85-95

7.6
9.0

90.0

6

92.0

98-102
98-102
98-102
98-102
98-102
98-102

100.0

90.0

85-95
85-95
85-95
85-95
856-95

90.0

100.0

90.0

9

90.0

100.0

5.0

85-95
85-95
85-95

90.0

20.0

100.0

95

90.0

90.0

100.0

2005

2010

.0

95

90.0

90.0

100.0

92.3
93

100.0

1980
1985

b. Fairbanks

91-95
91-96
92-96
92-98
92-98

92-98

.0

71.4

75-89
85-95
85-95
85-95
85-95
85-95

82.0

98-102
98-102
98-102
98-102
98-102
98-102

106.0

93.5

85-95
85-95
85-95
85-95
85-95

90.0

90.0

90.0
90

100.0

1990

94.0
95.0

%0
90.0

100.0

100.0
1

1995
2000

2005

5.21

95.0

90.0
90.0

90.0

00.0

95.0

90.0

100.0

2010

100.0

1980
1985
1990

1995

c. Glennallen-

88-92
91-95
92-96
92-98
92-98
92-98

88.0 85-91 72.3 67-77 90.0
B5-95

98-102
98-102
98-102
98-102
98-102
93-102

100.0

Valdez

93.0

90.0

90.0

85-95
85-95
85-95

90.0

95.0
9!

85-95
85-95

90.0

100.0

5.0

90.0
90.0

90.0

100.0

85-95 95.0

85-95

85-95
85-95

90.0

100.0

2005
2010

95.0

90.0

90.0

100.0
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TABLE 5.9. Market Saturavions (Percent) of Large E) i
TABLE 5.9 t
Railbelt Load Centers, 1980-2010 WSS L U

Refrigerat
Losd Center  Year  Difailt Mange Dormlt Mo  Dorariy e popoiyes Meghere

ault

anqge

a. Anchorage 1980 100.0 - 68 = 165 - 9.5 <
1985 100.0  98-102  75.0 7080  85.0  80-90  93.0 91-95

1950 100.0  98-102 850  80-9 9.0  g5-95 950 92-98

1995 100.0  98-102  85.0  80-90  90.0 85-95  95.0 92-98

2000 100.0  98-102 850  80-90 9.0  g5.95  85.0 92-98

2005 100.0  98-102  85.0  80-30  90.0 85-95  95.0 92-98

2010 100.0  98-102  85.0 80-90  90.0  85-95  95.0 92-98

b. Fairbanks 1980 100.0 - 5.2 - 57.4 - 855 “
1985 100.0  98-102  g0.0 75-85  85.0 80-90  91.0 90-92

19%0 100.0  98-102  85.0  80-90  90.0 8595 92,5 90-95

1995 100.0  98-102  85.0 80-9 9.0 85-95  93.0 9196

2000 100.0  98-102  85.0 _ 80-90 99 85-95 95,0 92-98

2005 100.0 98-102 85.0 80-90 90.0 85-95 95.0 92-98

2010 100.0  98-102  85.0  80-%0 9.0  85.95  95.0 92-98

c. Glennallen- 1980 100.0 - 7.8 — 5516 -~ 90.008)  ggg5
Valdez 1985 100.0  98-102  80.0 75-85  82.0 77-87  92.0 90-94
1990 100.0  98-102  85.0 80-90  90.0 85-95  95.0 92-98

1995 100.0  98-102  85.0 80-90  90.0 85-95  95.0 92-98

2000 100.0  98-102  85.0 80-9 9.0 85-95  95.0 92-98

2005 100.0  98-102  85.0 80-9% 9.0 85-95  95.0 92-98

2010 100.0  98-102  85.0 80-9  90.0 85-95 95,0 92-98

(a) Clothes washer 1980 saturation adjusted to 90 percent from 100 percent in Glennallen-Valdez because of small
sample problem.
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TABLE 5.10. Market Saturations (Percent) of Large Electric Appliances
in Multifamily Homes, Railbelt Load Centers, 1980-2010

Refrigerators Freezers Dishwashers Clothes Washers
Load Center Year au Range~  Default Range  Default Range Default Range

a. Anchorage 1980 100.0 .- 62.5 -- 713.3 - 76.5 --
1985 100.0 98-102 65.0 60-70 85.0 80-90 85.0 80-90
1990 100.0 98-102 70.0 65-75 90.0 85-95 £0.0 A5-95
1995 100.0 98-102 70.0 65-75 90.0 85-95 92.0 90-94

2000 100.0 98-102 70.0 65-75 90.0 85-95 95.0 92-98
2005 100.0 98-102 70.0 65-75 90.0 85-95 95.0 92.98
2010 100.0 98-102 70.0 65-75 90 85-95 95.0 92-98

b. Fairbanks 1980 100.0 - 57.2 - 23.3 -- 63.8 -
1985 100.0 98-102 65.0 60-70 34.0 30-39 68.0 63-72
1990 100.0 98-102 70.0 65-75 50.0 45-55 70.0 65-75
1995 100.0 98-102 70.0 65-75 74.0 70-79 80.0 75-85

2000 100.0 98-102 70.0 65-75 90.0 85-95 85.0 80-90

2005 100.0 98-102 70.0 65-75 90.0 85-95 90.0 85-95

2010 100.0 98-102 70.0 65-75 90.0 85-95 95.0 92-98

c. Glennallen- 1980 100.0 98-102 14.3 - 28.6 - 77.0 -
Valdez 1985 100.0 98-102 20.0 15-25 42.0 37-47 78.0 73-83

1990 100.0 98-102 30.0 20-40 62.0 57-67 B0.0 75-85

1995 100.0 98-102 35.0 30-40 90.0 B5-95 B2.0 17-87

2000 100.0 98-102 40.0 35-45 90.0 85-95 B5.0 80-90

2005 100.0 98-102 45.0 40-50 90.0 85-95 90.0 85-95
2010 100.0 98-102 50.0 45-55 90.0 85-95 95.0 92-98

(a) Clothes washer 1980 saturation adjusted from 100 percent to 77.0 percent (2 percent above dryer saturation)
because of small sample problem.




For duplexes and multifamily units, the percent of saturation should
remain significantly lower. The tenants in such units tend to be more
transient and are probably less involved in Alaskan hunting, fishirg, and
gardening pursuits than most Alaskans. Cfonsequently, they would have less
demand for freezers. Second, rental units tend to be smaller. Consequently,
renters might tend to substitute rented commercial cold-storage locker space
for a freezer to conserve scarce living space in duplexes and multifamily
units, The range of uncertainty is shown to be quite broad, since market
penetration has been rapid in the last 10 years, but the maximum appears to
have been ~eached in some cases.

Dishwashers

The Battelle-Northwest end-use survey found market saturations for
dishwashers well above the existing U.S. average. In the U.5. as a whaole, the
1979 saturation was about 41% of homes served by electricity (Bureau of Census
1980b), but this percentage ranged from 50% in Fairbanks to 75% in Anchorage
survey homes. Saturations have increased by about 50 percentage points in all
three Railbelt load centers since 1970, again outside the range of historical
experience. (Using this experience, ISER (Goldsmith and Huskey 1980b)
projected 1978 market saturations of S0% in Anchorage and 36% in Fairbanks.)
Since the rate of increase in market saturation was very rapid in the 1970s,
but increases in saturation in Anchorage in particular may slow down soon, a
maximum saturation of 90% was assumed for all homes. The annual rates of
saturation growth for the 1970s were then projected for each region: 9% per
vear for Anchorage, 3% per year for Fairbanks, and 23% per year for
Glennallen-Yaldez. The latter rate was considered tno high to be crediole for
forecasting, so Fairbanks' rate was used in Glennallen-Valdez. In each table,
these rates of growth were assumed to prevail until the 90% maximum was
reached. The growth rate was then assumed to fall to zero. A wide range of

uncertainty is assumed for dishwasher saturations because of the tenuous
nature of the required assumptions.

Clothes Washers

The Battelle-Northwest end-use survey found that clothes washer
saturations ranged from about 84% in Fairbanks to 89% in Anchorage. These
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figures are well above the 73% reported for the U.S. in 1979 in the 1980
Statistical Abstract (Bureau of Census 1980b). It also represents about 10 to
15 percentage points growth since the 1970 census. The rate of saturation
increase did not slow down appreciably in the 1970s compared to the 1960s;
consequently, market saturation may have not yet approached its maximum. For
forecasting, the maximum penetration is assumed to be 95%. Different types of
housing reach this maximum at different rates. In particular, since
single-family homes are already 85 to 90% saturated, they reach 95% slowly,
achieving this level by the year 2000. Some markets are closer to being
completely saturated. Even at low rates of growth they reach 95% somewhat
earlier. 1In no case is clothes-washer saturation allowed to be below that for
clothes driers. The Battelle-Northwest survey generally found that washer
saturation was one to two percentage points higher than that for dryers.
Where this was not the case (e.g., duplexes in Fairbanks) the difference
appears to have occurrcd because of the small number of households in the
category. The market saturations for washers and driers gradually converge,
since they are now usually installed in pairs. Multifamily saturation of
washers and driers grows the slowest, reaching 95% by 2010 in Fairbanks and
Glennallen-Valdez.

Fuel Mode Splits

The fuel-mode splits presented in Table 5.11 were also derived from the
Battelle-Northwest end-use survey. These parameters are assumed to remain
fixed over the forecast period, as the cross-price elasticity adjustment
handles fuel switching. Several adjustments have been made to the
Glennallen-Valdez duplex and multifamily splits because the number of
respondents in these categories was limited.

Consumption of Electricity per Unit

The average kilowatt hour consumption figures are primarily based on the
Midwest Research Institute's findings on the subject (MRI 1979). Below is a
brief discussion of each parameter.
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usage data produced by the Battelle-Northwest end-use survey and National
Oceanic and Atmospheric Administration (NOAA) data on normal minimum
temperatures (NOAA 1979); and 3) 1000 kWh/year lighting. The revised
estimates for block haaters are as follows: Anchorage, 459 kWh/year/customer;
Fairbanks, 1127 kWh/year/customer; Glennallen-Valdez 398 kWh/year/customer.
Because the results were broadly consistent with ISER's figures, ISER's totals
were used (Goldsmith and Huskey 1980b).

Saunas-Jacuzzis

The authors informally contacted several suppliers of saunas, jacuzzis,
and hot tubs and were told that the consumption of these devices ranged from
100 to 3000 kWh annually. A figure of 300 kWh annually was used for the

existing s*ock (which probably contains several bathtub whiripools) and about
1300 kWh (Hunt and Jurewitz 1981) for new additions to the stock.

Refrigerators

The ISER number was chosen because it is consistent with estimates by
Merchandising Week (1973) and because electricity consumption for
refrigeration should be Tower in Alaska due to the lower ambient air
temperature.

Freezers

This figure showed little variation between Merchandising Week, MRI, and
ISER. The MRI fiqure was chosen.

Dishwashers

This figure is the mean of the Edison Electric Institute reported by MRI
and MRI figures.

Dishwasher and Clothes Washer Water

These values are from the CEC (1976).
Electrical Capacity Growth

The growth rates in electric capacity (Table 5.12) were derived by ISER
(Goldsmith and Huskey 1980b). The growth rate for capacity of saunas and

Jacuzzis is assumed to be the same as refrigerators. The consumption of new
appliances was also derived by ISER.
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Growth Rates in Electric Appliance Capacity and Initial Annual

Average Consumption for New Appliances

TABLE 5.12.

b
S =
B
o
w o
o
© o
X
£ v
- -
Zs5
-
=
o
et
w

Average Annual

Post 1985 (annual)

Appliance

e
8888
ooco
8888
SRe=
b1 3

Sinale Family
Mobile Homes
Dup l1exes
Multifamily

Space Heat

0.005

0.0

3,650

3,650

3,650

Water Heaters

1,032

1,032

1,032

Clothes Dryers

0.0

1,250

1,250

1,250

Cooking Ranges

0.0
0.01
0.01

1,309
1,560

1,309
1,560

,309
1,560

1,550

Sauna-Jacuzzi
Refrigerators

1,550

1,550

Freezers

8o

=1

230
740

230
740

230
740

Additional Water Heating

Dishwashers

e2

70

1,050
2,403

70
1,050

2,536

70
1,050
2,160

Additional Water Heating

Clothes Washers

(a)

Miscellaneous Appliances

fa) Incremental growth of 50 kWh per customer in Anchorage per S5-year period; 70 kWh in

Fairbanks and Glennallen-Valdez.
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Appliance Survival

Table 5,13 presents the percentage of appliances' remaining t forecasts
periods after their purchase. These figures were derived by ISER based on
Hausman's work (1979) with implicit discount rates for room air conditioners.
He found that the stock of a particular vintage of air conditioners was fairly
well approximated by a Weibull distribution. By substituting differing
lifetimes (EPR] 1979) for alternative appliances, ISER used his results to
derive the figures in Table 5.13. For saunas and jacuzzis RED assumes the
appliance lifetime was comparable to clothes washers.

Price Elasticitias

The final parameters used in the Residential Module are the price
elasticities shown in Table 5,14, The ranges of elasticities were picked to
include the results of several studies (Taylor 1975; Maddala, Chern and Gill
1973; Baughman, Joskow and Kamat 1979; Halversen 1978; EPRI 1977a, 1977b).
The short-run defau't values were shifted towards the inelastic range of the
distribution since it is difficult for the populace to switch fuels in the
short run, while the Yong-run default values were assumed to be approximately
the midpoints of the ranges.
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TABLE 5.13. Percent of Appliances Remaining in Service Years After Purchase,
Railbelt Region

a. _01d Appliances g1 10 A5 _20 25 30
Space Heat (A11) 0.90 0.80 0.6 0.3 0.1 0.0
Water Heaters 0.6 0.3 0.1 0.0 0.0 0.0
Clothes Dryers 0.8 0.6 0.3 0.1 0.0 0.0
Ranges-Cooking 0.6 0.3 0.1 0.0 0.0 0.0
Saunas-Jacuzzis 0.5 0.3 0.1 0.0 0.0 0.0
Refrigerators 0.8 0.6 0.3 0.1 0.0 0.0
Freezers 0.9 0.8 0.6 0.3 0.1 0.0
Dishwashers 0.6 0.3 0.1 0.0 0.0 0.0
Clothes Washers 0.6 0.3 0.1 0.0 0.0 0.0

b. New Appliances
Space Heat (All)

Water Heaters 0.75 0.35 0.1 0.0 0.0 0.0
Clothes Dryers 1.00 0.75 0.35 0.1 0.0 0.0
Ranges-Cooking 0.75 0.35 0.1 0.0 0.0 0.0
Saunas-Jacuzzis 1.00 0.75 0.35 0.1 0.0 0.0
Refrigerators 1.00 0.75 0.35 0.1 0.0 0.0
Freezers 1.00 1.00 0.75 0.35 0.1 0.0
Dishwashers 0.75 0.35 0.1 0.0 0.0 0.0
Clothes Washers 0.75 0.35 0.1 0.0 0.0 0.0

Source: ISER (Goldsmith and Huskey 1980b) except for saunas-jacuzzis,
which is author assumption.

TABLE 5.14. Price Elasticities for Residential Electricity Use

Short Run L Run
au ange au ange
Own-Price Elasticity -0.15 (-0.08) - (-0.54) -1.5 («1.02) - (2.0)
011 Cross-Price Elasticity 0.01 0.01 - 0.03 0.13 0.05 - o0.21
Gas Cross-Price Elasticity 0.5 0.05 - 0.10 0.5 0.17 - 0.81
5.31




6.0 THE BUSINESS CONSUMPTION MODULE

The Business Module forecasts the requirements for electricity in the
business and government segments of the Railbelt economy. The figures
predicted here are before the impacts of explicit conservation policy are
considered. Conservation policy is handled in the Conservation Module.

MECHANI SM

The Business Consumption Module uses a forecast of the stock of floor
space (a proxy for the stock of capital equipment) to predict the level of
business electricity consumption. The predicted consumption of electricity is
then adjusted for price impacts to yield the price-adjusted forecast of
business electricity sales.

INPUTS AND OUTPUTS

Table 6.1 presents the inputs and outputs of the Business Consumption
Module. Load-center-specific forecasts of employment, regional population,
the relative price Tevel, and statewide wage rates are exogenous to RED. For
the Railbelt Alternative Energy Study, these come from forecasts of the ISER
Man in the Arctic Program (MAP) model. The use per square foot of building
space is assigned in the Uncertainty Module. The output of the Business
Consumption Module is the price-adjusted forecast of electricity requirements
of the business sector before the impacts of subsidized conservation are
considered.

MODEL STRUCTURE

Figure 6.1 presents a flowchart of the module. The first step is to
construct proxies for regional income (by multiplying regional employment and
the statewide wage rate) and the Anchorage Consumer Price Index (CPI). Next,
econometric coefficients are applied to estimate the percentage change in the
stock of floor space by year (rather than by five-year forecast period). By
first converting this forecast to predicted stocks and then picking out the
forecast years, each forecast year's stock of floor space is found.
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TABLZ 5.1, Inputs and Qutputs of the Business Consumption Module

a) Inputs

Symbol Name From

TEMP Total Regional Employment Forecast File [exogenous)
POP Regional Population Forecast File (exogenous)
cP1 Consumer Price Index, Anchorage Forecast File (exogenous)
WR99 Statewide Average Wage Rate Forecast File (exogenous)

BBETA Electricity Consumption Floor

Uncertainty Module

Space Elasticity (parameter)
b) Outputs
Symbo! Name From
BUSCON  Price-Adjiusted Business Peak Demand and
Consumption Conservation Modules

Multiplying the floor space stock by the econometrically-derived use per
square foot yields a preliminary forecast of business requirements, which is

then adjusted for price impacts.

To prepare a forecast of the floor space stock, RED uses preliminary
results from Staloff and ans.{a) They developed a simultaneous demand and
supply model of commercial floor space using pooled cross-section/time-series
data for the 48 contiguous states. In their preliminary formulation, the
percentage change in the stock of floor space is a function of the changes
in: the annual change of the nominal interest rate, the annual percentage
changes of the Gross National Product deflator, the annual percentage change
in regional income, and the annual percentage change in regional population,

as well as some cross-product terms:

fa) Staloff, S. J. and R. C. Adams. 1981 (Draft).

Region Commercial Floor Space Model."
Laboratories, Richland, Washington.
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"The Development of BPA

Battelle, Pacific Northwest

FORECAST
® AVERACE WAGE
& EMPLOYMENT
® POPULATION
@ CONSUMER PRICES

CALCULATE
REGIONAL INCOME
PROXY
CALCULATE
BUSINESS /
COVERMNMENT /
LICHT INDUSTRIAL
FLOOR SPACE
CALCULATE PRELIMINARY
PRELIMINARY BUSINESS USE
BUSINESS COEFFICIENTS
ELECTRICAL [UNCERTAINTY
CONSUMPTION MODULE)
PRICE
PRICE PRICE AND ELASTICITIES,
FORECASTS CROSS-PRICE BUSINESS SECTOR
(EXOGENOUS) ADJUSTMENTS (UNCERTAINTY
MODULE)

BUSINESS
CONSUMPTION PRIOR
TO

CONSERVATION
ADJUSTMENTS

FIGURE 6.1. RED Business Consumption Module

4/Stock,,/ = 804r + 32 A/GNPDEF,/ + 535\!P0Puf

+ By B/INC,y/ + 28 br, /GNPDEF; / +

285 Ar,‘IPOPu/ + 257 ArIINCuf +
285 /GNPDEF ) //INC o/ + 2Bo/POP, ,//INC,,/
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where

Stock = floor space stock
81=8q * parameters
4 = symbol for the first difference (annual change)

GNPDEF = gross natiomal product price deflator

POP = population

INC = income
= index for the region
= index for the year
= symbo! for the annual percentage change
= nominal interest

-

~
s Tl O

The Business Consumption Module uses the Anchorage CPI as a proxy
for the GNP price deflators. It is assumed (as historically revealed)
that the nominal interest rate is approximately three percentage points
above the measure of inflation. A proxy for regional income is derived
by mu'tiplying ragional employment by the statewide average wage rate.

Once the forecast of the percentage change in the stock of floor space is
found, the level of the stock is easily constructed by using an "observed"
stock leve! as a reference point. The module then predicts the nonprice
adjusted requirements, based on a regression equation:

PRECON,, = exp [BETA, + BBETA, x In (STOCK,,)] (6.2)

where
PRECON = nonprice adjusted business consumption

3ETA = parameter equal to regression equation intercept

BBETA

percentage change in business consumption for a one percent
change in stock (floor space elasticity).

t = index for the forecast year (t = 1980, 1985, ..., 2010).

Finally, price adjustments are made with the price adjustment mechan ism
(See equations 5.12 - 5.13):
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BUSCUN" = PRECON“ X lIJPAit X CPAit (6.3)

where
BUSCON = price-adjusted business requirements (MWh)
OPA = own-price adjustment
CPA = cross-price adjustment.

The price-adjusted business requirements are then passed to the
Conservation and Peak Demand Modules.

PARAMETERS

Floor Space Stock Equations

The parameters used to forecast the floor space stock were extracted from
work in progress at Battelle-Northwest for the Bonneville Power
Administration. Staloff and Adams have developed a theoretical and empirical
formulation for the demand and supply of floor soace.(a} Using three-stage
Teast squares multiple regression, they estimated their system of equations
using pooled cross-section/time-series data for the years 1971-1977 for the
48 contiguous states. Table 6.2 presents the estimated coefficients.

TABLE 6.2. Floor Space Equation Parameters

Parameter Coefficient Standard Error T-Statistic

a1 -0.1291 0.00345 -3.75
ag 1.2753 0.2566 -4.97
& 0.3553 0.0302 11.76
88 -0.113 0.0037 -3.00
a5 0.1929 0.0355 5.43
s -0.0947 0.0078 -12.09
87 -0.0078 0.0008 -9.92
s -0.0116 0.0253 -0.46
s -0.0412 0.0061 -6.68

fa) Staloff, S. J. and R. C. Adams. 1981 (Draft).
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Business Electricity Usage Parameters

These parameters were estimated with regression analysis. Using
historical data on regional income and popuiation, the GNP price deflator, and
treasury bill rates, a historical backcast of the stock of floor space in each
load center was obtained using the supply equation presented in Equation 6.3.
Then, using historical large and small commercial consumption, the following
regression equations were estimated:

'In(CDHu) = BETJ\1 # BBE'T.M1 X 1n(STBCK1t) ey (6.4)

CON = historical business section consumption (MWh)
BETA = intercept
BBETA = regression coefficient
STOCK = estimated stock of floor space, hundreds of square feet
€ = stochastic error term. -

Table 6.3 presents the results of the regression analysis. The
parameters BBETA can be allowed to vary within a normal distribution,
truncated at the 95% confidence intervals.

Business Price Elasticities

The elasticities used in the price adjustment mechanism are extremely
important. Table 6.4 presents the elasticities used in the Business

Consumption Module. The ranges of the elasticities were picked to incorporate

the results of several electricity demand studies (Taylor 1975; Maddala, Chern
and Gi11 1978; Baughman et al. 1979; Halvorsen 1978; EPRI 1977a and 1977b).
The default own-price elasticities (both short-run and long-run) were assumed
to have values towards the lower half of the distribution due to lack of close
substitutes for electricity in many applications, such as lighting.

Conversely, the default cross-price elasticities were assumed to lie at the
approximate midpoint of their range.
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TABLE 6.3. Business Consumption Equation Results

Glennallen-

Anchorage Fairbanks Valdez

BETA -4.7963 1.4394 8.2046

standard error 0.6280 0.6981 0.1122

t-statistic -7.6368 2.0619 73.1098

BBETA 1.4288 0.9536 0.1977

standard error 0.0491 0.0620 0.0138

t-statistic 29.1159 15.3762 12.8917
range(a) 1.346 to 1.522 0.833 to 1.074 0.151 to 0.244

e 0.9906 0.9716 0.9659

(a) 95% confidence interval.

TABLE 6.4. Price Elasticities for Business Electricity Consumption

Measure Default Range
Own-Price Elasticity -0.3 -0.2 to -0.54
0i1-Cross Elasticity 0.03 0.01 to 0.05
Gas-Cross Elasticity 0.05 0.01 to 0.1
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Default Range

-1.0 -0.87 to -1.36
0.2 0.15 to 0.31
0.3 0.18 to 0.41




7.0 THE CONSERVATION MODULE

The purpose of the Conservation Module is to account for the electricity
savings that can be obtained with a given set of conservation technologies and
government policies, together with the associated costs of these savings. The
peak demand or capacity savings of the technologies set are calculated in the
Peak Demand Module.

MECHANTSM

The fuel price adjustments in the Residential Consumption and Business
Consumption Modules account for market-induced technolegy-related conservation
impacts, as well as reductions in the use of aopliances and changes in the
manner in which they are used. The Conservation Module identifies the
technological portion of these impacts by estimating those savings and costs
associated with a given set of conservation technologies. Furthermore, if the
government attempts to intervene in the marketplace to induce conservation via
loan programs, grants, or other policy actions, then the Conservation Moogule
accounts for the effects of this policy-induced conservation on demands for
electric enerqy and generating capacity.

RED separates conserved energy into two parts: energy saved from the
actions of residential consumers and enerqy saved from reduced energy use in
the business and government sectors. Figure 7.1 provides a flow chart of the
process employed,

A separate interactive program (CONSER! is called outside of RED to
prepare a conservation data file. This file contains information on the
costs, energy savings, and the level of market acceptance of variuus
conservation options. For the residential sector, CONSER gueries the user for
the technical parameters of each option (up to ten options mav be included).
Based on a user-supplied forecast of electricity prices and the costs
assoc iated with each option, CONSER calculates the interna! rate-of-return on
each technology. The user compares this rate to a bank passbook savings
rate. If the user decides, based on this comparison, that the option shouicd
be included in the analysis, CONSER calculates the payback period for each
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option. CONSER then writes the default values and range of values for the

option's market saturation rate to an output data file.

The user is then

queried for the market saturation of electricity in the use that the
conservation option offsets (e.g., electric water heating).
saturation is also written to the output data file.

7.2

This market

Government residential conservation programs primarily reduce the
effective purchase price of conservation options to the consumer. Therefore,
CONSER next requests the user's estimate of consumer purchase and installation
costs for each option with and without government subsidization. The
saturation of each technology with and without subsidization is calculated and
is written to the output data file.

For the business sector, CONSSR requests the potential proportion of
predicted electricity use that might be saved through conservation, the
estimated proportion of these potential conservation savings that are
realized, and the costs per kWh for conservation savings in existing and new
buildings. These values are also written to the output data file, which now
becomes an input data file for the Conservation Module.

RED uses the residential conservation information in the CONSER data file
to account for the impacts of the conservation technologies under
consideration. First, the amounts of conservation occurring in the
residential sector with and without government subsidization are calculated by
multiplying together the electric use saturation rate, the conservation
saturation rate, and the number of households. Next, the level of
policy-induced conservation is calculated by subtracting the nonsubsidized
conservation savings from the subsidized figure. Finally, this figure is
subtracted from the price-adjusted residential requirements to derive the
utilities' total residential sales.

The business conservation calculation separately addresses the sales to
new and existing uses, and two potential pools of electricity savings are
calculated. For simplicity, existing uses are defined as the previous
forecast periods' electricity requirements, whereas new uses are the
difference between the previous period's requirements and the current period's
requirements. The two potential pools of savings are the sales to new uses
and retrofits times user-supplied potential savings rates (for new uses and
retrofits). The predicted level of savings in each case is found hy
multiplying the potential pools of savings times user-supplied conservation
saturations with and without government intervention. Finally, the total
policy-induced savings are derived by subtracting the savings without
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government intervention from sales with government intervention for both new
and existing uses. Total price adjusted requirements, minus policy-induced
business conservation, equals utilities' total sales to business.

The economic costs of the residential conservation technology package are
found by multiplying together the government subsidized conservation
saturation rate; the electric saturation rate; the number of households; and
the cnst to consumers per installacion without government intervention for
each conservation option; and summing over options. For the economic costs of
business conservation, the total megawatt hours saved by government subsidized
conservation is multiplied by the cost per megawatt hour saved.

Finally, the Conservation Module helps calculate the effect of

conservation on peak demand. Unfortumately, not all conservation technologies

can be given credit for displacing the demand for peak generating capacity.
Therefore, CONSER queries the user for a peak correction factor, a variable
that takes on a value between zero and one if the option receives credit for
producing some portion of its energy savings during the peak demand period;
otherwise the value is zero. These peak correction factors for each option
are aggregated in RED. First, they are weighted by the proportion of total
policy-induced electricity savings each option represents during a given
forecast period. Next, the weighted correction factors are summed together.
The resulting aggregated peak correction factor is sent to the peak demand
model to calculate the peak savings of the set of conservation technologies.

INPUTS AND OUTPUTS

The inputs and outputs of the Conservation Module are summarized in
Table 7.1. The potential market for the conservation option is defined by the
total number of households served (THHS) and the saturation of the electrical
devices (ESAT) whose use of electricity can be displaced by investment in a
particular conservation option. ESAT equals the total market saturation of
the applicance times the fuel mode split. The total number of households
served is calculated in the housing module, while ESAT is interactively
entered by the user. RCSAT, the penetration of the potential market by the
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ADBUSCON
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Inputs and Qutputs of the Conservation Module

From

Tota! housenolds served
Tecnnical energy savings

Installation and purchase cost
of the residential conservation
device

Operation and maintemance costs
of the residential conservation
device

Residentia) saturation of the
device (with and without govern-
ment intervention)

Residential electric use
saturation

Expected residential electri-
city price

Price-adjusted residential
consumption

Peak correction factor

Potential proportion of elec-
tricity saved in business in
new and retrofit uses

Business conservation saturation
rate (with and without govern-
ment intervention)

Cost per megawatt hour saved
in business

Business price-adjusted
consumption

Residential Mooule
CONSER, Interactive Input

CONSER, Interactive Input

CONSER, Interactive Input

CONSER, Interactive Input

CONSER, Interactive Input
COMSER, Interactive Input
Residential Module

COMSER, Irteractive Input

COMSER, Interactive Input

CONSER, Interactive Input
Uncertainty Module

CONSER, Interactive Input

Business Module

To

Total electricity saved
(business plus residential)

Total cost of conservation
fousiness plus residentiall
Adjusted residential consumption

Adfusted business consumption

Aggregate pesk correction factor
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consarvation technology, s determined within the CONSER parameter routine.
The technical energy savings and the costs of residential conservation devices
[both installation and maintenance) are interactively specified within CONSER
hy the user.

The business segments of CONSER also query the user for the potential and
actua’ saturations of electricity conservation in the business sector and the
costs per megawatt hour saved for business investments in conservation.

Finally, the correction factors are decimal fractions which are
interactively supplied by the user to CONSER and which reflect the extent to
which conservation options receive credit for peak savings.

The outputs of the Conservation Module are the final electricity sales to
the business and residential sectors, and the electricity savings of the
conservation technology set considered in a given run of the RED model.

MODEL STRUCTURE

The price adjustment mechanisms used in the Business and Residential
Consumption Modules employ price elasticities derived from studies that did
not distinguish among the impacts of conservation techmologies and other
affects of energy price changes. “ince conservation of electricity is argued
to he induced either by energy price cﬁam;cs or by market intervention to
encourage conservation, the treatment of conservation in RED was cautiously

developed to eliminate the possibility of double counting “mergy savinas and
costs,

In RED's formulation, the Conservation Module serves primarily as an
accounting mechanism that tracks the impacts of a given set of technology
options in the residential sector and the aggregate level of conservation in
the business sector. However, since government policies and programs could
have a significant, direct impact upon the level of conservation adopted, and
since the incremental impacts of these actions are not incorporated in the
orice adjustment process of the Residential and Business Consumption Modules,

the Conservation Module explicitly calculates these impacts and accordingly
adjusts the forecasted sales to consumers.

7.6

Scenario Preparation (CONSER Program)

The calculations of the Conservation Module require scemarios of the
saturation of conservation options, the expected electricity savings, and
their associated costs. To reduce the amount of data entry in scenario
preparation, and to facilitate the use of a brnad set of conservation
technologies and government policy options, a separate program (CONSER)
queries the user for information necessary to calculate the saturations,
savings, and costs. These parameters are then written to a data file where
they can be accessed by the remainder of the Conservation Module. Two steps
are required: 1) determining if an option will achieve market acceptance; and
2) calculating market saturations for options gaining acceptance.

The first step is to determine whether a specific conservation option
will achieve market acceptance. For the residential sector, the way RED
identifies acceptable options is to compare them with other investments
available to the consumer. Conservation is an investment with a financial
yield that can be calculated and compared with other investment options. By
comparing the internal rate-of-return (IRR) of a conservation option with the
market rate of interest, one can determine whether conservation options’
return is sufficient to encourage market acceptance.

The market rate of interest to which RED compares the internal
rate-of-return is the standard commercial bank passbook interest rate.
Passbook accounts have several characteristics:

1. They are virtually risk free.

2. They are extremely ligquid.

3. They have trivial requirements as to the size of the initial deposit.
4, They are readily available to everyone.

Investments in conservation technologies, however, are characterized by
the following:
1. risky
2. difficult to liquidate
3. (sometimes) require a large initial payment.
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These factors would cause most homeowners-investors to require a higher
rate-of-return on conservation than those on passbook accounts to invest in
conservation. Therefore, a conservation option can pass the internal
rate-market interest test even though it might not be adopted. Such a
comparison insures that every option that could achieve market acceptance is
included in the portfolio of conservation technologies to be considered.

The IRR is calculated with the following formula:

T 85y c

k itk 0 (7.1)
gvo (1% By ¥
where
T = lifetime of the device (maximum of 30 years)
2 = internal rate-of-return
L = subscript for the wear. Takes on values 1 to 30
ES = value of electricity saved
C=

total cost of the option in the year
subscript for the load center
subscript for the option.

»~
W

The value of electricity savings is based on the energy prices the consumer
expects. It 7s calculated by querying user for price forecasts and the
2lectricity savings in kWh) for 2ach option and multipliying:

Esiﬁ.k = PRES”_ X TECHik (7.2)

where
’RESﬂ = dollars per kWh in load center i at time &
TECHik = annual kWh savings in region i per installation of device k.

The cost rC‘-t‘-kl is the 1980 dollar installation and purchase cost in the
year the device is purchased and the annual maintenance and operating 1980 .
dollar costs in all remaining periods.

7.8

Recognizing that initial cost is a major barrier to conservation, the
Congress has provided incentives for individuals to install energy conserving
equipment. Furthermore, the State of Alaska has also instituted several
programs aimed to promote installation of conservation equipment. Because the
mafn impact of these programs is to reduce the initial cost of conservation,
CONSER uses the subsidized installation and purchase costs of the device to
forecast whether a device will achieve additional market acceptance over an
unsubsidized case.

As previously stated, CONSER requests the expected electricity price
forecast for each year, the operating and maintenance costs, the kWh savings
and the government subsidized purchase and installation costs of the device
for each region. CONSER calculates the internal rate-of-return of the option,
prints this information, and asks the user if the option is to be used. If it
is, then the unsubsidized costs of purchasing and installing the option are
also requested.

If the scenario to be considered does not include government
intervention, the installation and purchase costs entered for the subsidized
and unsubsidized cases should be the same (and equal to the unsubsidized
costs).

The next step of scenario preparation is to determine the market
saturation rate of each conservation option. RED employs a payback decision
rule to determine the default value and the range of the conservation
saturation rate. Since the expected value of electricity savings probably is
not constant across time, the payback period is calculated by dividing the
installation and purchase costs by the cumulative net value of electricity
savings (value of energy savings minus operating and maintenance costs),
starting with the first year and continuing until the ratio is less than one.
The number of years required to drive the ratio to less than one is the
payback period.

The payback period is calculated for both the subsidized and nonsubsi-
dized cases. Since the subsidized case usually will have lower installation
and purchase costs, the payback periods for the subsidized case will usually
be lower and the conservation saturation rates will usually be higher.
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TONSER a'so regquests the name of the conservation option, a fu<ecast of
the market saturation rates for slectric devices “rom which the option
displacas consumption, 3nd the peak correction factor for =ach conservation
sotion. The saturation of electric devices is used within the Conservation
Module to define the potential markest of the conservation option, whereas the
oeak correction factor indicates the extent to which the option displaces
alectricity consumption at the peak. This information, as well as the costs
and seturation of the conservation cption (for the unsubsidized and subsidized
cazas), are written to 3 data file for later access by the remainder of the
Tonservation Module.

Funding constraints in the Raiibeit Alternatives Study prohibited the
‘eyeooment of detailad cost ang performance data for business conservation
ipplications. CONSER, tnerefore, requires the user to provide the following
for hoth new and retrofit uses: the potential proportion of electricity that
conservation technology can afsplace and an estimate of the oroportion of
those potential savings actually realized for subsidized and unsubsidized
cases. CONSER also requests the cost per megawatt hour saved for both cases
and the peak correction factor for new and retrofit uses.

This business sector information is also written to CONSER's output data
File. 3w running CONSER with several different tecnnology packages and
Jovernment policy packages, conservation scemario files can be easily

constructed for later analysis within RED.

Residential Conservation

Jsing the information from the data file that CONSER creates, the
cilculation of elactricity saved by the seu of technologies is
straightforward. B8y multiolving the electric device saturation and the
incremental number of households served, the total number of potential
applications of the conservation device is found. The incremental number of
housenolds served in the first forecast period (1980} is zero, since the
current consumption rates already inciude the current level of conservation.

By next multiplying the patential number of uses by the savings per
installation and the saturation of the conservation option, the amount of
electricity saved is derived:

CONSAY = RCSAT“(J. x TECHik X

itkj
(ESAY jox; % TSy = BTy * TS} gy bkl

CONSAV = electricity saved (kWh)
RCSAT = conservation saturation rate
TECH = electricity savings per installation (kWh)
ESAT = electric device saturation rates
THHS = total households served
denotes the forecast period (1,2,3,...,7)
denotes subsidized (j=1) or nonsubsidized (j=o).

—
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The total electricity displaced through the residential conservation set
considered is found by summing across the options (subscript k):

K
RCOIISMI“] = él CONSM"“I (7.4)

where

RCONSAV = residential electricity conserved (kwh)
K = total number of residential options considered.

Since the price adjustment mechanism does not account for government-
induced conservation, the model next adjusts residential sales by the
incremental conservation attributable to government programs:

ADRESCON;, = RESCON;, - (RCONSAV,, - RCONSAV., ) {7.5)
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where

ADRESCON = final electricity requirements of residential consumers
RESCON = price-adjusted residential consumption.

The electrical device saturation and the incremental number of households
define the number of potential applications. The cost of purchasing and
installing the option is calculated by multiplying the potential number of new
uses by COSTI (the installation and purchase costs per option). Next, by
multiplying COSTO (annual operations and maintenance costs per option) by the
cumulation of previous forecast periods' potential uses, the operating and
maintenance costs are found. Finally, by summing all these components, the
total annual costs associated with conservation savings in a given forecast
period can be found. During any forecast year, the annual costs are equal to
one year's total installation costs, plus operating costs associated with all
previous additions to stock:

COMCOST g = [COSTIyy 5 x ROSAT 1oy o x (ESAT % THHS,, -

t
ESAT, (4 1)x * THHSI(t_l)) 5 + COSTO,, x e; RCSATikj X

s

(ESAT py g X THHS - ESAT e X Tms“h_”] (7.5)

where

CONCOST = the option's total annual cost
COSTI = unit cost in 1980 dollars for purchasing and installing the
conservation option
COSTO = unit cost in 1980 dollars of operating and maintaining the
conservation option
h = forecast period subscript. Can take on values 1 to t.

By summing over the options, the total costs of the residential conservation
set is found.

7.12

K
RCONCOST,. . = 3. CONCOST (7.7
it ~

itkj

where

RCONCOST = present value of the total costs of the set of
residential conservation options.

The total costs of conservation are the unsubsidized total costs
(RCOIICDS'I'“OI. consumers pay the subsidized costs ‘"C""S“"m" and

government pays the difference (RCONCOST,, - RCONCOST

ito i)

Business Conservation

For business conservation impacts, funding constraints prohibited
collection of detailed cost and performance data. Fortunately, a limited
number of studies have estimated the potential energy savings and associated
costs for aggregate conservation investments in new and existing buildings.

RED separates the conservation impacts for the business sector into two
parts: those arising from retrofitting existing buildings, and those arising
from incorporating conservation technologies in new construction. As in the
residential segment of the Conservation Module, the potential pool of
electricity that can be displaced must be identified for both new construction
and retrofits. This "pool* is determined by the state of conservation
technology and is supplied to the conservation module from the CONSER output
file. The actual amount of conservation that occurs depends upon the price of
electricity and competing fuels, and upon the cost and performance
characteristics of the options available. This is also supplied by CONSER.

In RED, the potential pool of displaced electricity for businesses is
derived by first separating business sales into sales to existing structures
and sales to new structures. For simplicity, the change from the previous
periods' business requirements as calculated by the Business Consumption
Module is assumed to be the sales to new huildings:
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SALNS,, = SUSCON,, - 3USCON (7.8)

fle-1)

whers
SALNB = sales to new buildings
3USCON = business consumption prior to conservation adjustments.

Therafore, the sales to existing buildings are the sales in the previous
period:

SALEX;, = BUSCON,

ire-1) (7.9)

where

SALEX = sales to existing buildings.
To Find tre potential poo! of electricity use displaced througn ratrofits and
‘ncorporation of conservation options in new buildings, the Conservation
"odule mu'tiplies the disaggregated sales figures times the potential
sercentage of alectricity saved in new and retrofit buildings:

P0THB;, = SALNB,, x PPES, . (7.10a)

POTEX;. = SALEX;, « PPES, 7.100)

where

POTNE = potential amount of displaced electricity in new buiidings

PPES = nroportion of electricity that technically can be displaced
/ia retrofit or incorporation of conservation options in new
buildings

P0TEX = potential amount of displaced electricity in existing
buildings

t = subscriot for existing buildinas

% = subscript for new buildings.

These figures, however, only provide the technically feasible amount of
electricity that could be displaced. Market forces determine what level of
the potential electricity savings will be achieved.

In the residential segment of the Conservation Module, RED used an
internal rate-of-return test and a pavback period decision rule to determine
first, whether an option would achieve market acceptance, and second, what
level of acceptance it would achieve. As mentioned above, the information
availahle for business conservation does not permit such an unalysis.
Therefore, the model user is required to assume a level of potential market
saturation. The saturation rates (one for retrofits, one for new buildings)
must reflect the prices of fuels (including electricity), the costs of the
package of options employed, and the electricity savings expected for
subsidized and nonsubsidized cases.

The saturation rates are obtained from the data file CONSER creates. The
displaced electricity can be found by multiplying the total saturation rates
by the total potential pool of electricity savings:

BCONSAvituj = BCSAT,,, x POTNB (7.11a)

it itj

= )
BCONSAUnEj = BCSATAtE x POTEX (7.11b

i it

where

BCONSAV = electricity savings
BCSAT = saturation rate for conservation options in business.

As in the residential sector, the business requirements must be adjusted
for the incremental impact of government programs:

ADBUSCON,, = BUSCON, - (BCONSAV, .., - BCONSAV,.. ) (7.12)
- (BTONSAV,, ¢, = BCONSAV )

where

ADBUSCON = adjusted business consumption.
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The total cost of the conservation set in a given future forecast year is
given by multiplying the 1980 dollar cost per megawatt-hour saved by the
conservation savings in each use:

%CDNCDSTitj = (BCONSAV X COSTiEj + BCDNSAVit"l X CDST.NI! (7.13)

itEj i
where
BCONCOST = business conservation costs, future forecast year
COST = 1980 dollar costs per megawatt hour saved.

The total costs of the conservation in a future forecast year to "society" is
the nonsubsidized costs fBCDNCUST‘.tOh whereas the value of the subsidy in
that vear is ’BCONCUSTito - BCONCOSTitll, and businesses bear only the
subsidized costs fBCDNCUSTitI].

Peak Correction Factors

The Tast item to be calculated is the aggregate peak correction factor
for the incremental impact of government conservation programs on peak
demand. This factor is calculated by weighting each option's peak correction
Factor by the option's proportion of incremental conservation:

( -
i CONSAV,y, ) - CONSAV,,, ) x CF,
W TRV, ito) * itL " ito)

(BCONSAV,, _. - ”
CONSAVjyq = BCONSAV, e ) x CF + (BCONSAV,. - BCONSAV, .\ ) x CFy s
RCONSAV;,, - RCONSAV, Y + TBCONSAV,,, -

ito

+

where
ACF = aggregate peak correction factor
CF = option-specific peak correction factor, equal to the
proportion of the electrical demand of displaced appliances

that can be displaced at the peak demand period of the year
(2.g., January).

PARAMETERS

One of the requirements of the Alaska state program whereby homeowners
request state money to install conservation measures is that the payback
period for the measure be less than seven years. Therefore, if a conservation
option's payback period is assumed to be greater than seven years, the options
market penetration will be very limited, effectively zero. However, if the
option pays for itself within the first year, then the option would penetrate
the entire potential market immediately. The relationship between payback
period and penetration rate for payback periods between zero and seven years
is assumed to bhe linear, A range of 15% on these values is arbitrarily
assumed. Table 7.2 presents these market penetration parameters,

TABLE 7.72. Payback Periods and Assumed Market Saturation
Rates for Residential Conscrvation Options

Payback Assumed Assumed
Period Saturation Range
{years) [percent) (percent)
0 100.0 --
1 87.5 80-95
2 75.0 67.5-82.5
3 62.5 55-70
4 50.0 42.5-57.5 -
5 37.5 30-45
3 25.0 17.5-32.5
7 12.5 5-20
8 0 0-5

Source: Author Assumption




8.0 THE MISCELLANEOUS MODULE

MECHANI SM

The Miscellaneous Module uses outputs from several other modules to
forecast electricity used but not accounted for in the other modules, namely,
street lighting, second homes, and vacant housing.

INPUTS AND OUTPUTS

This module uses the forecasts of electrical requirements of the
residential and business sectors and the vacant housing stock. The only
output is miscellaneous requirements. Table 8.1 provides a summary of the
inputs and outputs of this module.

TABLE 8.1. Inputs and Outputs of the Miscellaneous Module

a) Inputs
Symbol Name From
ADBUSCON Adjusted Business Requirements Conservation Module
ADRESCON Adjusted Residential Requirements Conservation Module
VACHG Vacant Housing Housing Module
b) Outputs
Symbol Nme To
MISCON Miscellaneous Requirements Peak Demand Module

MODULE STRUCTURE

Figure 8.1 provides a flowchart of this module. For street lighting, the
requirements are assumed to be a constant proportion of conservation adjusted
business and residential reguirements:

SRy = s1 x [ADBUSCON;, + ADRESCON"1 (8.1)

where
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u

streel iighting parameter.

For second-nome consumption, RED calculates the number of sacona homes s
1 fixed proportion of the total number of housenoids. A fixed consumption
Factor is then applied:

En‘-Rit = sh x er‘t « shkWh 8.2)

=+
N

SHR = second home requirements

THH = total number of households

sh = proportion of total househnlds having a second home
shkWh = consumption factor.

Finally, the use of electricity by vacant housing is a fixed
consumption factor times the number of vacant houses:

Vlﬂ.it = vh x \ﬁlatliit (8.3)

where

VIR = vacant housing requirements
VACHG = number of vacant houses
vh = assumed consumption per vacant dwelling unit.
Total miscellaneous requirements cre found by summing the three
components above:
(8.4)

HISCONH = SR“ + SI-Rit + vmit

where
MISCON = miscellaneous electricity consumption.

PARAMETERS

Table 8.2 gives the parameter values used for the Miscellaneous Module.
These parameters are all based on the authors' assumption because no source of
information is available.
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TABLE 8.2. Parameters for the Miscellaneous Madule

Name Value
s Street lighting > 0.01
sh Proportion of households having a second hcuma“’l 0.025
shkWh  Per unit second-home consmption'b) 500 kWh
Vh Consumption in vacant housing(€) 300 kih

(a) 1980 ratio of street 1i

(b) 0. Scott Goldsmith, ISER, personal communication.

(c) Author assumption,

8.4

ghting to business plus residential sales.

Reflects reduced level of use of all appliances.

9.0 THE PEAK DEMAND MODULE

Up to this point, only the method to forecast the total amount of
electricity demanded in a year has been considered. However, for capacity
planning, the maximum amount of electricity demanded (or peak demand) is
probably more important. Peak demand identifies the amount of capacity that
must be available to meet electricity requirements at the time of maximum
demand.

MECHANISM

The Peak Demand Module uses regional load factors to forecast peak
demand. The load factor is the average demand for capacity throughout the
year divided by the peak demand for capacity in the year. RED first
calculates the peak demand without the peak savings of goverrment-induced
conservation. MNext, the peak savings of the incremental government-induced
conservation is calculated, iaking into account the mix of conservation
technologies being considered. Finally, by netting out the peak savings, RED
calculates the peak demand the system must meet.

INPUTS AND QUTPUTS

Table 9.1 provides a summary of the inputs and outputs of the Peak Demand
Module. The load factors (LF) are generated by the lincertainty Module,
whereas the aggregate peak correction factor (ACF) comes from the Conservation
Module. The business, residential, and miscellaneous requirements (BUSCON,
RESCON, and MISCON) come from the Business, Residential, and Miscellaneous
Modules, whereas the conservation adjusted requirements (ADRESCON and
ADBUSCON) come from the Conservation Module. The outputs of this module are:
1) the peak demand in each regional load center at the point of sale to final
users, and 2) the incremental peak savings of subsidized conservation.

MODULE STRUCTURE

Figure 9.1 provides a flowchart of this module. First, the peak demand
without subsidized conservation is calculated. This is done by dividing the

9.1
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TABLE 9.1. Inputs and Outputs of the Peak Demand Module
a) Inputs
Symbol Name From
LF Regional load factor Uncertainty Module
RESCON Residential electricity sales before Residential
adiustment for subsidized conservation Consumption Module
BUSCON Business requirements prior to adjustment Business
for subsidized conservation Consumption Module
ADRESCON  Subsidized conservation-adjusted residen- Conservation Module
tial requirements
ADBUSCON  Business requirements adjusted for sub- Conservation Module
sidized conservation
ACF Aggregate peak correction factor Conservation Module
h} Outputs
Symbol Name To
FPD Peak demand Report
PS Incremental peak savings Report

total electricity requirements in each region by the product of the load

factor times
performed on
investments.
peak savings
peak savings.

the number of hours in the year. Next, the

same operation s

the increment to conservation due to subsidized conservation

This yields the preliminary peak savings.

RED then adjusts the

by mu'tiplying the aogregate peak correction factor times the
The corrected peak savings are then subtracted from the peak

demand calculated in the first step to derive the regional peak demand at the
point of sale.

The first step is to calculate the total electricity requirements without
subsidized conservation by adding the residential, business, and miscellaneous

requirements:

TOTREQBit = BUSCOhit + RESCONit + MISCONit

9.2

(9.1)

LOAD
FACTORS
(FROM UNCERTAINTY
MODULE)

ANNUAL ELECTRICITY
REQUIREMENTS

*® RESIDENTIAL

* BUSINESS

% MISCELLANEOUS

CALCULATE
PRELIMINARY

DUE TO SUBSIDY
LATE
“LPCE"’“ ® PEAK CORRECTION
PEAK DEMAND SAVINGS FACTOR

@ ANNUAL SAVINGS

LFROM CONSERVATION
MODULE)

where

TOTREQB

BUSCON
RESCON

MISCON
i
t

LARGE
INDUSTRIAL

DEMAND

CALCULATE
REVISED g
PEAK DEMAND

FIGURE 9.1. RED Peak Demand Module

total electricity requirements betore conservation
adjustment (MWh)

business requirements before conservation adjustment (Mwh)
residential requirements before conservation adjustment

miscellaneous requirements (MWh)
index for the load center
index for forecast period (t = 1,2,...,7).
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Next, tne Peak Demand Mcdule calculates the peak demand without
accounting Tor the incremental conservation due to subsidized investments in
conservation by applying tne load factor:

TDTREQBit

wners
70 = Peak Demand (MW)
LF = Load Factor
8700 = numper of hours in a year
p = index denoting preliminary.

To cdiculate tne peak savings due to subsidized conservation investments,
REU first must find the incremental number of megawatt hours saved:

IOTREqut = nlJSCUN_;t - ADBUSCUN‘]t + RESCUNit - ADRESCON;t (9.3)
wnere

TOTREQS = incremental megawatt hours saved by subsidized
conservation investments

ADBUSCON = business requirements after adjustment for the
incremental impact of subsidized conservation

ADRESCON

residential requirements after adjustment for the
incremental impact of subsidized conservation.

Next, peak savings is found by multiplying the incremental electricity
saved by the aggregate peak correction factor and applying the load factor:

SR TOTREQSit
it = AFi X F—g7E0 L

9.4

where

PS = peak savings (MW)
ACF = aggregate peak correction factor.

Finally, by subtracting the peak savings from the preliminary peak
demand, the final peak demand for each region is derived:

FPD,, = PDDit - PSyy (9.5)

where

FPD = irdex denoting final peak demand.

PARAMETERS

The only parameters in the Peak Demand Module are the system-load factors
assumed for the three load centers: Anchorage, Fairbanks, and Glennallen-
Valdez. These load factors are shown in Table 9.2. The default values for
Anchorage and Fairbanks were derived by weighting the 10-year average load
factors reported by Woodward Clyde by the 1978 peak demands for each utility
(Smith and Kirkwood 1980). For Glennallen-valdez, the default value was
assumed to be the average of the Fairbanks and Anchorage values.

For the range of the parameter values, the minimum and maximum values
reported for the 1970-78 period by each major utility were used.
Unfortunately, no information was available for the range of the load factor
for Glennallen-Valdez, so the range was assumed to be the average of Fairbanks
and Anchorage.

TABLE 9.2. Assumed Load Factors for Railbelt Load Centers
Load Factor (%)

Load Center Default Range
Anchorage 55.73 49.,2-63.4
Fairbanks 48.99 41.6-59.1
Glennallen-Valdez 52.16 45.4-61.3
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10.0 RATE MODEL

The Rate Model is a separate program used to interface RED and the Alaska
Railbelt clective Energy Planning model (AREEP). This model employs
information on demand from a previous run of RED and the cost of power from
AREEP to generate a forecast of electricity rates in Ancnorage and
Fairbanks. 3

MECHANISM

The Rate Model uses the cost of power, regional electricity consumption,
and user-supplied cost allocation factors (costs all load centers) to derive
Toad center cost of power series. MNext, the user can choose to specify the
rates for a customer class (business or residential) and allow the model to
solve for the other series, or can use a historical (default) or user-supplied
price differential weight to derive the rates for both customer classes.

INPUTS AND OUTPUTS

Table 10.1 presents the inputs and outputs of this model. The inputs are
electricity sales by customer class and the cost of power. The only outputs of
the model are the rates for the business and residential customer classes.

MODEL STRUCTURE

Figure 10.1 provides a flow chart of this model. The cost of power
obtained from AREEP contains a charge for the Anchorage-Fairbanks transmission
intertie. The Rate Model, however, differentiates between the rates for the
Anchorage and Fairbanks load centers by netting out the average intertie cost,
then adding back a charge for each load center's proportion of the cost of the
intertie.

Using the regfonally differentiated cost of power series obtained above,
the next step is to construct rates that will exactly cover that series. The
user is offered two choices: either use price weight (the business rate is



TABLE 10.1. Inputs and OQutputs of the Rate Model =2
S 28
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the two regions. " S w s
5 z =L
e & £ o
ARIC = (10.1) g I8
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ARIC = average intertie cost §
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Structure of the Rate Model

FIGURE 10.1.



The load center cost of power is found by allocating the interties cost
to the two 'oad centers, dividing by sales at each load center, then replacing
the average intertie charge with the new load center intertie charge:

¥« TCI
QRS[:'__t = AP, + ——80 - ARIC (10.2)
- 31
&
e 55 Tar

where

ARSC = average load center system cost

ACP = AREEP cost of power

&F = user supplied allocation factor (D<AF < 1: AF + (1-AF) < 1)
at load center r

t - forecast period (1,2,3...,7).

If the user chooses to use price weights, the rates are fourd by solving
the following equations:

Bkrt = (1 + wf) Rth (10.3)
where
8R = business rate
RR = residential ~ate
wf = weighting factor (user supplied or default valve).
TSTE*ARSC,-'_ = RR'-’_*RS-F?_ ¥ BR"E*BSTI_ (10.4)
where

RS = residential sales
BS = business sales.

10.4

To get the residential rate series, the right hand side of equation 10.3 is
substituted into equation 10.4. The business rates then drop out of equation
10.3.

If the user specifies the rates for one customer class, then the madel
solves equation 10.4 for the missing rate series.

PARAMETERS

The only parameters in the Rate Model are the initial prices for 1980
(Table 10.2) the Anchorage-Fairbanks intertie cost and the default price
weights (Table 10.3). The intertie cost is from Gilbert Commonwealth
(Gilbert/Commonwealth 1981), and the default price weights were obtained from
the 1980 rates.

TABLE 10.2. 1980 Load Center Ele:tricity Rates ($/kWh)

Business Residential

Anchorage 0.37 0.031
Fairbanks 0.82 0.074
Glennallen-Valdez 0.131 0.128

TABLE 10.3. Miscellaneous Rate Model Parameters

Intertie Cost $130,800,000
Weighting Factor 0,108
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