





HD & S
9405 0

RED: THE RAILBELT ELECTRICITY DEMAND MODEL

SPECIFICATION REPORT

Volume VIII

M. J. King
M. J. Scott

October 1982

Prapared for the 0ffice of the Governor

State of Alaska

Division of Policy Development and Planning
and the Governor's Policy Review Committes

Under Contract 2311204417

Battelle

Facific Northwest Laboratories

Richland, Washington



NOTE TO USERS

The Yolume VIII documentation report covers the RED model as developed
prior to its use in producing the final forecasts for the gailbelt Electric
Power Alternatives Study. During the course of making the forecasts included
in Yolume 1 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 on 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 VYolume I.

Battelie-Northwest advises researchers using the RED model to use the
increasing saturations reported in Chapter 5 or the residential price
glasticities, 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 0ffice 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
iternative Tong-range plans for electric energy development in the Railbelt
region {ses Yolume [). Each plan is based on a general energy development
strategy representing one or more policies that Alaska may wish to pursue.
The analyses of the plars will produce forecasts of electric energy demand,
schedules for developing genevation and conservation alternatives, estimates
of the cost of power, and discussions of the environmental and sociceccnomic
characteristics for each plan.

This report (Volume VIII of a series of seventeen reports, listed helow),
presents the structure of the Railbelt Electricity Demand (RED) model. This
model, zﬁgaiﬁar with the AREEP model {Volume XI) and an extensive data base,
was used to produce electricity demand forecasts (reported in VYolume 1} for
the Failbeit. These demand forecasts provided the electric plans, also
presented in Yolume 1.

RATLBELT ELECTRIC POWER ALTERNATIVES STUDY

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

Volume II - Selection of Electric Ener rgy Generation Alternatives for
Consideration in Railbelt Eleciric Energy Plans

txecytive %Qﬁ%agv - h%va idate Electric Energy Technologies fo
Future Application 1n the Railbeil Q@“Eﬁﬁ of Alaska

Yolume 1Y - Candidate Electric Energy Technologies for Future Application
in 1%? Railbelt Reaion of Alaska

o

Vo tume Y - Preliminary Railbelt Electric Energy Plans




Vo tume Y

YO ume

Yo tume

Vo fume

Vo juma

Yo lume

Yolume %l

Yo lume

Yo lume

Yo tume

Y

E

i

>

&

xisting Generating Facilities and Planned Additions for the
11belt Region of Alaska

| Availability and Price Forecasts for the Railbelt
Alaska

Fosgil Fue
Reqgion of

Railbelt Electricity Demand (RED) Model Specifications

A .

Appendix « Red Model User's Manual

Alaska Economic Projections for Estimating Electricity
Requirements for the Railbelt

Lommunity Meeting Public Input for the Railbelt Electric Power
Q?ia?ﬁﬁi%?ﬁ%wbimw

sion) Model User's Manual

ic Power Plant Alternatives for the

-Lycle Power Plant Alternative for
: ARLLAANL ,
ska

sctric Alternative for the Railbelt Region

Alternative for the Railbelt Region of

helt Region of Alaska

lant Alternative for




SUMMARY

The Alaska Railbelt Electric Power Alterpnatives Study is an electric
power planning study for the 5tate of Alaska, Office of the Governor and the
Governor's Policy Review Committes. Begun in October 1980, and extending into

April 1982, the study's ohjectives are to forecast the demand for electric
power Lhrough the year 2010 for the Railbelf region of Alaska and to estimate
the m@ﬁ@tar5§ socioeconomic, and environmental costs of all options (including
conservation) that could be used to supply this power.

This document, VYolume Y111 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 Murte Carlo
simulator for analysis of uncertainty in key parameter values, & fuel price
ad justment mechanism that incorporates the impacts of fuel prices on demand,
and an explicit consideration of subsidized investments in conservation
measures.

Yolume VIIT Appendix, Red Model User's Manual, describes how the model
can be used a~d provides a description of the computer code derived from this
raport. The forecasts produced by RED for the study are documented in

Volume V, Railbelt Electric Power Alternatives Study: Evaluation of Railbelt
lectric Eneray Plans.
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1.0 INTROBUCTION

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
aconometric 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
simitarly, but since 1ittle 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 dmportant features of the model are & mechanism for handling
uncertainty in some of the model parameters, a method for explicitly including
government programs designed to subsidize conservation and consumer-installed
dispersed energy options (1.e. microhydro and small wind energy systems}, and
the abitity to forecast peak electric demand by load center. The model
recoanizes three load centers: Anchorage and vicinity (including the
Matanuska-Susitna Borough and the Kenai Penninsula), Fairbanks and vicinity,
and Glennallen-Yaldez. [t produces annual enerqgy and peak demand forecasts
every fifth year from 1980 to 2010,

To produce a Torecast, the model user must supply the model with
region-specific estimates of total nonmiiitary 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. A1l of
these variables were produced by the University of Alaska Institute of Social
and Feonomic Research MAP econometric model:; however, they can be derived from

ather sources. The user must also supply estimates of prices for gas, oil,



and electricity, Finally, the model user may select either ranges or default
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va'luss for the model's parameters and may run the model ir
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certainty-equivalent or uncertain {Monte Carlo) mode, The model then produces
the forecasts,

Trnis report consists of 10 sections., In Section 2.0 an overview of the
BED mndel s presented,  In Section 3.0 the Uncertainty Module, which provides
the model with Monte Carlo simulation capabi ;;ty, is described, In
Serting 4.0 the Housing Maodule, which forecasts the stock of regidential
housing pnits, is deseribed. These forecasts are used in the electricity

demand foracasts of the Residential Consumption Module, discussed in
Saction 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 aovernment market intervention to ﬁﬁvﬁ§$§ conservation and dispersed
generation options are coversd by the Conservation Module, Section 7.0. In
Sectinn 8.0 miscetlaneous electricity demand (street Tighting, 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,
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2.0 OVERVIEYW

The Railbelt Electricity Demand (RED) Model is a simuiation model
designed to forecast annual electricity consumption for the residential,
ﬁﬂmm@wcia?a%ﬁﬁugtriaémqﬁg@wﬂméﬁﬁg and miscellaneous end-use sectors of
Alaska's Railbelt region. The model also takes into account government
intervention in the energv 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-vear steps for three Railbelt load centers:

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

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

@ Glennallen/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 ezch load center for each forecast year: 1985, 1990, 1995,
2000, 2006, 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 & separate electric capacity planning and dispatching
mode entitled Alaska Raitbelt Electric Energy Planning (AREEP) model.
Separate documentation of this model will be available in a report to be
tgsued in September 1982,

Figure 2.1 shows @%& basic relationships among the seven modules that
comprise the RED mode The model beging a simulation with the Uncertainty
| Module, selecting 4 tw%a? set of model parameters, which are sent to the other
madules, These parameters include price elasticities, appliance saturations,

and regional tead factors. Exogenous forecasts of population, economic

E

activity, and retail prices for fuel 0i1, gas, and electricity are used with

the trial pavameters to produce forecasts of electricity consumption in the

Residential Consumption and Business Consumption Modules. These Torecasts

E
along with additional trial parameters, are used in the Conservation Module to
madel the effects on electricity sales of subsidized conservation and

£ i
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The RED mode! produces an output file of trial values for consumption by
sector and system peak demand by vear and load center. This information can
be used by the AREEP model to plan and dispatch electric generating capacity
for each load center and year, The ARFEP 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,

UNCERTAINTY MODULE

The purpose of the Uncertainty Module is to randomly select values for
individual model parameters that are considered subject to forecasting
uncertaintyv, These parameters include the market ssturations 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 technulogies;
the intensity of electricity use per sguare foot of floor space in the
business sector; and the electric system load factors for each load center.

These parameters are generated bty 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 geperator Lo GVuduaﬁ sets of
pavameter values., Each set of generated parameters represents a "trial.® By
f

running each successive trial set of generated parameters through the rest

S 8
the modules, the model builds distributions of annual electricity consumption

&

and peak demand. The end points of the distributions refliect the probable

4

range of annpal electric consumption and peak demand, given the leyel of

uncertainty,
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nine maior end uses of electricity, and a "small appliances" category that
encompasses 3 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
electricity, 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 hy its corresponding
consumption rate to derive a preliminary consumption forecast for the
residential sector. Finaily, 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 Module., It 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 Consumntion Module forecasts the consumption of electricity
by toad center in commercial, small industrial, and government uses for each
forecast year (1980, 1985, 1990, 1995, 2000, 2005, 2010Y. Direct promotion of
conservation in this sector is covered in the Conservation Module., Because
the end yses of electricity in the commercial, small industrial and government
cprtors are move 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 wvses a proxy {(the stock of commercial and industrial floor space) for
the stock of capital equipment to forecast the derived demand for

electricity. Using exogerous forecasts of regional income, regional

jation, the rate of inflation, and interest rates, the module forecasts

o8
i
E
o
-
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regional stock of floor space. Next, sconometric eguations are used to

i

sredict the intensity of electricity use for a given Tevel of floor space in
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Business Consumption

Peak Demand Modulaes.

Secause of the potential ‘moortance of government intervention in the
market nlace tg ancourage conservation of enerqy and substitution of other

%igﬁﬁd to reduce

the demand for uti sity.  The module structure is

¢
igned to incarperats assumptions on tha technical performance, costs, and
¥

s

penetration of electricitv-saving innovations in each uﬁﬁ use, load
&

rantar, and Forecast yasr, The module forecasts the agar%ga & @lectricity

e Conseryvation Module reguires a set of off-line calculations by

These calculations are more complex in
, since more data are available on
In the residential sector, the model

technical efficiency {electricity

¥ installation. Government market
idies or low-interest loans fis
the consumer, CONSER then

~oreturn on the option to the

the passhosk savings interest rate

if the option is to gain assumec
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ceptance. The Conservation Module
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user, and a payback decision rule links the pavback period
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saturations for the technologies. The savings per
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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 electricity 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 (adiusted 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 Tighting
requirements. Finally, all three are summed together to estimate
misceilaneous demand.

PEAK DEMAND MODULE

the Peak Demand Module forecasts the annual peak hour demand for
plectricity. A two-stage approach using load factors is used. The unadjusted
residential and business consumption, miscellansous consumption, and load
center Toad factors generated by the Uncertainty Module are first used to
forecast preliminary peak demand. HNext, displaced consumption (electricity
sayings) calculated by the Conservation Module is multipiied by a peak
corvection factor supplied by the Uncertainty Module tu allocate a portion of
plectricity savings from conservation to pesk demand periods. The allocated
consumption savings are then multiplied by the load factor to forecast peak
demand savings, and tha savings are subtracted from peak demand to forecast

revised peak demand,

The following sections describe each module of the model 1n greater

detail,



3.0 THE UNCERTAINTY MODULE

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

RED allows generation of ey subsets of the full set of parameters. If
is not practical to allow all pa: ameters to vary on all rups of the model,
the total ﬁumber of such parameter values required for a single pass through
the model is greater an 1000. For example, if the user wanted to generate
50 values for every v o -uain 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.

MECHAN I SM

[ A PN

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 proba bility distribution, into
random trial |

arameter 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:
& the number of values to be ¢.nerated
& a seiection of paramelers to vdry
@ the parameter file.
The parameter file contains che default values, ranges, and (if required) the
expected value and variance of each parameter. Table 3.1 provides a sumnary

of the inputs and outputs of the module
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prmation flows within the Uncertainty Module is
igure 3.7, First, the program asks whether the user would Vike
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a parameter. If the answer is no, then the default value {from the

&

parameter i5 a4 %fgﬁeﬁg If a2 rendom parameter value
¢ to be generated, then the user is queries

e S

4 as to which parameters will be

the number of values to be gensrated for =ach

DAy

of times the remainder of the model will be
run, each time wi o

generated value for each paramete
arnpiteary

andom number generator is entered,

ot

generates a random number for each value to be

15 accomp’ished by caliing the computer's "o

a random number between (0 and 1. From the

w informalion on the range of paramet

With A normal
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to construyct cumulative $T®h§$§§ ?g functions for sach paramater. The random
values for each parameter are then generated by applying the random numbers to
these §uﬂ¢iisﬂs@

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

parametey are alwo reporied,
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4.0 THE HOUSING MODULE

The consuming unit in the residential sector is the household, each of
which s 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
dwe1Ting 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
Consumption Module,

MECHAMTSM

S A RSN N

The Housina 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 déﬁirihutiﬁﬁ of households by size and age of head to
pradict the initial demand for housing by twpe 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 achisved,

TS AND OUTPUTS

Table 4.1 presents the data used and gemerated within this module. An
exoqgenous forecast of reqgionad population and the state-wide distribution of
households by age of head 15 ceded as input, while the module passes

infgrmation on the occupied and vacant houging stock to the remainder of RED.

MODULE STRUCTURE

The Housing Module's structure is shown in Figure 4.1, The module begins

of population for the load

p ) g & & ' 4 )
pach simulation with & us

center,  bssumed %&aﬁ@%@?d sireeg for each load center are divided into the

nopulation o obhtain a forecast of total households, which is then adjusted
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Institute of Social and Economic Research (ISER) from Anchorage data collected

<

5y

The remainin

Ha

The demand for

equations:

i

LUTITER

HOpp 14

yihere

o,
s

skats

Observatory {Goldsmith and Huskey 1980b).
is filled with the leftover households.

uple

<

a housing is given by the following

THH,, x b, + Db, %5 + b, %5 + x5 +

(4.3)

b oo % A, + b. L.. + b .
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household head

5 = househo 1d

s, o, and 4 are parameters from the Uncertainty Module,

The model then adjusts the housing stock and housing demand so that the

o

housing market is cleared. Initially, the housing stock is calculated as the
sravious periog's stock net of demolition: ’

HSoo s % HSwuirn as X (1 = 1.) (4.7
1“57?: ﬂd?,?%t»l} PR ﬁ’ u’}‘ ‘}

whers

HE = housing stock

TY = index denoting the type of housing (SF, MF, MH, and DP)
1
H

rate {parameter).

¥

ey

. demand for oeach type of dwelling is defined as the demand minus the

hoysing stock:

i s HEL - H {4 03

L

15 positive, then new construction

in sufficient gquantity to meet the net demand pli

5
b

of vacancies required to ensure normal functioning of the

b 3 e el alos
UL TR Walra e



NC = ND

<
o

Sanra®

Tvit T Mpysp * gy % (HSqyqq + NDpy (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,
Lhen the vacancy rate for that t ‘y‘ of housing has to be calculated:

AV e (4.10)

i
*-»«\
=
|
¢
i
i

TY it

Wheye

If the actual vacancy rate is greater than its assumed maximum, then the
supply of that particular type of housing is assumed to drive down the

price @f that type of dwelling. Individuals rﬁﬁ%ﬁiﬂg in other dwellings could

' 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
supstitutes (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
a3s follows:

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

rate, bimes the stock,

o

The number of available to fill the excess supply

15 given by one minus the normal vacancy rate, times the

S
&
o
£

&a."‘}

Si&i% from the clogse substitute demand.




5. The minimum of 1 or 2 is subtracted from the complementary housing

demand and added to the depressed demand.

=

I excess supply persists (the actual vacancy rate is above its
ped

ra
assumed maximum), then the above procedure is repeated, only the

number of housing units available is now calculated using maximum

b

g
vacancy rates and all types of housing where the actual vacancy rate
is less than their assumed maximum. The available units are then

5

allocatad based on normalization weights of the number available by

ot

The final outpuis of this module are pccupied housing by type (HQT¥i%}

YH = total vacant dweliing units.

nousehoid size parameters for the forecast

¥y

from 1980 Census of

i”L

ar 1980 were derived

2b. Average household size has dectined

the past ten years. Continuity in this trend is anticipated,

reduction is believed to be more moderate than in the past.

ihe vatues of
Lheretore, wWBPe reguce
B T e k
statewide housenola

nousanolds, presented in Tabl




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

Year Anchorage Fairbanks Glennallen-Valdez
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0

198542/ 2.769 2.7t

1990t 8 2.704 2.689 2.710
1995(4 38 2.6 43

N
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NG AN

2000 2 573 2.566 576
{,.
20054 ¢ 2.508 2,505
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{a) Based on &Sq&Wﬁﬁ?Gﬁ that average household size
Vinearly falls to the predicted statewide household
size in 2010,

TABLE 4.3. %umb@r of ﬁi!?%afv Households Assumed to Reside on Base
in Railbelt Load Centers

Anchorage Fairbanks Glennallen-Yaldez s
3,212 3,062 0

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

Tables 4.4 and 4.5 present the parameters used to derive the joinc
distribution of households by size and age of head. The baseline figures for
ihe probabitity of size parameters were derived from the Battelle-Northwest
end-use survey. Those parameters were adjusted to Tinearly approach the 1977
Western Regioral average household size of 2.6 {Bureau of Census 1977) by the
year 19497, tnen continue to change at the same rate for the remainder of the

%

period. The ratic of regional to statewide frequency of age of head was

deriven by ISER, These ratios are umed to remain constant,
The housing demand parameters were estimated by ISER using a Tinear
probabiiity m&ﬁﬁé,ia} The expected values in Table 4.6 are the estimated

4,9



TABLE 4.4. Probability of Size of Household in Railbelt Load Centers

,f?§§ Size Anchorage Fairbanks Glennallen-Yaldez
1980 %/ <2 0.476 0.455 0.426
3 0.190 0.210 0.190
4-5 0.291 0.287 0.341
, bt 0.042 0.048 0.043
19a5¢0) <2 0.515 0.515 0.463
3 0,182 0.152 0.185
4-5 0.262 0.262 0.309
6+ 0.041 0.041 0,042
199020 <2 0.553 0.553 | 0.501
3 0.174 0.174 0.180
4-5 0.23: 0.233 0.277
ot 0.040 0.040 0.042
19958 < 0.591 0.591 0.538
3 0.165 0.165 0.176

4-5 0.205 0.205 0.245
6+ 0.039 0.039 0.041

2000P) <2 0.629 0.629 0.575
3 0.157 0.157 0.171

4-5 0.176 0.176 0.213

a 6+ 0.039 0.039 0.040
200540 <2 0.667 0.667 0.612
3 0.149 0.149 0.166

45 0.147 0,147 0.182

N 6+ 0.038 0.038 0.040
2010(P) <2 0.705 6.705 0.650
3 0.140 0.140 0.161

45 0.118 0.118 0.150

6+ 0.037 0.037 0.039

(a) Source: Battelle-Northwest End-Use Survey.
(b The distribution is assumed to linearly approach the 1977 Western

Regional Distribution by 1992 (Bureau of Census 1977).



TABLE 4.5

Fegional 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
55+ 0.80 0.69 1.49
source;  Supplied by the Institute of Social and Economic

Research, University of Alaska.

coefficients reported by ISER.
95% confidence intervals,

The ranges were calculated as the width of the

whereas the variance was backed out of the reported
F ostatistics,

Table 4.7 presents the assumed normal and maximum vacancy rates by type
ot house. ISER {(Goldsmith and Huskey 1980b) derived the normal vacancy rates
by taking the ten-year U.S5. averages of vacancy rates for owner and renter
units. Single-~family and mobile homes have the owner vate; multifamiiy homes
have the renter rate; and duplexes are the averige of owner and renter rates.
For the maximum vacancy r&t@gﬁ Anahmrage muttifamily rates were available.
The relationship between the normal rates for mul

was used to derive the maximum rates.

tifamily and all other types

Housing demalition 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

I Fairbanks (Goldsmith and Huskey 1980b). As the existing stock ages, the
removal rate 1s assumed to grow towards the U.S. average, which has bee

estimated to be between 2 and 4% per forecast period (5 years).

The housing stock figures dispiayed in Table 4.9 are those derived by

~ their end-uce 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
(Percent)

; %erm?;g Maxi gw

[ype Rate\d!) Ratel
Single Family 1.1 3.3
Mot ile Home 1.1 3.3
Dup tex 3.3 10.0
Multifamily 5.4 16.0

(a) Imputed by ISER from Bureau of
the Census (1980a).
{(h) Imputed by ISER from Anchorage

Real Estate Research Committes
(1979},

TABLE 4.8. Assumed Five-Year Housing Removal Rates in Railbelt Region,
1980-2010 (Percent of Housing Stock at Beginning of Period
Removed During Period)

Removal
_Years Rate (percent)
1980-1985 1.25
1985-1990 1.50
1990-1995 1.75
1995-2000 2.00
2000-2005 2.25
2005-2010 2.50

Source: Author Assumption.



TEBLE 4.9, Railbelt Housing \;gck by Load Center and Housing Type, 1980
(number of units)(2)

Type Anchorage Fairbanks Glennalien-Yaidez
Single Family 37,422 9,900 6565
Mobile Homes 9,239 2,475 904
Duplexes 5,871 1,397 270
MuTtifami Ty 19,061 5,265 266
Total 71,5932 19,037 2,105

—

al A ounit is occupied h; one household, Thus, a 4-plex is
congidered four o g 114 units, }
Source: Goldsmith and ﬁudkgy 1980b, Table C,16, £.17, C.18.
These figures have b@wﬁ adjusted to reflect the total
than units served by electricity,

[un

.



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 quantity of
electricity fkWh) reaquired 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
regidential sector - 1t does not include allowances for Tine losses,

What this module does do, however, is estimate the amount of electricity
residential consumers use, with expiicit consideration of the impacts of
electricity price changes and fuel switching between electricity, gas, and
oil. lImpacts of fuel switching to and from other fuels {such as wood) are
handied in the Conservation Module

MECHANT SM

B —

The Residential Consumption Module employs an end-use approach. In an
erd-use analysis, the first step is to identify the major uses of
glectricity, Future market saturations of the uses are forecasted so that the
future stock of electricity-consuming devices 15 defined. The next step 1% fo
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
utitization rate. Once the stock of major electricity-consuming devices and
their corresponding average annua!l 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

consumntion of electricity. Using the same procedure for miscellaneous

residential uses and sumning over all end-uses yields an aggregate forecast of

electricity requirements.
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i, Water ﬁ@ating

3. 9“sriﬁ&r ior

4

}
/

Washing (and additional water heating
G Clothes Drying

7. Dishwashing (and additional water heating)

B, Saunas-Jacuzzis

9. Space Heating

in addition, several additional uses of electricity by households are captured

hy a small appl ce category. Small appliances include televisions, radios,

f.“?

ic

|2

Vignting, head-bolt heaters, kitcher appiiances, heating pads, etc. The bas
premise of this module is that the household is the primary consumer of
electricity, rot the individual. However, the number of fazividuals in the
household significantly affects the consumption of energy for clothes washing,
clothes drying, and water heating. Therefore, there is an adjustment in the
mode ! 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 @E@cﬁr%gityﬁ the end-use approach is used (se
Figure 5,1, Figure 5.1 shows the calculations that take place in the
£

Residential Consumption Module, %eg%aﬁénq with a regional estimate of

nccupied housing stock hy tyoe, the modul
: Foow ity

uses appliance market saturation
L

estimate the stock of esach of the major appliances recognized by

the model, The module then calculates the initial fuel mode split for
muttifuel appliances, calculates pretiminary slectric consumption for each

. and then sums these estimates
stimate for the residentigl sector.

glectricity and “hrég?“wﬁgﬁaif%c own-price

adjust the preliminary forecast.
[BNW) end-use survey show significant

s - . S 0 - « . 4 2 By gy RN g ‘,"‘“’°\-,
diffarences in these nine end uses by the type of dwelling

The module, therefore, uses the aumber of

e
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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 ﬁ using Module, however, merely pre edicts the number of occupied
primary & 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 Pesidential Consumption

o
R

Module forecasts the number of primary occupied housing uiits gérved

HHS = households served
TY = denotes the type of dwelling
SE = proportion of type served by an electric utility
HD = stock of occupied dw&iﬁzﬁgg from the Housing Module
1 = region subscript

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

Once the number of electrically-serve 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
dwetling and having the appliance in question., By multiplying the
housing-type-specific saturation rate by the number of houyseholds residing in
that type of housing and then summing across housing types, the moda]

forecasts appliance demand in each future forecast period ©:

i1
-

*]
——

i

el $

3 . o . S oy gy g g
Excluding second or v ecrealtion homes,

—



whers

AD = anpliance demand
SAT = saturation rate (parameter)

k = end-use appliance.

Next, the model calculates the number of additions to the stock in the

future. Assuming demand is fully met, the number of new appliances

in period t is found by calculating the stock of appliances surviving from all
previous periods and subtracting this surviving stock from appliance demand:

t-1
- & «.w:" % » m . ¢ . CQQ Y -
N:ﬂ;{tk ﬂibitk h g;‘z F%A‘%m%( p 4 {.E d‘tk) Agéak X (1 sk,tk} (533)
wWhere
MA = number of new appliances

AS.., = initial stock of appliances (1980)

bt
Fi

I

vintage specific scrap rate in period t; for vintage m
(parameter) (m =1, 2, 3, ..., 7.

Equation 5.3 can be rearranged so that the stock equals the demand:

t
" - 1. -?G , gy . . i) o
ﬁ@étk ggi(}i{ E‘{ {i Gt%.) + ﬂ%;‘zi f‘%aimk X (1 d%ki) {»J'as;}l )

The future appliance stock, therefore, can be stratified by vintage. Next,
the model calculates the initial stock of electricity-consuming appliances by
multiplying the number of appliances in each vintage by the percentage using
electricity:
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whers

EAS = initial stock of electric appliances
FMS = fuel mode split

ENA = additions to the electric appliance stock

Y

=

o
i

total electric appliance stock.

The Residential Consumption Module next calculates the average annual
@?@ﬁtrigity consumption of each major appliance. Different vintages of
appliances use different amounts of electricity, so the average consumption
mast reflect the vintage composition of the stock. Furthermore, industry
energy efiiciency standards for appliances could change in future years. The
future vintage specific consumption rate can be derived by multiplying the
curvent (1980) consumption rate by a growth factor and adjusting for any
changes in efficiency standards. By weighting these figures by the proportion
of the stock they represent, the average consumption of each appliance type in
a forecast year is derived:

n

{, 0% , o
ERS, {1 d t {m-1) x 7
) o i ok x Uk L oo ( ; ; :
Aitk = ACiok X —ERD, " 2 Poyor * (149) '
itk =1
(1-c5 ) * ENA o {zﬁd?k}x
= mk A ﬁ;{q s (5»?)
sl e
Witk /

where

Aﬁzyg = average consumption of appiiance k in period t (parameter)

]
i

- average consumption of appliance k in the beginning period
{parameter
7 = length of forecast periods t and m in years {parameter) set

equal to 5 for this study.



1 = growth rate of appliance k consumption {parameter)

R
e

cs = conservation standards target consumption reduction
(aawama%er%
nally, the preliminary consumption for each major appiiance can be

caloutated by multinlying the stock of each appliance by its calculated
average consumption:

o
I
*
oo

e

whera

£73

o

m
i

preTiminary consumption of electricity prior to price

adiustments,

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 inm the region, the initial

consumption Tevel, and a growth factor in consumption over time:
CONS,, = o HHS..,. C. o+ (ACG,,. . x ! (5.9
“itsa ;g Tyt * 'ﬁ‘?GS& ‘A“Gitaa xtxz) 15.9)
whers

T
£
}i

growth factor in small appliance consumption

e
o
i

index denoting small appliances,

otal pretiminary residential consumption is found by summing across end

9
ESPRE I o CONS + CONS . E 1A
[ x VAT AL BN I i %d g
it ﬁ%ﬁ Yigg PO Gpgy (5.10)
wWhere
RESPRE = total preliminary residential consumpti

¥
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R?nggiﬁ reflects mainly the physical characteristics of the stock of
etectrical appiiances. Consumers, however, can respond dramatically to
a%aﬁgeg 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 teken 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. 1In 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 quantity is
Tess 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 percentage 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 pogitive, then the fuels are said to be
substitutes, Az the price of another fuel rises, the guantity taken of
Tectricity rises. For example, natural gas and electricilty are substitutes.
If the price of gas rises enough relative to the price of eleciricity, then
some natural gas customers will switch to electricity. [f the cross-price
a?§§t%a%ty is negative, the fuels are complements, and increases in the price
f the alternate fuel will cause reductions in the amount of the electricity
t

%f?

that s taken,

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

5.9



of their stock with devices that use less electricity, or perhaps use another
fuel source. Therefore, making the distinction between the short-run and the
Tong-run elasticities is important,

The elasticities generated in RED are aged over the forecast period from
their short-run values to their Tong-run values, thus explicitly modeling con-
sumers’ changing the pattern of use in the short run and fuel switching in the
Tona run.  The Uncertainty Module generates both the short-run and Tong-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 Tong-run value 1s rather abrupt. Specifically, the transition time is

ssumed to be seven years. If a price change occurs in the first forecast
vear, in the next forecast period the elasticity is 5/7 of the way from the
short-run value,

The actual calculation is as follows

RESCON., = RESPRE;, x OPA;, x CPA., (5.11)
B
£ , E o+ 2{E  +E. >
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whoys

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

= index denoting gas

i

index denoting electricity.

"

RESCON i¢ 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
secupied housing in Fairbanks and Glenallen-Valdez were connected to an
electric utility (Goldsmith and Huskey 19805). Due to the high emphasis the
state tegislature and governor have placed on energy, the extension of

electrical service to all who would 1ike 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.
AppTliance Saturations '
Because historical arowth and comparison with the tower 48 provide weak

quidance on both currvent and future market saturations of major appliances,
somewhat arbitrary maximum penefration rates necessarily have been assumed,
for which wide bands of uncertainty have been specified. Market penetration
N

for most appliiances is already outside the bounds of Tower 48 experience and

shows no signs of sTowing down. However, many of the major appliances most

(90
od
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vercent of Households Served by Electric Utilities in
<ailpelt Load Centers, 1980- *ﬁ?ﬁ

Anchorage Fairbanks Glennallen-Valde

1

100 91

b

{a3 Qﬁuffé” @ﬁ?d@mith and Huskey 1980b, Table C.13,

Tikely will never reach 100% market saturation for a variety of reasons, such
a

[ R
[

Pt

R

v

o

Fa

T

o

nsient population, convenience of su Tike laundromats, small
housing units, etc. The assumptions in this secton reflect a compromise
between rapid historical growth in appliance stocks in Alaska and approaching

boundaries on market saturation.

Tables 5.3 through 5.6 show the default value and range for future market
saturations of major appliances that can use one of several fuels in normal
home fnstallation. The table values are the expected percentage of housing
utits of a given type that will have the appliance in a given year and market
area, and the subiective uncertain range that can be used instead of the

’ the Monte Carlo option is used. The table title indicates

The assumptions for each type of appliance are given

available in nearly 99% of single-family homes in the

Anchorage markel area, according to the Battelle-Northwest end-use survey. It

5 17
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TABLE 5.3. Market Saturations {Percent) of Large Appliances with Fuel Substitution
Fossibilities in Single-Family Homes, Railbelt Load Centers, 1980-2010

Water Heaters Clothes Dryers Range {cocking) Saunas - Jacuzzis

Year befault Range Pefault Range tefault Range Defauit Range

1980 9g.6'%) —- 9.2 - gg.sla) - 141

1985 g8.8 85-100 al.z 88-94 00.0 99100 17.8 14-20

1980 98,4 98-100 97.5 89-495 100.0 499100 21.6 i5-25

1995 99.0 98- 100 83.7 4095 106.0 49 100 25.0 - 20-3U

2060 35,0 98100 95,0 §2-a8 100 99100 30.0 2040

205 9% .0 48-100 85.8 9298 100 99- 300 35,0 S dh

2010 $9.0 98~-100 95.0 298 i §9-100 . 40.0 3050

b. Fairbanks 1980 g6.908) 81.4 —  100.0'% eg100 7.9

1985 43.0 9185 84.0 B0-88 100.0 99- 100 12.9 10-15

. 19599 98,0 98104 &7 .5 2-92 1000 §9-~100 21.0 15-25
f; 18495 Y 98~ 100 97.5 8797 100.0 99100 25.8@ 20-30
- 2000 9¢.0 9% -100 5.8 92-98 108.9 99-100 30.8 2040
2008 FERE 96100 G50 92-98 100.0 99-100 35.0 25-45

2010 g .0 98-~100 5.0 9z-98 100.0 99-100 4¢.0 30-50

c. Glemmallen- 1380 g9.1(8) —~ 8.1 —  100.09) — 136

Yaldez 1985 90.0 88-92 89.0 87-93 1g6.0 55-100 17.¢
198¢ 95.0 8298 91.0 87-85 100.0 99-100 21.0
1995 87.9 S6-~98 93.0 91-95 100.0 89-100 25.0
2006 98.0 98-106 95.0 92-98 100.0 99-100 30.0
2005 9.0 98100 95.0 92-98 100.0 89-100 = 35.0
2018 29.G 98-100 95.0 92-98 100.0 99-100 40.0
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{8} For hot water and cooking, missing values on the Battelle-Northwest survey were not counted.
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TEBLE 8.4, Market Saturalions 3?@?“5@ nt

Hater Heslsers Ciothes Dryers Range {cocking) Saunas -~ Jacuzzis
Load Center Year PDefaylt Hange vefaylt Rangs Defauit Range vetapit Hange
s. Anchorage 1980 98.2%) — 780 —  gs.7le - 6.1 -
1985 ae ¢ 80.0 Fe-81 100.0 100-100 i2.0 g-18
1990 93 .0 108 82.4 G0-84 100.0 160100 71,0 16-26
1935 98 .4 B8-100 84.¢ . g2-86 100.0 160-100 5.0 20-30
2080 49,0 58100 85.0 83-87 100.0 100-100 36.0 2040
2008 99.0 G- 100 L0 85-95 100,49 100100 35.0 2545
2010 5.0 98-100 uh .0 91-99 100.0 190-160 4G.0 30-50
b. Fairbanks 1980 99.0l% —~ %23 —  gg.gl® - 2.5 -
1985 96,0 8108 44,0 91-97 166.0 106100 0.0 515
1460 99 .0 93-106 85 .0 92-98 100.90 160-100 21.0 11-31
1oas 99 .0 98- 100 45.0 92-98 106.0 100-100 25.0 15-35
2000 2a .0 98-100 95,0 4298 160.0 160-100 36.0 20-40
2005 88,0 98- 180 895.0 4298 100.0 100-100 35.0 25-85
00 92.0 98-100 95.0 9298 100.¢ 106-100 40.90 30-50
c. Glemnallen- 1980  99.0(® — 8.4 - 100.00®) 5.1 -
Yalder 1955 2.0 98- 100 890.¢ 8892 100.0 100-100 12.0 8-16
1980 98 .0 98-100 95.0 92-98 106.0 100-100 21.0 16-26
1595 8.0 98- 100 95.0 4258 6.0 160-100 5.0 20-30
atio §9.0 9g-100 895.0 g2-98 100.0 100-100 33.0 26-40
2005 98.0 98100 95,0 92-98 106.¢ H0-100 35.0 25-45
2010 89.0 48100 95.0 92-98 106.0 100-1066 40.0 30-50
{5} For water heat and aaﬁ!?ﬁgﬁ missing values on the Battelle-NHorthwest end-rse survey were noit counted.
{h) Glennalien-Valdez water heater percent for 1980 was adjusted downward tv 99 to a Tow for some
costomers without hot water,



TABLE 5.5. Harket Saturations (Parcent) of Large Appliances with Fuel Substitution
‘ in Duplexes, Railbelt Load Centers, 1980-2010

Water Healers Clothes Dryers Range {cooking} Saunas - Jacuzzis

Load Center Jear Default Ramge Befauit Range Defaull Hanme Defauit Range
a. Anchorage ¢ 100.0'%) —~  90.0 - 96.4 - 16.9 -
1ags 166.9 G- 100 1.0 §0-92 106.0 166100 8.0 ig-20

1850 106G.0 100100 92.5 9395 100.0 100100 21.0 i8-24

1995 1000 180100 93.0 91-98 100.9 100-100 25.0 2430

2GO0 10600 100100 85.0 32-98 100.0 100100 3.0 20-40

P05 1.0 100~ 108 95.0 9g-98 100.0 100-100 35.0 2545

i 100.0 160100 95.0 $2-98 160.0 106100 4G.0 30-50

b. Fairbanks 180 100.0'% —~ 550 - 100.0 —~ 8.2
1885 0.0 100~ 108 §1.@ aG-92 i00.0 100100 12.0 B3~16

1950 160.0 - 108 82.5 90-89% i00.0 109100 1.9 16-26

1945 106.6 o010 93.0 91-96 106.0 100-100 25.0 20-30

2000 00,8 100108 95.0 4$2-98 100.0 100-160 38.0 20-40

005 106.0 100 95.0 9258 100.0 108-100 35.0 25-45

2030 0.0 1090100 g95.0 §2-88 160.0 106-100 406 30-50

c. Glennallen- 1980 100.0%%) -~ 88.9 - 160.8 -- 6.0 -
Vatder 1985 100.0 00100 90.0 89-91 100.0 100~100 .0 5-15

1990 08.0 108-100 82.0 81-93 106G.0 100-100 21.0 11-31

1995 100.0 03-100 G4.0 91-97 100.0 160-100 25.8 15-35

2060 100.0 108-~100 95.0 g2-98 160.¢ 106-100 15-45

(7]
(I <)
#
=

2005 148.0 108-100 95,0 §2-58 166.0 166100 35.8 20-54
2610 100.0 100-100 §5.0 9298 100.0 100-100 4G.0 30-53
Ial Yalues from Batiolle-Northwest end-use survey were adjusted to 100 percent for water heaters in 1980.
For explanation, see text.
{bY 1980 Clothes dryer penetration in Fairbamks for 1980 adjusted downward by one to match the number of
washers in duplexss.
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&

ssumed that 99% is 3 maximum For two reasons: the market saturation of
hot water in the Westera U.S. was 99% in the 1070 Census (Bureau of Census
19703 and Alaska can be expected to have rural cabin-Tike structures with
timited electric service for some time to come, In the Fairsanks and
Glennallen-Valdez market aresas single-family saturations are projected to
incresse to the Anchorage level by 1990 and ?ﬁﬁ@v respectively,  The end-use
survey and 1970 Censys both show saturations in the vicinity of 90% in these
areas, Increasing urbanization in these two areas and better electric service
should increase this percentage. Glennallen will remain sufficiently rural,
however, to keep the pace somewhat slower,

2

“har tvpes of structures in the Rattelle-Northwest survey showed

ations of nearly 100% in all market areas. The exception was

muct oty hoysing., Howaver, the wording of the question in the survey upon
wroicn Mhorn cgtoulation 15 based may have been interpreted as asking whether
want ohad a hot water tank in his unit rather than {as was intended)

cad hot water available, A 1D0% market penetration for hot water

5 and muitifamily buildings was assumed. Mobile homes were

cons "d@ ad the same as single-family units.

ﬁ“

Ciothes Drior

%

The Battelle-Northwest survey and 1970 Census (Bureau of Census 1970}
thelt market saturations for ¢f
<]

&
both show Rad othes driers far above the 1.5

average. Information available from the 1980 U,S. Statistical Abstract for

1979 shows about 81.5% of electrically *th@d housing units have an electric
or gas drier {up Ffrom 44.6% in 1970) (Bureau of Census 198Cb). In contrast,
the Battelle survey showed markst saturations ranging from 61% in Fairbanks

multifamiuly to 120% - tennaiten-Valdez multifamily

B

o oy 5 g
ETruCTures

Family drier saturations ranged from 81% in Fairbanks

to 90% in Anchorage, Pecause Alaska already has such high saturations, the
Farecast s outside the bounds of historical experience. A reasonable guess

N
ff;g% T hio

mutt

B oo e
ALS0C

100% figure is believed to be an ano va ty caused by he
ifamily housing wnitﬁ sampled in the Cooper Valley t?ﬁ
5

f;
by
ation (CVEAY market area, The true flaure was assumed ;ﬁ be 78%%.



is that no more than about 95% of single-family homes, mobile homes, and
duplexes will ever have driers because of the availability of laundromats and
because of the room taken up hy washer-drier combinations in small housing
units, For multifamily units, penetration is assumed to be much slower
becasse 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
old housing stack 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 muitifamily
unit clothes driers.

Looking Ranges

The BattellesNorthwest end-use survey indicated that between 96 and 100%
of all households surveved had a range available. The difference between 896
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 estimaled national 1979 saturation was 7.6%). Therefore,
100% of all units currently are assumed to have cooking facilities available
oy 1885, This percentage holds throughout the period,

¥

fhese units are a relatively new phenomenon in private homes, almost all
having been installed since 1970. The Battelle-Northwest end-use survey found
mariket saturations ranging from zero to 17%, depending on market area and
housing type. Fourteen percent of Anchorage single-family households reported
haying one of these units, Among single-family homes built since 1975, the
saturation was 21%. The 21% has beern used as z target saturation on which
other groups of housing will converge by 1990 through new construction and
retrofit.  The inflation-adjusted coob of saunas and jacuzzis, whirlpools,
etc. are expected to drop somewhat as it doez with any new appliance iype.

5,

This could Tead to much higher market saturations than currently exist., A

i

ng hot tubs, whirlpool baths, and "total environment® units.
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AREE 5.7, Market Saturations {Percent) of Large Electric Appliances in Single-Family Homes,
Raitbelt Load Centers, 1980-2010

tefrigerators F

i ree 4
Load Center Year dafault Range Default HRanoe Detaul

a. Anchorage 1980 100.0 - 88.3 - 78.2 - g1.7 =
2

Bt
5
v
Xe
3%
P

0.0 98-102  90.0 85-95  85.0 80-90 92.0 90-94
100.0  98-102  90.0 85-95 0.0 85-95 92.5 90-95

ik
S
W

ot
P

1995 160.¢ 98-102 9G.0 85-95 90.0 85-95 93.7 51-96
2000 100.0 98-102 9¢.0 8595 90.0 85-8% 95.0 92-98
2005 100.0 ag-102 90.0 85-95 50.0 85-85 95.0 §2-98
2010 100.¢ 98102 90,0 85-95 gt.0 85-95 95.0 92-98

b. Faitrbanks 1580 100.0 - 84.9 s 53.8 - 84.9 --
1985 160.0 g8-102 88.0 86-390 79.0 75-85 86.0
198G 100.90 S8-102 90.0 85-85 9G.0 85-65 87.5
895 100.0 98-1062 90.0 85-85 83.0 85-55 g2.5
i
1

o
z;;‘*g ,%‘,}g
Wy oo
[ B ¢ ]

4
un %Zi
w
£5
T

2000 100.0 98-102 90.0 85-95 96.0 85-95 E
2005 100.¢ 28-102 90.0 85-95 90.0 85-95 95.0
2010 103.0 98-102 90.9 85-95 0.0 85-95 95.0

L3
0
H

el

T
Wy Wy
e B ]

¢. Glennatien- 1980 100.0 oo 95.7 o 64.3 - 87.1 -
Ya 0 91-95 85.0 80-80 56.0 88-92

ldez 1985 100.0  98-102 93

30 100.0  98-162  90.0 85-95  90.0 85-95 92.5 99-95
1995 100.0  98-102  90.0 85-95  90.0 85-95 93.7 $1-95
2000 100.0 98-102  90.0 85-95  90.0 85-9 0 92-98
2005 100.0  98-102  90.0 85-95  20.0 85-95 95.0 92-98
201¢ 102 9@ 85-95  90.0 85 0 92-98



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 Tor larce 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 vear, The ranges shown in
the tahles 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 vefrigerator. The California Energy Commission found in 1976
that enocugh housing units had second refrigerators to raise total California
market saturation to 113 to 116%. ISER, in their report to the Alaska State
Legisiature (Goldsmith and Huskey 1980b) assumed that this high percentage
woutd ?@ke?y not prevail in Alaska because of the cooler climate. In the RED

model the [SER assumption is modified to permit a range of values from 98 to
' ﬁ;:‘;%J
Freezers

N A SR

The end-use survey found market area-wide saturations of freezers ranging

from about 80% in Fawrbanks 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 vaiues for the Raitbelt, and 30 to 40% above the U.S.
average, [n other words, arsa-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
nave heen reached because with better shopping facilities and increased
urbanization, fewer freczers will be necessary for long~term food storage

associated with bulk buying,

L
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TABLE 5.8, Market Saturations {Percent) of Large Electric Appliances in Mobile Homes,
Railbelt Load Centers, 1980-2010

Retfrioerators Freezers Clothes Hashers

Loag Lenter Year Default Hange Detault Hange Defaull Range
&. Bachorage 1980 0.0 - 94.8 - 43.9 - 80,6 -
1985 100.0 9B-102 92.0 90-96 87.6 62-72 85.0 B0-90

1290 0.0 98-102 0.0 85-95 %0.0 §5-95 90.0 85-95

1995 100.0 g8-102 0.0 85-95 96.0 85-95 80.0 85-95

2000 00,0 9B-102 95.0 8595 50.0 85-95 95.0 92-98

2008 100.0 98102 90.0 85-95 90.0 85-95 95 92-98

2010 W0e.6 98-102 %90.0 85695 90.0 §5-95 85, 92-98
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2050 106.0 98- 102 0.0 B85-95 90.¢ 85-95 95.0 G2~

66-76 93,
85-95 93.
£5-95 94.0 92-96

o

G

= d

]
™5
o)
=
o
2]
L1
t
s
54
P =
o

!.J;;
6]
<

ol
oy
44

¢
o
{j‘
%

c. Glennzilen~ 1980 00,0 - 86.4 - 4.2 - 88.1 -
106.0 #3.0 85-51 72.3 67-77 90.0 &8-92
ieay) 100.0 80.0 85-95 0.0 85-95 93.0 81-9§

|
64
§
-
N
o
Py

Yalder

o
fer)
)iu
=
]

1095 06,0 98- 107 0.0 85-95 90.0 £5-95 95,0 97-95
a8 85-95 85, g2-98

2000 00,0
2019 0.0 g5-10

H
5 5
Ex g o
o w0
& &
ooy
m o
&
I 1
@
L3 LR
W
& &
e~

G
85-95 85.0 §z2-98
6.8 8595 §G.0 85-95 95.0 92-98

[
5



=
”

oi b

TROLE OE O 7 P N st b §, D e £ ¥ e 3 PRI 1z S v

IABLE 5.8, Market Ssturations (Percent) of Large Electric Appliances %1 Duplexes,
Do & Wy 18 3 -y e TGO T : : N
Raiibelt Load Centers, 19803-2010

__Refrigeralors . ftreezers Dishwashers
Tear Satauit Ranaga Defautt Range Defanil Hange

thes Washers
[ Hange
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TABLE 5,10, 2 Electiric Appliances
Centers, 1980-2010

Dehwashers Cinthes Hashers
toad Centar Year Detauit Range detap iy Ranae
A, 1e80 00,0 — B2.5 - 73.3 - 765 e
1885 0.8 98-1G2 55.0 B 70 85.8 80480 85,0 BL-80
1640 i08.0 48102 Fe.u 5575 80,4 85-95 L3.0 d45.-05
14995 1000 98102 705.0 5575 90,0 §5-95 §2.0 4004
000 00,0 Q7102 0.0 §5.75 S0.0 85.95 85,8 208
2008 1000 YR-102 76,0 §5-75 ag.0 85.95% 85.0 97-98
2010 1060 8. 302 0.0 55.75 o 85.45 85.0 Gp.a8
b, Fairbanks 1880 168.0 - g7, — 23.3 - §3.8 -
1985 3000 45102 B55.0 G- 70 34.9 30-39 8.0 6372
o 1990 1.0 a8 107 70.0 HB-75 5.0 4555 0.0 6575
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70-79 . 75-85
9G.0 85-95 85.0 80-90
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2005 104.0 88102 70.G B85-75 80.0 8595 §0.0 85-95

2010 160.0 a8-1a2 0.0 85-75 90.9 85-85 95.0 92-98

c. Glennallen- 1980 HETRY 98-102 14.3 - 28.6 ~- 7.6 -
falidez 1985 180.0 88-102 0.0 15-25 2.0 37-47 78.0 73-83

18% 160.¢ 88102 3.0 20-40 62.0 5767 80.0 7585

1985 166,06 98-102 35.0 30-40 90.0 B85-95 82.0 77-87

2000 me.a 48-102 4G.6 35-45 9.0 85-95 85.9 80-80

2006 100.0 98-102 45,0 &0-50 $3.0 85-85 30.0 85-55

2010 N0 98102 50.0 45-55 96.0 85-85 95.0 92-98
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i multifamily units, the percent of saturation should

tenants in such units tend to be more

hably Tess involved in Alaskan hunting, fishing, and
Consequently, they would have less
its tend to be smaller., Consequently,
commercial cold-storage locker space
sarve scarce living space in duplexes and multifamily

uncertainty 15 shown to be quite broad, since market
rapid in the last 10 vears, but the maximum appears to

market saturations for

U.5, av&r%g@, Ir the U.5, as a whole, the

served by electricity (Bureau of Census

from 50% in Fairbanks to 75% in Anchorage
rased by about 50 percentage points in all

/G, again outside the range of historicatl

oldsmith and Huskey 1980b)

rbanks. )

it
ion was very rapid in the 19705,

nchorage and 36% in Fair
¥

ar may slow down soon, a

411 homes., The annual rates of

or each ragion: 9% per
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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 meximum 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 al Tow rates of growth they reach 95% somewhat
eariier. In ng case is clothes-washer saturation allowed to be below that for
ciothes 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 occurred because of the small number of households in the
category. The market saturations for washers and driers gradually converge,
since they are now usually instalied in pairs. Multifamily saturation of
washers and driers grows the slowest, reaching 95% by 2010 in Fairbanks and
Glemnallen-Yaldez.

4

f’.:.?é
a’é‘;

Fuel 2 Splits

The fuel-mode splits presented in Table 5.11 were also derived from the
Battelie~Northwest ernd-use survey. These paramelers are assumed to remain
fixed over the forecast period, as the cross-price elasticity adiustment
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.

Consumpticn of Electricity per Unit

he average kitowabtt hour consumption figures are primarily based on the
Midwest Research Institute's findings on the subject (MRI 1979). Below is a

b i ¥l F N R 5 4o o4 oy v ;z»f‘u.«w
brief discussion of each parameter.
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For space heating, the average annual consumption figqures derived by ISER
are used (Goldsmith and Huskey 1980b). These figures were derived based on
heating degree days, floor space, and average consumption of all electric
homes within the Railbelt region and were adjusted down by 10% to allow for
additional conservation in the building stock since ISER's study.

averane consumption for waterheaters is barced on “he California
commission's estimates (CEC 1976) because the CEC separates out
consumption related to clothes washers and dishwashers, Unfortunately, the

1d not separate the consumption used for dishwashing without
ﬁ%ﬁ&wagh@wz& 50 the figure was adjusted upwards by 15% to account for this for
the colder-water inlet temperature in Alaska.

Clothes Dryers

For clothes dryers, average consumption is the figure reported by WMRI.
[SER (MRI 1979) picked a lower estimate based on household size, but the

r climate in Alaska should atso raise the estimated use of dryers. This
ts reflected in high saturation values for this appliance.

Looking-Ranges

This category is broadly interpreted as prot

it
purposes. The figure reported was derived by ISER with a similar definition.

M%%ﬂ%??&ﬁéﬁuﬁ(é@??i&ﬂﬁ%%

2ous wppiiances, estimates of consumption were originglly

an
prepared by EEE@ by subtracting aﬁtémaﬁgd Earg@ appiiance electricily
consumption for 1978 from total 1978 consumption/residential
{Goidsmith and Huskey 1980b). Lighting was inferrad from nati
and increased to 1000 %%ﬁfy@ﬁ?iﬂu%iﬂm%?» The remainder was

g g

Qegearch for zﬁﬁ RED Model checked ISER's work

s PR U G I S T
3 okh/year ] are inCluded in

480 kih/year/customer for headbolt hesters ig
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tpad center-specific figures derived from Toad-cgnter specific

=
:
§
.



usage data produced by the Battelle-NHorthwest 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 heaters are as follows: Anchorage, 459 kWh/year/customer;
Fairbanks, 1127 kWh/year/customer; Glennallen-Valdez 398 kWh/year/customer,
Bacause the results were broadly consistent with ISER's figures, ISER's totals
were used (Goldsmith and Huskey 1980b).

Saynas=-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 stock (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 Tower ambient air
temperature,

Freezers

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

Dishwashers

This Tigure 95 the mean of the Edison Electric Institute reported hy MRI
and MR figures.

Dishwasher and Clothes Washer Water

Electrical Capacity Growth

The growth rates in elactric capacity {Table 5.12) were derived by ISER
(Gotdsmith and Huskey 1980b). The growth rate for capacity of saunas and
jacuzzis 18 assumed to be the same as refrigerators. The cesumption of new

appliances was also derived by ISER,

5,28



TABLE 5.12

lectric Appliance Capacity and Initial Amnual
— ian

. Growth Rates in E
i ces

t a
Average Consumption for Mew Appl

Average Amnual Growth Rat
kih Consumption ?@r %Qw Appliances (1985} Electric Cap
Arnchorage Fairba Glennallen-Valdez Post 1985 (a
40,106 53,000 36,600 0.01
30,000 405,500 27,900 G.01
26,600 35,100 24,100 0.01
18,800 23,300 16,100 6.01
Water Heaters 3,650 3,650 3,650 G.005
Clothes Diyers 1,032 1,032 1,032 0.0
Cooking Rangss 1,250 1,250 1,250 4.0
ok Saunz~Jacuzzi 1,309 1,30¢ 1,309 G.0

1,560 1,560 1,560 0.01

o

Freazers 1,550 1,550 1.550 0.01

Dishwashers 230 220 230 005
Additional Water Healting 740 740 740 G
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{a} Incremental growth of 50 kith per customer in Anchorage per B-year period; 70 kWh in
Fairbanks and Slennailen-Valdez.



Tahle 5,13 presents the percentage of appliances’ remaining t forecasts

o

Ffigures were derived by ISER based on

purchase,

x

9y with implicit discount rates for room alr conditioners,

»

a particylar vintage of air conditioners was fairly
%“

vt

air
w11 distribution. By substituting differing
ER

alternative appliances, ISER used his results to

For saunas and jacuzzis RED assumes the

ntial Module are the price

=5 of elasticities were picked fo
o 19750 Maddala, Chern and G117
Halversen 1978; €PRI 1977a, 1977b).
shified towards the inelastic range of the
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For the populace to switch fusls in the
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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.

€

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 di sted for price impacts to yield the price-adjusted forscast 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 level, and statewide wage rates are exogenous to RED. For
the Railbeit Alternative Energy Study, these come from forecasts of the I[SER

ot

:‘;a

Man in the Arctic Program (MAP) model., The use per square foot of building
space is assigned in the Uncertainty Moduie. The output of the Business
Consumption Module ig the price-adjusted forecast of electricity requirements
of the business sector before the ifmpacts of subsidized conservation are

constdered,

MODEL STRUCTURE

Figure 6.1 presents a flowchart of the module. The first step is to

construct proxie

¥

for regional income {by multiplying regional employment and
vage rate) and the Anchorage Consumer Price Index (CPI). Next,
sconomatric coefficients are applied to estimate the percentage change in the
floor space by year (rather than by five-year forecast period). By
first converting this forecast to predicted stocks and then picking out the

¢ R . 4 T R 1 e PO
frraract vears. each forecast vear's stock of floor space 1% Tound.
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and Outputs of the Business Consumption Module

Symbol Name e £ rom _—
TEMP Total Regional Emplo %ﬁéﬁ? Farecast File (exogenous)

POP Regional Population Forecast File (exocgenous)
Forecast File (exogenous)
Forecast File (exogenous)

Uncertainty Module
{parameter)

From

A i
i

d Business Peak @&M&vé and
Conservation Modules

the econometrically-derived use per

a5t of business which is

stock, RED uses preliminary

yeloped a simultaneous demand and
pooted cross-section/time-geries
atates. In their prelimipary formulation, the
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is a function of the changes

rate, the annual percentage
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wnere

Stock = floor space stock
By~Bq * parameters
4= symbol for the first difference {annual change)

gross national product price deflator

poputation

THC = income
i = index for the region
L = index for the year
/ /= symbel for the annual percentage change
r o= opomingl interest
The Business Consumption Module usses the Anchorage CPI as a proxy

it is assumed {as historically revealed)

deflators

i3 approximately three percentage points
income
oymenl by the statewide average wage rate.

that the nomingl iy

above the measure of inflation. A proxy for regional it derived

Vy: r‘f}“r“’;;y%ﬁ% ”ﬁ’{;?ﬁﬂ%@% ﬁmj

change in the stock of

qe floor space
Ty constrycted by using an

L he ﬁéﬁqﬂﬁﬁ
asi

the stock 1is “nhseryed”
ference g@inia The module then predicts the nonprice
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¢ = PRECON,. x OPA,, x CPA,, (6.3)

where

&

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

#

e price~adjusted business requirements are then passed to the
Conservation and Peak Demand Modules,

PARAMETERS

5 R OGRS

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 space. (a) Using three-stage
Teast sguares multiple regression, they estimated their system of equations

using pooled crosss=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 Paramsters

Parameter Coefficient Standard Error  T-Statistic

a1 -0.1291 0.00345 =3.75

. 1.2753 0.2566 497
;; 0.3553 0.0302 11.76

gé -0.113% 0.,0037 ~3.04

. 0.1929 0.0355 5.43

85

~0.0947 0.0078 -12.09

86
a4 -3, 0078 0.0008 ~9.92
» 4
e -(,0116 0.02543 -0.46
A8
- -(,0412 0.0061 -6 .68

%
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fad Staloff. S, 3. and B, C. Adams, 1981 (Draft



Business Electricity Usage Parameters

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

?ﬁ{CG@%tj = ?% + SESTA X laiﬁTgﬁﬁi%} e (6.4)
where
CON = historical business section consumption (Mih)
BETA = intercept
BEETA = 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.

w’é

Business Price Elasticities

The elasticities usud 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; Maddsla, Chern
and Gi11 1978; Baughman et al. 1979; Halvorsen 1978; EPRI 19773 and 1977b)
The default own-price elasticities (both short-run and Tong-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.
Convarsely, the default cross-price elasticities were assumed to lie at the
approximate midpoint of their range.

6.6



TABLE 6.3. Business Consumption Equation Results

Glennallen«
Anchorage ~_Fairbanks Valdez
BETA -4 ,7963 1.4394 8.2046
standard error J.6280 (0.6981 0.1122
testatistic =7.6368 2.0619 73,1098
BRETA 1.4288 0.9536 0.1977
standard error 0.0491 0.0620 0.0138
te-statistic 29,1159 15,3767 12.8917
ﬂ’& y _

range! &) 1,306 to 1.522  0.833 to 1.074 0.151 to 0.244

fe 0,9906 0.9716 0.9659

(a) 95% confidence interval.

R

TABLE 6.4, Price Elasticities for Business Electricity Consumption

Measure Default . Range Default _Range
fwn~Price Elasticity -0.3 -(.2 to -0.54 =1.0 -0.87 to -1.36
Git-Cross Elasticity 0.03 0.01 to 0.06 0.2 0.15 to G.31
Gas-Cross Elasticity 0.05 0.01 to 0.1 0.3 0.18 to 0.41



7.0 THE CONSERVATION MODULE

The purpose of the Conservation Module is to account for the electricity

can he obtained with iven set of conservation technologies and

giv
government policies, together with the associated costs of these savings, The
peak demand or capacity savings of the technolo agies set are calculated in the

Dpalk Demand Module,

The fuel price adjustments in the Residential Consumption and Busines
Censumption Modules account for market-induced techmology-related conservation
impacts, as well as reductions in the uyse of appliances and changes in the
manner in which they are used, The Conservation Module identifies
technoiogical 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 vig

toan programs, grants, or sther g@?icg actions, then the Conservation Module

counts for $h€ effe ats of this policy-induced conservation on demands for

2;%

8

sTectric energy and generating capacity.
RED separates conserved energy into two paris: energy saved from the

actions of residential consumers and enerqgy saved from reduced energy use in

the business and government sectors., Figure 7,1 provides & fiow chart of the

process emploved,

?j ;w‘-gr

;,,;
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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, CONSER requests the potential proportion of
predicted «“sctricity use that might be saved through conservation, the
estimated .~ ~.rtion of these potential conservation savings that are
realized, and the costs per kWh for conservation savings in existing end new
buildings, These values are also written to the cutput 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. HNext, the Tevel 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
caleulated, 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 ©o new uses
and retrofits times UE@?mﬁmﬁp?féﬁ potential savings rates [for new uses and
retrofits). The predicted level of savings in each case is found by

"y

multiplying the potential pools of savings times user-supplied conservation

L

%

caturationg with and without government intervention. Finally, the total

pulicy-induced savings are derived by subtracting the savings without

el



government intervention from sales with government intervention for both new
and existing uses, Total price adjusted requirements, minus policy-induced
business conservation, eguals 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 cost to consumers per installation 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. Unfortunately, not all conservation technologies
can be given credit for displacing the demand for peak generating capaciiy.
Therefore, CONSER gueries 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 1ts 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 efectricity savings each option represents during & given
forecast period. HNext, the weighted correction factors are summed together,
The resuiting aggregated peak corrvection factor is sent to the peak demand
model to calculate the peak savings of the set of conservation technologies,

INPUTS AHD OUTPUTS

The inputs and outputs of the Conservation Module are summar gaé in
Table 7.1. The potential market for the conservation option is defined by the

f»-‘

total aumber of households served {(THHS) ﬁﬁd the saturation of the aﬁéﬁtﬁ%c&%
davices (ESAT) whose use of electricity can be displaced by investment in a

&8

particular conservation option. ESAT equals the total markef saturation of

the applicance times the fuel mode split. The total number of households
sarved g calculated in the housing module, while ESAT is intevactively

entered by the user. RCSAT, the penetration of the potential market by the

\é
P



TABLE 7.1. 1Inputs and Outputs of the Conservation Module

3 P v
ai inguts

Sy Hame , From

THHS Totzl housenolds served Residential Module

TECH Techaical energy savings CONSER, Interactive Input

CosTt Instailation and purchase cost CONSER, Interactive Input
of the residentis] conservetion
device

COsTo Operation and maintenance costs COMSER, Interactive [nput
of the residential conservation
deyvice

ROSAT Residential saturation of the CONSER, Interactive Input

device (with and without governs
ment intsrvention)

ESAT Residential alsotric use COHSER, Interactive lnput
saturation

PRES Expectad residential eiectri- CONSER, Interactive Input
city price

RESCON Price-udjusted residential Residential Module
consumntion

CF Paak correction facior CONSER, Interactive Input

FRES Butential proportion of elec- GOMSER, Interactive Input

tricity saved in busingss in
new and retrofit uses

BCSAT Business conservation saturation COHSER, Interactive Input
pate (with and without governs Uncertainty Module
ment intervention)

ikl Cost per megawatt hour Saved CONSER, Interactive laput
in business

BUSLOH Business price-adjusted Business Moduie
cansumption

pY  Outputs

Syl » Hame T
TRONSAY Total electricity saved Raport
{business plus residential}
TOORCOEY Total cost of conssrvation Report
(nusiness plus regidential)
AT ESCON Bddusted residential consumption Hiscellaneous and Peak
Demand Modules
ADBUSCON Adiusted business consumption MigceVaneous and Peak
Uemang Moduies
ALF hggregate peak corvection Tactor Peak Demand Mode!
g g
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Scenario Preparation (CONSER Program)

Tha ¢

o)

lations of the Conservation Module require scenarios of the
saturation of conservation options, the expected electricity savings, and
their assgciated costs, To veduce the amount of data entry in scenario
preparation, and to facilitate the use of a broad set of conservalion
technologies and government policy options, a separate program (CONSER)
queries the user for information necessary to calculate the saturations,
savings, ana 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
7) cateulating 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
fdentifies acceptable cptions 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 vate-of-veturn (IRR) of & conservation option with the
market rate of isterast, 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 i¢ Lhe standard commercial bank passbook interest rate,

H

ook accounts have several characteristics:

They are virtually risk free,

7. They are exiremely liguid.

o

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

i
-

Investments in congservation technologies, however, are characterized by

the following:

1. risky
7. difficult to lMiquidatse
3. [ zometimes) reguive a large initial payment.
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Recognizing that initial cost is a major barrisr to conservation, the

Congress has provided incentives for individuals to install energy conserving
equioment, Furthermore, the State of Alaska has also instituted several
programs aimed to promote installation of conservation equipment. Because the
main 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 previoysty stated, CONSER requests the expected electricity price
farecast for each year, the gw@rat%ng 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 opticn is to be used. If it

is, then the unsubsidized costs of purchasing and installing the option are
alsc requested.

If the scenario to be considered does not include government

intervention, the ingtallation 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 i1s to determine the market
saturation rate of each conservation option. RED employs a &ayﬁ&ck decision
rule to determine the default value and the range of the conservation
gaturation rate. Since the ewpected value of electricity savings probably s
not constant across time, the payback period is calcuiated by dividing the
installation and purchase costs by the cumulative net value of electricity
savings (value of energy savings minug operating and maintenance costs),
starting with the first year and continuing unt i1 the ratio is less than one,
The number of vears required to drive the ratio to less than one is the

sayback period.

H
The payback period is calculated for both the subsidized and nonsubsi-
dized cases. Since the subsidized case usually will have lower installe
and purchase costs, the payback periods for the subsidized case will iy
be Tower and the conservation saturation rates will usuaily be nigher,
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e b P
whnere

RORESCON = 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 agﬁ&&t?&? applications. The cost of purchasing and
installing the option is calculated by multiplying the potential number of new
uses by COSTT (the installation and purchase costs per option). Next, by
multiplying COSTO (annual operations and maintenance costs per option) by the
cumulation of pravious forecast periods’ potential uses, the operating and
maintenance costs are found. Finally, by summing a1l these components, the
total annual costs associated with conservation savings in a given forecast
period can be found. During any forecast yesr, the annual costs are equal to
one year's total installation costs, plus operating costs associated with all
previous additions to stock:

¥

CONCOST,,, . = {COSTI,, . x RCSAT, SAT .. % THHS., =~
CONCOST 11y 5 = [COSTEyy 5 X RESAT o x (ESATp, x THHS

g

t
CSH 4
%;S;W%{ﬁ“?}& A ?HH:‘» (%: i\ Vﬁ + {“{jﬁtﬁj k g;;i RVSA .ggﬁ,:j }{

{Ess ¥ T « FSAT ;o THHS ) 7.6
(ESAT g % THHS = ESAT o ?Hﬁgiihwlzg (7.6)

wheve

CONCOST = the aption's total annual cost
COSTI = unit cost in 1980 dotlars for purchasing and installing the

conservation option
COSTO = unit cost in 1980 dollars of operating and maintaining the
conservation option

o= forecast period subscript., Can take on values 1 to t.

By summing over the options, the total costs of the residential conservation

s R o4 » 37 '
wat is found,

~d
»

s
%



K

RCONCOST Tigg = }j CONCOST (7.7)
.-»“*E

whare

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

The tﬁt&? costs of conservation are the unsubsidized total costs
(ROONCOST,, ), consumers pay the subsidized costs (RCG%Sﬁvﬁti}g and

government pays the difference (RCONCD COST, ., = RCONCOST

on 6

1t1>
Business . ~eryation

For business conservation impacts, funding constraints prohibited

5%
collection of detailed cost and performance data. Fortunately, a Timited

number of studies have estimated the potential energy savings and associated
costs for aggregate conservabion investments in new and existing buildings.

RED separates the conservation impacts for the business sector into two
parts: those arising from retrofitting existing bui?@%ﬁgga and those arising
from incorporating conservation technologies in new construction. As in the
residential segment of the Conservation Module, tbu 5®?@n% al pool of
slectricity that can be displaced must he identified for both new construction
and retroiits., This "pool™ is determined by the state of sﬁﬁggrvatéﬁﬁ
technology and is supplied to the conservation module from the CONRSER output

ite, The actual amount of conservation that occurs depends upon the price of
Tectricity and competing fuels, and upon the cost and performance
characteristics of the options available, This is also supplied by CONSER.

In BED, the potential pool of displaced e tectricity for businesses 1is
derived by first separating business sales into sales fto existing structures
and sales to new structures, For simplicity, the change from the previo
periods' business requirements as calculated by the Business Consumption

B " P 2. r,y  § L% A e e
Module is assumed to be the sales to new buiidings:

3«4{3
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These figures, however, only provide the technically feasible amount of
electricity that could be displaced. Warket forces determine what level of
the potential electrizcity 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
irat, whether an ootion would achieve markelt acceptance, and second, what
Tevel of acceptance 1t would achieve. As mentioned above, the information
availahle for business conservation does not permit such an analysis.
Therafore, the model user s reguired to assume a level of potential market

saturation. The saturabtion rates (one for retrofits, one for new buildings)

mist reflect the p

"

e
Ty

rices of fuels {inciuding electricity), the costs of the

i -

package of options employed, and the electricity savings expected for

© 1 5

subsidized and nonsubgidized rases,

o

The satuyration rates are obtained from the data file CONSER creates., The

¢

isplaced electricity can be found by multiplying the total saturation rates

by the total potential pool of electricity savings:
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the requirements of the Alaska state program whereby homeowners

te money to install conservation measures is thal the payback

perind for the measure be less than seven years. Therefore, if a conservation
option's pavback period s assumed to be greater than seven years, the options
market ﬁ@ﬂ@ﬁraiiﬁﬁ will be very limited, effectively zero, However, it the

“

option pays for dtself within the first year, then the option would penetrate

the entire potential market immediately. The relationship between payback
period and penetration rate for pavhack periods between zero and seven years
i assumed to he linear. A ranae of 15% on these values g arbitrarily

assumed,  Table 7.7 presents these market penstration parameters.

Payback Periods and Assumed Market Saturation
Bates for Residential Conscrvation Options

Payback Assumed

Period Saturation

(years’ [percent )
§ 00,0

1 87 5 80-95

o - ey e
: ;Q i{’:f? f’i s'.;;c}ai"!

; 5.5 55.70
4 50.0 A7, 5«57 ,0
5 37.5 30-45

- g - s
/ }ucj s {z S Ral4
4 {\j éﬂ;w iz
Source:  Author Assumption
71y
/ {4



8.0 THE MISCELLANEOUS MODULE

MECHAN] SM

B A5

The Miscellaneous Module uses outputs from several other modules to
forecast electricity used but not accounted for in the other modules, namely,
street Tighting, 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 reguirements., Table 8.1 provides a summary of the
inputs and outputs of this module,

TABLE 8,1. 1Inputs and Outputs of the Miscellaneous Module

PR S ——

Symbol Name From
ADBUSCON Adjusted Business Requirements Conservation Module
ADRESCON QQJu ted Residential Requirements Conservation Module
YACHG Yacant Housing Housing Module

b} Outputs

Symbol Name ; To
MISCON Miscellaneous Requirements Peak Demand Module

Figure 8.1 provides a flowchart of this moa te. For street lighting, the
requirements are assumed to be a constant proportion of conservation adlusted

8

husiness and residential requirements:

SR, = s1 x [ADBUSCON, - ADRESCON ., ) (8.1)
1% b (RN

hare

g
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whe e

= second home requirements

THH = total number of households
sho= proportion of total households having a second home
shkh = consumption factor,

Finally, the use of electricity by vacant housing is a fixed

consumption factor times the number of vacant houses;

gﬁﬁé& = yh % Vﬁﬁﬁﬁgi

where
YHR = vacant housing requirements
YACHEG = pumber of vacant houses
vh = assumed consumpbion per vacant dwelling unit,

Total miscetianeous requirements ere found by summing the Three

components above:

ﬁ?iﬂﬁ%i @ SR, b SHRL, o+ ”W?a

e,

whe re

MISCON =

electricity consumption,

dsed for the M4

B R b
paramelers are i

intormaltion 15 3van

s



TABLE 8.7, Parameters for the Miscellaneosus Module

B

Symbo]l Name _Value
- e . , : A

S1 Street 3?gﬁ€1ﬁg(a 0.01

* ) % z . {i‘

sh Proportion of households having a second h@mé‘b’ 0.025

| : ) . (b »

shkWh  Per unit second-home consumption ) 500 kih
Vh Consumption in vacant housing! ¢ 300 khih
(&) 1980 ratio of street lighting to business plus residential sales.
(b) 0. Scott Goldsmith, ISER, personal communication,

{¢) Author assumption. 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 recuirements at the time of maximum
demand .

-

The Peak Demand Module uses regional load factawsfté 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 pesk savings of goverrment-induced
conservation. MNext, the peak savings of the incremental government-induced
conservation is calculated, taking into account the mix of conservation
i%chﬂﬁ?ﬁgé@ﬁ being considered. Finally, by netting out the peak savings, RED

arculates the peak demand the system must meet

INPUTS AND OQUTPUTS

Table 9.1 provides a summary of the inputs and outputs of the Pesk Demand
Module. The load factors (LF) are generated by the Uncertainty 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 Miscelilianeous
Modules, whereas the conservation adjusted requirements fﬂDREQCGN and
ADBUSCON ) come from the Conservation Module. The outputs of this module are:

i
£

1} the peak demand in each regional load center at the point of sale *o final

users, and 2) the incremental peak savings of subsidized conservation,

e

Figure 9.1 provides a filowchart of this module. First, the peak demand

without subsidized conservation is calculated., This is done by dividing the
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the peak demand without

due to subsidized investments in

servation by appiying the load factor:

Sy

noa year

v o s o . ‘% ;
po= index gencting preliminary.

;3vén§5 dug to subsidized conservation invesiments,

remental number of megawatt hours saved:

RESCON

i - ADRESCON . (9.3)

TOTREGS = incremental megawatf hours saved by sub

L
ok
R
s
e
o]
.

investments

tial requirements after adjustment for the

incremental impact of subsidized conservation.

peak savings s found by muitiplying the incremental slactricity

corvection factor and applying the load factor:
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aggregate peak correction factor.

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

]
3
e
st
e
o
¥
o
oo,
fo
@

whore

FPD = index dennting final peak demand.

PARAMETERS

ot N

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 Yoodward Clyde by the 1978 peak demands for each utility

[Smith and Kirkwood 1980). For Glennallen-valdez, the default value was
assumad to be the average of the Fairbanks and Anchorage values.

For the range of the parameter values, the méﬂimum and maximum values
raported for the 1970-78 pericd by esach major utility were used,

ﬁﬂf@?iuﬁﬁtﬁiy? no information was available for the range of the load factor

for Glennallen~-Valdez, so the range was assumed to be the average of Fair

and Anchorage.

aithelt Load Centers

7

Assumed Load Factors for |

R

i agb I s e s fop!
Load Factor (%)
o b SP I I .
Load Dentey Default Kange
- - . - R Y S

m»mwwnm,wd‘.m —

. o el A 3 0% %

nenoyage 55,74 [ I R TR

. s

Fairbanks 48, 44 41,H-54.1
., . .

Glennallen-Valder 52.16 45 A-51. 73
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10.0 RATE MODEL

The Rate Model is a separate program used to interface RED and the Alaska
Railbelt Elective 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 Anchorage and
Fairbanks. %

MECHANT SM

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, mexig 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 & historical (default) or user~-supplied
price differential weight to devive 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 containg a charge for the Anchorage-Fairbanks transmission

&Y

intertie, The Rate Model, however, differentiates between the rates for the

Anchorage and Fairbanks Toad centers by netting out the average intertie cost,

4%

then adding back a charge for each Toad center’s proportion of the cost of the
intertie,

Using the regionally differentiated cost of power series obtained above,
the nexi sten 15 to construct rates that will exactly cover that series. The

user is offered two choices: either use price weight (the business rate is

1
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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

4

10,3,

If the user specifies the rates for one customer class, then the model

solves equation 10.4 for the missing rate series.

PARAMETERS

S 5 A .

The only parameters in the Rate Mod»1 are the initial prices for 1980
{Table 10.7) the Anchorage-Fairbanks intertie cost and the default price
weights (Table 10.3). The intertie cost is from Gilbert Commonwealth
(Githert/Commonwealth 1981), and the default price weights were obtained from
the 1980 rates.

TABLE 10.2. 1980 Load Center Electricity Rates {5/kWh)

o b % fo
s S

Business Residential

Anchorage 1.37 0.031
Fairbanks 0,87 0,074
Glennallen~Valdez 0,133 0,128

TARLE 10.3. HMiscellaneous Rate Model Parameters

Intertie Cost $130,800,000
Welighting Factor 0. 108
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