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SUMHARY

This report describes the 1983 version of the Railbelt Electricity Demand
(RED) model, a partial end-use/econometric model for forecasting electricity
consumption in Alaska's Railbelt region through the year 2010. [t contains
complete documentation of the modeling approach, structure of the equations,
and selection of parameter values. In addition, information is presented on
the data bases used, supporting research, model output, and the Battelle-
Northwest residential energy-use survey conducted in the Railbelt during March

and April, 1981. This survey was used to help calibrate the model.

RED has several unigque capabilities: a Monte Carlo simulator for analysis

of uncertainty in key parameter values, a fuel price adjustment wmechanism that

incorpcrates the impacts of fuei prices on demand, and the capability to
explicitly consider government.subsidized investments in conservation

measures. The 1933 version contains the following features:

@ an aggregate business electricity consumption forecasting
methodology that is based on the model's own forecast of commercial,

light industrial, and government building stock

> calibration of the Residential sector end uses, appliances
saturation, and fuel mode splits on actual data

2 a2 variable price elasticity adjustment mechanism to faithfully
reflect consuner response to electricity, gas, and fuel ail prices
in both the Residential and Business Sectors

@ a Housing Module that transforms a forecast of the total number of
regional households into forecasts of the occupied and unoccupied
housing stock by four types of housing units

e parameters updated to reflect 1980 Census information and
construction and energy market activity between 1980 and 1982, as
well as additional energy research performed in several other parts

of the country

@ two load centers, Anchorage-Cook Inlet and Fairbanks-Tanana Valley



-]

a report-writing module that reports price elasticities and price

effects on consumption (price-induced conservation and fuel switch-
ing), as well as households served, saturation of appliances, elec-
tricity consumption by sector, peak demand, and the sensitivity of

forecast results to variation of key model parameters.

iv
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1.0 INTRODUCTION

This document describes the 1983 version of the Railbelt Electricity
Demand (RED) model, a computer model for forecasting electricity consumption in
Alaska's Railbelt region through the year 2010 (see Figure l1.1). The original
version of this model was developed by Battelle, Pacific Northwest Laboratories
(Battelle-Northwest) as part of the Alaska Railbelt E1ectrfc Power Alternatives
Study {Railbelt Study). The Railbelt Study was an electric power planning
study performed by Battelle-Northwest for the State of Alaska, Office of the
Governor and the Governor's Policy Review Committee between October 1980 and
December 1982.

In March 1983, Battelle-Northwest was asked by the Harza-Ebasco Susitna
Joint Venture of Anchorage, Alaska to review the RED model structure, to make
appropriate changes, to document the changes, and to validate the model. fur-
ing the update,Harza-Ebasco'assisted and guided in the work performed. The 1983
version of the RED model is used as one of a serijes of Tinked models to produce
updated forecasts of electrical power needs in the Railbelt over the next
30 years. The other models used in the 1983 update foecasting methodo1ogy are
the State of Alaska's PETREV petroleum revenue forecasting model, the
University of Alaska Institute of Social and Economic Research's MAP economic
and population forecasting model, and the Optimized Generation Planning (0GP)
model for planning the Railbelt electricity generation system and for estimat-
ing electricity costs. Separate documentation is available for those models.
The outcome of the RED update process is contained in this documentation-
report. The report contains complete documentation on the model, information

on data bases used in model development, and a section on model validation.

The RED forecasting model documented in this report is a partial end-
use/econometric model. Initial estimates of total residential demand are
derived by forecasting the number of energy-using devices and aggregating their
potential electricity demand into preliminary end-use forecasts. The model
then modifies these preliminary forecasts, using econometric fuel price elas-
ticities, to develop final forecasts of total residential energy consumption.
The model thus uses both technical knowledge of end uses and econometrics to

1.1
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produce the residential forecééf..;TEé Bdéiﬁéés Secto? {(commercial, small
industrial, and government load) is treated similarly. However, because little
information is available on end uses in the business sectors in Alaska, pre-
liminary 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,
while large industrial load and military load is forecasted exogenously by the

model user.

Other important features of the model are a 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 (i.e. microhydro and small wind energy systems), and
the ability to forecast peak electric demand by load center. The 1983 versibn
of the model recognizes two load centers: Anchorage-Cook Inlet (including the
Matanuska-Susitna Borough and the Kenai Penninsula) and Fairbanks-Tanana
Valley. The model produces annual energy and peak demand forecasts for every
fifth year from 1980 to 2010, and then linearly interpolates to derive annual

énergy and demand forecasts for years between the five-year forecasts.

To produce a forecast, the model user must supply the model with region-
specific estimates of total employment and total households for each forecast
period. A few statewide variables are also required, such as forecasts of thne
age/sex distribution of the state's population. All of these variables are
produced by the University of Alaska Institute of Social and Economic Research
MAP econometric model; however, they can be derived from other sources. The
user must also supply price estimates for natural gas, oil, and electricity.
The estimates used in the 1983 update are consistent with input and output data
of the other models used in the forecasting methodology. Finally, the model
user may select either ranges or defau1t values for the model's parameters and
may run the model in either a certainty-equivalent or uncertain (Monte Carlo)
mode. The model then produces the forecasts.

This report consists of 13 sections. In Section 2.0 an overview of the
RED model is presented. in Section 3.0 the Uncertainty Module, which provides
the model with Monte Carlo simulation capability, is described. Section 4.0
describes the Housing Module, which forecasts the stock of residential housing

1.3



units by type. These forecasts are used in the electricity demand fore¢a5t5 of
the Residential Consumption Module, discussed in Secticen 5.0. Forecasts of
demand in the business sector are produced by the Business Cansumption Module,
which is described in Section 6.0. The price adjustment mechanism is the
subject of Chapter 7.0. The effects of'government market intervention to
develop conservation and dispefsed geheration options are covered by the
Program-Induced Conservation Module, Section 8.0. Section 9.0 discusses mis-
cellaneous electricity. demand (street 1ighting, second homes, etc.). Llarge
industrial demand is covered in Section 10.0. The Peak Demand Module, Section
11.0, concerns the relationship between annual electricity consumption and
annual peak demand. Section 12.0 covers model validation, and Section 13.0
provides miscellaneous statistics on Rajlbelt electrical demand. The réport
also includes appendices on the Battelle-Northwest residential electric energy
survey used to calibrate RED, conservation research conducted by Rattelle-
Northwest in support.of the study, and model output for the 1983 update.
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2.0 OVERVIEW

The Railbelt Electricity Demand (RED) model is a simulation model designed
to forecast annual electricity consumption for the residential, commercial-
Tight 1ndustr1aT-goveEnment, heavy industrial, and miscellaneous end-use
sectors of Alaska's Railbelt region. The model also takes into account
government intervention in the energy markets in Alaska and produces forecasts
of system annual peak demand. In the 1983 version of RED, forecasts of
consumption by sector and system peak demand are produced in five-year steps
for two Railbelt Toad centers:

@ Anchorage-Cook Inlet (including Anchorage, Matanuska-Susitna Borough

and Kenai Peninsula)

e TFairbanks-Tanana Valley (including the Fairbanks-North Star Borough
and Southeast Fairbanks Census Area).

Between these five-year steps, the model linearly interpolates to estimate
annual energy and peak demand. When run in Monte Carlo mode, the model
produces a sample probability distribution of forecasts of electricity
consumption by .end-use sector.and peak demand for each load center for each
forecast year: 1985, 1990, 1995, 2000, 2005, 2010. Thisidistribution of
forecasts can be uséd for planning electric power generating capécity.

Figure 2.1 shows the basic relationship among the seven modules that
comprise the RED model. The model begins a simulation with the Uncertainty
Module, selecting a trial set of model parameters, which are sent to the other
modules. These parameters include parameters to compute price elasticities,
appliance saturation parameters, and regional lToad factors. Exogenous
forecasts of population, economic activity, and retail prices for fuel 011,
gas, and electricity are used with the trial parameters to produce forecasts of
electricity consumption in the Residential Consumption and Business Consumption
Modules. These forecasts, along with additional trial parameters, are used in
the Policy-Induced Conservation Module to model the effecté on electricity
sales of subsidized conservation and dispersed denerating options. The revised
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consumption forecasts of residential and business {commercial, small indus-
trial, and government) consumption are used to estimate future miscellaneous
consumption and total electricity sales. Finally, the unrevised and revised
consumption forecasts are used along with a user-supp]ied estimate of Targe
industrial load and trial system load factor forecast to estimate peak

demand. The model then réturns to start the next Monte Carlo trial. When the
model is run in certainty-equivalent mode, a specific "default" set of

parameters is used, and only one trial is run.

The RED model produces an output file of trial values for electricity
consumption by sector and system peak demand by year and load center, This
information can he used by the Optimized Generation Planning (0GP) model or
other .generation p1ann1ng model to plan and dispatch electric generating
capacity for each load center and year. '

The remainder of this section briefly describes each module. Detailed
documentation of each of the modules is contained in Sections 3.0 through 11.0
of this report.

UNCERTAINTY MODULE

The purpose of the Uncertainty Module is to randomly Se]ect-va]ues for
individual model parameters that are considered to be key factors underlying
forecast_uncértainty. These parameters include the market §aturations for
majof appliances in the residential sector; the parameters used to compute 
price elasticity and cross-price elasticities of demand for electricity in the
residential and business sector; the market penetration of program-induced
conservation and dispersed generating technologies; the intensity of
electricity use per square foot of floor space in the business sector; and the
electric system load factors for each Toad center.

These parameters are generated by a Monte Carlo routine, which uses
information on the distribution of each parameter (such as its expected value
and range) and the computer's random number generator to produce sets of
parameter vajues. Each set of generated parameters represents_é "trial." By
running each successive trial set of generated parameters through the rest of

the modules, the model builds distributions of annual electricity consumption
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and peak demand. The end points of the distributions reflect the probable
range of annual electric consumption and peak demand, given the level of
uncertainty.

The Uncertainty Module need not be run every time RED is run. The
paramneter file contains "default" values of the parameters that may be used to
conserve computation time.

HOUSING MODULE

The Housing Module calculates the number of households and the stock of
housing by dwelling type in each load center of each forecast year in which the-
model is run. Using regiona]Iforecasts of households and total population, the

housing stock module first derives a forecast of the nunber of households
| served by electricity in each load center. Next, using exogenous statewide
forecasts of household headship rates and the age distribution of Alaska's
population, it estimates the distribution of households by age of head and size
of household for each load center. Finally, it forecasts the demand for four
types of housing stock: single family, mobile homes, duplexes, and multifamily
units.

The supply of housing is calculated in two steps. First, the supply of
each type of housing from the previous period is adjusted for demolition and
. compared to the demand. If demand exceeds supply, construction of additional
housing begins immediately. If excess supply of a gfven type of housing
exists, the model examines the vacancy rate in all types of houses. Each type
is assumed to have a maximum vacancy rate. If this rate is exceeded, demand is
first reallocated from the closest substitute housing type, then from other
types. 'The end result is a forecast of occupied housing stock for each load
center for each housing type in each forecast year. This forecast is passed to
the Residential Consumption Module.

RESIDENTIAL CONSUMPTION MODULE

The Residential Consumption Module forecasts the annual consumption of
electricity in the residential sector for each 1oad center in each forecast

year; It does not, in.general, take into account explicit government
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intervention to promote residential electric energy conservation or self-
sufficiency. Such intervention is covered in the Program-Induced Conservation
Module. The Residential Consumption Module employs an end-use approach that
recognizes nine major end uses of electricity, extra hot water for two of thess
appliances, and a "small appliances" category that encompasses a large group of
other end uses. For a given forecast of occupied housing, the Residential
Consumption Module first 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 elec-
tricity. The stock of each electric appliance is then multiplied by its
corresponding consumption rate to derive a preliminary consumption forecast for
the residential sector. Finally, the Residential Consumption Module receives
exogenous forecasts of residential fuel oil, natural gas, and electricity
prices, along with "trial" values of parameters used to compute price elastic-
ities and cross-price elasticities of demand from the Uncertainty deu]e. 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 Program-Induced Conservation and Peak Demand Modules.

BUSINESS CONSUMPTION MODULE

The Business Consumption Module forecasts the consumptﬁon of e]ectrﬁcity
by load tenter 1n}commerc1a1, small industrial, and government uses .for each
forecast year (1980, 1985, 1990, 1995, 2000, 2005, 2010). Direct promotion of
conservation in this sector is covered in the Program-Induced Conservatibn
Module. Because the end uses of electricity in the commercial, small
industrial and government sectors are more diverse and less knowh than in the
residential sector, the Business Consumption Module forecasts electrical use on
an aggregate basis rather than by end use.

RED uses a proxy (the stock of commercial, small industrial floor, and
government space) for the stock of electricity-using capital equipment to
forecast the derived demand for electricity. Using an exogenous forecast of
regional employment, the modu1e forecasts Ehe regional stock of floor space.
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Next, econometric equations are used to predict the intensity of.e]ectri;ity
use for a given level of floor space in the absence of any relative price
changes. Finally, a price adjustment similar to that in the Residential
Consumption Module is applied to derive a forecast of business electricity
consumption {excluding large industrial demand, which must be exogenously
determined). The Business Consumption Module forecasts are passed to the
Program-Induced Conservation and Peak Demand Modules.

PROGRAM-INDUCED CONSERVATION MODULE

Because of the potential importance of government intervention in the
marketplace to encourage conservation of energy and substitution of other forms
of energy for electricity, the RED model includes a module that permits
explicit treatment of user-installed conservation technologies and government
programs that are designed to reduce the demand for utility-generated electric-
ity. This module was designed for analyzing potential future conservation
programs for the State of Alaska and was not used in the 1983 updated
forecasts. The module structure is designed to incorporate assumptions on the
technical performance, costs, and market penetration of e]ecthicity-saving
innovations in each end use, load center, énd forecast year. The module
forecasts the aggregate electricity savings by end use, the costs associated
with these savings, and adjusted consumption in the residential and business
‘sectors. ‘

The Program-Induced Conservation Module performs'estimates of payback
period and penetration rate of commercial sector and residential sector
conservation options. In the residential sector, thé model user supplies
information to the module on the technical efficiency (electricity savings),
electricity price, and costs of 1nsta11a£10n. The module then calculates the
internal rate of return on the option to the consumer, as well as the option's
payback period for technologies considered "acceptable" by the user. The
module's payback decision rule links the payback period to a range of market
saturations for the techno1o§1es. The savings per installation and market
saturation of each option are used to calculate residential sector electricity
savings and costs. In the business sector, the model user must specify the
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technical potential for new and retrofit energy—éaving technologies, The user
must also specify the range of conservation saturation as a percent of total
potential conservation. The Program-Induced Conservation Module then calcu-
lates total electricity savings due to market intervention in new and retrofit
applications and adjusts residential and business consumption for each load
center and forecast year. ' '

MISCELLANEQUS CONSUMPTION MODULE

The Misceilaneous Consumption Module forecasts total miscellaneous

~consumption for second (recreation) homes, vacant houses, and street

lighting. The module uses the forecast of residential consumption (adjusted
for conservation impacts) to predict eTectricity;demand in second homes and
vacant housing units. The sum of residential and business consumption is used
to forecast street 1ighting requirements. Finally, all three are summed

together to estimate miscellaneous demand.

PEAK DEMAND MODULE

The Peak Demand Module forecasts the annual peak load demand for
e]ectrfcity. A two-stage approach using load factors is used. The unadjusted
residential and business consumption, miscellaneous consumption, industrial
demand and load center load factors generated by the Uncertainty Module are
first used to forecast pre]iminary peak demand. Next, displaced consumption
(electricity savings) calculated by the Program-Induced Conservation Module is
multiplied by a peak correction factor supplied by the Uncertainty Module to
allocate a portion of electricity savings from conservation to peak demand
periods. The allocated consumption savings are then multiplied by the load
factor to forecast peak demand savings, and the savings are subtracted from
peak demand to forecast revised peak demand. ‘

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

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

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

MECHANISM

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

INPUTS AND OUTPUTS

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

(a) Inputs
Symbaol Variable Input From
N Number of Values User Interface
to be Generated
(see Table 3.2) Parameter's Range, Parameter File

Variance, and
Expected Values

(b) Outputs

Symbol Variable Qutput To
(See Table 3.2) Random Parameter ~ Other Modules
Values
N , Number of Times Model Control Program

Model is to be Run

MODULE STRUCTURE

An overview of information flows within the Uncértainty Module is given in
Figure 3.1. First, the program asks whether the user would like to generate a
parameter. If the answer is no, then the default value (from the parameter
file) for each parameter is assigned. If a random parameter value is to be
generated, then the user is queried as to which parameters will be allowed to

vary.

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

Next, the computef generates a random number for each value to be pro-
duced. This is accomplished by calling the computer's "pseudo" random number
generator, which generates a random number between 0 and 1. From the parameter
file, the information on the range of the parameter, or (for parameters with a
normal distribUtion) the range, expected value, and variance is used to
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construct cumulative probability functions for each parameter. The random

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

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

Uncertainty Module. Where information exists on parameter distributions from




TABLE 3.2. Parameters Generated by fhe Uncertainty Modu]e(a)

Statistical

- Symbol Name Distribution
basi €ass das Housing Demand Coefficients Normal
SAT | _ Saturation of Residential App]ianées Uniform
S A5 Bs As OSRy; Residential, Business Parameters for Normal
GSRy Own-, 0il-Cross and Gas-Cross Price
adjustment
BBETA Floor Space Consumption Parameter Normal
CONSAT ' Saturation of Conservation Technologies Unifarm
LF . Load Factor - Uniform

(a) values of these parameters (except CONSAT, which varies by case) are found
in Tables 4.9, 5.4 through 5.11, 6.8, 7.5, and 11.2.

econometric results, the distribution of values is asswﬁed to be normally
distributed. Where no information exists on the shape of the parameter
distribution, all values within the range are c0nsidered equally Tikely and the
distribution is assumed uniform.
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4.0 THE HOUSING MODULE

The consuming unit in the residential sector is the household, each of
which is assumed to occupy one housing unit. The Housing Module provides a
forecast of civilian households and the stock of housing by dwelling type in
each of the Railbelt's Toad centers. The type of dwelling is a major deter-
minant of energy use in residential space heating. Furthermore, the type of
dwelling is correlated with the stock of residential appliances. This modu1e,

therefore, provides essential inputs for the Residential Consumption Module.

MECHANTI SM

The Housing Module accepts as input an exogenous forecast of the regional
population and number of households to forecast household size. The total
households forecastfis adjusted fbr mi]itany households and is then stratified
by the age of the head of household and the number of household members. The
housing demand equations then use this distribution of households by size and
age of head to predict the initial demand for housing by type of dwelling. The
initial demand for each housing type is cdmpared with the remaining stock, and
adjustments in housing demand and construction occur until housing market
clearance is achieved. '

INPUTS AND OUTPUTS

Table 4.1 presents the data used and generated within this module.
Exogenous forecasts of regional households, population, and the state-wide
distribution of househd]ds by age of head are needed as input, while the module

passes information on the occupied and vacant housing stock to the remainder of
RED. |

MODULE STRUCTURE

The Housing Modu]e‘s structure is shown in Figure 4.1. The module begins
each simulation with a user-supplied forecast of households and population for
the load center.’ The assumed number of households for each load center is
first adjusted for military housing demand and multiplied by a decimal fraction

4.1



TABLE 4.1. Inputs and Outputs of the RED Housing Module

(a) Inputs
Symbo1l ‘ Variable Variab]e'Lqut~From
THH Regional Household Forecast Forecast File
HHat 5 State Households by Age Group Forecast File
b, ¢, d Housing Demand Coefficients Uncertainty Modu]e
(b) OQutputs
Symbol | Variable variable Output From
HDTy Occupied Housing Stock by Type Residential Module

to obtain a forecast of households served by utilities. Total households are
then stratified by age and size of household, and then used to génerate an
estimate of demand for each type of housing (TY). Demand is compared to the
initial stock, resulting in new construction or rea11ocation of demand as
appropriate. The end result is a set of estimates of occupied and uhoccu@ied-
-housing units by type. Finally, the housing stock is reinitialized for the
next forecast period.

The first step in the Housing Module is to find the number of civilian
households in a given Railbelt load center.

CHH;p = THH;p - BHHjy (4.1) -
where

CHH = total number of civilian households

BHH = military households residing on base'(exogenous)

THH = total households (exogenous)

i = region subscript
t = forecast period subscript.

On-base military households are subtracted out because they dd not signifi-
‘cantly affect off-base housing. In addition, since the military supplies
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electricity to them, on-base households have no impact on the residential
demand for utility-supplied electricity.(d)

Once the total number of civilian households in the load center has been
obtained, they are stratified by the size of the household and the age of the
household head. To obtain the distribution of households by size of household,
the total number ofkhouseho1ds is multiplied by the probabilities of four size
categofies derived from information provided in the 1980 Census of Popula-
tion. To estimate the distribution of households by the age of head, the 1980
Census ratio between the regional and state relative frequencies of age of head
is assumed to remain constant. The user supplies forecasts of the statewide
age distribution of heads of households from a forecasting model or by some
other method. Using the state re]ative'frequency distribution, therefore, and
applying the constant ratios of regional to statewide frequencies, the model
obtains forecasts of the regional distribution of households by age of head.

The joint distribution by size of household and age of head is obtained by
“multiplying the two distributions:

x R | (4.2)

where : 7

HH = number of households in an age/size class

THH = total number of households

CHH = total civilian households
A = subscript denoting aggregate state variable
P = regional household size probability (parameter)
R = ratio of the regional to state relative freguency of age of

household head {parameter)

a = age of head subscript
s = househo]d’size subscript.

(a) Military purchases of electricity from the utility system are handled as
industrial loads.
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The demand for a particular type of housing - single family, multifamily,
mobile home, or duplex - is hypothesized to be a function of the size of the
household and the age of the head (which serves as a proxy for household
wealth). Equations projecting demand for three of the types of housing (single
famﬁ1y, multifamily, mobile homes) were estimated by the Institute of Social
and Economic Research (ISER) from Anchorage data collected by the University of
Alaska's Urban Observatory (Goldsmith and Huskey 1980b). The remaining
category (duplex) is filled with the remaining households.

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

‘equations:
HDgpit = CHHig X B + bay X Spq¢ * Dag X Spip ¥ Dag X Sqi¢ +
. (4.3)
Pas X Apqt * D3s X Agiy ¥ bgg X Agig
MOupit = CHMig X Co * Ca1 X Spit * Caz X Spit ¥ Cag X Sgit *
| (4.4)
25 X Aoit T C35 X Aip T Cas X Mgjy
HOwyie = CHHjp x dg + dap X Spqp * dap X Spqp + dag X Sgyp *
(4.5)
dos X Rajp * d3s X Agip * dgs X Agiy
MOppyt = CHHj¢ = MDspit = MDypit - HOmyit | (4.6)

where

HD = housing demand

SF = index for sing]e'fami1y
Ssit = agl HHitass s = 1,2,4
Aait = sgl HHjtass @ = 2,3,4
MF = index for multifamily
MH = index for mobile home
DP = index for duplex
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a =, index denoting the age of houehold head
a =1 <25
a =2 25-29
a =3 30-54
a =4 55+
s = index denoting the size of household
s =1 <2
= 2 3
s =3 4-5
s =4 6+

b, ¢, and d are parameters from the Uncertainty Module. Expected values
and ranges of these parameters are presented in Tabie 4.9.

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

HSTyie = HStyq(e-1) * (1 = r¢) (4.7)
where
HS = housing stock
TY = index denoting the type of housing (SF, MF, MH, and DP)
r = period-specific removal rate (parameter).

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

NDryie = HDryit = HSpyqg (4.8)
where
ND = net demand.

If net demand for all types of housing is positive, then enough new construc-
tion immediately occurs to meet the net demand plus an equilibrium amount of

vacancies required to ensure normal functioning of the housing market:
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NCryig = NDyyig + Vry x (HSryj¢ + NDyyi) (4.9)

- where

NC
)

new construction

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, howevef,
then the vacancy rate for that type of housing has to be calculated:

HD

. TYit
AVryic =1 - 73

TYit

(4.10)

where

AV = actual vacancy rate.

[f the actual vacancy rate is greater than its assumed maximum, then the excess

supply of that particular type of housing is assumed to drive down the price of
that type of dwelling. Individuals residing in other dwellings could be "
induced to move to reduce mortgage or rent payments. An édjustment to the.
distribution of housing demands, therefore, is appropriate.

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

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

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

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

The final outputs of this module are occupied housing by type (HDTYit) and
unoccupied housing:

VH., = & HS - HD

. (4.11)
it TY TYit

TYit

where

VH = total vacant dwelling units.

PARAMETERS

Military Househalds

The number of on-base military households, presented in Table 4.2, is
assumed to remain constant over the forecast periods. The level of military
activity in Alaska has stabilized, and 1ittle indicates that a major shift will
occur in the future. ' |

TABLE 4.2. Number of Military Households Assumed to Reside
on Base in Railbelt Load Centers

Anchorage Fairbanks
3,212 3,062
Source: Supplied by ISER.
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Household Size and Demographic Trends

A key factor in the residential demand for e1ectr1citj is the number and
type of residential customers. The number of customers approximately equals
the number of households served by electricity, with the difference being
caused by such factors as vacant housing with electrical service. Thus, it is
impartant in forecasting the demand for electricity to forecast the number of
households. The number of households in a load center is, in turn, a function
of the size of the population and the rate of household formation. Household
formation depends on the number of persons of household formation age; certain
economic factors that may influence household formation, such as potential
household income, price of housing, interest rates; changing tastes for mar-

riage and housing; and government housing programs.

Table 4.3 shows how the size of households has'changed in the United
States and in the Railbelt since 1950. The table indicates that the average
nunber of persons per housing unit has declined dramatically in both the tI.S.
and the Railbelt during the period. Since 1970, the size decline has been more

TABLE 4.3. Household Size Western U.S. and Raine]t 1950-1930
’ (Persons per Occupied Unit) '

- United Anchorage- Fairbanks-
States Cook Inlet Tanana Valley
1950 3.5(2) 3.4(3) 3.3(3)
1960 3.3 3.4 3.6
1970 3.1 3.4 3.4
1980 2.7 | 2.9 2.9

(a) Obtained by dividing total resident population by
total households. Includes only urban places of
10,000 persons for Alaska locations.

Sources: U.S. Department of Commerce 1982; Goldsmith and

Huskey 1980b; Harrison 1979; and U.S. Bureau of
the Census 1960.
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rapid in the Railbelt than in the nation as a whole, resulting from increasing
nunbers and proportions of young, single adult householders and childless
couples. This trend toward smaller households headed by young adults probably
has a practical 1imit somewhere near the Western Census Region 1980 average
household size of 2.6. However, recent revisions have been made to the Univer-
sity of Alaska's MAP economic and population model to forecast the nunber of
households based on the household formation rates implicit in the 1980 census
figures. These imply that the lower limit may not be reached., Table 4.4 shows
the MAP forecast size of households in the Railbelt for the years 1980-2010 for
a typical economic scenario. The average size of households is relatively
insensitive to the scenario used, depending almost entirely on the age distri-
bution of population. '

Household formation rates are thought to depend on the 1hcome of potent1a1-
householders, the price of housing, and borrowing costs implied by interest
rates. Unfortunately, Alaska economic data do not include time series on
Railbelt household income or housing prices; therefore, it has not proved

possible to estimate household formation rates based on these variables.

The RED model forher]y estimated the number of housenolds in each Railbelt

1oad center from a MAP model estimate of statewide households and the

TARLE 4.4, Forecast Size of Households, Railbelt Load Centers

Year = Anchorage-Cook Inlet  Fairbanks-Tanana Valley

1980 2.1 3.00
1985 2.73 2.89
1990 2.69 2.85
1995 2.67 | 2.81
2000 2 .64 2.79
2005 2.63 2.76
2010 262 | 21

Source: University of Alaska Institute of Social and
Economic Research, case HE.6, FERC 0% Real
Growth in 0il Prices
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relationship between the age distribution of the population in each load center
and the age distribution of Alaska's population. The 1983 version now simply
accepts a MAP model forecast of the number of households in each load center.
The number of households served by electric utilities is estimated by multiply-
ing the numbers of households times a constant to reflect the proportion of
households served by e]ectricity.(a) The nunber of households served by
utility-generated electricity is virtually 100% in Anchorage. Rural areas of
the Matanuska-Susitna Borough and Kenai Peninsula BoroUgh have a few residences
not served (mostly seasonal homes), but the Fairbanks North Star Borough and
Delta Junétion areas have many year-round dwe]Tfngs not served by utilities.

Historic and Projected Trends in Demand for Housing

The demand for a particular type of housing--single family, multifamily,
mobile home, or duplex-~is hypothesized to be a function of the size of house-
hold and the age of the household head. The economics 11terature'generaT1y
also includes price of housing and household income in the demand for hous-
ing. However, Alaska economic information does not include time series on
family income and housing prices that could be used to forecast housing demand
by type. Cross-sectional data on household income do exist for Anchorage in
1977 by type of housing (Ender 1978); however, the lack of historical time
series on household income prevent the estimatidn of household income as a
function of economic growth over time in the Railbelt. However, the age of the
head of household serves. to some extent as a proxy- for household income, with |
older household heads generally more wealthy and able to-affbrd larger homes.
Larger nouseholds also require more space and larger homes. These factors are
included in the demand équatiohs for individual types of houses contained in
the RED model. '

~ Government Program Effects

ISER performed an.analysis of State of Alaska housing programs in 1982
(ISER 1982) with the following findings. Alaska Housing Finance Corporation

‘(a) Although this calculation is actually performed in the Housing Module, its
"description is included in this doucment with the discussion of
residential electricity demand in Section 5.0.

4.11.



(AHFC) operates several 'different housing programs on behalf of the state in
which it acts as a secondary lender to provide mortgage loan money at the
Towest possible interest rates. Between July 1980 and December of 1982, AHFC
had a substantial negative impact on mortgage interest rates in Alaska, ranging
from 2.5 percentage points in July, 1980 to slightly more than 4 percentage
points in December 1981, Average loan volume repurchased by AHFC increased

5 times between 1979 and 1981, and accounted for 85% of all Alaska home loans
from July 1980 to October 1981. Much of the activity was due to the special
Mortgage Loan Purchase program enacted in June 1980. ISER found that the State
of Alaska's low interest housing lean programs caused construction of new homes
statewide to be about’one thousand units higher (or one third higher) than it
would have been without the program and caused conversion of about 300 units
from rental to sales units.. The other substantial effect was on the quality of
housing purchased. New homes built during 1980-1981 were an average $%25,000
more expensive than existing homes. The proportion of multifamily construction
was not clearly affected one way or -the other by the loan programs. In 1980
and 1981 new multifamily construction in Anchorage was only 30% of total units
built, whereas it had been 50% or more every year from 1974 through 1979,
However, opposite effects were found in Fairbanks. Loan program impacts Wereiv
confounded with the levels of rents. These were depressed between 1979 and
1981 and failed to support the construction of new multifamily rental units.

Compared to a situation without large-scale interest subsidies, ISER‘S
findings suggest that continuation of these large-scale subsidies would result
in the following: 1) more first-time home buyers and more expensive units
being built (though it is not clear that these would necessarily be single-
family detached houses rather than condominiums); and 2) downward pressure on
rents, reducing the incentive for building multifamily rental units. Depending
on people's tastes for single-family detached units versus condominjums and the
builder's cost of providing units of each type, government programs could cause
single-family construction to increase or decrease as a proportion of the
total. In the RED model, government programs afe assumed to have no long-term
net effect on housing mix by type.
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Housing Demand by Type of Housing

- Table 4.5 compares the demand for types of housing in the Anchorage-Cook
InTet Toad center with and without the influence of household age and household
size as reflected in the RED model structure. With the influence of household
size and age, ré1at1ve1y more households occupy single-family homes, which have

a Tower electric fuel mode split than multifamily housing. By the year 2010,

-residential electricity demand is about 3% lower with the effects of size and

age of households on housing mix than without these effects. As revealed by
the table, even fairly large differences in the proportions of househo1ds in
the various types of dwellings have little impact on electricity consumption
forecasts.

TABLE 4.5. Impact of Householder Age and Household Size on Housing Mix
and Total Utility Sales, Anchorage-Cook Inlet

1980 1990 2000 2010

Single Family Proportion

of Served Househoids: ,
With Age and Size Effects 0.496  0.549 0.549 0.545
Without Age and Size Effects 0.496 0.461 0.461 0.461
Multifamily Proportion of

Served Households: :
With Age and Size Effects 0.284 0.245 0.261 0.264
Without Age and Size Effects 0.284 0.383 0.383 0.383
Mobile Home Proportion of

Served Households:
With Age and Size Effects - 0.115 0.126 - 0.127 ~0.129
Without Age and Size Effects - 0.115 0.097 0.097 0.097
Dupiex Proportidn

of Served Households:
With Age and Size Effects - 0.105 0.080 0.063 0.063
Without Age and Size Effects 0.105 0.059 0.059 0.059
Residential GWH Sold by Utilities:
With Age and Size Effects 979.5 1336.1 1599.6 1883.9
Without Age and Size Effects 979.5 1382.2 1656 .4 1955.0

Source: RED Model Runs, Case HE. 6, FERC 0% Real Price Increase.
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After an initial adjustment, Table 4.5 also shows a slight downward trend
in the proportion of sing]e-famﬁ1y households as the size of households
declines between 1990 and 2010. This is consistent with the falling historical
trend in the proportion of single-family houses in Railbelt communities from
1950—1980, as shown in Table 4.6, Although a short-term reversal of the
historical trend may have been occurring since 1980, especially in Fairbanks,
high vacancy rates and depressed rents probably explain the high proportion of
single-family homes constructed since 1980. In particular, the very high pro-
portion of single-family construction in Fairbanks since 1980 can be attributed
to high vacancy rates in multifamily units between 1977 and 1980. Vacancy
rates for multifamily dwellings in Fairbanks ranged upward from Q.5% in May
1976 to 13.5% in June 1980, The vacancy rates have fallen dramatically since
(to 1.7% by June 1982), and building permits for new multifamily units have
recovered, increasing by over 50% in the North Star &JrOUQh from 1981 to 1982
(Community Research Quarterly, Winter 1982).

Tables 4.7 and 4.8 present the parameters used to derive the joint distri-
bution of households by size and age of head. The baseline figures for the

TABLE 4,6. Single-Family Housing as Proportion Year-Round Housing
Stock by Type, Railbelt Load Centers, 1950-1982

Anchorage - Fairbanks -
Cook Inlet . Tanana Valley
1950fa) 0.592 0.713
1960 0.628 0.518
1970 0.471 0.389
1980 0.462 0.450
1982() 0.472 0.472
Proportion Single-
Family Housing (b)
Built 1980-82 ' 0.539 0.781

(a) Urban Anchorage and Fairbanks only.
(b) Fairbanks-North Star Borough only.

Source: Table 13.1.
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TABLE 4.7. Probability of Size of Households
in Rajlbelt Load Centers

Year Size  Ancharage Fairbanks
1980(a) <2 0.476 0.455
3 0.190 0.210
4-5  0.291 0.287
6+ 0.042 0.048
1985(0) <2 489 468
3 .188 .208
4-5 282 278
6+ .042 .048
1990(0) < 502 481
3 .185 .205
4-5 272 268
6+ .041 .047
1995(0) < 515 494
3 182 .202
4-5 262 258
6+ .041 .047
2000(0) < 528 507
3 .180 .200
1-5 253 249
6+ 041 .047
2005(0) <« 541 520
3 178 L198
4-5 2644 240
6+ .041 .047
2010(0) <2 554 533
3 TS .195
4-5 234 230
6+ 041 .047

(a) Source: Battelle-Northwest End-lUse
Survey. '

(b) The Anchorage initial distribution
reaches the Western U.S. regional
“average by 2010 {(Bureay of the
Census 1977). .The Fairbanks dis-
tribution is assumed to have the
same rate of change as Anchorage.
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TABLE 4.8. Regional Frequency of Age of Household Head
Divided by the State-Wide Frequency

Age of Head Anchorage Fairbanks
<25 1.064 1.108
25-30 1.013 1.103
31-54 1.018 0.988
55+ 0.867 0.842

Source: 1980 Census of Population
General Population Charac-
‘teristics: Alaska PC80-1-B3.

distribution of size parameters were derived from the Battelle Northwest end-
use survey. Those parameters were adjusted to approximately approach the 1977
Western Regiona]_average household size of 2.6 (Bureau of Census 1977) by the
year 2010 in Anchorage in constant linear increments. Fairbanks uses the same
increments and converges to a household size of about 2.7. The ratio of
regional to statewide frequency of age of head was derived from the 1980 Census
of Population for Railbelt locations. These ratios are assumed to remain

constant over the forecast period.

The housing demand parameters were originally estimated by ISER using a
linear probability model. The expected values in Table 4.9 are the estimated
coefficients reported by ISER. The ranges were calculated as the width of the
95% confidence intervals; the variance was backed out of the reported
F statistics. |

Vacancies

Table 4.10 presents the assumed-normal and maximum vacancy rates by type
of house. ISER derived the normal vacancy rates by taking the ten-year U.S.
averages of vacancy rates for owner and renter units {(Goldsmith and Huskey
1980b). Single-family and mobile homes have the owner rate; multifamily homes
have the renter rate; and duplexes are the average of owner and renter rates.
For the maximum vacancy rates, Anchorage multifamily rates were available. The
relationship between the normal rates for multifamily and all other types was
used to derive the maximum rates.
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TABLE 4.9. Housing Demand Equations: Parameters' Expected Value,
Range, and VYariance

Parameter Expected Value Range Variance

b, 0.461 -- --
b, -0.303 0.142  0.001
bao -0.175 0.152  0.001
b4 0.080 0.230  0.003
by 0.182 0.205  0.003
by 0.317 0.182  0.002
by 0.380  0.226  0.003
o 0.383 -~ -
Cal 0.225 0.124  0.001
Cap 0.086 0.133  0.001
Caa -0.090 $0.202 0.003
Coe -0.203 0.180  0.002
Ce -0.280 0.159  0.002
Caq -0.352 0.198  0.003
dg 0.097 -- --
da1 0.068 0.101 . 0.001
d0 - 0.039 0.109  0.001 .
dag 0.014 0.159  0.002
dpg 0.008  0.152 0.001
die -0.020 0.130  0.001
dag ~-0.016 0.162  0.002

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

Depreciation and Removal

Housing demolition rates (Table 4.11) are a function of the age 6f the
housing stock and the demand for housing. ISER found that approximately 1% of
the housing stock was removed between 1975 and 1980 in Anchorage and Fairbanks
(Goldsmith and Huskey 1980b). As the existing stock ages, the removal rate is
assumed to grow toward the U.S. average, which has been estimated to be between
2 and 4% per forecast period (5 years).
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TABLE 4.10. Assumed Normal and Maximum Vacancy Rates
by Type of House (Percent)

Type ESEZ?;) EZ:;TgT
Single Family 1.1 3.3
Mobila Home 1.1 - 3.3
Duplex. 3.3 10.0
Multifamily 5.4 16.0

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

(b} Imputed by ISER from Anchorage
Real Estimate Research Committee
(1979).

TABLE 4.11; 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 150

1990-1995 1.75

1995-2000 2.00
 2000-2005 , 2.25
2005-2010 2.50

' , Sourcé: Author Assumption.

The professional economics literature has devoted some attention to
depreciation rates in housing. In an article in the Review of Economics and

Statistics, Leigh (1980) used a perpetual inventory method of calculating the
national stock of efficiency-adjusted residential housing units and checked
these estimates against the Census of Housing for 1950, 1960, and 1970 as well
as other authors' estimates. The varioﬁs sources sited in Leigh's article show
values for economic depreciation/replacement ranging from 0.4 to 2.35%, with
most estimates grouped around 1.0 t0'1.5%. 'Leigh herself calculates about 1%
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for the period 1950 through 1970. [ISER calculated an approximate five-year 1%
rate of removal for Anchorage and Fairbanks housing units by comparing the
estimated number of units in 1370 and 1979 with cumulative buiiding permits
data. Because the housing stock ages and new houses provide more "services"
than old houses, the-rate of economic depreciation for a given area is assumed
to be larger than the rate of physical depreciation. Consequént]y, housing
units are physically replaced less frequently than 1% per year. The U.S.
average physical depreciation rate was calculated by de Leeuw {1974) at between
2 and 4% per five—yéar period or 0.4 to 0.8% per year. It is assumed that as
the Alaska housing stock ages, the very low current removal rate of 1.0% per
five years will approach the national lower bound rate, 2.0% by 2000 and 2.5%
by the year 2010. |

Base Year Housing Stock

The base-year housing stock figures displayed in Table 4.12 are the counts
of year-round housing stock from the 1980 Census of Housing for Alaska.

TABLE 4.12., Railbelt Housing Stock by Load Cente( ?nd
Housing Type, 1980 (number of units)'?

Housing Type Anchorage Fairbanks
Single Family 40,562 10,873
Mobile Homes 10,211 2,175
duplexes : o 8,949 2,512
Multifamily | 27,980 8,607
Total o 87,702 24,167

(a) A unit is occupied by one household. Thus,
a 4-plex is considered four housing units.

Source: 1980 Census of Housing, STF3 Data Tape.
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5.0 THE RESIDENTIAL CONSUMPTION MODULE

The Residential Consumption Module provides forecasts of electricity
consumption for the Residential Sector. The forecasts of the residential
sector's needs 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 Progrém—lnduced Conservation Module {see Chapter
8.0). Furthermore, the module's forecast of residential requirements is the
amount of electricity that needs to be delivered to the residential sector - it
does no;'include allowances for Tine losses.

The Residential Consumption Module estimates the amount of electricity
residential consumers use, with explicit consideration of the fmpacts of
e1ectr1c1ty price changes and fuel switching among electricity, gas, and oil.
Impacts of fuel switching to-and from other fuels (such as wood) are handled in

~the Program-Induced Conservation Module.

MECHANISM

The Residential Consunption Module employs an end-use approach. In an
end-use analysis, the first step is to identify the major uses of electric-
ity. Future market saturations of the uses are forecasted so that the future
stock of electricity-consuming devices is defined. The next step is to esti-
mate the amount of electricity demahded:to meet a future demand for the ser-
vices of the devices. The forecast of averége consumption of the appliance
stock, therefore, reflects both the trend in the size of the device and its
utilization rate, as well as projected increases in the efficiency of the
device., - Once the stock of major electricity-consuming devices and their
corresponding average annual per-unit consumption of electricity are forecast,
the futufe consumption of electricity by device type is obtained by multiplying
the number of devices by their predicted annual average consumption of
electricity. Using the same procedure for miscellaneous residential uses and
summing-over all end-uses yields an aggregate forecast of electricity
requirements.
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One major problem of the end-use approach is that the impacts of changes
in fuel prices (both electricity and alternatives) and income on electricity
usage are usually treated directly through the forecaster's judgment. The RED
Residential Consumption Module addresses this problem differently. By adjust-
ing the aggregate residential consumption figure with variable price and cross-
price adjustment factors computed in the model from actual consumption data and
prices, RED accounts for price change and fuel-switching impacts in the resi-
dential sector. These adjustments can be interpreted as electricity conserva-

tion induced by changes in fuel prices.

INPUTS AND QUTPUTS

Table 5.1 presents the inputs and outputs of the module. The number of
households by dwelling type is the number of occupied civilian dwelling units
served by electricity predicted in the Housing Module. The price adjustment
parameters, as well as the appliance saturations, are generated in the lUncer-
tainty Module. The output of the module is preliminary residential sales of
electricity. »

MODULE STRUCTURE

The Residential Consumption Module identifies the fo11ow1ng major uses of

e]ectr1c1ty in the residential sector:

Water Heating

Cooking

Refrigeration

Freezing

Clothes Washing (and additional water heating)

Clothes Drying

Dishwashing (and additional water heating)
Saunas-dJdacuzzis

W 0 ~N O b W N
.

Space Heating

In addition, several other uses of electricity by households are captured by a
small appliance category. Small appliances include televisions, radios,

1ighting, head-bolt heaters, kitchen appliances, heating pads, etc. The basic
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- TABLE 5.1. Inputs and Outputs of the RED Residential Module

(a) Inputs
. Symbol Variable From
HDTy Electrically Served Households
by Type of Dwelling Housing Stock Module
A,B,A,
0SR,GSR Price Adjustment Coefficients Uncertainty Module
SAT Appliance Saturations Uncertainty Module
(b) Outputs
Symbol Variable To
RESCON . Residential Electricity Miscellaneous, Peak Demand
Requirements and Conservation Modules

premise of this module is that the household is the primary consumer of elec-
tritity, not the individual. However, the number of individuals in the house-
hold significantly affects the consumption of energy for clothes washing,

clothes drying, and water heating. Therefore, an adjustment is included in the -
model for changes in the average household size to recognize the impact of such

changes on the usage of these appliances.

For the nine major uses of electricity, the end-use approach is used (see
Figure 5.1). Figure 5.1 shows the calculations that take place in the Residen-
tial Consumption Module. Beginning with a regional estimate of occupied hous-
ing stock by type, the module uses appliance market saturation parameters to
estimate the stock of each of the major appliances recognized by the model.

The module then calculates the initial fuel mode split for multifuel appli-
ances, calculates pfe]iminany electric consumption for each appTiance type
(1nc1udin§ small appliances}, and then sums these estimates together into a
preliminary consumption estimate for the residential sector. Price forecasts

for gas, oil, and electricity and "trial"-specific own-price and cross-price

‘adjustments are used to adjust the preliminary forecast. The adjustments are

described in Section 7.0.
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FIGURE 5.1. RED Residential Consumption Module
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Results from the Battelle-Northwest (BNW) end-use survey (see Appendix A)
show significant differences in the saturations of these nine end uses by the
type of dwelling in which the household resides. The module, therefore, uses
the number of occupied housing units of each type of dwelling (single family,
multifamily, mobile hbme, and duplex) as predicted by the Housing Module as one

of the inputs to estimate the stock of appliances.

The Housing Module predicts the number of occupied primary(a) residences
by type in a given region served by electric utilities. By multiplying the
nunber of occupied housing units by type by an assumed percentage served, the
Housing Consumption Module forecasts the number of primary occupied housing
units served:

HHSTyi+ = SEj¢ % HDpyit ‘ (5.1)
where
HHS = households served
TY = denotes the type of dwelling
SE = proportion éf households served by an electric utility
HD = stock of occupied dwellings from the Housing Module served by

electricity
i = region subscript
t = forecast period (t =1, 2, 3, ..., 7).

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

(a) Excluding second or recreation homes.
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ADjp = L (SAToyjpy X HHSpyp ) (5.2)
TY=1
where
AD = appliance demand
SAT = saturation rate (parameter)
k = end-use appliance.

Next, the model calculates the number of future additions to the stock. Assum-
ing demand is fully met, the number of new apb]iances 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
- m _ 40
NAitk = AD1tk - mél NAimk x (1 - dtk] - Asiok x (1 dtk) (5.3)
where
NA = number of new appliances
AS;ok = Tnitial stock of appliances (1980)

d$k= vintage.specﬁfic scrap rate in period t; for vintage m

(parameter) (m =1, 2, 3, cuu, 7).

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

ADitk = AS

t
ok X (L= dp) + Lo MAyy x (1 - dy) | (5.3")
» m=1
| The future appliance stock, therefore, can be stratified by vintage. Next, the
model calcutates the initial stock of electricity-consuming appliances by mul-
tiplying the number of appliances in each vintage by the percentage using
electricity:

EAS; o) = FMS:, X AS:., (5.4)
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EAD Ly = FMS:, x ANy (5.6)

where

EAS = initial stock of electric appliances
FMS = fuel mode split
ENA = additions to the electric appiiance stock

EAD = total electric appliance stock.

The Residential Consumption Module next calculates the average annual
electricity consumption of each major appliance. Different vintages of
appliances use different amounts of electricity, so the avehage consumption
must refiect the vintage composition of the stock. Furthermore, industry
energy efficiency standards for appliances could change in future years. The
future vintage specific consumption rate can be derived by multiplying the '
current (1980) consumption rate by a growth factor and adjusting for any
changes in efficiency standards. By weighting these figufes by the proportion
of the stock they represent, the average consumption of each appliance type in

a forecast year is derived:

0 . .

EAS, - (1-d., ) t ,
n . jok x tk - {(in=-1) x Z
ik = Aliox X = i %1(“C10k x (109

EADS ¢y m=
m
ENA, . (1-d, )
X (l-csmk) X Hmk Lk ) (5.7)~
EADS £

where
ACi ¢y = average consumption of appliance k in period t (parameter)

ACiok = average consumption of app1iénce k in the beginning period
' ‘(parameter) '

Z = length of forecast periods t and m in years (parameter) set
equal to 5 for this study.

g = growth rate of appliance k consumption (pafameter)
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c¢s = conservation standards target consumption reduction
(parameter).

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

consumption:
CONSTtk = EAD1tk X AC1tk X AHS1tk (5.8)
where
CONS = preliminary consumption of electricity prior to price
adjustments
AHS = household size adjustment parameter for clothes washing,

clothes drying, water heaters only.

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 phoduct of the number of households in the region, the initial
consumption level, and a growth factor in consumption over time:

CONSitsa = ;Y HHSTY1‘t X [Aciosa ¥ [APGitsa xtx )] - (5.9)
where
ACG = growth factor in small appliance consumption
'sa = index denoting small appliances.

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

RESPRE;; =

’ CONSitk + CONS;

itsa (5.10)

i ~o

1
where

RESPRE = total preliminary residential consumption.
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RESPRE;4 reflects mainly the physical characteristics of the stock of
electrical appliances and household income. Consumers, however, can respond
dramatically to changes in the prices of electricity and alternative fuels,
The own- and cross-price adjustment factors measure the responsivehess of
consumers to price changes. Specifically, the own-price adjustment factor is
the ratio of the percentage of change in the quantity taken of electricity

.during a five-year period to the weighted percentage change in price of
electricity reTative to the prices of other goods during the period.

Similarly, the demand for electricity is also a function of the prices of
alternative fuels. For example, the cross-price adjustment factor for gas
measures the responsiveness of the quantity of electricity taken with respect
to change in the price of natural gas. In other words, the cross-price adjust-
ment factor 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 effect is positive, then the fuels are said to be
substitutes. As the price of another fuel rises, the quantity taken of elec-
tricity rises. For example, natural gas and electricity are substitutes. If
the price of gas rises enough relative to the price of electricity, then some
natural gas customers will switch to electricity. If the cross-price effect is-:
negative, the fuels are compliements, impiying that increases in the price of
the alternate fuel will cause'reductions in the amount of the electricity that
is taken. ‘

The RED model. distinguishes between short-run and Tong-run responses to
price. In thé short run, or the immediate future, consumers cannot alter their
usage as much as over longer periods of time, since their stock of épp]iances
is fixed. Over a 1ongef period of time, they can rep1ace elements of their
stock with devices that use less electricity, or perhaps use another fuel
source. Therefore, the speed with which consumers adjust from the short-run to
the long-run is important. '

The price effects generated in RED are aged over the forecast period from
their short-run values to their long-run values, thus explicitly modeling con-
sumers' changing the pattern of use in the short run and fuel switching in the
long run. The Uncertainty Module generates both the short-run values of the
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price effect for specific trials and the coefficient of the speed of consumer
response. Chapter 7.0 discusses both the economic theory and literature under-
lying the estimation of the own-price effect and cross-price effects of gas and
0il on electricity consumption, as well as the manner in which the effects are
calculated.

The actual calculation of the price adjustment of residential consumption
is as follows:

RESCONj = RESPREjy x (1 + OPAj¢) x (1 + PPAjy)
x (1 + GPA;4) ' (5.11)

where

RESCON
OPA
PPA = cross-price adjustment for fuel oil

consunption of electricity in the residential sector

own-price adjustment for electricity

GPA = cross-price adjustment for natural gas.

RESCON is the predicted electricity consumption in the residential sector
before adjustments for program-induced conservation. This figure is passed to
the Peak Demand and Program-Induced Conservation.Modu1es. Note that RESCON 1is
a single number. The Residential Consumption Module does not report price-
adjusted consumption of electricity by end use.

PARAMETERS

The percentage of households served by an electric utility (Table 5.2) is
an important parameter. ISER has estimated that only 91% of the occupied
housing in Fairbanks was connected to an electric utility (Goldsmith and Huskey
1980b). Due to the high emphasis the Alaska state legislature 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 load center by
1995, The Anchorage-Cook Inlet Toad center is assumed to be 100% served.

5.10
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TABLE 5.2. Percent of Households Served by
Electric Utilities in Railbelt
Load Centers, 1980-2010

Year Anchorage Fairbanks
1980(2) 100 91
1985() 100 93
1990(b) 100 96
1995 (b) 100 100
2000(b) 100 100
2005 (2) 100 100
2010(b) 100 100

(a) Source: Goldsmith and Huskey 1980b,
Table C.13, C.14, D.4, D.5.

(b) The state is assumed to extend
electrical service to all residents
by 1995.

Appliance Saturations

Because historical growth and comparison with the lower forty-eight states
provide onTy Timited guidance on both current and future market saturations of

. major appliances, somewhat arbitrary maximum penetration rates have been esti-

mated. The estimates were made by comparing recent utility saturation rate
studies by San Diego Gas & Electric (SDG&E) in 1982 and Southern California

. Edison (SCE) in 1981 (realizing their limited relevance in estimating Alaska

saturation rates), information from 1980 Census of Housing for Alaska,
information from the Battelle-Northwest end-use survey, and other related
literature. Wide bands of uncertainty should be presumed for all appliances

examined since saturation rate data in the literature were not consistent.

Table 5.3 summarizes saturation rates examined.

Market penetration rates for many appliances in Alaska are already outside
the bounds of lower forty-eight state experience and have been increasing over
time. However, many of the major appliances will Tikely never reach 100%
market saturation for a variety of reasons, such as transient population, the
convenience of substitutes such as laundromats, small housing units with
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TABLE 5.3.

Appliance

snesE(1982) ()

(total market area)

SCE (1981)
(range of values
observed in
market area)(b)

Railbelt: Housing

Census (1980
(range of

values: lowest,

highest area)

Appliance Saturation Rate Survey (table values in percent of households)

Railbelt BNW End-lUse
Survey (1981)
(range of values:
lowest to highest
area and building type)

~Clothes NDrier

Refrigerator
Freezer

Hot Tub/Jacuzzi/
Saunas :

* Water Heater

Cooking Range
Dishwasher
Clothes Washer
Microwave Ovens
Space Heating

97 .5
26.2

11-39
96,2
56.4
68.9
34.5
94,6

(a) Average values for all customers.
Types were single family, apartments/condominiums/town houses, and mobile homes,
(c) Areas were Anchorage (Anchorage, Matanuska-Susitna, and Kenai Peninsula Boroughs) and Fairbanks

(b) By building type.

(North Star Borough plus Southeast Fairbanks Census Area).

71.1-81.2
96.2-96.6
9.1-33.5

1.3-19.4
92.3-97.7
98,3-99,5
41.2-58.0
75.6-89.3
17.9-38.9

92.0-97.7
99,5-99.9

61.0-90.2
99
57.2-94.8

2.5-16.9
86.9-100.0
95.7-100.0
23.3-78.2
63.8-92.5

Fairbanks was the lower value.

(d) Building types were single family, mobile home, multifamily, and duplex. See Tables 5.4-5.11.

Sources: See reference list.
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inadeguate space for some appliances, changing consumer perferences, etc. The
saturation rate estimates assumed in the RED model reflect a compromise between
1) rapid historical growth in appliance stocks in Alaska, 2) approaching
boundaries on market saturation and 3) comparable saturation data from other

sources.

Tables 5.4 thrdugh 5.7 show the default value and range for future market
saturations of major appliances that can use one of several fuels in normal
home installation. The table values are the expected percentages of housing
units of a given type that will own the appliiance ﬁn a given year (having
access to and owning an app1iance may result in different saturation rates) and
market area,‘ahd the subjective uncertain range that can be used instead of the
default value if the Monte Carlo option is chosen. The table title indicates
thé type of housing. The assumptions for each type of appliance are given
below.

Hot Water

Hot_watef was available in nearly 99% of single-family homes in the
Anchorage markét>area, according to the Battelle-Northwest end-use survey. It
is assumed that 99% is a maximum for two reasons: the market saturation of hot
water in the Western U.S. was 99% in the 1970‘Census (Bureau of Census 1970);
and Alaska can be expected to have rural cabin-like structures with 1imited
electric service for some time to come. 1In the Fairbanks market area, single-
family saturations are projected to increase to the Anchorage lTevel by 1990.
The end-use survey and 1970 Census bofh show saturations in the vicinity of 90%
in this area. Increasing urbénization in Fairbanks and better electric service
should increase this percentage. |

The other types of~structure§'in the Battelle-Northwest survey showed

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

multifamily housing. However, the wording of the question in the survey upon
which this calculation is based may have been interpreted as asking whether the
respondent had a hot water tank in his unit rather than (as was intended)
whether he had hot water available. A 100% market penetration for hot water in
duplexes and mu1t1fam11y buildings was assumed. Mobile homes were considered
the same as s1ng1e family units.
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TABLE 5.4.

Water Héater

Clothes Dryers

Range (cooking)

Market Saturations (percent) of Large Appliances with Fuel Substitution
Possibilities in Single-Family Homes, Railbelt Load Centers, 1980-2010

Saunas-Jdacuzzis

v1°g

Load Center Year Default  Range Default  Range Default Range Default  Range

a. Anchorage 1980 98.6(2)  _. 90.2 -- 99.9(3) _. 14.1 _-
1985 98.8 95-100  91.2 88-94 - 100.0 100-100 16.3 13-19°
1990 99.0 98-100 92.5 89-95 100.0 100-100 18,7 14-22
1995 99.0 98-100 93.7 90-96 100.0 100-100 21.0 16-26
2000  99.0 98-100 95.0 92-98 100.0 100-100 23.4 18-28
2005 99.0 98-100 95.0 92-98 100.0 100-100 25.7 20-30
2010 99.0 98-100 95.0 92-98 100.0 100-100 28.1 23-33

b. Fairbanks 1980 86.9(3) .- 81.4 - 99.5(a) __ 7.9 -
1985 93.0 91-95 84.0 80-88 100.0 100-100 8.9 6-12
1990 99.0 98-100 87.5 82-92 100.0 100-100 10.0 6-14
1995 99.0 98-100 92.5 87-97 100.0 100-100 11,2 6-16
2000 99.0 98-100 95.0 92-98 100.0 100-100 12.4 7-17
2005  99.0 98-100 95.0 92-98 100.0 100-100 13.6 8-18
2010 99.0 98-100 95.0 92-98 100.0 100-100 14.8 9-19

(a) For hot water and cooking, missing values in the Battelle-Northwest survey were not counted,
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TABLE 5.5. Market Saturations (percent) of Large Appliances with Fuel Substitution
Possibilities in Mobile Homes, Railbelt Load Centers, 1980-2010

Water Heater Clothes Dryers Range (cooking) Saunas Jacuzzis
Load Center - Year Default Range Default  Range Default Range Default  Range
a. Anchorage - 1980 98.2(a)  __ 79.0  -- 9570 __ 6.1 -
1985 99.0 98-100 80.0 79-81 100.0 100-100 6.9 3-11
1990 99.0 98-100 . 82.0 80-84 100,0 100-100 7.8 4-12
1995 99.0 98-100 | 84.0 82-86 100.0 100-100 8.7 5-13
2000  99.0 98-100 85.0 83-87 100.0 100-100 9.6 6-14
2005 99.0 98-100 90.0 85-95 100.0 100-100 10.5 6-14
2010 99.0 98-100 95.0 91-99 100.0 1060-100 - 11.4 - 7-15
b. Fairbanks 1980 99.0(a) __ 92.3 - 9g.6(a) - 2.5 --
1985 99.0 98-100 94.0 91-97 100.0 100-100 2.8 1-5
1990 99.0 98-100 95.0 92-98 100.0 ~ 100-100 3.1 . 1-7
1995 99.0 98-100 95.0 92-98 100.0: 100-100 3.5 1-8
2000 99.0 98-100 95.0 92-98 100.0 100-100 3.8 1-8
2005  99.0 98-100 95.0 92-98 100.0 100-100 4.2 1-8
2010  99.0 98-100 95.0 92-98 100.0 100-100 4.5 1-9

(a) For water heat and cooking, missing values in the Battelle-Northwest end-use survey were not
counted, .
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TABLE 5.6. Market Saturations (percent) of Large Appliances with Fuel Substitution
Possibilities in Duplexes, Railbelt Load Centers, 1980-2010

Water Heater Clothes Dryers Range (cooking) Saunas Jacuzzis

Load Center Year Default Range Default  Range Default Range Default  Range
a. Anchorage 1980 100.0(3)  __ 90.0 - 9.4 - 6.9 -

1985 100.0 . 100-100 91.0 90-92 100.0 100-100 19.0 16-22

1990 100.0 1004100 92.5 90-9% 100.0 - 100-100 21.2 17-25

1995 100.0 100-100 93.0 91-96 100.0 100-100 23.4 18-28

2000 100.0 100-100 95.0 92-98 100.0 100-100 25.6 21-31

2005 100.0 '100-100 95.0 92-98 100.0 100-100 27 .6 23-33

2010 100.0 100-100 95.0 92-98 100.0 100-100 29.8 25-35
b. Fairbanks 1980 100.0(8) - 85.5(0) .. 100.0  -- 8.2 -

1985 100.0 100-100 91.0 90-92 100.0 100-100 9.2 6-12

1990 100.0 100-100 92.5 90-95  100.0 100-100 10.3 6-14

1995 100.0 100-100 93.0 91-96 100.0 100-100 11.4 6-16

2000 100.0 100-100 95.0 92-98 100.0 100-~100 12.5 8-18

2005 100.0 100-100 95.0 92-98 100.0 100-100 13.5 9-19

2010 100.0 100-100 95.0 92-98 100.0 100-100 14.6 10-20

(a) Values for Battelle-Northwest end-use survey were adjusted to 100 percent for water heaters in.
1980, For explanation, see text.
(b) 1980 clothes dryer penetration in Fairbanks for 1980 adjusted downward by one to match the number of

washers in duplexes.
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TABLE 5.7. Markef Saturations (percent) of Large Appliances with Fuel Substitution
Possibilities in Multifamily Homes, Railbelt Load Centers, 1980-2010

R Water Heater Clothes Dryers Range (cooking)  Saunas Jacuzzis
Load Center Year Default Range Default  Range Default  Range Default  Range
a. Anchorage 1980 100.0(@)  _. 75.7 - 98.2  -- 13.6  --
1985 100.0 -~ 100-100  83.0 82-84 100.0 100-100 15.0 12-18
1990 100.0 100-100  83.5 82-85 100.0 100-100 16.4 12-20
1995 100.0 100-100 84.0 82-86 100.0 100-100 17.7 13-23
2000 100.0 100-100 85.0 83-87 100.0 100-100 18.9 14-24
2005 100.0 . 100-100 90.0 85-95 100.0 100-100 19.9 15-25
2010 100.0 100-100  95.0 92-97 100.0 100-100 20.9 16-26
b. Fairbanks 1980 100.0(3) - 61.0 .- 100.0  -- 5.7 -
1985 100.0 | 100-100  65.0 61-69 100.0 100-100 6.3 3-9
1990 100.0 100-100  70.0 65-75 100.0 100-100 6.9 3-11
1995 100.0 100-100 80.0 75-85 100.0 100-100 7.5 3-13
2000 100.0 100-100 85.0 80-90 100.0 100-100 8.0 3-13
2005 100.0 100-100  90.0 85-95 100.0 100-100 8.5 4-14
2010 100.0 100-100  95.0 92-97 100.0 100-100 8.9 4-14

(a) Water heat survey numbers adjusted to 100 percent for 1980, For explanation, see text.



Clothes Dryer

The Rattelle-Northwest survey and 1970 Census both show Railbelt market
- saturations for clothes dryers far above the 1J.S. average (Bureau of Census

1970). Informaticon available from the 1980 U.S. Statistical Abstract for 1979

shaws that about 61.5% of electrically served housing units have an electric or
gas dryer {(up from 44,6% in 1970) (Bureau of Census 1980b). In contrast, the
Battelle survey showed market saturations ranging from 61% in Fairbanks multi-
fanily structures to over 90% in other types of housing. Single-family dfyer
saturations ranged from 81% in Fairbanks to 90% in Anchorage. Because Alaska
already has such high saturations, the forecast is outside the bounds of
historical experience. A reasonable estimate is that no more than 95% of
single-family homes, mobile homes, and duplexes will ever have dryers because
of the availability of laundromats and because of the room taken up by washer-
dryer combinations in small housing units. For multifamily units, penetration
is assumed to be much slower because of the space problem. Since washers and
dryers are now installed in pairs in most new housing, market saturations for
dryers (which are now about 2% below those for washers in most areas) will
approach that for washers as old housing stock is replaced. In general, the
lower the existing saturation, the greater is the uncertainty concerning its
future growth rate,

Cooking Ranges -

Several data sources were examined to arrive at market saturation rate
estimates. The Battelle-Northwest end-use survey indicated that between 96 and
100% of all households surveyed had a range available. SDG&E (1982} reported a
96.2% saturation rate while SCE (1981) ranged from 98.3% for multi-family units
to 99.5% for single-family units. The substitution of hot plates, broiler
ovens (1979 estimated national saturation rate of 26%) and microwave ovens
(1979 estimated national saturation rate of 7.6%) may account for the differ-
ence between 90 and 100%. Therefore, 100% of all housing units currently are
assumed to have cooking facilities available by 1985, This percentage holds
throughout the perijod.
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Saunas, Jacuzzis, Etc.

These units are a relatively new phenomenon in private homes, almost all
having been installed since 1970. The Battelle-Northwest end-use survey found
market saturations ranging from 2.5 to 17%, SDG&E (1982) 11 to 39%, and SCE
(1981) 1.3 to 19.4%, all depending upon market area and housing type. Accord-
ing to the survey, 14% of Anchorage single family households reported having
one of these units, compared to 10.4 and 11.0%, respectively, for SCE and
SNG&E. Among single-family homes built since 1975 in Anchorage, the saturation
was 21%, while among single-family homes built since 1980 in the SDG&E survey
area, the saturation was 23.8%. To arrive at saturation rate estimates, a
target rate slightly larger than both was assumed for newly constructed single-
family homes in Anchorage to allow for the increasing popularity of saunas-
jacuzzis. Additional allowances were made for the existing stock of housing to
acquire saunas-jacuzzis. The additional allowances changed over time based on
the belief that saturation growth rates would fall as the newness of the itemn
wore off. This phenomenon may happen with any relatively new technology. Once
it has reached that segment of the population initially desiring to own a sauna
or jacuzzi, additional growth will be slower since a lTower maximum penetration
rate, when compared to other appliances, is assumed; Additional supportive
evidence for a lower maximum penetration rate is found from California. There,
saturation rates are lower than in Alaska and growth rates are slowing down.
One additional impact on the willingness of those individuals initially not
strongly desiring to own a sauna or jacuzzi may be the relatively high price,
at least when compared to other major appliances. Also, installation costs may
be higher in Alaska since poorer weather would necessitate that the unit be
enclosed. However, the 1nf1at10n-adjusted cost of saunas and jacuzzis, whirl-
pools, etc. is expected to drop somewhat as it does with any new appliance
type. This could raise future market saturations above current levels. By
weighing these factors, and considering economic growth prospects for the
subregions, the estimated default values were chosen. They are presented in
Tables 5.4 through 5.7.

One potential problem exists in Table 5.7. The Battelle-Northwest end-use
survey created a slight ambiguity in terms of appliance ownership for
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multifamily homes by not asking residents of this type of housingbwhether they
actually owned or had access to a sauna or jacuzzi. In some apartment

complexes, a central recreation building houses a sauna or jacuzzi that all
residents may use. [If every individual in the apartment compiex claims they
each have a sauna or jacuzzi when in fact only one exists, the saturation rate
is overstated. This phenomenon is brought out in the SCE (1981) data, where
19.4% of all apartment/condominium/townhouse occupants claimed a hot tub/-
jacuzzi. However, only 6.7% of that total had their own private hot tub/-
jacuzzi. A level of 19.4% gives an incorrect representation of the penetration
rate for saunas and jacuzzis and an overestimate of electricity consumption.

To correct for this probiem, default values and ranges in Table 5.7 have been
adjusted downward for slower future growth.

Tables 5.8 through 5.11 indicate default market saturations and ranges of
values for large housého]d appliances that are almost always electric, These
include refrigerators, freezers, dishwashers, and clothes washers. The table
title indicates the housing type, and the table values show an ‘expected market
saturation for each appliance by market area and year. The ranges shown in the
tables reflect the degree of uncertainty attached to the default vaiue. The
wider the range, the greater is this subjective uncertainty. The assumptions

supporting the tablie values are given below by appliance.

Refrigerators

The Battelle-Northwest end-use survey found that virtually 100% of all
households had a refrigerator. This is in agreement with several other studies
such as SDG&E (1982) at 97.5%, SCE at 96.2 to 96.6%, and the national Residen-
tial Energy Consumption Survey (RECS) at 99.8%. The California Energy Commis-
sion (CEC) found in 1976 that enough housing units had second refrigerators to
raise total California market saturation to 113-116%. ISER, in their report to
the Alaska State Legislature, assumed that this high percentage would 1ikely
not prevail in Alaska because of the cooler climate {Goldsmith & Huskey
1980b). Therefore, a defqu1t value of 99% was chosen throughout. 1In the RED

model, the ISER assumption is modified to permit a range of values from 98 to
100%.
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TABLE 5.8.

Ey

Market Saturations (percent) of Large Electric Appliances in Single-Family Homes,
Railbelt Load Centers, 1980-2010

Refrigerators Freezers Dishwashers Clothes Washers

Load Center Year Default Range Default  Range Default Range Default  Range
a. Anchorage 1980 99.0 -- 88.3 -- 18.2 -- 91.7 - --

| 1985 99.0 98-100  90.0 85-95 85.0 80-90 92.0 90-94

1990 99,0 98-100 90.0 85-95 90.0 85-95 92.5 90-95

1995 99.0 98-100 90.0 85-95 90.0 85-95 93.7 91-96

2000 99.0 98-100 90.0 85-95 90.0 85-95 95.0 92-98

2005 99.0 98-100 90.0 85-95 90.0 85-95 95.0 92-98

2010 99.0 98-100 90.0 85-95 90.0 85-95 95.0 92-98
b. Fairbanks 1980  99.0  -- 84.9  --  53.8  -- 84.9 --

1985 99.0 98-100 88.0 86-90 79.0 75-85 86.0 84-88

1990 99.0 98-100 90.0 85-95 90.0 85-95 B7.5 85-90

1995 99.0 98-100 90.0 85-95 90.0 85-95 92.5 90-95

2000 99.0 98-100 90.0 85-95 90.0 85-95 95.0 92-98

2005 99.0 98-100 90.0 85-95 90.0 85-95 95.0 92~-98

2010 99.0 98-100 90.0 85-95 90.0 85-95 95.0 92-98
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Market Saturations (percent) of Large Electric Appliances in Mobile Homes,

TABLE 5.9.
' Railbelt Load Centers, 1980-2010

Refrigerators Freezers Dishwashers Clothes Washers
Load Center Year Default Range Default  Range Default Range Default  Range
a, Anchorage 1980 . 99.0 - 94.8 -- 43.9 -- 80.6 -—
1985 99.0 98-100 92.0 90-95 67.6 62-72 85.0 80-90
1990 99,0 98-100 90,0 85-95 90.0 85-95 90.0 85-95
1995 | 99.0 98-100 90.0 85-95 90,0 85-95 90.0 85-95
2000 99.0 98-100 90,0 85-95 '90.0 85-95 95.0 92-98
2005 99,0 . 98-100 90.0 85-95 90.0 85-95 95.0 92-98
2010 99.0 98-100 90.0 85-95 90.0 85-95 95.0 92-98

b. Fairbanks . 1980 99.0 -- 73.0 -- 48 .6 -- 92.3 --
1985 99.0 98-100 82.0 75-89 71.4 66-76 93.0 91-95
1990 99.0 98-100 90.0 85-95 90.0 85-95 92.5 91-96
1995 99.0 98-100 90.0 85-95 90.0 85-95 94.0 92-96
2000 99.0 98-100 90.0 85-95 90.0 85-95 95.0 92-98
2005 99.0 98-100 90.0 8b-95 90.0 85-95 95.0 92-98
2010 99.0 98-100 90.0 85-95  90.0 85-95 95.0 92-98
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TABLE 5.10. Market Saturations (percent) of Large Electric Appliances in Duplexes
‘ Railbelt Load Centers, 1980-2010

Freezers

Refrigerators Dishwashers Clothes Washers

Load Center Year  Default Range  Default  Range Default Range Default  Range
a. Anchorage 1980 99.0 = -- 66.5 -- 76.5 -- 192.5 -

1985 99.0 98-100 75.0 70-80 85.0 80-90 93.0 91-95

1990 99.0 98-100 85.0 80-90 90.0 85-95 95.0 92-98

1995 99.0 98-100 85.0 80-90 90.0 85-95 95.0 92-98

2000 99.0 98-100 85.0 80-90 90.0 85-95 95.0 92-98

2005 99.0 98-100 85.0 80-90 90.0 85-95 95.0 92-98

2010 99.0 98-100 85.0 80-90 °90.0 85-95 95.0 92-98
b. Fairbanks 1980 99.0 -- 75.2 -- 57.4 -- 85.5 --

1985 99.0 98-100 80.0 75-85 85.0 80-90 91.0 90-92

1990 99.0 98—100 85.0 80-90 90.0 85-95 92.5 90-95

1995 99.0 98-100 85.0 80-90 90.0 85-95 93.0 91-96

2000 99.0 98-100 85.0 80-90 1 90.0 85-95 95.0 92-98

2005 99.0 98-100 85.0 80-90 90.0 85-95 95.0 92-98

2010 199.0 98-100 85.0 80-90 90.0 85-95 95.0 92-98
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TABLE 5.11.

Market Saturations (percent) of Large Electric Appliances in Multifamily Homes,
Railbelt Load Centers, 1980-2010

_ Refrigerators Freezers Dishwashers Clothes Washers

Load Center Year Default Range Default Range Default Range Default  Range
a. Anchorage 1980 99.0 -- 62.5 -- 73.3 - 716.5 --

1985 99.0 98-100 65.0 60-70 85.0 80-90 85.0 80-90

1990 99.0 98-100 70.0 65-75 90.0 85-95 90,0 85-95

1995 99.0 98-100 70.0 65-75 90.0 85-95 92.0 90-94

2000 99.0 98-100 70.0 65-75 90.0 85-95 95.0 92-98

2005 99.0 98-100 70.0 65-75 90.0 85-95 95.0 92-98

2010 99.0 98-100 70.0 65-75 90.0 85-95 95.0 92-98
b. Fairbanks 1980 99.0 -- 57.2 -- 23.3 -- 63.8 -

1985 99.0 98-100 65.0 60-70 34.0 30-39 68.0 63-72

1990 99.0 98-100 70.0 65-75 50.0 45-55 70.0 65-75

1995 99.0 98-100 70.0 65-75 74.0 70-79 80.0 75-85

2000 99.0 98-100 70.0 65-75 90.0 85-95 856.0 80-90

2005 99.0 98-100 70.0 65-75 90.0 - 85-95 90.0 85-95

2010 99.0 98-100 70.0 65-75 90.0 85-95 95.0 92-98
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Freezers

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

from about 80% in Fairbanks to over 90% in Anchorage. These figures are 10 to

20% higher than assumed by ISER for 1980 for these areas, about 240% above 1970

Census values for the Railbelt, and 30 to 40% above the U.S. average. 1In other
words, area-to-area comparisons and historical experience are not very helpfu1‘
for predicting future saturations. For single-family homes and mobile homes,

the maximum saturation has been assumed to have been just about reached because
with better shopping facilities and increased urbanization, fewer freezers will

be necessary for long-term food storage from bulk buying.

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

Dishwashers

The Battelle-Northwest end-use survey found market saturations for dish-
washers well above the existing u.S. average. In the U.S. as a whole, the 1979
saturation was about 41% of homes served by electricity {Bureau of Census
1980b) , buf this percentage ranged from-50% in Fairbanks to 75% in Anchorage
survey homes. Saturations have increased by about 50 percentage points in both
Railbelt load centers since 1970, again outside the range of historical experi-
ence, . (Using this experience, ISER {Goldsmith and Huskey 1980b) projected 1978
market saturations of 50% in Anchorage and 36% in Fairbanks.) The rate of
increase in market saturation was very rapid in the 1970s, but further
increases in saturation in Anchorage in particular may be Timited since a high
proportion of some types of housing units already have dishwashers. A maximum
saturation of 90% was assumed for all homes. The annual rates of saturation
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growth for the 1970s were then projected for each region: 9% per year for
Anchorage, and 8% per year for Fairbanks. Except for Fairbanks multifamily,
where historical growth rates are assumed, 90% maximum saturation is assumed to
occur in 1990, The growth rate was then assumed to fall to zero. A wide range
of uncertainty is assumed for dishwasher saturations because of the tenuous

nature of the required assumptions.

Clothes Washers

The Battelle-Northwest end-use survey found that area-wide clothes washer
saturations ranged from about 84% in Fairbanks to 89% in Anchorage. These
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 not have yet approached its maximum, For
forecasting, the maximum penetration is assumed to be 95%. Different types of
housing reach this maximum'at different rates. In particular, since single-
family homes are already 85 to 90% saturated, they reach 95% slowly, achieving
this level by the year 2000. Some markets are closer to béing completely
saturated. Even at low rates of growth they reach 95% somewhat earlier. In no
case is clothes-washer saturation allowed to be below that for clothes
‘driers. The Battelle-Northwest survey generally found that washer saturation
was one to two percentage points higher than that for dryers. Where this was
not the case {e.g., duplexes in Fairbanks) the difference appears to have
occurred because of the small number of households in the category. The market
éaturations for washers and driers gradually converge, since they are now
uéua11y installed in pairs. Multifamily saturation of washers and driers grows
the slowest, reaching 95% by 2010 in Fairbanks.

Fuel Mode Splits

The -fuel-mode splits presented in Table 5.12 were also derived from the
Battelte-Northwest end-use survey and 1980 Census of Housing with the exception
noted below. These parameters are assumed to remain fixed over the forecast
period, as the cross-price elasticity adjustment'hand1es'fue1 switching.
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TABLE 5.12. Percentage of Appliances Using Electricity and Average Annual
Electricity Consumption, Railbelt Load Centers
, Anchorage Fairbanks
Percent age Using'Electricity(a) Annual kWh Percentage Using Electricity Annual kWh
_ Appliance SF MH DpP MF Consumption SF MH op MF Consumption

Space Heat (Existing Stock)

Single Family - 16.0 NA NA NA 32,850 9.7 NA NA NA 43,380

Hobile Home NA 0.7 NA NA 24 670 NA 0.0 NA NA 33,210

Duplex NA NA 22.8 NA 21,780 NA NA 11,7 NA 28,710

Multi Family NA NA NA 44 .4 15,390 NA NA NA 14.8 19,080
Space Heat (New Stock: 1985) :

Single Family ' 10.0 NA NA NA 40,100 9.7 NA NA NA 53,000

Mobile Home NA 0.7 NA NA 30,000 NA 0.0 NA NA 40,600

Duplex NA NA 15,0 NA 26,600 NA NA 11.7 NA 35,100

Multi Family NA “NA NA 25.0 18,800 NA NA NA 14.8 23,300
Water Heaters (Existing) 36.5 50.4 44,0 60.9 2,800 33.1 42.8 43.1 26.2 3,300
Water Heaters (New: 1985) 10.0 50.4 15.0 25.0 3,000 33.1 42.8 43 26.2 3,475
Clothes Dryers 84.3 - 88,1 81.3 86.6 1,032 96.2 94.6 94.4 100.0 1,032
Cooking Ranges 75.8 23.2 85.2 88.2 8560 79.0 48.2 95.0 97.1 8560
Sauna-Jacuzzis 93.5 100.0 93.7 81.8 1,600 61.8 100.0 60.8 100.0 1,600
Refrigerators 100.0 100.0 100.0 100.0 1,636 100.0 100.0 100.0 100.0 1,636
Freezers 100.0 100.0 100.0 100.0 1,342 100.0 100.0 100.0 100.0 1,342
Dishwashers 100.0 100.0 - 100.0 100.0 250 100.0 100.0 100.0 100.0 250
Additional

Water Heating (Existing) 36.5 50.4 44.0 60.9 799 33.1 42.8 43.1 26.2 799

Water Heating (New: 1985) 10.0 50.4 15.0 25.0 199 33.1 472 .8 43,1 26.2 7199
Clothes HWashers 100,0 100.0 100.0 100.0 90 100.0 100.0 100.0 100.0 90
Additional

Water fleating (Existing) 36.5 50.4 14.0 60.9 1,202 33.1 4?2.8 43.1 26.2 1,202

Water lleating (New: 1985) 10.0 50.4 15.0 25.0 1,202 33.1 4?2.8 43,1 26,2 1,202
Miscellaneohs 100.0 100.0 100.0 100.0 2,110 100.0 100.0 100.0 100.0 2,466

= duplexes; MF = multifamily,

(a) SF = single family; Ml = mobile homes; DP



Discussions were held with several Anchorage area home builders, the staff
of Anchorage Municipal Power and Light, ISER, and two real estate management
firms in Anchorage concerning incremental fuel mode splits for new housing
stock. The consensus was that very few units are being constructed in the
Anchorage area in 1983 with either electric heat or e]ectric hnt water where
gas is available because electric thermal units are considered to have
unattractively high operating costs. This is believed to be a phenomenon
caused by past electricity price increases and is therefore not accommodated by
the RED price adjustment coefficients after 1980. Accordingly, the 1983
version of the model judgmentally imposes reduced incremental electric fuel
mode splits in space heating and water heating for new housing units built in
the Anchorage-Cook Inlet load center since 1980. The fuel mode splits are kept
above zero to reflect construction in portions of the Anchorage-Cook Inlet Toad
center not served by gas. Where incremental fuel mode splits are shown, elec~
tricity use rates for both the new and old stock are shown in Table 5,12,
Post-1985 use rates for all appliances appear in Table 5.13.

Comparison of Census and Battelle Northwest end-use survey results for the
percentage of water heaters using electricity in Fairbanks in 1980 revealed
lower values in the Census. The assumption was made that the Census results
were more accurate and additional time went into a further ana1ysis of the
Battelle Morthwest end-use survey. As a result of this and a study of the
methodology employed in the Census, original end-use survey fuel mode split
values have been scaled downward by a correction factor of 0.6 for hot water.
After the correction factor, the figures now reported in Table 5.12 are

believed to be accurate.

Consumption of Electricity per Unit

The average kilowatt hour consumption fiqures are primarily based on
values summarized from other studies presented in Henson (1982) and also SDG&E
(1982). Below is a brief discussion of each parameter. Studies reviewed are
shown in Table 5.14.
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TABLE 5.13., Growth Rates in Electric Appliance Capacity and Initial Annual
Average Consumption for New Appliances

Average Annual

kWh Consumption for Growth Rate in
New Appliances (1985) Electric Capacity
Appliance : Anchorage Fairbanks Post-1985 (annual)
Space Heat
Single Family 40,100 53,000 0.005
Mobile Homes 30,000 40,600 0.005
Duplexes 26,600 35,100 0.005
Multifamily 18,300 23,300 0.005
Water Heaters 3,000 3,475 0.005
Clothes Dryers - 1,032 1,032 0.0
Cooking Ranges ' 1,200 1,200 0.0
Saunas-Jacuzzis 1,750 1,750 - 0.0
" Refrigerators 1,560 1,560 0.00
Freezers 1,550 1,550 0.00
Dishwashers 230 230 --
Additional Water Heating 740 740 0.005
Clothes Washers .70 ' 70 0.0
Additional Water Heating 1,050 - 1,050 0.005
Small Appliances and Lighting 2,110 2,466 (a)

(a) Incremental growth of 50 kWh per customer in Anchorage per 5-year period;
70 kWh in Fairbanks, .
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TABLE 5.14.

Comparison of Appliance Usage

Scanlon

Parti &

Estimates from Selected Studies (measured in kWh)

Appl fance offard(®  Parti £sC George  ShItP)  wrr(®)  cpe(®) anam SDGAE
Refrigerators -- -- - - 1,270 1,665 -- -~ -
Frost Free 2,177 1,624 -- 1,455 1,523 - 1,858 2,250 1,880
Standard 869 684 -- 681 933 - 893 1,500 906
Freezer - 1,084 1,622 1,294 1,478 1,342 1,316 -- -
Frost Free 2,252 -- -~ - -- - Co-- 1,820 1,210
Standard 1,881 -- .- -- -— -- - 1,190 811
Flectric Range 1,024 804 1,083 753 1,180 782 674 700 671
Clothes Washer -- -- -- -- 98 88 70 103 259
Clothes Dryer -- 1,051 1,363 1,170 990 1,032 950 993 808
Washer/Dryer
Combination 2,680 -- -- -- -- -- -- -- --
Water Heater 3,021 4,535 2,628 -- . 4,490 4,046 © 3,826 4,219 2,581
Dishwasher 1,539 538 - -- 360 149 250 363 259
Color Television 639 613 -- 126 490 - 420 -- --
Space Heating 11,966 3,441 7,301 5,876 14,153 2,258 9,834 - 2,486 sF(c)
. 785 MF}
1,152 MH
Central Air
Conditioning 1,505 1,809 1,596 2,183 5,494 3,573 2,924 -- -
Miscellaneous 2,127 1,865 1,882 1,950 -- - 1,259 . -
(a) Results of final (7th) iteration.
(b) Engineering estimates. _
{c) SF denotes single family units, MF multifamily units, and MH mobile homes units,
Sources for Table 5.13:
1) The Christian Science Monitor, 1981, pp. 15.
2} San Niego Gas and Efectric 1982,
3) Scanlon and Hoffard 1981,
X 3 3 1 ¥ I B B I | IR
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Space Heat

For space heating in the existing housing stock, the average annual
consumption figures 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 downward by 10% to allow for additional conservation in the building
stock since ISER's study.

Water Heaters

The average consumption for water heaters is based on the California
Ehergy Commission's (CEC's) estimates and several engineering studies sum-
marized in Henson (1982). The figure separates out consumption for clothes
washers and dishwashers and has been adjusted upward by 15% to account for the
colder-water inlet temperature in Alaska. Anchorage values were also adjusted
downward for some heating of municipal water supplies (see Tillman 1983).

Clothes Dryers

For clothes dryers, average consumption is the figure reported by the
Midwest Research Institute (MRI). ISER (MRI 1979) picked a lower estimate .
based on household size, but the colder climate in Alaska should also raise the

estimated use of dryers. This is reflected in high saturation values for this
appliance. |

Cooking—Rangés

~ This categdry is broadly interpreted as production of heat for cooking
purposes. The figure reported was derived by averaging the values from several
reports. ’

Saunas-Jacuzzis

The authors informally contacted several suppliers of saunas, jacuzzis and

hot tubs and were told that the consumption of these devices ranged from

- 100-3000 kWh annually. Hunt and Jurewitz found 1300 kWh annual consumption for

new additions to the stock. However, SDG&E (1982) reported annual average con-

sumption at approximately 2700 kWh. A conservative consumption figure of
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1600 kWh annually was chosen to reflect the presence of bathtub whirlpools and
other small units as well as larger units.

Refrigerators

An average value from SDG&E (1982) was used, allowing for a 75% saturation
of frost-free units in the Railbelt, as revealed by the Battelle-Northwest

residential survey.
Freezers

This figure showed little variation among Merchandising Week, MRI, and

[SER. The MRI figure was chosen.
Dishwashers

The value assumed for dishwashers is the mean of several engineering
studies cited in Henson (1982) and SDG&E (1982). Additional water heating
associated with dishwashing has been separated out.

Dishwasher and Clothes Washer Water

These values are from the CEC, adjusted upward to account for colder water
inlet temperatures in Alaska.

Miscellaneous Appliances

For miscellaneous appliances, estimates of COnsumptioh were originally
prepared by ISER by subtracting estimated large appliance electricity consﬁmp-
tion for 1978 from total 1978 consumption/residential customer (Goldsmith and
Huskey 1980b). Lighting was inferred from natjonal statistics and increased to
1000 kWh/year/customer. The'remainder was charged to small appliances.
Research for the RED Model checked ISER's work by assuming: 1) televisions
(rated at 400 kWh/year) are included in small appliances; and 2) the ISER
estimate of 480 kWh/year/customer for headbolt heaters is replaced with load
center-specific estimates derived from load-center specific uti!izatibn data
praduced by the‘Batte11e-Northwest end-use survey and National Oceanic and A
Atmospheric Administration (NOAA) data on normal minimum temperatures (NOAA
1979); and 3) 1000 kWh/year 1ignting. The revised estimates for block heaters
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are as follows: Anchorage, 459 kWh/year/customer; Fairbanks, 1127 kWh/year/-
customer. Because the results were broadly consistent with ISER's'figurés,
ISER's totals were used (Goldsmith and Huskey 1980b).

Electrical Capacity Growth

Table 5.15 nresents average annual kWh consumption for new appliances in

1985, Revised numbers are presented reflecting the authors' beljef that

improved efficiency ratings for appliances coming onto the market will largely
of fset future increases in energy use brought about by increases in appliance
size. This is not merely a phenomenon of Alaska fuél prices; rather, it
reflects national energy market trends. Alaskans have little choice concerning
the purchase of more efficient appliance technologies since the available

appliance mix is dictated by national markets.

Little information is available on changes in appliance efficiencies in
the absence of price effects in the Alaska market. However, the appliance
manufacturers associations and the U.S. Department of Energy (DOE) have
developed estimates of appliance efficiency for several types of new appliances
{see King et al. 1982). The major source for the efficiency ratings on néw
appliances was a DOE survey of appliance manufacturers {Form CS-179) that asked
actual energy efficiency information on current models of appliances for 1972
and 1978. In addition, manufacturers were asked to make projections of-new
appliance efficiency for 1980. The Association of Home App]ﬁance Manufacturers

has since revised some of the estimated efficiencies of the 1980 (somet imes

" 1981) models and has found that estimated efficiencies have improved more than

was anticipated at the time of the CS-179 survey. In fact, refrigerators
freezers, dishwashers, and clothes washers have improved enough in average
effitiency to offset the effects of product size increases and new energy-using
features (such as the frost-free option onirefrigerators), leading to a sig-
nificant net reduction in average kilowatt-hours used in the new mode]s;(a)
Table 5.15 summarizes the findings of the CS-179 survey and appliance

manufacturers.

(a)  Personal Communication, Jim McMahon, Energy Analysis Program, Lawrence
Berkeley Laboratory, May 24, 1983. '
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TABLE 5.15. Electric New Appliance Efficiency Improvements 1972-1980
(percent impact on energy use, 1972 base)

£S-179 Findings(a) Appliance Manufacturers(b)
Appliance 1972-19/8 1972-1980 1972-1280
l. Water Heat
Efficiency -l.1 -1.9 NA
Size Increase NA NA NA
Other Features NA NA NA
Net Energy Use NA NA NA
2. Ranges
Efficiency -15.7 -20.1 NA
Size Increase NA : NA NA
QOther Features NA NA NA
Net Energy Use NA NA NA
3. Clothes Dryers
Efficiency -30.0Q -4,2 -3.1
Size Increase NA NA 0.4
Other Features NA NA 0.4
Net Energy Use NA NA -2.7
4. Refrigerators ,
Efficiency -20.5 -34.3 -45.6
Size Increase NA NA 8.0
Other Features NA NA 11.6
Net Enerqy Use NA NA -26.0
5. Freezers
Efficiency -24.7 -32.8 -48.0
Size Increase NA NA -10.0'¢)
Other Features NA NA 18.5
Net Energy Use NA NA -39.5
6. Dishwashers
 Efficiency NA NA -45,9(d)
Size Increase NA NA ' } 14-O(d)
Other Features NA NA .
Net Energy Use NA ~ NA -31.0(d)
7. Clothes Washers -
Efficiency NA NA -51.64)
Size Increase NA NA “s]ight“é?)
Other Features NA NA 12.1
Net Energy Use NA NA —39.5(d)

N
{
(
(
(

A = Not Available

a) Source: King et al. 1982.

b) Source: McMahon 1983. .

¢c) Net decrease in average size. More compact models sold.
d) 1972-1981.
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Even in the absence of further changes in Railbelt energy prices, residen-
tial consumers in the region are expected to have access to increasingly effi-
cient models of major appliances. In the recent past, efficiency improvements
have more than offset increases in the size of these appliances. For the
future, consumers are assumed to adopt more efficient available models to just
offset increases in size of new models for the years after 1985, Two excep-
tions. are allowed, Table 5.15 shows that water heaters have not improved
significantly in efficiency. Once properly installed (and then only if in an
unheated space), the 1imits of efficiency improvements will have been reached
on existing designs. From there on, further improvements are possible from
redesign of water-using appliances, tankless point-of-use water heating, and
significant behavioral changes of household residents, but these are unlikely
without further price increases in the Railbelt. Thus, as household incomes
rise, it is assumed that hot water usage increases and efficiency improvements
do not offset these increases in the absence of price changes. A similar
factor is assumed to be at work in space heating. Rising hqusehoid incomes are
assumed to increase the average size of the housing stock and comfort demands
at a faster rate than efficiency improvements can reduce demand in the absence
of energy price changes.

Prior to 1985, a mix of influences is expected to be operating on energy
use. Water heaters and space heating systems are assumed to increase jn size
with Tittle or no offsetting conservation effects in the absence of fuel price
increases. C(lothes dryers are assumed to have about the same energy use as in.
1980, wﬁth small increases in size offset by small improvements in effi-’
ciency. New ranges are assumed to increase in size and in energy-using fea-
tures over the existing stock to‘surpass the existing upper bound usage in
Scanlon and Hoffard (1981) single-family homes. Refrigerators have gained
radically in energy efficiency historically and are assumed to continue to do
so between 1980 and 1985, offsetting size and energy-use increases. 1980
refrigerator energy usage rates already reflect a large proportion of frost-
free units. (Battelle-Northwest survey results show about 75 to 80% frost-free
units in the Anchorage load center, 65 to 70% frost-free in Fairbanks.) Thus,
1ittle increase in energy use can be expected from penetration of frost-free

units. Although nationally freezers have become more efficient, additional
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penetration of frost-free models-in the Railbelt is assumed before 1985, lead-
ing to a small increase in average energy use. Clothes washers and dishwashers
are assumed to continue their recent historic trend toward greater efficiency
and conservation of hot water before 1985. After that, water use increases
while efficiency improvements just offset increased capacity and use. Sauna
and jacuzzi 1985 energy use reflects additional market penetration of slightly
larger units than comprise the 1980 stock.

Appliance Survival

Table 5.16 presents the percentage of appliances remaining in each five-
year period after their purchase. These figures were derived by ISER based on
Hausman's work (1979) with implicit discount rates for room air conditioners.
Hausman found that the stock of a particular vintage of air conditioners was
fairly well approximated by a Weibull distribution. By substituting differing
lifetimes (EPRI 1979) for alternative appliances, ISER used his results to

derive the figures in Table 5.16. For saunas and jacuzzis, RED assumes the

appliance lifetime was comparable to refrigerators.

Household Size Adjustments

Clothes washers, clothes dryers, and water heaters are used more inten-
sively by large families. Relying on a 1579 Midwest Research Institute study
of metered appliances and family size (Midwest Research Institute 1979), ISER
researchers calculated an adjustment factor for usage of electricity in clothes
washers, clothes washer water, clothes dryers, and water heaters {Goldsmith and
Huskey 1980b). As household size declines, so does energy use in these appli-
ances, other things equal. Table 5.17 shows the equations used. ISER annual-
ized the equations (which were based on daily use), normalized them to an
average household size of three persons, and calculated a ratio to adjust
calculated electricity consumption for average household size.

Price Elasticities

The final parameters used in the Residential Module are the parameters
used to compute the price effects described briefly in the module structure
section of this chapter. Because of the complexity of the algebra involved,
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0ld Appliances

5

Space Heat (Al1)
Water Heaters
Clothes Dryers
Ranges-Coocking
Saunas-Jacuzzis
Refrigerataors
Freezers
Dishwashers
Clothes Washers

New Appliances

Space Heat (A11)
Water Heaters
Clothes Dryers
Ranges-Cooking
Saunas-Jacuzzis
Refrigerators
Freezers
Dishwashers
Clothes Washers

- 0.90

0.6
0.8
0.6
0.8
0.8

0.9

0.6
0.6

0.89
0.75
1.00
0.75
1.00
1.00
1.00
0.75
0.75

TABLE 5.16. Percent of Appliances Remaining in Service Years After
Purchase, Railbelt Region

10 5 20 25 30
0.80 0.6 0.3 0.1 0.0
0.3 0.1 0.0 0.0 0.0
0.6 0.3 0.1 0.0 0.0
0.3 0.1 0.0 0.0 0.0
0.6 0.3 0.1 0.0 0.0
0.6 0.3 0.1 0.0 0.0
0.8 0.6 0.3 0.1 0.0
0.3 0.1 0.0 0.0 0.0
0.3 0.1 0.0 0.0 0.0
0.73  0.56  0.42 0.3 0.1
0.35 0.1 0.0 0.0 0.0
0.75  0.35 0.1 0.0 0.0
0.35 0.1 0.0 0.0 0.0
0.75  0.35 0.1 0.0 0.0
0.75 0.35 0.1 0.0 0.0
1.00 0.75 0.35 0.1 0.0
0.35 0.1 0.0 0.0 0.0
0.35 0.1 0.0 0.0

0.0

Source: ISER (Goldsmith and'Huskey 1980b) except for saunas-jacuzzis,
which is author assumption.
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TABLE 5.17. Equations to Determine Adjustments to Electricity
: Consumption Resulting from Changes in Average
Household Size

Appiiance _Equation
Clothes Washer ans(@) = 1 x ann(d)
Clothes Washer Water AHS = 0.25 + 0.75 AHH
_Clothes Dryer AHS = 0.25 + 0.75 AHH
Water Heater AHS = 0.51 + 0.49 AHH
(a) AHS = Adjustment factor.

(b) AHH = Average household size (Based on 3.0).

the discussion of this topic has been given its own chapter (Chapter 7.0),

where the parameters are reported. The values for the parameters came from
‘Mount, Chapman, and Tyrell (1973). '
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6.0 THE BUSINESS CONSUMPTION MODULE

The Business Module forecasts the requirements for electricity in the
commercial, light industrial, and government sector of the Railbelt economy.
The figures predicted here do not consider the impacts of explicit program-
induced conservation. Program—inducedkconservation is handled in the Program-
Induced Conservation Module. Heavy industrial use is forecasted exogenously,
as described in Section 10.0. '

MECHANISM

The structure of the forecasting mechanism in the Business Consumption
Module is dictated by the availability of data that can be used to produce
forecasts. Unlike many Lower 48 utility service areas, the Railbelt has a very
weak data base for estimating and forecasting commercial, 1ight industrial, and
government eTectricity-consumption. No information exists for consumption df
electricity by end use in this séCtor, so RED produces an aggregate forecast of
business electricity consumption. The Business Consumption Module uses a
forecast of total employment for each load center to forecast business
{(commercial, light industrial, ahd government) floor space. The modu]e‘then
uses this forecast of the stock of floor space (a proxy for the stock of
capital equipment) to predict an initial Teve{ of business electricity
conshmption[ This initial prediction is then adjusted for price impacts to

yield a price-adjusted forecast of business e1ectr1c1ty'consumption.

INPUTS AND OUTPUTS

Table 6.1 presents the inputs and outputs of the Business Consumption
Module. Load-center-specific forecasts of total employment are exogenous to
RED. Currently these come from forecasts of the ISER Man in the Arctic Program
(MAP) model. The elasticity of use per square foot of building space and price
adjustment parameters are assigned in the Uncertainty Module. The output of
the Business Consumption Module is the price-adjusted forecast of electricity
requihemehts of the business sector before the impacts of program-induced

conservation are considered.
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TABLE 6.1. [Inputs and Qutputs of the Business Consumpticn Module
a) Inputs
Symbol Name From
TEMP Total Regional Employment Forecast File (exogenous)
BBETA Electricity Consumption Floor Uncertainty Module

A,8,x,0SR,GSR

Space Elasticity

Price Adjustment Coefficients

(parameter)

Uncertainty module

(parameter)
b) Outputs
Symbol Name To
BUSCON Price-Adjusted Business Miscellaneous, Peak Demand

MODULE STRUCTURE

Figure 6.1 presents a flow chart of the module.

Consumption

and Conservation Modules

The first step is to use

employment forecasts to construct estimates for the regional stock of floor

space by five-year forecast period.

The predicted floor space stock is then

fed into an electricity consumption equation that is econometrically derived to

yield a preliminary forecast of business requirements, which is then adjusted

for price impacts.

After investigating several alternative methods for forecasting business

floor space, Battelle-Northwest researchers decided to use a very simple

formulation of the floor space forecasting equation in the 1983 version of

REND. The floor space per employee in Anchorage and Fairbanks is assumed to

increase at a.constant rate to levels about 10% and 15%, respectively, above

today's levels by the year 2010.

This takes into account both the evidence of

historic increase in floor space per employee in Railbelt load centers and the

historic lower levels of floor space per employee in Alaska compared with the

nation as a whole.

The assumption is still quite conservative, since Alaska's

commercial floor spaée per employee is far below the national average. The

forecasting equation is shown as equation 6.1.
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where

STOCK

TEMP

FORECAST
EMPLOYMENT

I

CALCULATE
BUSINESS,
GOVERNMENT/
LIGHT INDUSTRIAL
FLOOR SPACE

I ‘ .
Y
CALCULATE PRELIMINARY
PRELIMINARY BUSINESS USE
BUSINESS COEFFCIENTS
ELECTRICAL IUNCERTAINTY
CONSUMPTION MODULE)
PRICE .
PRICE PRICE AND ADJ. PARAMETERS
FORECASTS CROSS-PRICE BUSINESS SECTOR
{EXOGENOQUS) ADJUSTMENTS {UNCERTAINTY
MODULE)
v
BUSINESS
CONSUMPTICON PRIOR
T0
CONSERVATION
ADJUSTMENTS

FIGURE 6.1.

. by

floor space in business sector

RED Rusiness Consumption Module

k-2 ’

initial {1980) floor space per employee

annual growth factor (1 plus growth rate) in floor space per

empl oyee
total employment

index for the region

time index, t=1,2,3,...,7

time index, k=1,2,3,...,31L.
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The controlling data series for the commercial forecast is an annual
estimate of commercial floor space, which is derived for the period 1974 to
1981. The beginning point is an estimate of commercial floor space in the two
Tocations developed by ISER (Table 6.2 and Table 6.3) that shows the 1978 stock
of energy-using commercial floor space in Anchorage to be about 42.3 million
square feet (from which 860 thousand square feet of manufacturing floor space
were subtracted to yield 41.4 million) and in Fairbanks about 10.8 million
square feet. This estimate was adjusted backwards and forwards for the period
1974 to 1981 using a predicted construction series (Equation 6.4} to produce a

stock series for the two locations.

Once the forecast of the stock of floor space is found, the module then
predicts the annual business electricity requirements before price adjustments,
“based on a régression equation:

PRECON. . = exp[BETA. + BBETA. x 1n(STOCK, )] (6.2)
where
PRECON = nonprice adjusted business consumption
BETA = parameter equal to regression»equation intercept
BBETA = percehtage change in business consumption for a one percent
change in stock (floor space elasticity).
exp,ln =-exponent1ation, logarithmic operators

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

- Finally, price adjustments are made with the price adjustment mechanism
identical to that in the Residential Consumption Module.

BUSCON;, = PRECON . x (1 + OPA;.) x (1 + PPAs.) x (1 + GPA;;) (6.3)

where
BUSCON

price-adjusted business requirements (MuWh)

OPA = own-price adjustment factor
PPA = cross-price adjustment factor for fuel 01l
GPA = cross-price adjustment factor for natural gas.
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AMATS Survey {(Anchorage Rowl, 1975)

Minus Non-energy Using {parking lots,

cemeteries, etc.)

Energy Using Floor Space
20 Percent Adjustment for Underreporting

Sectors not Included in ?ugvey:
1. Girdwood/Indian'?
2. Eagle River/c?u?iak(b’
3. Hotels/Motels'®
4, Assorted Cultural Bui]dings(d)

Item:(e]
Retail Trade
Warehousing
Education
Wholesale Trade
Transport-Communication-
Public Utilitites
Government
Manufacturing
Ot her

Growth' Between 1975-1978(T) (about 25 %)

6,148
3,722
3,528
3,131

2,663
1,405

C 706

7,331

1978 Estimated Commercial-Industrial Floor Space(g)

General
Education
Warehousing
Hotels
Manufacturing

1978 Non-Manufacturing Floor Space, Anchorage

25,120

5,000

4,520

1,500
860

Source: Adépted from Goldsmith and Huskey (1980b).
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TABLE 6.2. Calculation of 1978 Anchorage Commercial-Industrial Floor Space

103F¢2

42,067

18,918
23,149
4,630

—_—t

27,779

53

- 300
1,000
500

29,632

7,400

37,000

36,140



TABLE 6.2. (contd)

Twenty-five businesses in 1975 acording to telephone book. Assume 2,500
square feet/business.

Rased on the ratio of the housing stock in 1378 between Eagle River/Chugiak
and Anchorage.

Assumes 2,000 rcoms at 500 square feet/room. Based on Jackson and Johnson
1978, p. 40. ’

Forty-six establishments identified in 1975 telephone book, Average size
assumed to be 10,000 square feet.

NDetajl does not add to total in original. Total was assumed correct.

This is based upon two indicators. The first is the growth in employment
between 1974-75 and 1978. (Civilian employment was as follows: 1974 -
58,700, 1975 - 69,650, and 1978 - 76,900. Employment growth was 31% in the
period 1974 to 1978 and 10% in the period 1975 to 1978, (State of Alaska,
Department of Labor, Alaska Labor Force Estimates by Industry and Area,
various issues.) The second is the growth in the appraised value of
buildings over the period 1975 to 1978. After adjusting for inflation, the
increase was 48%. Based on the assumption that the rapid employment
increase in 1975 resulted in undersupply of floor space in that year, we
assume a 25% growth in floor space between the summer of 1975 and 1978,
Independent estimates of floor space in 1978 in the educational category
and the hotel/motel category were available from the Anchorage School
District and Anchorage Chamber of Commerce, respectively. The remaining
growth was allocated proportionately among the other categories.

TABLE 6.3. 1978 Commercial-Industrial Floor Space Estimates

MilTlion
Square feet

Greater Anchorage Area 41.4
Anchorage ‘ 36.1
Kenai-Cook Inlet : ’ 3.2
Matanuska-Susitna . 1.5
Seward 0.6
Greater Fairbanks Area 10.8
Fairbanks 10.4
Southeast Fairbanks 0.4

Source: Adapted from Goldsmith and Huskey (1980b).
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The price-adjusted business requirements are then passed to the Program-
Induced Conservation and Peak Demand Modules.

PARAMETERS

As described in the subsection on MECHANISM, the data base available in
the Railbelt for forecasting business electricity consumption is very weak.

Among the principal problems in forecasting for this sector are the following:

® No information on electricity consumption by end use exists for this
sector in the Railbelt.

@ Many of the Railbelt's large commercial users of electricity
(considered industrial users in many electricity demand forecasting
models) are primarily commercial users. In addition, many
government offices are in rented commercial space. This makes it
impossible to use employment by industry to forecast electricity
consumption separately for commercial, industrial, and government
end-use sectors since the Standard Industrial Classification (SIC)
codes in which employment is typically reported do not at all
correspond to the traditional end-use sectors of electricity-demand
models.

o While an estimate exists for the stock of business floor space in
the Railbelt in 1978 and can be used td estimate the intensity of_
commercial electricity use, the only comprehensive data base on
commercial (including industrial and government) building
construction available to estimate changes in stock 'is subject to
tight copyright controls. [t was necessary, therefore, to estimate
historic construction to derive historic series of the stock of
business floor space.

These problems made it reasonably clear that forecasts by end use or even
end-use sector were impossible. However, it was unclear whether stock or
employment was a better predictor of business electricity consumption.

The approach used to resolve the issue consisted of three steps. First,
the historical relationships of electricity consumption per employee and per
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square foot of commercial floor space were examined to determine the most
appropriate relationship on which to base the forecasts. Second, equations
developed for related work were applied to the two locations and examined as to
the plausibility of their forecasts. Finally, a less sophisticated forecasting
methodology was devised due to data limitations. This methodology took maximum
advantage of the existing Railbelt data base.

The historical relationships of electricity consumption per square foot
and per employee in the commercial sector were examined to determine whether
one or the other of the two relationships was more appropriate as a basis for
consumption forecasting electrical energy consumption. This examination,
reported in the subsection on consumption below, concluded that floor space was
theoretically superior and a slightly more stable predictor of electricity
consumption,

Floor Space Stock Equations

Several different methods were used in an attempt to forecast commercial
building stock in the Railbelt. These methods included adapting forecast
equations from related work performed by Rattelle-Northwest in the Pacific
Northwest and the nation as a whole. It was not possible to directly estimate
building stock equations for the Railbelt due to copyright restrictions on the

use of the data used to estimate the Pacific Northwest and national equations.

The forecast method used a relatively unsophisticated approach to develop

floor space forecasts. Commercial sector energy consumption and building stock
figures for Anchorage and Fairbanks were compared to similar estimates in the
Lower 48. These comparisons then formed the basis for the method used for
forecasting floor space. ’

‘Data on "actual" floor space in the commercial sector are scarce; this
Timited the comparison to one year (1979 for U.S. figures; 1978 for
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A]aska).(a) Some Lower 48 multistate regional estimates, but no independent
state-wide estimates, were available. Table 6.4 summarizes the results of

these comparisons to Railbelt estimates for a variety of sources.

‘An average 531 square feet per employee existed in commercial buildings in
the 1J.S. in 1979 (using Energy Information Administration data on square foot-
age and total U.S. employment, less mining and manufacturing employment).
3roken out by region, the figures ranged from 364 to 751. The highest space-
per-employee ratio occurs in the North Central region, and the smallest is in
the West. Comparable figures for 1978 in the Railbelt fall at the lTower end of
that range. For comparison, the table shows estimates from a survey performed
by the Bonneville Power Administration (BPA) by commercial building type:
trade employees use 891 ftz; services employees use 1194 ftzg and office
employees use 305 ft2, Figures for the distribution of commercial square
footage hy building type in the U.S. do not exist, but if the square footage
estimates in Table 6.4 are accurate, they may indicate a relatively higher
proportion of offices in the Railbelt on average than in the U.S.

Estimates for the Railbelt from historical data {(1978). and the RED model
(1980) fall below the U.S. national average for square footage per employee.
The estimates are reasonable, however, and the differences largely reflect
«differences in the precise definition of employees {U.S. Department of Commerce

or State of Alaska definition) in the available data used in the denominator.

The reasonableness of the square-footage-per-employee figure in the
Railbelt can also be evaluated by examining comparable figures for kWh/employee
and kwh/ft2 in Table 6.4. The 1979 national average energy use shown is 7303
kWh per employee. Regional averages range from 4468 kWh in the West to 9997 in
the North Central region. With California's moderate temperatures (low heating

(a) F. W. Dodge, a division of McGraw-Hill, Inc., markets local historical
estimates of residential and nonresidential construction by building type,
from which estimates of historical building stock may be generated.
However, copyright restrictions on these data prevented their direct use
in RED model development unless they were purchased for use in the
project. Tests of the data base in other projects persuaded us that the
expense of purchasing the F. W. Dodge data set for use in RED Model
development was not Jjustified.
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TABLE 6.4. Comparisons of Square Feet, Employment, and Energy lse
in Commercial Buildings: Alaska and U.S. Averages

ft2[§9p1oyee kWh/Empl oyee kwh/ft2
EIA(a’b) : '
4.S. (1979) 531 7,303 13.75
NE 562 7,310 13.02
NC N 751 9,997 13.31
S 476 _ 7,358 15.45
W 364 4,468 12.27
Alaska(1978) (¢)
‘ Anchorage : 375 7,851 20.9
Fairbanks 336 7,550 22 .5
Climate Zone(a’g) ) :
<2000 cpold) 7000+ Hop(® 10.21
<2000 cDD 5.5-7000 HDD . 13.02
<2000 CDD 4-5,500 HDD S 11.16
<2000 CDD <4000 HDD _ 15.15
>2000 CDD <4000 HDD . ' 16.80
peat (1981)(F) | 22

" (range 5-65)
Power Council (1983)(9)

Warehouse 16
Office : 36
Hospital 45
spa (1980) (1) ‘ _
Trade 891 : Retail/Wholesale 18.16
Services 1,194 Office 7.75
Of fice 305 Warehouse 5.34
Health 24,31

RED Alaska (1980) (1)

Anchorage : 429 8,407 19.57
Fairbanks ' 360 7,496 20.80
ETA 1983.

U.S. Bureau of the Census 1980b.

Goldsmith and Huskey 1980b.

CDD = cooling degree days

HDD = heating degree days

Pacific Gas and Electric Co. 1981.

Northwest Power Planning Council 1983.

Bonneville Power Assccation 1982.

RED Model Run Case HE.6--FERC 0% Real Increase in Qi1 Prices (Employment
Alaska Department of Labor basis from MAP model). '

N s e N s
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and low cooling load) in the West, and the large heating load in the No rti
Central, these figures are reasonable. Alaska's figures of 7851 and 7550 kWh
per employee are slightly higher than the national average, which follows,
given Alaska's hours of winter daylight and temperatures. MNo independent

utility survey-based astimate could be found.

The RED model (1980) predicts 8,407 and 7,496 kWh per business sector
employee in Anchorage and Fairbanks, respectively. The definition of employees
differs between the two estimates for the Railbelt, but a figure 10 to 15%
higher than the NC region for an area such as the Railbelt that has large
heating, 1ighting (due to éhortened days), and a reasonable cooling load is not
unacceptable.

‘The national average kilowatt-hour use per square foot in commercial
buildings shown in the table is 13.75 kwh/ftz. The regional averages vary from
12.27 kWh/ftZ in the West up to 15.45 kWh/ft? in the South. Alaska's figures
are almost double the Western regioné] average. This reflects the relatively
high consumption per employee and low square footage per employee. First .
assumptions might attribute this to the relatively high héating Toad, but a
comparison of regions by climate zone [that is, by heating-degree (HDD)‘énd
cooling-degree-days (CDD)] does not support this hypothesis. HMoving from the
coldest to the warmest climate, kwh/ftz figures basically increase. Assuming
Alaska belongs to the coldest climate classification, Railbelt averages mﬁght
be expected to fall at the bottom end of the range. Also, the Railbelt commer-
cial building stock is predominantly heated with gas or oil, which ought to put
the Railbelt at the bottom of the range, not the top. '

An alternate explanation would examine the mix of commercial building

‘types within the regions. In all cases, warehouses are the least energy

intensive, while restaurants, grocery stores, and health facilities are
relatively energy intensive. Estimates by Pacific Gas and Electric (PG&E)
(1981) ranged from 5 to 65 kwh/ftz, with an average of 22. A report prepared
for the Pacific Northwest Power Planning Council (1983) showed existihg
commercial stock consumption at 16 kWh/ft2 in warehouses, 356 kwh/ft2 in
offices, and 45 kWh/ft2 in hospitals. BPA estimates (1982) show consumption in
warehouses around 5.5 kWh/ftz, offices at around 8, retaﬁ] facilities around
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18.25, and health facilities at 24.5 kWh/ft%. As shown in Table 6.3, non-
energy using commercial space has been eliminated to the extent possible in the
Railbelt figures. These figures suggest (as in the ftz/emp1oyee case} that the
Alaska mix of commercial buildings may lean relatively more heavily toward more
energy-intensive space like offices, restaurants, and hospitals. 1In addition,
the Alaska consumption data include some industrial sector consumption and
therefore inflate the estimates of kwh/ftz.

Lack of data in the area of square feet of stock of commercial buildings
severely limited the depth of these comparisons. Tne comparisons that were
performed are only as good as the data from which they were derived, which
varied considerably in quality. However, figures for square foot, energy, and
employee ratios estimated from available data suggest that estimates from the
RED model are fairly reasonable, especially considering the level of

sophistication of the model and the quality of available data.

Given the problems reported below with a satisfactory statistical rela-
tionship for predicting floor space, a rather simplified approach to fore-
casting commercial floor spate was used. This approach is that square footage
per employee will grow from its current low level to reach current Lower 48
values by the end of the forecast period, 2010. Although this is not a very
satisfying alternative, professional judgment suggests this to be more appro-
priate than the other dptions. It recognizes a direct relationship between

floor space and employment and permits fairly easy use of sensitivity analysis.

This simplified formulation is derived by assuming that floor space per
emplioyee grows by 10% in Anchorage by the year 2010 and by 15% in Fairbanks.
This is a conservative assumption since best estimates put Anchorage growth in
stock per employee at about 11% for the 1970s, and Fairbanks' growth at 46%.
“The year 2010 stock-per-employee estimates (U.S. Department of Commerce
definition of employment} would then be 412 square feet and 386 square feet per
employee in Anchorage and Fairbanks, respectively. This brackets the 1979 U.S.
western reéiona] average. These growth rates are then applied to the 1980
estimates of Railbelt load center floor space per employee (Alaska Department
of Labor employment definition). This provides commercial floorspace forecast
equations for the two cities as follows:
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Anchorage 129.5(1.0033) x Employment

Fairbanks 360.4(1.0046)% x Employment

where k is the forecast period in years. The only change necessary for
forecasting was to convert the annual growth rates into five-year forecasts.
The coefficients are shown in Table 6.5.

TARLE 6.5. Business Floor Space Forecasting
Equation Parameters

Load Center Parameter Values
aj bj

Anchorage 429 .5 1.0033

Fairbanks : 360.4 1.0046

Other Methods Tried

In previous versions of the RED model, the parameters used to forecast the
annual change in floor space stock were extracted from work at Battelle-
Northwest for BPA. Staloff and Adams developed a theoretical and empirical
formulation of a stock-flow model for the demand and supply of floor
space.(a) Using three-stage Teast squares multiple regression, they estimated
their system of equations using pooled cross-section/time-series data for the

" years 1971-1977 for the 48 contiguous states and tested the equation on Alaska

data, among other regions.

In their formulation, the percentage'éhange in the stock of floor space is
a function of the changes in the fo]]owing; the annual change of the nominal
interest rate, the annual percentage changes of the Gross National Product
(GNP) deflator, the annual percentage change in regional income, and the annual

percentage change in regional population, as well as some cross-product terms:

AAT + 82 A/GNPDEFR/ + B3A/POP1£/

A/Sto;kil/ = Bl

+ By A/INCii/ + 285 Arﬁ/GNPDEFi/ + (6.4)

(a) staloff, S. J. and R. C. Adams. 1981 (Draft).
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2_36 Ar‘z/POPm/ + 257 Ar/INCm/ + (6.4)
contd

288/GNPDEF2//INCi2/ + 259/P0P12//INC12/

where
Stock = floor space stock
B1-Bg = parameters
A = symbol for the first difference (annual change)
GNPDEF = gross national product price deflator
POP = population
= income

INC
i = index for the region
2 = index for the year

// = symbol for the annual percentage change
r = nominal interest.

- The Anchorage Consumer Price Index (CPI) was used as a proxy for the GNP
price deflators. It is assumed (as historically revealed) that the nominal
interest rate was approximately three percentage points above the measure of
inflation, A prOxy for regional income was derived by multiplying regional
employment by the statewide average wége rate. Parameter values are shown for
equation 6.4 in Table 6.6.

TABLE 6.6. Original RED Floor Space Equation Parameters

Parameter Coefficient Standard Error T-Statistic

By -0.1291 0.00345 -3.75
B, 1.2753 0.2566 -4.97
83 0.3553 0.0302 11.76
Ba -0.113 0.0037 -3.04
Bs 0.1929 0.0355 5.43
B - ~0.0947 0.0078 . -12.09
B -0.0078 0.0008 -9.92
Bg ©20.0116 0.0253 -0.46
Bg ~0.0412 0.0061  -6.68
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‘Table 6.7 shows how well the stock-flow floor space relationship performed
in Anchorage and Fairbanks historically. Although the stock-flow equation
performs fairly well on backcast and could be used to predict stock of conmer-
cial space for the historical period, in forecasts of future years it predicted
virtually no growth in square footage per employee in Fairbanks and vigorous
growth in building stock per employee in Anchorage. Since Fairbanks' actual
commercial stock per employee grew faster between 1974 and 1981 than Anchor-
age's stock per employee, this forecast result appeared incorrect. For fore-
casting purposes, the equation was replaced with a simpler formulation that
trended square footage per employee from existing levels in the Railbelt to

near the current western average.

TABLE 6.7. Predicted Versus Actual Stock of CommerciaT—LZg?t |
[ndustrial-Government Floor Space, 1975-1981,%
(million square feet)

Forecast Error | Forecast Error
Anchorage as Percent of Fairbanks as Percent of
Year Predicted - Actual {%) Predicted Actual {%)
1975 - 31.2 -7.2 6.6 -3.8
1976 33.8 -9.3 . 7.2 -18.1
1977 37.0 | -6.9 7.8 ~-23.0
1978 40.5 -2.4 _ 8.2 -24.1
1979 12.3 -1.1 9.4 -16.0
1980 43.8 -0.7 9.9 -13.3
1981 - 44.7 -0.4 10.4 9.2

(a) Because of the double lag structure of equation 6.1, only 1975-1981
can be compared.

Source: Unpublished test results of Staloff and Adams {1981 Draft).

Several other equations estimated for related national commercial
buildings work at Battelle-Northwest were also applied to the Railbelt to
detefmine their ability to forecast floor space. The equations used were
estimated using pooled Lower 48 Standard Metropolitan Statistical Area (SMSA)
and non-SMSA level data. The magnitude of the unité of the independent
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variables (primarily the population, employment, and construction activity
variables) was within an order of magnitude of those in Alaska. However, the
magnitude of population, employment, and construction activity in the Railbelt
is still small compared to those in the U.S. data used to estimate the equa-
tions., This may partly explain why building stock equations estimated with
Lower 48 data do notvperform well when applied to Alaska.

Annual additions to commercial floor space were estimated with several
Tinear, logrithmic, and difference forms as a function of the following:
® lagged commercial building stock additions
® AAA bond rate in two forms--current and first differences
e population, -both Tagged and first difference
@ employment, both Tagged and first difference
e income, both lagged and first difference.

The equations "fit" the data on which they were estimated reasonably well,
with R-square values generally above 0.9 and significant t-values on all
coefficients. However, the equations did not perform well when applied to the
two Alaska locations. All of the equations, in fact, produced negative levels
of construction in forecasts. As mentioned above, this may be partly due to
the magnitude of the units of the independent variables in relation to those
used to estimate the equations. More importantly, the special behavior of the
Alaskan economy may not be adequately described by equations estimated uéing
data from the Lower 48 states. ‘

Business Electricity Usage Parameters

These parameters were estimated with regression analysis. Using pfedicted
historical floor space shown in Table 6.7¢3) and using historical commercial-
1ight industrial-government electricity consumption, the following regression
equations were estimated:

(a)Copyright restrictions precluded the combining of "actual" data--that is,
estimated construction based on FW Dodge construction data and 1978 building

stock estimate produced by ISER., Predictions of historical floor space were
done with equation 6.4,
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where

CON = historical business sector consumption (Muh)
BETA = intercept
BBETA = regression coefficient
STOCK = predicted stock of floor space, -hundreds of square feet

e = stochastic error term.

Table 6.8 presents the results of the regression analysis.(a) The
parameters BBETA are allowed to vary within a normal distribution, truncated at
the 95% confidence intervals in Anchorage and 90% in Fairbanks..

TABLE 6.8. Business Consumption Equation Results

7 Anchorage Fairbanks
BETA -4.7963 -0.9611
standard error 0.6280 3.6314
t-statistic _ -7.6368 -0.2647
BBETA 1.4288 1.1703
standard error 0.0491 0.3263
t-statistic 29,1159 3.5538
GAMMA 0.162¢
standard error - 0.0535
t-statistic v -- 3.0444
THETA -0,0028
standard error - 0.0024
t-statistic - ) -1,1547
R 2 ' 0.9906 0.9121

The estimating equation (equation 6.5) was modified with dummy variables
for Fairbanks to capture and remove the effects of a rising trend in Fairbanks
electricity prices after 1974 and the effects of the pipe]ine~boom on consump-
tion from 1975 to 1977. The regression equation estimated for Fairbanks is as
follows:

(a) Regression intercept was adjusted to calibrate consumption in the bus1ness
sector to its actual 1980 value for forecasting purposes.
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1n(CON.) = BETA + BBETA x- 1n(STOCK,) + GAMMA x V
+ THETA x DT + e | (6.6)

with CONy, BETA, BBETA, andre defined as above and where
D = Dummy variable (1974 througn 1981 = 1)
V = Dummy variable (1975 through 1977 = 1)

T = Time index for T =1, ..., 9. (1973 through 1981)
GAMMA, THETA

regression coefficients.
The dummy variables were held at zero in forecasting.

The historical electricity consumption data were obtained from FERC Form
12s for the Railbelt utilities (supplied by ISER) and from Alaska Power
Administration, ‘These data lump together commercial and industrial sales by
size of demand and there is no reljable way to disaggregate these two types of
consumers. This is felt to be a significant shortcoming of the data series.
Commercial and industrial loads should be separated because the typical
characteristics of industrial demand for electricity are different from the
demands of commercial and government users. Part of past Railbelt industrial
load identified by subtracting commercial consumption for users over 50 KVa
from the Homer Electric Association (HEA) service area load and assuning this
Toad was mainly industria].(a) Historical loads are shown in Section 13.0.

Historical electrical consumption per square foot of estimated commercial
floor space and per employee, and estimated floor space per employee are
displayed in Table 6.9. The consumption per estimated square foot in Anchorage
shows a 2.0% annual increase for the period, while Fairbanks shows an annual
decrease of 3.1%. The actual cause of this decrease in Fairbanks is unknown,
but may be due to declines in space heating, or to priced-induced conservation,
or to growth in warehouses as a proportion of commercial stock. The floor
space is low at the beginning of the period on a per-employee basis relative to
Anchorage (as well as other-known estimates) but then increases at a faster

(a) The major industrial users in HEA's service area include Union 011,
Phill1ips Petroleum, Chevron YU.S.A., Tesoro-Alaskan Petroleum Corp., and
Collier Chemical. Other large commercial {non-industrial) users are
included in HEA's over-50 KVa figures, but could not be separated.
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TARLE 6.9. Electricity Consumption Per Employee and Square Foot and
Square Footage Per Employee for Greater Anchorage and
Fairbanks, 1974-13881

kih/ Ft2 . kwh/Employee fF+2/Employee
Year Anchorage Fairbanks Anchorage Fairbanxs Anchorage Fairbanks
1973 19.9 27.7 . 6612 6631 332.6 217.8
1974 19.5 26.8 6414 5399 329.8 201.1
1975 21.1 31.7 6341 5368 300.0 169,1
1976 22.8 30.5 7044 5641 309.1 185.2
1977 22.9 30.8 7445 6922 325.5 224.1
1978 21.9 29.6 7847 7550 359.1 255.1
1979 20.8 23.5 7663 6858 369.2 292.4
1980 22.9 21.7 8644 6913 377.6 318.3
1981  23.3 21.5 nal2) NA NA NA

{a) Not applicable.

rate. Once the floor space per employee estimates for Fairbanks reach similar
levels to those in Anchorage, the'kWh/ft2 figures for Fairbanks appear to
stabilize. '

The energy consumption per employee figures show increases over time of
3.4% and 0.5% annually for Anchorage and Fairbanks,_respective1y.(a) These two
series show some instability with slight decreases in 1975 -and 1979. The
. growth rates are too high, too unstable, and too disparate for long-term appli-
cation, ref]ecting a period of extreme growth within the state. With more
disaggregated data, employment may prove to be a suitable argunent for '
industrial electricity consumption. However, with a rather limited Railbelt
industrial sector, forecasts of industrial demand are better handled on a

scenaric building basis; i.e., identify industry expansion plans case by case.

Several regression équatidns were estimated in an attempt to develop a

theoretically satisfying relationship to predict e]éctricity consumption

(a) No data are available on consumption of electricity by SIC industry
code. Multiple regression techniques proved unsuccessful in determining
the separate effects of each subsector's employment on commercial demand,
due to high colinearity among explanatory variables.
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separately in the commercia1, 1ight industrial, and government sectors. All
failed most normal statistical tests. The aggregate nature of the electricity
consumption data and employment data, the rather high trend exhibited for per-
employee consumption, and the limited data series prevented statistical
estimates of consumption on a per-employee basis. No further attempt was made
to estimate a statistical relationship between e]ectficity censumption and
employment.

Business Price Adjustment Parameters

The parameters used in the price adjustment mechanism are an important
part of the business é]ectricity forecasting mechanism. As in the Residential
Consumption Module, the parameter default values and ranges were picked fronm
Mount, Chapman, and Tyrell (1973). Chapter 7.0 discusses these parameters and
their use in the price adjustment mechanism.
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7.0 PRICE ELASTICITY

This section describes the price adjustment mechanism employed in the RED
model. In both the Residential and Business Modules, this mechanism modifies
preliminary estimates of electricity consumption generated elsewhere in the
model. Changes in consumption are made to account for changes over time in
electricity, natural gas, and oil prices. The‘changes in electrical consump-
tion computed by the price adjusthent mechanism can be considered price-induced
conservation of e]ectricity.(a) OQutputs from the price adjustment mechanism
are the final RED electricity consumption estimates for each sector, region,
and time period. ' '

The remainder of this section is divided into four parts. A brief general
introduction to the RED price adjustment mechanism is given in the next sub-
section, This is followed by a survey of ecohomic literature on electricity
demand. In the third part, the structure and parameters selected for the RED
price adjustment mechanism are discussed. Implementation of the selected
structure and parameters is described in the final subsection.

THE RED PRICE ADJUSTMENT MECHANISM

The RED price adjustment mechanism is motivated by economic theory, whicH
hypothesizes the following: - consumption of any commodity is determined both by
"scaje" variables such as population, income, and employment, as well by the
‘prices of the particular commodity, its substitutes, and its comp]ements.
Elsewhere in the RED model, preliminary estimates of électricity consumption
are generated, with consideration only of “scale" variables. The price adjust-
ment mechanism described in this section compietes the analysis of consumption

determinants suggested by economic theory.

The mechanism works in the following manner. Preliminary, non=price
adjusted estimates of electricity consumptionvby region, sector, and time

(a) Of course, with falling electricity prices or increases in gas and oil
prices, the price adjustments could result in increased electricity
consumption or "negative conservation" of electricity. The price
adjustments include fuel switching.
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pericd are introduced into the model. These preliminary estimates wera
generated under the assumption that 1980 price levels are maintained through
the year 2010,

The price adjustment mechanism accounts for the fact that prices in any
forecast period K are not necessarily the same as prices in 1980, even in real
(inflation-adjusted) terms. If real electricity prices increase (decrease) in
any region and sector between 1980 and period K, economic theory suggests that
electricity consumption in that region and sector would decrease {increase)
relative to its non-price-adjusted preliminary estimate. Conversely, if real
natural gas or oil prices increase (decrease) in any region and sector between
1980 and period K, electricity consumption in that region and sector would
increase (decrease) relative to its non-price-adjusted preliminary estimate
because natural gas and oil are substitutes for electricity. Thus, the RED
price adjustment mechanism scales preliminary estimates of electricity
consumption upward or downward based on changes in real electricity, natural

gas, and oil prices.

The amount by which preliminary period K consumption is scaled upward or
downward depends on three general factors: 1) the percentage change in real
electricity, natural gas, and oil between forecast period K-1 and forecast

period K, as well as price changes occurring prior to period K-1; 2) the short-

‘run elasticities of electricity demand with respect to the three prices; and

3) the speed with which final consumers of electricity move toward their long-
run equilibrium consumption levels when these prices change, which is
represented by a "lagged adjustment coefficient", or alternatively, the long-
run demand elasticity. Short-run elasticities of demand are defined as the
percentage change in consumption in year t caused by a one percent increase in
price in year t. OQOwn-price elasticities refer to changes in electricity
consumption caused by changes in electricity prices; cross-price elasticities
refer to changes'in electricity consumption associated with changes in either
natural gas or oil prices. Short-run elasticities represent the instantaneous
adjustment that consumers make when prices change. O0Of course, in the case of
electricity, a significant period of time may pass before consumers have fully

responded to a price change in yeah t: time is required to change old habits,
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to replace old appliances with more energy-efficient ones, to weatherize
residences or commercial/industrial buildings, and to switch to other energy
sources. The lagged adjustment coefficient represents the rate at which
consumers move toward their fiha]_equi]ibrium consumption Tevel; the higher
this coefficient, the more current consumption depends on past consumption, and
thus the slower consumers respond to current price changes. In fact, simp1e
algebra can show that the long-run demand elasticity (either own- or cross-
price), which is defined as the percentage change in electricity consumpticn in
year t + = caused by a one percent change in price in year t, can be defined in
terms of the lagged adjustment coefficient and the short run elasticity. The
formula for the long-run elasticity ELR is given by

_ ESR
ELR = 1= (7.1
where ESR is the short-run elasticity and x is the lagged adjustment
coefficient.

Alternatively, a set of long-run price elasticities can be entered into
the mechanism. These elasticities describe the change in consumption caused by
a price change once the consumer has reached a point of equilibrium with that
price change. '

LITERATURE SURVEY

Since the "energy crises” of the early 1970s, an extensive economic/
econometric literature on the demand for energy, and electricity in particular,
has been generated. A survey of this Titerature was performed with two primary
objectives: first, to identify possible structures of the RED price adjustment
mechanism; second, given the structure, to identify potential parameter values
for the mechanism. These abjectives center around the concepts of elasticity
and adjustment coefficients. In performing the survey, the objectives led to
the following questions.

o Should the RED Residential and Business Sectors be combined or
modeled separately?
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@ Should the own-price elasticity be a constant or a function that

depends on the price level?

@ Should both natural gas and o0il cross-price elasticities be included
in the mechanism and should these elasticities be constant or vary
by the price leveils of the two fuels?

@ Should the relationship between short-run and long-run price elas-
ticities (both own- and cross-) be modeled explicitly by including
lagged adjustment coefficient in the mechanism, or should the two

types of elasticities be included in the mechanism separately?

e 0nce the structure is selected, what are the most appropriate values
for the parameters of the mechanism?

A1l of the studies surveyed were econometric in nature, in which electri-
city demand functions were estimated using statistical techniques. A variety
of data bases was used in these studies, and the fuctional forms, independent
variables, and estimation techniques employed varied substantially as well.
A1l but a few of the studies modeled residential, commercial, and industrial
electricity demand separately; in many studies, only one of these sectors was
considered. Many of the studies estimate price elasticities that do not vary
according to price levels; this is accomplished by regressing the natural
Togarithm of consumption on the natural Togarithms of the prices and other
independent variables. The coefficients of the price terms can then be
interpreted as elasticities. MNon-constant elasticities were estimated in a few
studies, using a variety of functional forms. 0One method of estimating
variable price elasticities is to regress the natural logarithm of quantity on
the natural Togarithms of the prices, the natural logarithms of the other

independent variables, and the reciprocals of the prices:

Tog Q = a + b log P +++ c 1/P +++ (7.2)
where "1og" denotes natural logarithm, Q is consumption of electricity and P
its price, a,b,c are parameters to be estimated, and "+++" denotes the other
price and independert variables in the equation. In this specification, the

own-price elasticity is equal to b - ¢/p, which depends on P.
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Several studies include only natural gas as a substitute for e1ectric1ty,
a smaller number include only o0il, and some studies include both. The substi-
tute commodities included in an equation depend on the intentinns of the
researcher and the type of data used: neither ¢il nor natural gas prices .
typically vary much in cross-sectional samples, so their effects on electricity

consumption are difficult to discern when using this type of data.

Finally, the type of elasticity estimated {short-run, long-run, both)
varies across the studies survey. In studies using time-series data, the
coefficients on-prices and the other independent variables are typically inter-
preted as short-run elasticities. An exception to this occurs when lagged
consumption is included as an independent variable in the estimation equation;
then, the coefficients in the prices represent short-run elasticities, and the
long-run.elasticity is given by equation 7.1 with A the coefficient on lagged
cohsumption. " In equations estimated using cross-sectional saﬁp1es, the
coefficients are typically interpreted as long-run elasticities. Pooled time-
series -- cross-section samples pose a bit more of a problem; the estimated
coefficients contain both long-run and short-run effects. However, when layged
consumption is included as an explanatory variable, the price coefficients
again represent short-run etasticities and long-run elasticities are again

‘given by equation 7.1.

Table 7.1 summarizes the econometric studies of residential electricity
demand surveyed. For each study, the type of elasticity estimated {constant,
variable), the time period for which it is relevant (short-run, long-run,
both), and the type of data used (cross-section, time-series, pooled cross-
section -- time-series) are presented. Also shown are the substitutes’ prices
and non-price factors considered in each study. The own- and cross-price
elasticities estimated in each study are presented in Table 7.2. For those
studies in which lagged consumption was included in the equation, its coef-
ficient, the lagged adjustment coefficient, is also presented.

Estimates of the short-run own-price elasticity vary considerably. In
absolute values, the minimum estimate is 0.101, while the maximum is 0.3. Many
of these differences can be attributed to the data used in the estimation;

estimates based on national data would be expected to differ from estimates for
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TAR.E 7.1. Residential Electricity Nemand Survey
Type of : : (Xher Damnd
Author Elasticity Time Frane Type of Data Substitute Prices Detenmi nants(a)
Pnderson, K.P. (1972) (bnstant Long run (ross-section Average price
Residential Demand for 1969, states  of Natural Gas
Electricity: Econametric ‘
Estimtes For California
and the lhited Sates.
The Rand Grporation,
Santa Monica, CA
Anderson, K.P. (1973) Constant Sort run  Cross-section Fuel oil, Y, HS, SHU, NU,
Residential Energy Use: Tong run 1969, states bottled gas, W, S
An Econaretric Analysis R- coal
1297NSF,  The Rand Corp.,
Santa Monica, CA
Baughman, M.l., fonstant Sort run  Time series  Energy price Yi, N, MT, LT,
Joskaw, P.L., Dilip, K.P. long run 1968-1972 index P
1979 Electric Pover in the 48 states
lhited Sates: tbdels
and Policy Malysis.
MT Press, Catbridge, MA
Blattenberger, G.R., Constant. Sort run  Time series  Marginal price mpe, fce, x,
Taylor, L.D., long run 1960-19/5 natural qas, ddh, ddc
Rennhack , R.K. 1983, states fixed charge
“Natural Gas Availability natural gas,
and the Residential Demand price of fuel
for fergy". The Energy 0il
Journal. 4(1):23-45
Halvorsen, Robert. 1976 Constant - Long run Cross-section. Average price Cps Pnn’ Y*, J,
“Demand For Electric 1969 per thenn for D, Z,R, H E
Energy in the United states all types of
States". Southern Econ - gas purchased
Journal, 42(4):610-625. by sector
} . | 3 i . | 3 3 L - }
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(a) For symbols, see gldssary at end of section.

and mixed @as,

I k! 3 i ] i | I |
TALE 7.1, (contd)
Type of Other Damand

Atthor Elasticity Time Frae Type of Data Substitute Prices Detemﬁnants(a)
Halvorsen, Robert, 1978 Constant Long run Paoled Avérage real PR, Y, A, D,
Econaretric Mbdels of U.S. 1961-1969 gas price for J, U,l-h, Hps T
Energy Demand. D.C. Heath . 48 states all types of ‘
and Co., lLexington, MA gas in cents

per thenn

Hirst, Bric, and Garney, (bnstant Sort run  Oross-section HT, HSy, C, T,
Janet. 1979, "The ORNL Tong run 1970 g, U
Residential Energy-Use
Mpdel: Structure and
Results". Lland Econo-
mics. 55(3):319-333
Houthakker, H.S. and (onstant Short run  Time series 91> Xt’ p
Taylor, L.D. 1970, -
Consurer Damand in the
United States. Harvard
thiv, Press, Cabridge, MA
Mount, T. 0., Chaman, Variable Short run  Cross-section Price of gas- Population, per
L. O, and Tyrrell, T. J. Tong run 1947-1971) inclules capita incane,
1973, Electricity Damand States natural, liquid avg. electricity
in the lhited Sates; M ‘ petroleun, price, price index
Econaretric Analysis. manufactured for appliances,

mean January
tawperature
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‘TABLE 7.2. Residential Survey Parameter Estimates

Sort-Rin Long~-Run ‘Lagged Gas 0il
O Price 0w Price Adjustment Cross-price Cross-price
Adthor Elasticity Flasticity (oefficient (\) Elasticity Flasticity
Anderson (1972) -- -0.91 -~ 0.13 -
Mderson (1973) -0.3 -1.12 0.732 . 030 0.27L
Baughman, et al (1979) <0.19 -1.00 0.842 0.055, 0.17L-  0.015, 0.004L
Blattenberger, et al (1983) -0.101 -1 052 0.904 00025, 0018 -
Halvorsen (1976) -- -0.97 -- 0.16 -
Halvorsen (1978) - -1.14 -— 004 --
Hirst, Carney (1979) -0.16 -0.83 - 0.025, 0.20. 0.005, 0.04L
Hosthakker, Taylor (1970) -013 -1.89 0.873 — --
Munt, Chapman, Tyrrell -0.14 -1.21 0.884 0,025, 0.21L --
(1973) :
i 3 3 3 . 24 3 3 } -



individual states, and estimates for more recent periods would be expected to
differ from older estimates. The functional forms used and the set of indepen-
dent variables considered also appear toc play a role. However, in neither case

does a clear relationship appear.

The long-run own-price elasticities display even greater variation,
largely because two methods of estimating these elasticities exist: 1) using a
cross-sectional sample, or 2} using a time-series or a pooled sample and
including a lagged endogenous variable. For the studies surveyed, the second
approach generally leads to larger (in absolute values) estimates of the long-
run own-price elasticity. |

As expected, in studies in which both long- and short-run elasticities are
estimated, the long-run elasticity is larger in magnitude than the short-run
e]ésticity. The relationship reflects the fact that consumers can manage only
a limited response to price changes in the short run, when their nousing anAd
appliance stocks are fixed, but respond more fully over time when these stocks
can be varied. |

Estﬁmates 6f the lagged adjustment coefficient do not vary as much as the
other parameters; most estimates are about .85. (il and natural gas price
elasticities vary much less than the other parameters of interest, but quite a
lot.relative to their magnitudes and are considerably smaller than the own-
price elasticities.

Most of the literature surveyed considered commercial and industrial elec-

.tricity demand separately. Industrial demand elasticities are typically larger

than those in the commercial sector because of the large amounts of electricity
used for purposes in which oil, natural gas, and coal serve as very good subs-
titutes._ In the commercial sector, most electricity consumption is for light-
ing and cooling, .uses in which fuel-switching is not as easy.

The RED Business sector is a combination of industrial and commercial
sectbrs. Most bdsiness concerns in the Railbelt, however, are commercial or
1ight industrial. Therefore, the industrial electricity demand elasticities
were deemed inappropriate to the Railbelt, and only the commercial electricity
demand literature was surveyed.
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Only two studies that deal explicitly with the commercial sector were
found. These two studies are summarized in Tables 7.3 and 7.4, which parallel
Tables 7.1 and 7.2. Even among these two studies the estimated price elasti-
cities vary considerably; the two short-run own-price elasticities are -.03 and
-.29. The cross-price elasticities again vary considerably less, and are much

smaller in magnitude than the own-price elasticities.

For both the residential and commercial sectors, the hypothesis that own-
price elasticities are constant was statistically tested and rejected by Mount,
Chapman, and Tyrrell (1973) (MCT). In that study, own-price elasticities were
found to increase in magnitude as the Tevel of electricity prices increased.
Thus, the absolute value of the own-price elasticity of electricity demand is
higher in regions with high electricity prices than in areas with lower elec-

tricity prices and increases (decreases) over time as the real electricity
Aprice increases (decreases) over time. In both sectors, oil and natural gas
were each found to significantly affect electricity consumption, and long-run
elasticities were found to be larger than short-run elasticities. However, the
parameter estimates do vary according to sector; Mount, Chapman, and Tyrrell,
who estimated models for both sectors, found significantly greater price
responsiveness in the short run and long run in the commercia] (Business)

sector, with approximately équa] lagged adjustment coefficients.

- SELECTION OF RED PRICE ADJUSTMENT MECHANISM STRUCTURE AND PARAMETERS

~On the basis of the lTiterature surveyed in the previous section and consi-
deration of the non-price modules of the RED model, the RED price adjustment

mechanism was specified in the following manner.

Sector Division

Separate price adjustment mechanisms are used for the two end-use sectors.
In the only study surveyed in which both sectors were considered, MCT found
that the electricity demand elasticities for the two sectors were considerably
different. Thus, specifying a single mechanism to be applied to both sectors
would lead to biased estimates of the price adjustments in each sector. How-
ever, each of the two mechanisms has the same structure; only the parameters

and the price changes considered differ.
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TABLE 7.3. Comercial Electricity Demand Survey
Type of - (her Damnd
Author Elasticity Time Frare Type of Data Substitute Prices  Netemmi nants(a)

teierlein, James G,, Dun, onstant Sort-run (Qross-section  MNtural gas, YJ-, PEJ-,
James W., McConnon, long-run time series fuel oil Qit—lj
Jares C. 1981. "The 1967 -1977
Demand for Electricity regional NE
and Ntural Gas in the '
Northeastern United
Sates". The Review of
Econamics and Statistics.
August 1981, pp. 403-408.
Mount, T. D., Chapman, Variable Sort-run  Cross-section  Gas Y, P, PE, Qt-l
L. D., and Tyrell, T, J. long-run 1947-1970
1973. Electricity Demand States

in the thited Sates; Mn

- Econametric Malysis,

(ontract No. W-7405-eng-
26. ORNL, Oak Ridge,
Tennessee

(a) For symbols, see glossary at end of section.



TABLE 7.4. Commercial Survey Parameter Estimates

Sort-Run Long-Run Lagged Gas Oil
: O Price  Own Price  Adjusiment Cross-price Cross-price
Asthor Flasticity —Rlasticity (efficient () _ Elasticity Flasticity
~ Bierlein, et. al. (1981) -0.03 -0.37 0.9167 0.045, 0.48. -0.095, -1.09.
Muwnt, et. al. (1973) -0.29 -1.36 08724 0015, 0.06L --

Variable Elasticity

The own-price elasticity in eéch sector is not constant, but varies with
the level of the real electricity price. In the only study surveyed in which
variable elasticities were estimated, MCT rejected the hypothesis that own-
price elasticities were constant. Furthermore, a considerable amount of
variation was found in the estimated own-price elasticities during the litera-
ture sUrvey.' This variation could be caused in part by variations in the

estimating samples' price levels.

These factors would be unimportant if the level of electricity prices in
the Railbelt region were fairly similar to the mean level of prices used in
estimating the constant elasticity equations, if the levels of electricity
prices within the Railbelt were uniform, and if real electricity prices in the
Railbelt were not expected to change during the forecast period. In such a
case, the estimate from a constant-elasticity model might provide a reasonable
approximation to the true elasticity in the Railbelt. E&ven if the true
elasticity were variable, when evaluated at the mean level of prices, it would
be similar to a constant elasticity estimated with the same.data. Unfartu-
nately, none of these conditions hold; the average level of Railbelt electri-
city prices in 1980 was significantly below U.S. average electricity price;
within the Railbelt, the Tevel of Anchorage electricity prices was less than
half the level of Fairbanks prices in 1980; and in several of the RED price
scenarios, e]ectficity prices increase rapidly enough that by the year 2000
they are 50 to 100% higher in real terms than they were in 1980,

Adjustment Qver Time

Long-term price elasticities are not entered explicitly into the mecha-

nism; instead, short-run elasticities and a lagged adjustment coefficient are
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employed. Thus, long-term elasticities appear explicitly in the mechanisin via
the're1at10nsh1p~given above. This choice was made for three reasons. First,
the explicit short-run e]asticitiés are consistent with the implicit long-run
e]astfcities; that is, the elasticity estimates can be taken from the same
study, estimated with a lagged adjustment coefficient. If the Tong-run
elasticity were entered explicitly, it could not be taken from the same study
as the short-run.elasticity because it is impossible to obtain both elasti-
cities from one equation except via the lagged adjustment coefficient. Second,
since the lagged adjustment coefficient did not vary much across the studies,
whereas the long-run elasticities did, choosing a value for A was more
straightforward. Third, and most importantly, by 1nc1uding‘the lagged adjust-
ment coefficient the impact of price changes in year t on consumption in year t
+1,t+2, ..., t +10 can be assessed directly; because t + 1, ... t + 10 is
neither the short-run nor the long-run, with only the two sets of elasticities
and no lagged adjustment coefficient these impacts cannot be directly measured,
but only crudely quessed. This is particularly important in RED because it
forecasts electricity consumption at five-year intervals; price changes in the
first-year of the five-year period obviously have neither a long-run nor short-
run impact on consumption in the fifth year of the period, but an intermediate
impact.

Cross Price Elasticities

Short- and long-run natural gas and oi] cross-price elasticities are
included in the mechanism. In several of the studies surveyed, one or the
other fuel was found to be a substitute for electricity, although due to data
limitations they were only considered simultaneously in a handful of studies.
Thus, the effect of oil and gas price changes on electricity consumption,
although small. in relation to the effect of electricity prices, cannot be
ignored. It is important to include these prices in the RED price adjustement
mechanism for the following reasons. -Much of the own-price elasticity of
electricity demand can be attributed to “fuel switching." As real electricity
prices increase, some households and businesses will, the mechanism predicts,
"switch" from electricity to natural gas or oil for heating and other energy
uses. However, if real oil and gas prices are also increasing, the extent of
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this fuel switching will be diminished. The cross-price elasticities are
employed in RED to account for this. One would think that the amount by which
this fuel switching is diminished because of rising gas and oil prices would be
a function of the Tevel of 0il and gas prices; in other words, that these
cross-price elasticities are not constant with respect to their corresponding
prices. Unfortunately, none of the studies surveyed employed variable cross-
price elasticity models; thus, the cross-price elasticities in each of the two
price mechanisms are constant.

Parameter Estimates

The parameter estimates for each of the two price adjustment mechanisms
were taken from the study by Mount, Chapman, Tyrrell {(1973). 0il cross-price
elasticities, which were not estimated in the MCT study, were based on profes-
sional judgment and values taken from the literature survey. Tne parameter
values used in RED are presented in Table 7.5. The MCT parameter values were
used 1h'RED for two reasons. First, their models were most consistent with the
structure selected for the RED price adjustment mechanisms; there are separate
equations for the residential and business'Sectors, variable own-price elasti-
cities are employed, lagged adjustment coefficients are estimated, and a cross-
price elasticity (gas) is included. Second, the elasticities estimated by MCT,
when evaluated at 1980 Anchorage and Fairbanks prices (in real 1970 dollars, as
in MCT), appear reasonable. In the residential sector, calculated short-run
elasticities were -.1462 in Anchorage and -.1507 in Fairbanks; calculated

TABLE 7.5. Parameter Values in RED Price Adjustment Mechanism

Residential Business
Short-Run Elasticities Sector Sector
Own-Price -.1552 + .3304/p(2) -.2925 + 2.4014/p(2)
Natural Gas .0225 .0082
il .01 : .01
Lagged Adjustment 8837 - 8724

(a) Measured in mills pef KWH, 1970 dollars.
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Tong-run elasticities were -1.2571 and -1,296, respectively. The short-run
elasticities are slightly below the average of the estimates presented in
Table 7.2; since average prices are rather low in the Railbelt, this result is
satisfactory. The long-run elasticities are slightly above the average of the
studies surveyed, since the MCT lagged adjustment coefficient is at the high
end of the range of those surveyed. This is satisféctory for the Rajlbelt
because e]ectficity comprises a large share of consumers' budgets due to the
climate and winter hours of darkness and because in the past residents of the
area have been conservation-minded. The business sector short-run own-price
elasticities evaluated at 1980 prices are -.2270 in Anchorage and -.ZGOO in
Fairbanks, and the respective long-run elasticities are -1.7788 and -2.0378.
The short-run estimates are a little below the average MCT calculated, due to
below-average Railbelt prices, and the long-run elasticities are at the high
end of the range found in the survey.

DERIVATION OF RED PRICE—ADJUSTMENT MECHANISM EQUATIONS

The final outputs from the RED price adjustment mechanism are price-
adjusted consumption of electricity for each sector, region, and time period,
denoted RESCON;, and BUSCON, . Each of these is equal to preliminary estimates
of consumption, denoted RESPRE;, and PRECON;,, multiplied by a series of price

adjustnent factors:

RESCON;p = RESPRE;p = (1 + OPAspe) = (1 + PPAsye) = (1 + GPAjy,) (7.3)

BUSCON; = PRECON;y = (1 + OPAjg) = (1 + PPAjye) = (1 + GPAsy,) (7.4)

where

i = region index
K = time period index

2 = sector index (=1 fesidentia], = 2 business)

OPA = own-price adjustment factor
"PPA = 01l (petroleum)-price adjustment factor
GPA =

gas-price adjustment factor and denotes multiplication.

7.15



F“,
Thus, final consumption in a sector is equal to preliminary, non-price -
adjusted consumption scaled upward or downward depending on the signs and mag-
nitudes of the three corresponding adjustment factors. These factors combine
information on price changes in periods K, K-1,., own- and cross-price elasti-
cities in periods K, K-1, ..., and lagged adjustment coefficients in the fol-
lowing manner. First, denoting electricity, o0il, and natural gas prices by 7#
PEikas POjgg» and PGigy, {(define the five-year percentage change in prices):
PCPEjiq = (PEike = PE§ ko1,0)/PEi ko1 (7.5)
PCPO'EKQ, = (PO.“(Q - PO.‘ ’K_l,l)/POT ,K-l,l (7.6)
PCPGyky = (Phikg = PG ko1,2) /P81 k1,0, (7.7) |
Then calculate the average annual percentage change in price during the .
five-year period:
e
PCPEA;kg = (1 + PCPEjy )**.2 - 1 - (7.8) |
PCPOAsq = (1 + PCPO;y )**.2 - 1 (7.9) |
’ g
PCPGA; ko = (1 + PCPGTKQ)**.Z -1 ' (7.10) |

where "**" denotes exponentiation. Thus, during each of the years between K-1
and K, prices increase an average of 100 - PCPEA;y, , and 100 - PCPOA;, » and
100 » PCPGA;y, percent. ' (]

The impact of a change in the price of electricity in the first year of
the five-year period on consumption in the fifth year of the period can be =
analyzed in steps. First, the impact of the price change on consumption in the |
first year (denoted t) is given by

%AQitl = ESRTtl . %Apitl {7.11)
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where %A denotes percentage change, Ot is consumption in year t, sector ¢,
region i, Pj¢y 1S the price, and ESRj, is the short-run own-price of
electricity. FEguation 7.9 states that consumption in year t falls (increases)
in percentage terms by an amount equal to the price increase (decrease) scaled
by the own-price elasticity (which is negative). The effect of the price
change in year t on‘consumption in year t + 1 is the sum of two components.
First, lagged consumption has fallen by %AQ;¢,, so this period's consumption
falls by X%Q5¢,. Second, the price change which occurred 'in year t persists
(the price did not go back to its year t-1 level) so consumption in year t + 1
falls by ESF21-’t+1’jl * ®APite. Thus, the change in year t + 1 consumption of
electricity caused by a price change in year t is given by

BAQG pa1,n T APEQigy Y ESRy 44y g 0 WPy (7.12)

()\ ESR.It,Q + ESR1 ,t+1,2) ® %Ap1t£ (7.13)

Similarly, the change in year t + 2 consumption is equal to the sum of two
companents:

W07, t42,0 = A te1,0 T OESRy tap g v WPy (7.14)

(VPESRjyq *+ AESR; 41y * ESR; 4p o) » %Pit2 (7.15)

This process can be carried out to year t-+ 4, the final year of the
five-year period:

3

5 = . 14 .
AAQi,t+4,2 = /,APjt2 (x ESRypp * 2 ESRi,t+1,z (7.16)
+ 2% Esp + x ESR
i,t+2,48 i, t+3,2
* ESRi,t+4,2)
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which gives the percentage change in year t + 4 consumption resulting from the
price change %AP;i, in year t. Similar price changes occur in year
t + 1 (%4P, Yy, t + 2 (%aP, Y, t + 3 (%P, )}, and

i,t+1,8 i,t+2,8 i,t+3,8

t+ 4 (%AP1 t+a 2)’ with equal percentage price changes assumed during each of

the five years. That is:

= %AP, = %AP. = %AP,

,t+1,2 T,t+2,2 i, t+3,2 i, t+4,8 (7.17)

LAPTt2 =_AAPT = PCPEAik£
The ﬁmpact of these individual price changes on consumption in year t + 4
can be derived in a manner similar to that used to obtain equation 7.16. The

sunm of the impacts of the five annual price changes is given by equation 7.13:

4 ]
%AQi,t+4,2 = PCPEAikz . (X ESRitﬂ » (7.18)

3

+ 2)x7 ESR 2

parie TR ESRy taa g

+ 4 ESRT,t+3,2 + 5 ESRT,t+4,£)

Equation 7.18 accounts for price changes which occur between period K-1
and K; price changes which occurred before K-1 also influence consumption 1in
period K, just as price changes in period t affect consumption in, for example,
period t + 9:

— o 9 8
WO g, = WPy (V7 ESRy + AT ESRy Ly (7.19)
5 4
ook 7 ESRY Ly FAT ESRy g
LT MESRy tig g FESRy tig )

The combined total impact of the five annual price changes in t, t+l, t+2,
t+3, t+4, on consumption in period t+9 (period K+1) is given by
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5 = 32
805 1o = GG i (7.20)

4 3
+ PCPEA,, . (A ESRi,t+5,2 + 2% ESRi,t+6,£

2
# T ESR; Ly, A ESRL g

: 5ESR1,t+9,2)

Extending this analysis forward, combining terms, and rearranging, one

obtains the percentage change in any five-year period K as a function of
average annual price changes between K-1 and K, K-2 and K-1, etc:

Qs = Ao 805 y_1.4 _ (7.21)

K N
+ ( Zl PCPEAimg
.3
. (}4 ESRi k1,0 F O BSRy ko

2
+ 3x ESRi,K3,£

*5 ESRi,KS,;)

whére_the subscripts K1,,,K5 denote, respectively, the first year in the period
between K-1 and K, the second year in the period between K-1 and K, etc. The
summation over past price changes takes into account that these price changes
persist: that once prices have increased, the increase and its effects are

+ 4 ESR1.’K4’2

permanent, until and unless future price decreases offset them.

Equation 7.17 defines OPA; | o as the percentage adjustment to electricity
consumption which must be made because of real electricity price changes.
Restated, '
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ke TN OPAL g (7.22)

3 2 ESR.
+ A ESRi,KZ,l + A 1,K3,4

+ X ESR.

1,K4,2 *ESRy

i,K5,2

Similarly, price adjustment factors for o0il and natural gas price changes can
be derived, with one simplification - the oil and gas cross-price elasticities
are constant. Thus,

5 .
PR, = AT PPAL Ly (7.23)
;
+ PCPOA. | - OSR
[ 1 time 2
! ot el nl a5
GPA... = A° GPA (7.24)
ke iK-1,2 | .

¥ \\ ] PEPOA dme ) . ase,

. (A4 + 2A3 F D2+ a4 5)

where OSR, is the short-run oil cross-price elasticity in sector 2 and GSR, is

the short-run gas cross-price elasticity in sector &.
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A11 that remains is to attach values to ESR; Kj,2- In the MCT study,
3 3
short-run elasticities are defined by

ESR = a - b/P. : (7.25)

Implementation of this requires calculating the average elasticity for a given
year Kj, so that

3 x = - . . . E
ESR] aK\]a‘ﬂ AZ > Bﬂ/P1,'K\]-1,2, (7.2,\)

.5 Bﬂ/Pi,Kj,l

where Pi,Kj-1,2 is the price at the end of the year before Xj, and Pi,Kj,l is

-the price at the end of year Kj.
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GLOSSARY OF SYMBOLS

income per household

average family size

single detached housing units (fraction of total)
nonurban housing units (fraction of total)

mean December temperature

mean July temperature

income per capita (67 dollars)

population density

energy price index relative to CPI (dollars per Btu)
average temperature of warmest three months of year (°F)
average temperature of coldest three months of year (°F)
marginal price of electricity

fixed charge for electricity

total personal income

heating degree days

cooling degree days

number of residential customers

marginal price of electricity

per capita personal income

average July temperature

heating degree days

population per square mile

percent rural population

percent of housing units in single-unit structures
number of housing units per capita

average real price of residential electricity, in cents per kwh
average real income per capita, in thousands of dollars
index of real wholesale prices of selected electric appliances
percentage of population living in rural areas
percentage of housing units in multiunit structures
average size of households

time

stock of occupied housing units
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average size of housing units

the fraction of households with a particular type of equipment
thermal performance of housing units

average annual energy use for the type of equipment

usage factor

lagged personal consumption expenditure for electricity per capita
in 1958 dollars.

total personal consumption expenditure per capita in 1958 dollars
implicit deflator for electricity/implicit deflator for PCE (1958=100)
value of retail sales '

average deflated price per KWH of electricity

= lagged per capita fuel consumption

I

income per capita

population

price of electricity (mills per KWH)
lagged demand in millions of KWH.

long run
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8.0 THE PROGRAM-~INDUCED CONSERVATION MODULE

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

The module forecasts only those portions of conservation that are not
market- or price-induced. The module was developed as part of Rattelle-
Northwest's Alaska Railbelt Electric Power Alternatives Study in 1981 and was
designed as a tool to enable the State of Alaska to analyze the impact of
potentia} large-scale conservation programs. The future of such programs in
Alaska is in doubt (Tillman 1983} and the data on the savings and costs of
existing programs are uncertain, The Program-Induced Conservation Module was
not used in the 1983 updated forecasts, but a description of the module is
given below.

MECHANISM

The fuel price adjustments in the Residential Consumption and Business
Consumption Modules account for market-induced technology-related conservation
impacts, as well as reductions in appliances use and changes in the way in
which they are used. The Program-Induced Conservation Module analyzes
government attempts to intervene in the marketplace to induce conservation via
loan programs, grants, or other policy actions. The module accounts for the
effects of this program-induced conservation on demands for electric energy and
generating capacity.

RED separates conserved energy into two parts: energy saved from the
actions of residential consumers and energy saved from reduced energy use in
the business and government sectors. Figure 8.1 provides a flow chart of the
process employed. ' '

A separate, interactive program developed with RED (CONSER) is called by
RED to prepare a conservation data file. This file contains information on the
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FIGURE 8.1. RED Program-Induced Conservation Module

costs, energy savings, and the level of market acceptance of various consumer-
installed conservation options. For the residential sector, CONSER gueries the

user for the technical parameters of each option (up to ten options may be
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included). Based on a user-supplied forecast of electricity prices and the
costs associated with each option, CONSER calculates the internal rate of
return on each technology. The user compares this rate to a bank passbook
savings féte as a very loose minimum test of acceptability. If the user
decides, based on this comparison, that the option should be included in the
analysis, CONSER calculates the payback period for each option. CONSER then
writes the default values and range of values for the option's market
saturation rate to an output data file. The user is then queried for the
market saturation of electricity in the use that the conservation option
offsets (e.g., electric water heating). This market saturation is also written
to the butput data file.

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

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

The economic costs of the residential conservation technology package are
found by multiplying together the government subsidized conservation saturation
rate, the electric saturation rate, the number of households, and the cost to
consumers per instailation without government intervention for each
consefvation option, and summing over options. For the economic costs of
business conservation, the total megawatt hours saved by governmentesUbsidized
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 capacity.
Therefore, CONSER queries the user for a peak correction factor, a variable
that takes on a value between zero and one if the option receives credit for
producing some portion of its energy savings during the peak demand period;
otherwise the value is zero. These peak correction factors for each option are
aggregated in RED. First, they are weighted by the proportion of total
program-induced electricity savings each option represents durihg a given
forecast period. Next, the weighted correction factors are summed together.
The resulting aggregated peak correction factor is sent to the peak demand
model to calculate the peak savings of the set of conservation technologies.
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INPUTS AND QUTPUTS

The inputs and outputs of the Program-Induced Conservation Module are
summarized in Table 8.1. The potential market for the conservation option is
defined by the total number of households served (HHS) and the saturation of
the electrical devices (ESAT) whose use of electricity can be displaced by
investment in a particular Conservation option. ESAT equals the total market
saturation-of the appliance times the fuel mode split. The tota]lnunber of

‘househo1ds served is calculated in the housing module, while ESAT is
interactively entered by the user. RCSAT, the penetration of the potential
market by the consefvation technology, is determined within the CONSER
parameter routine. The technical energy savings and the costs of residential

conservation devices (both installation and maintenance) are interactively
specified within CONSER by the user.

The business segments of CONSER also query the user for the potential and
actual saturations of electricity conservation in the business sector and the

costs per megawatt hour saved for business investments in conservation,

Finally, the correction factors are decimal fractions that are

interactively supplied by the user to CONSER and that reflect the extent to
which conservation options receive credit for peak savings.

The outputs of the Program—Ihduced Conservation Module are the final
electricity sales to the business and residential sectors, and the electricity

savings of the conservation technology set considered in a given run of the RED
mode 1.

MODULE STRUCTHRE

The price adjustment mechanisms used fn-the Business and Residential
Consumption Modules employ price elasticities derived from studies that did not
distinguish among the impacts of conservation technologies and other effects of
energy price changes. Since conservation of electricity is argued to be
induéed either by energy price changes or by market intervention designed to
encourage conservation, the treatment of conservation in RED was cautiously
developed to e]imjnate the possibility of double counting energy savings and
costs.
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TABLE 8.1. Inputs and Outputs of the Conservation Module
al Inputs
Svimbo! Name From
HHS Tota® housenoids served Residential Module
TECH Technical energy savings CONSER, Interactive Input
COST! Installation and purchase cost CONSER, Interactive. Input
of the residential conservation
device
casTe Operation and maintenance costs CONSER, Interactive Input
of the residential conservation
device
RCSAT Residential saturation of the CONSER, Interactive Input
device (with and without govern-
ment intervention)
ESAT Residential electric use CONSER, Interactive Input
saturation
PRES Expected residential electri- CONSER, Interactive Input
city price
RESCON Price-adjusted residential Residential Mcdule
censumotion
CF Peak correction factor CONSER, Interactive Input
pOES Potential precoortion of elec- CONSER, Interactive Input
tricity saved in business in
new and retrofit uses
BCSAT Business conservation saturation CONSER, Interactive Input
rate (with and without gévern- Uncertainty Module
ment intervention)
cast Cost per megawatt hour saved CONSER, Interactive lnput
in business
BUSCON Business price~adjusted Business Module
consumption
b} Outputs
Svmbol Name Ta
TCONSAV Total electricity saved Report
{businaess plus residential)
TCONCOST Total cost of conservation Report
{business plus residential)
ADRESCON Adjusted residential consumption Miscellaneous and Peak
. Demand Modules
ADBUSCON Adjusted business consumption Miscellaneous and Peak
Demand Modules
ACF Peak Demand Model

Aggreqate peak correction factor
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In RED's formulation, the Program-Induced Conservation Module serves
primarily as an accounting mechanism that tracks the impacts of a given set of
technology options in the residential sector and the aggregate level of
conservation in the business sectocr. However, since government policies and
programs could have a significant, direct impact upon the level of conservation
adopted, and since the incremental 1mpacts‘of these actions are not
incorporated in the price adjustment process of the Residential and Business
Consumption Modules, the Program-Induced Conservation Module explicitly
calculates these impacts and accordingly adjusts the forecasted sales to
consumers.

Scenario Preparation (CONSER Program)

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

saturations for options gaining acceptance.

The first step is to determine whether a specific.conservat1on option will
achieve market acceptance. - For the residential sector, the way RED identifies
acceptable options is to compare them with other investments available to the
consumer. Conservation is an investment with a financial yield that can be
calculated and compared with other investment options, By comparing the
internal rate—of-return_(IRR} of a conservation option with the market rate of
1hterest, one can determine whether conservation options' return is sufficient
to encourage market aceeptance.

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

1. They are virtually risk free.
2. They are extremely liguid.
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3. They have trivial requirements as to the size of the initial deposit.
4. They are readily available to everyone. ‘

Investments in conservation technologies, however, are characterized by
he following:
1. risky
2. difficult to liguidate

3. (sometimes) require a large initial payment.

These factors would cause most homeowner-investors to require a higher rate of
return on conservation than those on passbook accounts to invest in

conservation, Therefore, a conservation option can pass the internal rate market
interest test even though it might not be adopted. Such a compariscn insures that
every option that could achieve market acceptance is included in the portfolio of
conservation technologies to be considered.

The IRR is célcu]ated with the following formula:

2

ESak Yk -

)1 0 (3.1)

° 1+ iy
where

T = lifetime of the device (maximum of 30 years)

p = internal rate-of-return

2 = subscript for the year. Takes on va]des 1 to 30

ES = value of electricity saved
C = total cost of the option in the year
1 = subscript for the load center , .

k = subscript for the option

The value of electricity savings is based on the energy prices the consumer
expects. It is calculated by querying the user for price forecasts and the
electricity savings (in kWh) for each option and multiplying:

ESiZk = PRE51£ X TECHik (8.2)
where
PRESi

TECH; = annual kWh savings in region i per installation of device k.

dollars per kWh in Toad center i
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The cost (Cjg,) is the 1980 dollar installation and purchase cost in the year
the davice is purchased and the annual maintenance and operating 1980 dollar

costs in all remaining periods.

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

unsubsidized case,

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

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

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

The number of years required to drive the ratio to less than one is the payback
period,

The payback period is calculated for both the subsidized and nonsubsi-
dized cases. Since the subsidized case usually will have lower installation
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and purchase costs, the payback periods for the subsidized case will usually be
Tower and the conservation saturation rates will usually be higher.

CONSER also requests the name of the conservation option, a forecast of
the market saturation rates for electric devices from which the option
disp]éceé consumption, and the peak correction factor for each conservation
option. The saturation of electric devices is used within the Conservation
Module to define the potential market of the conservation option, whereas the
peak correction factor indicates the extent to which the option displaces
electricity consunption at the peak. This information, as well as the costs
and saturation of the conservation option (for the unsubsidized and subsidized
cases), is written to a data file for later access by the remainder of the
Program-Induced Conservation Module.

Funding constraints in the Railbelt Alternatives Study prohibited the
development of detailed cost and performance data for business conservation
applications. CONSER, therefore, requires the user to provide the following
for both new and retrofit uses: the potential proportion.of electricity that
conservation technology can displace and an estimate of the proportion of those
potential savings actually realized for subsidized and unsubsidized cases.
CONSER also reqguests the cost per-megawatt hour saved for both cases and the
“ peak correction factor for new and retrofit uses.

This.business sector information is also written to CONSER's output'data
file. By running CONSER with several different technology packages and
government policy packages, conservation scenario files can be easily
constructed for later analysis within RED.

Residential Conservation

Using the information from the data file that CONSER creates, the
calculation of electricity saved by the set of technologies is
‘straight forward. By multiplying the electric device saturation and the
incremental number of households served, the total nunber of potential
applications of the conservation device is found. The incremental number of

households served in the first forecast period (1980) is zero, since the

current consumption rates already inciude the current lTevel of conservation,
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By next mu1t1p1y1ng the potential number of uses by the savings per
installation and the saturation of the conservation option, the amount of

electricity saved is derived:

(ESATipp X HHSip - ESATi(roqyp X HHSj(¢_1) (8.3)
where
CONSAV = electricity saved (kWh)
RCSAT = conservation saturation rate
TECH = electricity savings per installation (kWh)
ESAT = electric device saturation rates

HHS
t = denotes the forecast period (1,2,3,...,7)
j = denotes subsidized (j=1) or nonsubsidized (j=0).

total ‘households served

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

n ;R

RCONSAV . =
1t

1 CONSAV (8.4)

5 \
k=1 itkl )

where
RCONSAY
K

residential electricity conserved {kWh)

total number of residential options considered.

Since the priCe adjustment mechanjsm does not account for government-
induced conservation, the model next adjusts residential sales by the

incremental conservation attributable to government programs:

ADRESCON; 4 = RESCON;p = (RCONSAVjyy = RCONSAVjy ) (8.5)

where

ADRESCON
RESCON

final electricity requirements of residential consumers

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

CONCOSTit = COSTli

: t
ESATi(t-l)k X HHSl(t-l))//% + COSTOik X ﬁ=1RCSATikJ X
(ESATihkj X HHSih - ESATihkj X THHSi(h_l))} (8.6)
where
CONCOST = the option's total annual cost
COSTI = unit cost in 1980 dollars for purchasing and installing the
conservation option )
COSTO = unit cost in 1980 dollars of operating and maintaining the

conservation optibn
h = forecast period subscript, Can take on values 1 to t.

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

- K
RCONCOSTitj = ki

(8.7)

CONCOSTitkj

1
where

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

8.12



The total costs of conservation are the unsubsidized total costs

(RCONCOST;4,)» cONsumers pay the subsidized costs (RCONSAVy+1), and government

pays the difference (RCONCOST;p, = RCONCOST;4q) .

Rusiness Conservation

For business conservation impacts, funding constraints prohibited
collection of detailed cost and performance data. Fortunately, a 1imited
nunber of studies have estimated the poténtial energy savings and asscciated

costs for aggregate conservation investments in new and existing buildings.

RED separates the conservation impacts for the business sector into two
parts: those arising from retrofitting existing buildinygs, and those arising
from incorporating conservation technologies in new tonstruction. As in the
residential segment of the Program-Induced Conservation Module, the potential
pool of electricity that can be disp1acéd must be identified for both new
construction and retrofits. This "pool" is determined by the state of
conservation technology and is supplied to the consérVation module from the
CONSER output file. The actual amount of conservation that occurs depends upan
the price of electricity and competing fueis and updn.the cost and performance
characteristics of the options available.  This is aléo supplied by CONSER.

In RED, the potential pool of displaced electricity for bUsinesses»Ts
derived by first separating business sales into sales to existing structures
.and sales to new structures. For simplicity, the change from the previous
- periods' business requirements as calculated by the Business Consumption Module

is assumed to be the sales to new buildings:

SALNB; = BUSCON; ¢ - BUSCONi(t_l) . (8.8)
where
SALNB = sales to new buildings
RUSCON = business consumption prior to conservation adjustments.

Therefore, the sales to existing buildings are the sales in the previous
period:
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SALEX{y = BUSCONj(y.1) (8.9)

where

SALEX = sales to existing buildings.

To find the potential pool of electricity use displaced through retrofits and
incorporation of conservation options in new buildings, the Program-Induced
Conservation Module multiplies the disaggregated sales figures times the
potential percentage of electricity saved in new and retrofit buildings:

POTNB; ¢ = SALNBit X PPES; iy (8.10a)
POTEX;y = SALEX;y x PRES;.p (3.10b)
where
POTNB = potential amount of displaced electricity in new buildings
PPES = proportion of electricity that technically can be displaced via
retrofit or incorporation of conservation options in new
buildings. .
POTEX = potential amount of displaced e1ectr1c1ty in existing buildings

E = subscript for existing buildings
N = subscript for new buildings.

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

In the residential segment of the Program-Induced Conservation Module, RED
used an internal rate-of-return test and a payback period decision rule to
determine first, whether an option would achieve market acceptance, and second,
what level of acceptance it would achieve. As mentioned above, the information
available for business conservation does not permit such an analysis.
Therefore, the model user is required to assume a level of potential market
saturation. The saturation rates (one for retrofits, one for new buildings)
must reflect the prices of fuels (including electricity), the costs of the
package of options employed, and the electricity savings expected for
subsidized and nonsubsidized cases.
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The saturation rates are obtained from the data file CONSER créates. The
displaced electricity can be found by multiplying the total saturation rates by
the total potential pool of electricity savings:

BCONSAVitNJ = BCSAT ¢y X POTNBitj' C (8.1la)
BCONSAV;¢gy = BCSAT g x POTEXitj ' (8.11b)
where
BCONSAY- = electricity savings
BCSAT = saturation rate for conservation options in business.

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

ADBUSCON; ¢ = BUSCON; = (BCONSAV;¢yy = BCONSAV;¢yo) (8.12)

- (BCONSAVitEl - RCONSAVitEo>

- where

ADBUSCON = adjusted business consumption.

The total cost of the conservation set in a given future forecast year is
given by multip]yihg the 1980 dollar cost per megawatt-hour saved by the
conservation savings in each use:

BCONCOSTitj - (BCONSAVitEi X COSTiEj + BCUNSAVitNl) (8.13)
where
BCONCOST = business conservation costs, future forecast year
COST = 1980 dollar costs per megawatt hour saved.

The total costs of the conservation in a future forecast year to "society" is
the nonsubsidized costs (BCONCOSTitO), whereas the value of the subsidy in that

yéqr is (BCONCOSTitO'— BCONCOSTitl), and businesses bear only the subsidized
costs (BCONCOSTitl).
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Peak Correction Factors

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

oE L - E (CDNS/—\Vitkl - CONSAVitko) X CFk (5.14)
it k=1 (RCONSAVitl - RCONSAVitO) + (BCUNS/—\V”1 - BCONSAViégT
. (BCDNSAVitE1 - BCONSAVitEo) X CFE + (BCONSAV”N1 - BCONSAVitNo) X CFN
(RCONSAVitl - RCONSAVitO) + (BCDNSAVitl - BCDNSAVitO)
where
ACF = aggregate peak“torrection factor
CF = option-specific peak correction factor, equal to the proportion
of the e]ectricaT demand of displaced appliances that can be
displaced at the peak demand period of the year (e.g., January).
PARAMETERS

One of the reguirements of the Alaska state program whereby homeowners

‘request state money to install conservation measures is that the payback period -

for the measure be less than seven years. Therefore, if a conservation
~option's paybatk period is assumed to be greater than seven years, the options
market penetration will be very limited, effectively zero. However, if the
option pays for itself within the first year, then the option would penetrate
the entire potentia1 market 1mmediaté1y. The relationship between payback
period and penetration rate for payback periods between zero and seven years is
assumed to be linear. A range of 15% on these values is arbitrarily assumed.
Table 8.2 presents these market penetration parameters.
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TABLE 8.2. Payback Periods and Assumed Market Saturation
, Rates for Residential Conservation Options

gt

A,

]

Payback As sumed As sumed
Period Saturation Range
(years) { %) {%)
0 100.0 -
1 87.5 80-95
2 75.0 67 .5-82.5
3 62.5 . 55-70
4 50.0 42 .5-57.5
5 37.5 30-45
6 25.0 17.5-32.5
7 12.5 5-20
8 0 0-5
Source: Author Assumption
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9.0 THE MISCELLANEOUS MODULE

MECHANT SM

The Miscellaneous Module uses outputs from several other modules to
forecast electricity used but not accounted for in the other modules, namely,
street ‘1ighting, second homes, and vacant housing.

INPUTS AND QUTPUTS

This module uses the forecasts of electrical requirements of the residen-
tial and business sectors and the vacant housing stock. The only output is

miscellaneous requirements. Table 9.1 provides a summary of the inputs and
outputs of this module.

TABLE 9,1. Inputs and Qutputs of the Miscellaneous Module

a) InputS'
Symbo]l Name From
ADBUSCON  Adjusted Business Requirements Program-Induced

Conservation Module

ADRESCON Adjusted Residential Requirements Program-Induced
Conservation Module

VACHG Vacant Housing ' Housing Module
b) Outputs ,
: Symbol Name TO
MISCON Miscellaneous Requirements - Peak Demand Module

MODULE STRUCTURE

Figure 9.1 pfovides a flowchart of this module. For street lighting, the
requirements are assumed to be a constant proportion of conservation-adjusted
business and residential requirements:

SRyt = s1 x (ADBUSCON;;. + ADRESCON;.) (9.1)
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FIGURE 9,1. RED Miscellaneous Module

where
SR = street Tighting requirements
ADBUSCON = business requirements after adjustment for the incremental
conservation investments
ADRESCON = final electricity requirements of residential consumers

i = subscript for load center
t = forecast period (1,2,3...,7)

s street lighting parameter.

For second-home consumption, RED calculates the number of second howes as
a fixed proportion of the total number of households. A fixed consumption
factor is then applied:

SHRj¢ = sh x CHH;. x shkih (9.2)

9.2

=



o

where
SHR = secand hane requirements
CHH = total number of civilian households
sh = proportion of total households having a second home
shkWh = consumption factor.

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

where
VHR = vacant housing requirements
VACHG = number of vacant houses
vh = assumed consumption per vacant dwelling unit.

Total miscellaneous requirements are found by summing the three components
above: '

MISCON;y = SRiy + SHRiy. + VHR;. _ (0.9

where

MISCON = miscellaneous electricity consumption.

PARAMETERS

Table 9.2 gives the parameter values used for the Miscellaneous Module.
These parameters are all based on the authors' assumption because no other

source of information is available. Tillman (1983) found that Anchorage

Municipa] Power and Light has a conservation program in place to convert city

street lights from mercury vapdr lamps to high-pressure'sodium lamps, resulting
in some savings of electric energy. This is considered to be a one-shot
success whose total impact grows proportionately to street 1ighting demand.
Even since this program was instituted, miscellaneous demand has continued

to grow. It is assumed that the effects of additional reguirements for

street 11ght1ng will partiaily offset the effect of conservation, and that
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TABLE 9.2, Parameters for the Miscellaneous Moduie

Symbol Name Value
S1 Street 1ight1ng(a) ' 0.01
sh Proportion of households having a second home(b) 0.025
shkWh Per unit second-home consunption(b) 500 kWh
Vh.  Consumption in vacant housing(C) 300 kMWn

(a) 1980 ratio of street 1ighting to business plus residential sales.

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

(c) Author assumption. Reflects reduced level of use of all
appiiances.

this component of miscellanecus demand will continue to be about proportional
to residential and business use in the future.
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10.0 LARGE INDUSTRIAL DEMAND

Large industrial demand for electricity in the RED model is not provided

- by the model itself; rather, the model provides for a data file called EXTRA

DAT, which is read by the program each time a forecast is made. The model user

supplies a "most 1ikely" default value forecast of electricity energy and
demand at system peék to the EXTRA DAT file for each load center he wishes to
include in the model run, If'he wishes to develop a inte Carlo forecast, he
must also supply forecasts for higher and lower probability conditions. These
exogenous estimates can be assembled from any source; however, they should be
consistent with the economic scenario used in any giveh model forecast. This

‘was done for the 1983 update.

The EXTRA DAT data set has other uses. Although military demand for
electricity in the Railbelt historically has been self-supplied, the model user
could test the effect of military demand on utility sales or total Railbelt
demand by adding military annual energy and peak to the exogenous forecast for
each load center., Self-supplied industrial energy can be handled in a similar

fashion. Finally, EXTRA DAT can be used to account for cogeneration of

“e1ectricity and for utility load management., The model user only needs to

estimate the effect of such projects for 1980, 1985, 1990, etc. on annual

energy sales and load at the time of year when the electrical system peak load

occurs. He then subtracts these estimates from his estimates of large indus-

trial (plus military) annual energy and demand at system peak and enters the

difference in EXTRA DAT for each forecast period and load center. This data

file will accept negative numbers showing net conservation. Other types of
conservation or demand that cannot be analyzed in detail in other sectors of
the model can also be handled here. Examples might include agricultural and
transportation demand for electricity or the impacts of district heating

systems on electrical consumption.

MECHANISM, STRUCTURE, INPUTS AND OUTPUTS

The user supplies data for the file EXTRA DAT for each load center and
forecast period on net total industrial, military, agricultural, transportation
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annual energy demand at system peak {net of cogeneration effects) for each load

- center for cumulative probabilities of 0.75, 0.5 {default value), and 0.25 that

demand will be greater than or esqual to the value specified. The model then
adds these estimates to the appropriate reports in the forecast results.
Inputs and outputs are identical. Outputs are supplied to the Peak Module (to
calculate system peak demand) and to the report writing routines.

PARAMETERS

There are no parameters in the RED model Targe industrial demand

calculations.
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11.0 THE PEAK DEMAND MODULE

Up to this point, only the method to forecast the total amount of electri-
city 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 defines the highest rate of consumption of electric
energy during the year. As identified in RED, it does not include losses of
energy in transmission.

MECHANISM

Unlike the Lower 48, where utilities frequently have done extensive cus-
tomer time-of-day metering and other analyses to estimate peak demand by
customer type and end use, the Railbelt utilities have virtually no information
on peak demand by type of customer and end use. Consequently, the RED model
does not forecast peak demand by end use; instead the Peak Demand Module uses
regional load factors to forecast peak demand. The 1oad factor is the average
demand for capacity throughout the year divided by the peak demand for capacity
in the year. RED first calculates the peak demand without the peak savings of

‘program-induced conservation. Next, the peak savings of the incremental pro-

gram-induced conservation are calculated, taking into account the mix of con-
servation techno]ogjés being considered. Finally, by netting out the peak

savings,:RED calculates the peak demand the system must meet.

INPUTS AND OUTPUTS

~Table 11.1 provides a summary of the inputs and outputs of the Peak 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, resjdent1a1, and miscellaneous requirements (BUSCON,
RESCON, and MISCON) come from the Business, Residential, and Miscellaneous
Modules, whereas the conservation-adjusted requirements (ADRESCON and ADBUSCON)
come from the Conservation Module. The outputs of this module are 1) the peak
demand in each regional load center at the point of sale to final users, and
2) the incremental peak savings of subsidized conservation. '
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TABLE 11.1. Inputs and Outputs of the Peak Demand Module

a) Inputs
' Symbol Name From
LF Regional load factor Uncertainty todule
RESCON - Residential requirements prior to Residential
adjustment for subsidized conservation Consumption Module
BIUSCON Business requirements prior to adjustment Rusiness
for subsidized conservation Consumption Module
ADRESCON Residential requiranents‘adjusted for Conservation Module
subsidized conservation '
ADBUSCON  Business requirements adjusted for sub- Conservation Module
sidized conservation
ACF Aggregate peak correction factor Conservation Module
b) Outputs ;
Symbol Name To
FPD Peak demand " Report
PS Incremental peak savings Report

MODULE STRUCTURE

Figure 11.1 provides a flow chart of this module. First, the peak demand
without subsidized conservation is calculated. This is done by dividing the
total electricity requirements in each region by the product of the load factor
times the number of hours in the year. Next, the same operation is performed
using energy requirements adjusted for the energy savings resulting from sub-
sidized conservation investments. This yields the preliminary peak savings.
RED then adjusts the peak savings by muTtip]ying the aggregate peak correction
factor times the peak savings. The corrected peak savings are then subtracted
from the peak demand calculated in the first step to derive the regional peak
demand at the point of sale.

The first step is to calculate the total electricity requirements without
subsidized conservation by adding the residential, business, and miscellaneous
requirements:
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TOTREQB;, = BUSCON;, + RESCON;, + MISCON;,

where
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i = index for the load center

t = index for forecast period (t = 1,2,...,7).

RED Peak Demand Module
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DUE TO sussIDY
& PEAK CORRECTION
FACTOR:
(FROM CONSERVATION
MODULE)

(ll.l)

total electricity requirements before conservation adjustment

business requirements before conservation adjustment (Mwh)
residential requirements before conservation adjustment (MWh)
‘miscellaneous requirements (Mwh)

Next, the Peak Demand Module calculates the peak demand without accounting
for the incremental conservation due to subsidized investments in conservation

by applying the load factor:
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) 'I"OTREQBit

'PDpit = I?;;_§f§7§ﬁ : ©(11.2)
where
PD = peak demand (MW)
LF = load factor
8760 = number of hours in a year
p = index denoting preliminary.

To calculate the peak savings due to subsidized conservation investments,

RED first must find the incremental number of megawatt hours saved:
TOTREQS; = BUSCON;, - ADBUSCON;. + RESCON;, - ADRESCON;. (11.3)
where

TOTREQS

incremental megawatt hours saved by subsidized conservation
investments

business requirements after adjustment for the incremental

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

impact of subsidized conservation.

Next, peak savings are found by multiplying the incremental e]ectficity
saved by the aggregate peak correction factor and applying the load factor:

TOTREQSit ,
PSTt = ACF_it X m— (11.4)
where
- PS = peak savings (MW)
ACF = aggregate peak correction factor.

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

FPO;y = PDosy = PSip - (11.5)
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where
FPD = index denoting final peak demand.

PARAMETERS

The only parameters in the Peak Demand Module are the system load factors
assumed for the Anchorage and Fairbanks load centers. These load factors are
shown in Table 11.2.

TABLE 11.2. Assumed Load Factors for Railbelt Load Centers

Load Factor (%)

Load Center . Default Range
Anchorage 55.73 49.2-63.4
Fairbanks 50.00 41 .6-59.1

In the RED model, peak electricity demands are estimated as a function of
the seasonal load factors (average energy demands/peak energy demands) for the_
major load centers in the Railbelt. Thus, identification of appropriate load
factors is crucial in determining the need for peak generating capacity for a
given amount of forecasted electrical energy demand.

Forecasting future load factors and thus, peak electrical energy demands,
is a difficult process because of the interaction among many factors that
determine the relationship between peak and average electrical demands. The
analysis conducted in support of the parameter estimates in Table 11.2 quanti-
tatively and qualitatively evaluated annual load factors for the Anchorage and

Fairbanks load centers. The impacts of the diversity between the two load

centers in the timing of the occurrence of peak loads is alsoc pbriefly discussed
below. '

Simple trend-line fitting and more complex ARIMA time series modeling were
used in an attempt to develop quantitative forecasts for future load factors

- for the Anchorage and Fairbanks load centers. A qualitative analysis was a]sok
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conducted of the impacts of cdnservation programs, changes in customer mix, and
other variables as they may affect future load factors for the two load
centers.

The central conclusion arising from the analysis is that no scientifically
defensible basis for projecting that future load factors for the Anchorage and
Fairbanks areas will either increase or decrease could be developed within the
resources of the study.(a) Thus, average load factors for the perjod 1970-1981
of 0.56 for Anchorage and 0.50 for Fairbanks were used as default values in
developing peak demand estimates. Historic minimum and maximum values of the
“load factors of individual utilities in each load center were examined. The
lowest and highest of these in each load center were used as the minimum and
maximum load factor va]qes for the load center.

lJuantitative Analysis of Trends in Load Factors in the Railbelt

Trend ana]yéis is not a preferred approach to forecasting future electri-
cal load factors and peak loads in the Railbelt. 1Ideally, the methodology for
forecasting future load factors over a long-range planning horizon (in RED,

30 years is the p]anning'horizon) should incorporate information on structural
variables that determine the load factor. Examples of such structural vari-
ables are the forecasted demands of different customer classes {i.e., residen-
tial, commercial, and industrial) and the forecasted patterns and saturation
rates of appliances.

Developing a structural econometric model of Toad factors and/or peak
loads is a complex task. In addition, while Anchorage Municipal Light and
Power has conducted very limited metering of residential sector customers, in
general there is no data base in Alaska that associates patterns of residential
electrical use with appliance stock and socioeconomic characteristics. Even
less data are available on the commercial sector. Thus, the data necessary for
building a structural time-of-use model are not available for the Railbelt

(a) This is consistent with Anchoragé Municipal Light and Power findings of no
trend in load factor (personal communication, Max Foster, AMLP economist,
to Mike King, June 11, 1981).
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‘area. Thus, in this study, quantitative analysis of Anchorage and Fairbanks

~load factors was limited to trend analysis.

Simple Trend Analysis

Table 11.3 presents estimates of the annual load factors for areas
approximating the Anchorage and Fairbanks service areas and the month in which
the peak load occurred in the period 1970-1981. The load factors presented in
Table 11.3 were estimated by the following équation:

REG
PMW*E .76
where
REG = regional energy generation for Anchorage or Fairbanks areas in
gigawatt hours
PMW = Targest monthly peak regional energy demand for Anchorage or

Fairbanks areas in megawatts.

TABLE 11.3. Computed Load Factors and Month of Pe?k Load Occurrence
for Anchorage and Fairbanks 1970-1981(4)

Anchorage Fairbanks

Year Load Factor  Peak Load Month Load Factor Peak Load ™onth
1970 0.524 - December 0.445 December
1971 0.575 January © 0.443 December
1972 0.562 December 0.486 January
1973 0.585 January 0.505 January
1974 0.589 ~ December 0.446 December
1975 0.495. December 0.474 December
1976 0.583 December 0.555 January
1977 - -0.548 December 0.466 " December
1978 - 0.576 December 0.553 January
1979 0.593 December 0.574 ‘ January
1880 0.541 December 0.488 December

1981 0.559 December 0.511 : December
(a) Computed from data presented in DOE/APAdmin {1982).
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A1l data for estimating the load factors were obtained from tables
developed by the Alaska Power Administration {APAdmin) (DOE-APAdmin 1982). The
area designated as the "Southcentral" region in the APAdmin statistics is
assumed to be‘representative of the Anchorage service area in the RaiThelt and
the area designated as the "Yukon" is assumed to be representative of the Fair-
banks area.

The information presented in Table 11.3 clearly shows that the period when
Railbelt peak loads occur (and thus, when annual load factors are determined)
is in the winter, coinciding with the timing of coldest winter weather and
maximum hours of darkness. It is desirable for forecasting purposes to stan-
dardize for weather-related impacts on the load factor. Including weather-
related impacts in the trend analysis could lead to erroneous conclusions if a
nonrépresentative mix of weather patterns occurred over the period of the time
‘series data. In addition, weather is such a random variable that it is almost
impossible to forecast.

Assuming that a strong correlation between non-weather-related load fac-
tors and time could be identified, future non-weather-related load factors
might be reasonably forecast using the coefficient in the time trend
equation. - To correct the Toad factors for weather-related inf]uences, the
annual load factors for each yéar presented in Table 11.3 were multiplied by
the number of heating degree days in each corresponding year. The resulting
adjusted load factors for Anchorage and Fairbanks were then regressed against'a
time variable using the following simple equation: |

Y = a + bx

where

Y
X

load factor multiplied by heating degree days

"

time.

The explanatory power of time in expiaining changes in the adjusted 1oad
factor was low for both Anchorage and Fairbanks. The RZ ya]ues for the regres-
sions were 0.39 for Anchorage and 0.02 for Fairbanks, respectively. Both the t
and F values for time in the Anchorage equation were significant at 95% levels
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of confidence. The time coefficient was negative, indicating that Anchorage's
weather-adjusted load factor was declining over time. For reasons that will be
discussed later, it does not appear that forecasting a declining load factor in
either Anchorage or Fairbanks is realistic. In any case, the level of explana-
tory power provided by the time trend equations was too low to base any fore-
casté of future load factors upon the results. |

Trend Analysis Usjng an ARIMA Model

A more complex method of using time series data to forecast future load
factors in an ARIMA model (Autoregressive Integrated Moving Average) was also
attempted. The first step in this process was to calculate load factors by
month for the period 1970-1981, These monthly load factors were calculated in
a manner similar to that used in calculating the peak load factors presented in
Table 11.3. Calculating load factors for each month in the 12-year period pro-
vided a data base of 144 observations, which was more than sufficient for dev-
eloping an ARIMA model.

The next step was to attempt to identify the correct specification of the
ARIMA model in terms of the Tag operators to be used and the degree of differ-
encing to be employed. The objective in identifying the model is to obtain a
stationary historical time series that will consistently represent the para-
meters underlying the trends in the time series. -

The appropriate lag operators for the model were specified to be 1 and

12, That is, the load factor in a particular month should be correlated with
the load factof in the pfevious month and the load factor in the previous
year. Computation of autocorrelation coefficients for the data using lag
operators of one and 12 and various levels of differencing revealed that using
first differences on both lTag operators produced a stationary time series with
small random residuals in a relatively short time for both Anchorage and Fair-
banks.

Thus, the ARIMA model for load factors was identified as the following:

(1-918) (1-B12) v, = (1-8,B)(1-8,,8) a,
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where
ay = random error term ("white noise”)
B = lag operator
¢1 = sequential autoregressive parameter for the first difference
on the load factor of the previous month
81 = sequential moving average parameter for the first difference
on the load factor of the previous month
810 = seasonal moving average parameter for the first difference on
the load factor of the previous year '
Yy = load factor in a particular month.

This model specification is similar to the one developed by Uri (Uri 1376) for

forecasting peak loads using an ARIMA time series model.

The model was applied to the monthly load factor data and relatively low
residual sum of squares (i.e., unexplained variation in the data) were
obtained. The coefficients of the ARIMA model were then input into an ARIMA
forecasting routine that uses the most recent historical data and the coeffi-
cients to generate forecasts for specified foretasting periods.

The forecasts generated by the ARIMA forecasting model predicted that the
load factor for Anchorage over the next 30 years would increase from 0.56 to
0.66, whereas the load factor for Fairbanks would decrease from 0.51 to 0.42.
However, project resources were insufficient to permit validation and refine-
ment of the ARIMA coefficients and the resulting forecasts. In addition,
qualitative analysis of the factors influencing lToad factors does not support

the conclusion that Fairbanks load factors are likely to decline over time.(a)

Qualitative Analysis Of Load Factors

Although peak load forecasting has received a substantial amount of
research attention, the relationship between peak loads and average energy

(a) Whether the load factor is computed on a monthly basis, as in Table 11.3,
or on an annual basis, as in Table 13.2 it appears that Fairbanks' load
factor is increasing slightly. In any event, 0.42 appears unrealistically
low. Note also that simple trend analysis showed opposite results.
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demands has not received the same degree of attention. Locating research
lTiterature on the relationship between peak loads and average loads and on the
factors that influence this relationship proved to be a difficult task. In
addition, it is questionable how applicable the results of studies from other

areas are to the Railbelt because of the unique characteristics of the area and

the fact that load factors tend to be unique ‘to each utility system.

The following discussion represents an attempt to synthesize available
information into a useful form for evaluating potential changes in Anchorage
and Fairbanks load factors. Much of the discussion is somewhat subjective, and
empirical results on these topics are unavailable. Consequently, there was not
a strong enough basis for concluding that load factors will change substan-
tially from present levels in the major load centers of the Railbelt.

Impacts of Changes in the Customer Load Mix on the Load Factor

The customer mix, which can be measured by the proportion of total power
demands comprised by the residential, commercial and industrial sectors, is a

crucial factor in determining the load factor of an electrical service area,

The analysis of power demands by customer is important. If it could be
demonstrated that the demands of particular customer classes are the primary
cause of Railbelt system peak demands and that changes in the current mix of
customer demands are likely to occu; in the future, future changes in the Rail-

belt system Toad factor could be evaluated.

In general, residential power demands have the greatest degree of vari-
ation both by time of day and by season of the year., Commercial power demands
demonstrate slightly Tess variation over time. Industrial power demands are

the most constant type of power demand over time.

A typical Lower 48 load pattern for residential, commercial, and indus-
trial customers on a peak day is shown by a daily load profile in the Pacific
Northwest in Figure 11.2. Note the substantial amount of variation in residen-
tial power demands by time of day relative to other sectors. The pattern of
demand illustrated in Figure 11.2 is typical for most utilities,
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since sectoral Toad patterns in most utility service areas will reveal substan-

tially greater variation in residential loads over-time than for other sectors.

Nata on load patterns by type of customer in Alaska were not available.
However, a limited amount of data on total utility system loads was avail-
able. An analysis of these data shows that highest power demands in Alaska
occur in the Tate afternoon and early evening. This is illustrated by the data
presented in Table 11.4 for two peak days during the winter of 1981-1982,

TABLE 11.4. Time Period of Peak Dem n?s in
Anchorage and Fairbanks

Time Period of Peak Demand
Service Area December 29, 1981 January 2, 1982

Anchorage(b) 4 p.m. 5 p.m.

Fairbanks!c) 4 p.m. 5 p.m.

(a) Source: Memorandum from Myles C. Yerkes of the
Alaska Power Authority to the Committee on Load
Forecasts and Generation, Alaska Systems Coordi-

. nating Council.

(b) Includes Anchorage Municipal Power and Light and
Chugach Electric Association.

(c) Includes Fairbanks Municipal and Fo1den Valley
Electric Association.

The Tate afternoon timing of the occurrence of peak demand in the Railbelt
generally indicates that both residential and commercial demands are Tikely to
be important in determining the occurrence of peak demand. Thus, it does not
appear that the load factor of the Alaska power system would be particularly
sensitive to changes in the relative mix of residential and commercial power.

The percentages of total Railbelt forecasted power consumption comprised
by individual sectors for various future time periods are presented in Table
11.5. The information presented in this table demonstrates that in the case
examined there is no clear trend in the share relationship between commercial
and residential demand. Thus, even if Railbelt residential and commercial use
had different load patterns, it is not clear that this would result in any
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TABLE 11.5. Percentages of Total Forecasted Railbelt
Electrical Consumption Com€rgsed by
Individual Customer Sector‘@

: Anchorage Fairbanks
Year Residential Commercial Residential Commercial
1980 52.8 47.2 44.8 . 55.0
1990 49,1 51.9 49.2 50.8
2000 47.9 52.1 51.8 18.2
2010 46.1 53.9 51.4 48 .6

(a) Sectors add to 100% (excludes miscellaneous and
industrial demand).
Source: RED Model Run, Case HE6--FERC 0% Real
.Growth in Price of 0il.

clear trend in system Toad factor. Industrial demand could change the load
factor, but industrial demand is handled separaté]y in RED (see Section 10.0).

Impacts of Conservation on the Load Factor

v Future conservation efforts in the Railbelt have the potential to improve
the annual system load factor by reducing winter electrical demands by a
greater amount than average electrical demands. The residential energy conser-
vation measures that are most likely to be included in Alaska's 1ong -term
energy conservation program are presented in Table 11.6.

TABLE 11.6. Conservation Measures Most Likely to be
Imp]ement?d in the Residential Sector
of Alaska‘@

Measure ' Level
Ceiling Insulation R=38
Wall Insulation R-11
Glass vb ' _ Storm Window Installation
Weatherstripping Doors and windows
Water Heater Improvement Blankets and Wraps

(a) Source: 1983 Alaska Long-Term Energy Plan
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The measures listed in Table 11.6 are generally related to the overall
goal of improving thermal energy efficiency in the residential sector. Thus,
one would expect that the implementation of most of these conservation measures
would result in greater enerygy demand reductions in the winter than the average
demand reduction for the entire year,

However, it should be noted that electricity is used for space heating in
only a small percentage of the Railbelt's residences and businesses. Thus, the
impact of improvements in thermal efficiency on the total electrical power
system load factor may not be 1arge.(a)

Electrical demands for lighting are probably the major causal factor in
creating the large disparity between peak and average electrical demands in
Alaska. Currently, according to the 1983 Alaska's Long-Term Energy Plan,

- lighting is not targeted as an area for future conservation efforts in

Alaska. MWithout a sustained conservation effort in lighting, it appears
unlikely that conservation will result in a significant change in the annual
ioad factor in the Railbelt. -

In summary, it appears that future conservation efforts in the Railbelt
will result in positive, but very small, improvements in the power system load
factors. A successful program to increase lighting energy efficiency could

significantly increase the positive impacts of conservation upon the system
load factor.

Load Center Diversity

The diversity in the timing of peak electrical demands is important in
determining how changes in demand will affect the system load factor. The
impacts of demand diversity between Fairbanks and Anchorage will be particu-
larly important after the two load centers are intertied in 1984,

(a) Note also {from Section 5.0) that the incremental electric fuel mode split
in space and water heat for the Anchorage service area is very low. This
means that over time the measures shown in Table 11.6 will grow less and
less effective in saving electricity, other things being equal.
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Data on demaﬁd diversity among customer classes in Alaska were not avail-
able. A Timited amount of data on demand diversity among unti]itiés was avail-
able. These data, collected by the Alaska Systems Coordinating Council (Yerkes

1982), reveals that the diversity among utilities in the timing of peak demands
is not great. The ratio of the highest peak demand for the Alaska power system
as a whole (the coincident peak) to sum of the peaks for the individual utili-

ties {(the noncoincident peak) was 0.98 for selected peak days in December, 1981
and January, 1982.

This high coincidence factor, which equates to a Tow level of diversity
among the various utilities in the timing of peak demands, implies that future
shifts in the mix of demand among the various load centers will have little
impact on overall peak demand. A primary cause of peak power demands that
occurs in Alaska is high-pressure Arctic weather systems that generally tend to
increase the demand for electric power in almost all areas of Alaska. Thus,
diversity in demand among utilities has little impact on total system peak
demand, although more reseérch would be necessary to reach the same conclusion
for the various customer classes.
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12.0 MODEL VALIDATION

The purpose of a model validatien is to assess the accuracy and plausi-
pility of the model's forecasts. In engineering or physical systems, this can
be accomplished via controlled experiments, where a system-can be character-
ized, simulated, and compared to experimental results.

Unfortunately, demand forecasting models attempt to describe the inter-
actions of physical systems, individuals, and the environment. It is impos-
sible, therefore, to conduct the type of validation that typically accompanies
physical science models. |

Validation of integrated economic/engineering models typically consists of
two tests: the ability of the model "come close" to historical figures when
the actual inputs are used, and the "reasonableness" of the forecasts. This
section applies both of these tests to the RED model.

ASSESSMENT OF RED'S ACCURACY

In order to assess the accuracy of a simulation model, the usual procedure
is to substitute historical values for the inputs or "drivers” of the model,

produce a backcast, and compare the predicted and actual values. . Unfortun-

~ately, the period for which this type of exercise can be produced is relatively

brief.

End-use forcasting models are very data intensive, and RED is no excep-

- tion. Much of the data necessary to run the model (including fuel mode split

and appliance saturations) required a primary survey of the population. His-
torical data for fhese critical pérameters is incomplete; therefore, the
accuracy tests which can be performed on the model are limited.

A partial validation of RED's accuracy, therefore, was performed by taking
the Tinearly interpolated forecast values from the case.

The linearly 1nterpo1ated forecasts were then compared with the actual

consumption levels in 1982, Table 12.1 presents a cross tabulation of these
values.
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TABLE 12.1. Comparison of Actual Base Case, and Backcast Electricity

Consumption {GWh) 1982

Residential
Business(@)
Other
Total

‘Anchorage-Cook Inlet

Fairbanks-Tanana Valley

Actual

Base(b)

Case

Backcast Actual

Base(bj
Case

Backcast

1,146
1,072

23
2,241

1,060
1,118

25
2,203

1,097
1,170

23
2,290

178
269

5
452

205

243
7
455

208
254

6
468

% Difference from Actual -- -1.7% 2.2% 0.6%

{(a) Including Industrial Demand.
(b) Sherman Clark No Supply Disruption. This value is a linear interpolation
between the 1980 and 1985 forecast values.

~ Even though RED is designed to be a long-run model, it produces an inter-
polated forecast with an error of only 0.6% in Fairbanks, and an error of only
-1.7% in Anchorage when compared to actual data in the most recent year avail-
able. '

The model was also run using best estimates of 1982 economi ¢ drivers and
fuel prices.shown in Table 12.2. These results are shown in Table 12.1 as the
Backcast case. The results are also very close to the actual values in most
cases for the individual sectors; the forecast of total consumption was within

3.5% of the actual value in both load centers. Given that the model is a long

run model, that forecasts of actual households and employment and to be used in

place of unknown actual data, and that the 1980 fuel mode splits, appliance
saturations, and use rates had to be used in place of 1982 values (which are

not available) the backcast performance for 1982 is very good.

The remaining discrepencies in the forecasts for the individual sectors
appear to be related to the quality of the TnputAdata. In general, however,
there are insufficient data available to determine whether the “actual" eco-
nomic data are correct until about two to three years after the fact. Alaska
"actual" data periodically undergo substantial revision. Therefore, the per-
formance of. individual sectors for a short-term forecast of this type should

12.2
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TABLE 12.2. 1982 Values of Input Variables

Anchorage Fairbanks-
Cook-Intet Tanana Valley
Households'a) 83,677 22,922
Employmenttd) 120,533 33,500
Flectricity Prices ($/kuh)(b)
Residential ' 0.45 -.100
Business 0.42 095
Natural Gas Prices' ($/mcf)(b)
Residential 1.84 12.53(¢)
Business 1.61 11.08
Fuel 0il1 Prices (S/ga]]on)(b)
Residential 1.19 1.21
- Business 1.12 1.17

(a) Forecasts by MAP model for Sherman Clark NSD case. Consis-
tent estimates of households and total employ-
ment are not available for 1982 from official sources.

(b) A1l prices are in nominal dollars.

(¢) Propane price.

considered less important than the forecasts' long-term plausibility.The next

subsection covers the subject of long-term plausibility of the forecasts.

REASONABLENESS OF THE FORECASTS .

In order to test the reasonableness of RED's long-term forecasts, we coin-
pared the base case used in the 1983 update with three comparable lTong-term
forecasts. The three forecasts were: forecasts by Pacific Northwest Power
Planning Council (PNPPC) and Bonneville Power Administration for the Pacific
Northwest, an area with large electric space heat loads and rising prices; and
a forecast by Wisconsin Electric Power Company (WEPCO) for Wisconsin and Upper
Michigan, an area with relatively stable electric prices and low electric space
heat penetration. The intent was to compare forecasts from areas similar to
the Railbelt Region. The Pacific Northwest forecasts were selected because of
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the lTow electricity prices the region shares with the Anchorage load center,
while the Wisconsin area closely corresponds to the climate and fuel mode split
exhibited in the Railbeit.

The Pacific Northwest Power Planning Council created by an act of Congress
to coordinate and direct acquisition of generation resources in the Pacific
Northwest, prepared a twenty-year forecast of electricity demand in the North-
west. VPNPPC modelled four alternate load growth scenarios (low, medium Tow,
medium high, and high) for the purposes of generation planning. We chose the
medium high scenario for comparison becauyse it corresponds more closely to the
economic conditions expected to occur in the Railbelt. |

The Bonneville Power Administration {BPA) is the marketer of all federal
power in the Pacific Northwest. BPA, due to its adversarial relationship with
the PNPPC, recently completed construction of their own forecasting tools. We
chose to examine BPA's medium scenario as it represents their assessment of the
most probable situation.

The Wisconsin Electric Power Company markets power to Milwaukee-Kenosha-
Racine Standard Metropoiitan Statistical Area, plus selected counties in cen-
tral and northern Wisconsin and upper Michigan. Unlike the two Pacific North=
west organizations, WEPCO markets to a service area with relatively little
electric space heating. As in the southern Railbelt, the primary fuel source
is natural gas, with electricity supplying only 4 to 5'percent of total energy
used. Consequently, there are fewer the opportunities for savings of electric
energy in conservation of building heat than exist in the Pacific Northwest.

In contrast to the Pacific Northwest, where annual residential electric
consumption in 1980 averaged 17,260 kWh per household, and 11,000 to 13,000 in
the Railbelt WEPCO customers averaged 7,240. The fact that the electric load
in the WEPCO area is mostly not related to the thermal shell of the building is
reflected in the much higher growth rates of electricity consumption than in
the Pacific Northwest or the Railbelt. This increasing power forecast is also
caused by the assumption by WEPCO that electricity rates would rise at only 0.3
percent per year in real terms through the end of the century, much less than
in the Pacific Northwest or the Railbelt. In WEPCO's service area, it was
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assumed electricity would capture a high (40-65 percent) share of new

residential units due to its projected cost advantage over oil and gas.

Table 12.3 presents a decomposition of two commonly used metrics for the
BPA, PNPPC, WEPCQ and RED forecasts: the annual growth rate in use per _
employee and use per household. The RED forecasts both exhibit higher growth
rates than either of the Pacific Northwest forecasts, but Tower than the rates
in the WEPCO forecast.

TABLE 12.3. Comparison of Recent Forecasts, 1980-2000

Average Percent Average Percent
Growth Rate, Growth Rate

Use Per Household Use Per Employee
Pacific Northwest Power Council - .64 | 14
Bonneville Power Administration -.h4 . =31
Wisconsin Electric Power Company(a) 1.41 3.97

RED

Anchorage -.36 _ 1.04
Fairbanks 0.98 0.93

(a) For Wisconsin Electric Power Company, the residential forecast is use
per customer.

This is the expected relationship of the forecasts. The BPA and PNPPC
forecasts assume vigorous conservation programs.and rising electricity prices
in a region characterized by high market penetration of electric space heat and
water heat in both the residential and commercial sector. Furthermore, because
Pacific Northwest electricity prices have been low historically, there are many
opportunities available for cheaply saving large amounts of electricity. In
contrast, the Railbelt and WEPCO regions do not have as many inexpensive
opportunities to save large amounts of power, since most thermal requirements
are being met_wfth natural gas. Furthermore, the rate of increase in
electricity prices is expected to remain low in the WEPCO region, reducing
incentives to conserve. The RED forecasts occupy a middle ground,‘both in
terms of base year consumption and in terms of the rate of increase in
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consumption. With moderate rates of electricity price increases and fewer
inexpensive conservation opportunities, RED shows 1owef rates of conservatian
than the Pacific Northwest., In comparison with the WEPCO area, the Railbelt is
_expected to have a declining electric share in sbace heat and water heat, so
the rate of increase in use per customer would be less. In addition, since
Railbelt customers on the average use more electricity than WEPCO customers and
are facing higher projected rates of electricity price increases, the
forecasted rate of increase in the rate of electricity consumption should be
Tower. Based on this comparison, the results of the RED forecast, therefore,
seem to be in line with what other forecasters are predicting.
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13.0 MISCELLANEOUS TABLES

Abbreviations Used

- APA
~ APST
AP Admin
CEA
GVEA
GWH
HEA
kWh
KVa
MEA
MW
MWH
FMUS
SES
SQ FT

Alaska Power Authority

Alaska Power and Telephone (TOK)

Alaska Power Administration

Chugach Electric Association

Golden Valley Electric Association

Gigawatt Hour

Homer Electric Association
Kilowatt Hour

Kilovolt

Matanuska Electric Association

Megawatt
Megawatt Hour

Fairbanks Municipal Utility System

Seward Electric System
Square Foot
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TABLE 13.1. MNumber of Year-Round Housing Units by Type,
Railbelt Load Centers, Selected Years

Single Mobile
Family  Duplex Multifamily Home Total

Anchorage-Cook Inlet Load Center: o
3,325 964 1,128 202 5,619

(urban)1950(Aa)
1960(b) 19,195 1,552 8.033 1,783 30.563
1970(¢) 21,935 3,981 14259 6,403  46.573
1980(d) 40,562 8,949 27980 10,211 87,702
1982(e 47)610  9.899 31,893 11,379 100,781

‘Fairbanks-Tanana Valley Load Center:

(Urban) 1950%2) 1,295 166 352 2 1,815
1960(D) 6.527 671 4 547 853  12.598
1970(¢) 5.335 1,068 6.072 1,254 13,729
1980 g) 10,873 2.512 8607 2175 24167
1982'¢@ 12,218 2.551 8,927 2193 25.889

Railbelt:
1950(g) 4,620 1,130 1,480 204 7,434
1960(P) 25.722  2.223 12580 2,636 43161
1970(¢) 27,270 5.049 20,331 7,657 60,307

1980(4) 51435 11,461 36,587 12°386 111,869

1982t@ 59,828 12,450 20,820 13,572 126,670

(A) Excludes Kenai-Cook Inlet Census Division, Seward Census Division,
Matanuska-Susitna Census Division. _

(a) U.S. Department of Commerce Census of Housing 1950; A]aska General

-~ Characteristics, Table 14. These are all dwelling units. '

(b) U.S. Department of Commerce Census of Housing 1960: Alaska, Table 28.
These are all housing units.

(c) U.S. Department of Commerce Census of Housing 1970: Alaska, Table 62.
These are all year-round housing units.

(d) U.S. Department of Commerce Census of Housing, 1980: STF3 data tapes.
A1l year-round housing-units.

(e) 1980 Census, plus estimated 1980-1982 construction from Mr. Al Robinson,
economist, U.S. Department of Housing and Urban Development, Anchorage.
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TABLE 13.2. Railbelt Area Utility Total Energy and.System Peak Demand

1965

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982

Anchorage-Cook Inlet:

Fairbanks-Tanana Valley

Annual Peak LoadA Annual Peak Load
Energy (GWh) Demand (MW) Factor Energy {GWh) Demand (MW) Factor
369 82.1 0.51 98 24.6 0.45
415 93.2 0.51 108* 26.7. 0.46
461 100.8 0.52 NA NA NA
519 118.0 0.50 141% 42.7 D.38
537 124.4 0.54 170% 45.6 0.43
684 152.5 0.51 213 57.1 0.43
797 166.5 0.55 251* 70.6 0.41
906 195.4 0.53 262 71.2 0.42
1,010 211.5 0.55 290 71.5 0.46
1,086 225.9 0.55 322 89.0 0.41
1,270 311.7 0.47 413 108.8 0.43
1,463 311.0 0.56 423 101.0 0.48
1,603 375.4 0.49 447 117.5 0.43
1,747 382.8 0.52 432 95.8 0.51
1,821 409.6 0.51 418 100.7 0.47
1,940 444 .4 0.50 402 95.4 0.48
2,005 444,7 0.51 422 93.1 0.52
2,254 471.7 452 94 .4 0.55

0.55 -
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TABLE 13.3. Anchorage-Cook Inlet Load Center Utility Sales and
Sales Per Customer, 1965-1981

Residential Commercial-Industrial-Government

Sales . Sales Per Sales Sales Per

(GWH)  Customers Customer (kWh) (GWH)  Customers Customer {kih)
1965 174 27,016 6,425 189 3,994 - 47,235
1966 194 28,028 6,937 215 4,147 - 51,909
1967 208 30,028 65,941 241 4,363 55,206
1968 233 34,443 6,766 277 4,804 57,715
1969 262 37,653 6,971 316 5,125 61,656
1970 309 41,151 7,517 363 5,784 62,713
1971 369 43,486 8,487 415 6,006 69,057
1972 419 47,707 8,788 473 6,420 73,704
1973 457 49 433 9,239 539 6,693 80,557
1974 494 54,606 9,044 577 7,232 79,791
1975 592 58,326 10,147 659 7,750 85,073
1976 675 62,413 10,817 769 8,789 87,598
1977 739 71,275 10,375 846 9,860 85,753
1978 841 76,999 10,928 884 10,219 - 86,542
1979 845 76,494 11,047 878 10,368 84 ,684
1980 936¢2) 77,743 12,040 1,002(8) 10,629 94,270
1981 916(® 80,089 11,437 1,030¢0) 11,021 93,458
Annual Growth
Rate 1965-81

10.9% 7.0% 3.7%  11.2% 6.5% L 4.4y

{a) 1979 data used for SES.
(b) Based on 1980 MEA, 1979 SES data.
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TABLE 13.4. Fairbanks-Tanana Valley Load Center Utility Sales
and Sales per Customer, 1965-1981

Residential Commercial-Industrial-Government
Sales Sales Per Sales Sales Per
(GWH) Customers Customer (kWh) { G¥n) Customers Customer {(kiWh)
1965 39 8183 4,804 55.198 1,313 41,880
1966 47 8170 5,712 59.376 1,467 40,474
1967 NA NA NA NA NA NA
1968 61 9,344 6,569 . 77.906 1,469 53,033
13969 77 10,023 7,672 91.212 1,579 57,766
1970 91 10,756 8,418 118.560 1,388 62,797
1971 106 11,184 9,515 133.056 1,929 68,977
1972 121 11,487 10,529 135.873 2,002 67,369
1973 133 11,825 11,233 150.823 2,054 73,429
1974 154 13,261 11,500 161.615 2,242 72,085
1975 - 190 13,877 13,719 210,759 2,342 89,991
1976 v194 15,419 12,561 219.175 2,530 86,630
1977 198 17,197 11,500 240.463 2,834 84,849
1978 178 17,524 10,153 242 .668 2,354 35,027
1979 169 18,070 9,344 219.335 2,795(8) 73,474
1980 160 18,054 8,390 214.263 2,737 78,283
1981 159 19,379 8,219 224,354 2,942 76,259
Annual Growth
Rate 1965-81
9.2% 5.5 3.4 9.2% 5.1 3.8

{a) Includes 1979 estimated 70 customers for AP&T.
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TABLE 13.5. Adjustment for Industrial Load Anchorage-Cook Inlet, 1973-1981

Total Achorage Homer Electric MW Anchorage Anchorage
Comm- Ind-Govt MWH Demand Industrial Load(a “"Commercial” Sq Ft.(b)
1973 540,476 56,130 484 ,346
1374 579,068 58,298 520,770 29,660,900
1975 661,192 62,806 598,386 33,471,800
1976 771,054 72,063 698,991 37,049,300
1977 846,939 83,989 . 762,950 39,618,900
1978 896,072 82,984 813,088 41,440,000
1979 904,851 87,955 816,396 42,733,300
1980 988,957 99,103 889,854 44,042,700
1981 1,030,753130,318 900,435 44 817,400
MWH Use/Sq Ft. kWn/SQ FT %\ From Previous Yr
1973 0.0179 17.9 -
1974 0.0176 17.6 -1.7
1975 0.0179 17.9 1.7
1976 0.0189 18.9 5.6
1977 0.0193 19.3 2.1
1978 0.0196 19.6 1.6
1979 0.0191 19.1 -2.6
1980 0.0202 20.2 5.8
1981 0.0201 20.1 -0.5

(a) Commercial-Industrial Load over 50 KVA {commercial users included)
(b) Predicted value. See Chapter 6.0.
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APPENDIX A

BATTELLE-NORTHWEST RESIDENTIAL SURVEY

To calibrate an end-use model of electricity demand, the initial number of
appliances that use electricity must be known., At the time the RED model was
undergoing initial development (1981), there was no adequate information
available in the Railbelt concerning either residential appliance stock and
fuel mode split or uses of electricity in the commercial sector. While it did
not appear possible to collect significant useful information on the commercial
sector within project resource constraints, BNW researchers concluded that a
residential survey was both possible and desirable. This initial evaluation
was reinforced when it became clear that data would not be available from the
1980 Census of Housing on detailed housing characteristics until 1982 at the
earliest, and that reporting on appliances would be Tess complete than in
1970. Accordingly, plans were made to survey the residential sector.

Although a 1ot of new information of good quality was developed in the
survey, there were several constraints on the survey process. First, the
resources available to design, test, run, and analyze the survey were extremely
1imited. This precluded in-person interviews, large samples, or follow-up of
non-respondents. Second, it was not possib1e to stratify the survey sample,
both because there was no accurate information on types of dwellings in any
Railbelt community except Anchorage and because utility customers could not be
matched to dwelling types or demographic characteristics. To conserve project
resources for analysis, we chose to do a blind mailing of the survey instrument
with no follow-up to random samples of each utility's residential customers.
Where possible, the random mailings were done by the utilities themselves.
Where Battelle-Northwest did the mailings, random subsets of customers or
complete customers 1ists were supplied by the utilities to Battelle-Northwest.
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SURVEY DESIGN

Because budget Timitations precluded follow-up interviewing as a means to
improve survey response rate and to check errors, it was very important to have
a survey fnstrument that required minimal respondent effort and time, gathered
only the Teast controversial and highest priority information, and was easy to
understand. Questions considered controversial items (income), questions
difficult to understand (insulation values or energy efficiency of appliances),
and questions requiring substantial respondent effort (estimates of annual
electrical bills) were dropped. The highest priority questions concerning
appliance stock and fuel mode split were retained. A draft of the question-
naire was sent to the Railbelt utilities and other interested parties in
Alaska, and was reviewed by several senior Battelle-Northwest researchers.
Based on their comments and the results of a pretest with uncoached clerical
staff, the questionnaire was simplified to the point that it required the
average test respondent only two to five minutes to answer all questions. A
copy of the survey form is shown in Figure A.l.

SAMPLE SIZE AND COMPOSITION

Because of the high labor costs of selecting respondents, addressing the
mailings, and key punching and verifying the survey results, it was decided
that an acceptable level of accuracy for survey results would be plus or minus
6 percent with 95 percent confidence on the entire sample for a load center,

In order to obtain utility cooperation in mailing the questionnaire, we
considered it necessary to achieve this level of accuracy for each utility's
service area to provide them with usable data. Thus, accuracy of survey
results for 1oad centers that contain more than one utility is somewhat greater
than the sampling error for each utility would suggest. Because of the care
taken in survey design to maximize response rate, we believed that an average
response rate of 50 percent was possible with no follow up. The desired number
of respondents was therefore doubled to obtain the number of mailings in each
utility service area. A total of 4,000 gquestionnaires were sent to the respon-
dents, of which 1764 usable responses were received, for an average response
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Pacific Northwest Laboratories
P.O. Box 99%

Richland, Washington U.5.A, 99352
Telephone (509)

Telex 15-2874

Alaska Rajlbelt Eleetric Power Alternatives Study
Dear Alaskan:

Battelle, Pacific Northwest Laboratories is working under contract to the
State of Alaska to help determine the future needs for electricity in the
Railbelt Region, and the best way to meet those needs.

Many individuals believe that the Susitna hydroelectric power project is
the best way. Others think that these needs can be better met by employing
coal, conservation, or some other means. First, however, we need to estimate
future electric energy needs in the Railbelt. We can only do this properly if
we know how people in the region use electricity.

That's where you can help us.

Please take a few minutes to complete the questionnaire on the other side--
it is only one page long and will take onily 5 minutes or so to answer.

Why should you help? First, the information you provide will be vital in
decisions your state government will make over the next year and a half to
build or not build the Susitna project. Either way, your electricity bill will
be affected. Second, whether or not the Susitna project is built, the
confidential information you provide will help your local utility plan ways in
which to meet your future electricity needs. ,

Since this is an issue of such importance to you and Alaska, every response
is vital. A1l responses will be strictly confidential. There will be no way
anyone can tell who you are from your response. The results of this survey
will be published in your local newspaper.

Please respond as accurately as you can. Thank you for your cooperation.

Sincerely,

Michael J. King
Research Economist

P.S. In order for us to consider your response, you will need to return the
questionnaire within three weeks. For your convenience, you will find a
postage paid envelope enclosed.

FIGURE A.1. Battelle-Northwest Survey Form
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Please complete the following questlonnaire and return It in the enclose&
envelope, [f you have already completed and returned a questionnaire, please
disregard this request,

1. uhat type of building do you reside in?
() single family home ) duplex
() mobile home () multifamily (3 or more units)

2. MNumber of persons in your household (please respond In each category):

Adults 18+ Children 6-18 Children Under §
0 1 7 3 fdormore 0 1 2 Jormore ©0 ) 2 3 4 ornore
0O 0 00 () O 00 0 OO0 00 )

3. How many rooms are in your residence? How many bedrooms?

4. Approximate square feet of liviag space (Just your estimate):

less than 700 1601-2000
701-1000 2001 -2400
1001-1300 greater than 2400
1301-1600

5. In what year was your house (building) built? (Just your estimate)

before 1950
1950-1959
1960-1969

() 1970-1974
() 1975-1980

6. What is the main fuel used for heating your homel

natural gas () electricity
propane-butane {} coal or cake
fuel oil, kerosene, or coal oil wood

solar collectors

district heating system
passive solar {check one:

() south facing windows () custom solar design)

——r— o p— p—
e S et 2t

7. 1la addition to your main fuel, what additional fuels do you use to heat

your home?
{) none i electricity
() natural gas coal or coke
() propane-butane (} wood
() fuel o1l, kerosene, or coal oil () district heating
() solar collectors
() passive solar (check one: () south facing windows () custom solar design)

FIGURE A.1.

-8. what. proportion of your heating needs are wet by:

0-1/4  1/8-1/2  1/2-3/4  3/4-all
main fuel 0 () 9] ()
second fuel 0 () 0 0
other fuels () 0 0 ()

9. What type of heating distribution system do you use?

() forced air () radiant or convection ()} hot water or steam.

10. Please Indicate the fuel your appliances use:
>

—

g X °
" (¢ ] ::‘u
Efg o
* 4 5,833 5 =2 b
8 < 2235 § 8 S o8

water heater O O 0 0 0 0 0 0

range/stove 0O o 0 0 0

sauna/jacuzzi/etc. 0O 0 (0

clothes dryer () () 0O O

clothes washer (0 O

freezer () ()

dishwasher 0 0

11. Do you have an electric refrl?eralor? () yes () no
If yes, is it frost freet ) yes () no

12. If you use plug-ins for vehicles: »
How many vehicles do you usually plug-in? () 1 () 2 () 3 or more

Do you plug the vehicle(s) in: () overnight () just 1n the morning?
At approximately what temperature do you start plugging them in

13. The uses described above are for my:

() primary residence () second or vacation home.

(contd)



rate of 44,1 percent., Table A.l shows the total number of residential
customers in each utility, the number and percent surveyed, the number and
percent responding.

RESIDENTIAL

TABLE A.1, Customers, Number Surveyed, and Respondents for
the Residential Survey Battelle-Northwest

1980 Year End Customers Surveyed  Customers Responding

Uti]itx(a) customers®)  number Percent  Number Percent
Chugach Electric (CEA) 42 567 530 1.2 222 41.9
Anchorage Municipal (AMPL) 13,744 522 3.8 214 41.0
Seward Electric {SES) 1,090 424 38.9 185 43.6
Homer Electric {(HEA) 8,620 518 6.0 © 249 48,1
Matanuska Electric (MEA) 11,722 520 4.4 268 51.5
Goblen Valley (GVEA) 13,591 524 3.9 ' 252 - 55.0
Fairbanks Municipal (FMUS) 4,363 504 11.3 156 31.0
opper Velley fa) wrws  wom 4T T T
Total Used 97,385 4,000 4.1 1,764 44,1

(a) CVEA is not part of the interconnected Railbelt, since it serves
Glennallen and Valdez. This utility and load center were eventually
dropped from the analysis.

(b) Source: Alaska Power Administration. 1979 customer totals were used for
CVEA, HEA, and GVEA. Residential customers only.

MAILING PROCESS AND COLLECTION OF RESULTS

The survey gquestionnaire was administered in one of three ways. In some
cases the utilities randomly selected a 1ist of residential customers and
performed the mailing. In these cases, Battelle-Northwest provided the utility
an appropriate number of mailings, consisting of the questionnaire and pre-
stamped, self-addressed return envelope. To ensure confidentiality, the ques-
tionnaire was stamped only with the initials of the utility, providing identi-
fication of the service area. No other jidentification of the respondent was
possible from the survey form or the return envelope. When Battelle-Northwest
performed the mailings, the utilities provided either a random sample of
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customer addresses or their complete mailing 1list of residential customers,
from which a random sample was drawn. MNo known geographic bias was introduced
by the sampling technique. Finally, Fairbanks Municipal Utility System (FMUS)
provided neither a mailing 1ist nor mailing services to the project. 1In this
case, the Fairbanks telephone directory was used as a source of customer
addresses. Although an attempt was made to exclude addresses outside the City
of Fairbanks served by Golden Valley Electrical Association, unknown biases
were probably introduced into the Fairbanks sample by the sampling procedure.
The response rate was also signficantly lower for the FMUS sample.

As the survey forms were received, they were coded, keypunched and veri-
fied. The raw card image data file was recorded on magnetic tape and loaded
into an SPSS data file, organized by subfiles corresponding to each utility.
The results for each utility were weighted according to the total number of
residential customers in each load center in 1980, the last year's count
available at the time the file was assembled. The weights are shown in
Table A.2.

TABLEQA.Z; Weights Used in Battelle-Northwest Residential Survey

Utility Weight
Chugach 2.31
Anchorage Municipal 1.17
Seward Electric 06
Homer Electric .45
Matanuska Electric 5Hi
Golden Valley 1.21
Fairbanks Municipal .67
Copper Valley 1.00

QUTPUT

The output of the survey was organized in SPSS files and printed in
frequency distributions and standard SPSS CROSSTABS tables. An example of
typical output is shown in Figure A.2 for freezer saturation. In the figqure,
712 out of 807 Anchorage area single family households are shown to have
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STATISTICAL PACKAGE FOR THE SOCIAL SCIENCES 07728781

ot

FILE ENDUSE,.D (CREATION DATE = 0b6/17/81)
SUBFILE CEA AMLP SEA ‘ HEA MEA

¥ ¥ X X ¥ ¥ ¥ ¥ k¥ ¥ ¥ ¥ ¥ ¥ ¥ % %x % CROSSTABULATTIUGON 0O F ¥ ¥ ¥ x ¥
FF FREEZER FUEL BY TYPE
X ¥ X X ¥ X ¥ X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ X ¥ ¥ ¥ X ¥ ¥ ¥ ¥ ¥ K ¥ ¥k ¥ ¥ ¥ K ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ 1

TYPE
CUOUNT I
ROW PCT 1 SINGLE F MOBILE H DUPLEX MULTIFAM ROW
CoOL PCT 1 AMILY OME JLY TOTAL
TOT PCT .[ -lnI loI 2.1 3.1 401
FF mwmscvsnecsneace[ervmncws [revcecncsecneea e rmeme=—=]
-1, 1 0 I i6 I 0 I 11 1 20 1 67
MISSING 1 0.7 I 52.8 1 0.7 1 16,0 1 29,9 1 5.9
1 6.7 I 4.4 I 0.7 I 9.8 1 13,1 1
1 0.0 I 3.1 I 0.0 I 0.9 1 1.8 1
WL L AL ELE LD ALl Ll L LIl Ll
0, 1 1 I 59 1 3 1 26 1 37 1 126
DO NOT HAVE I 0.4 I 46.8 1 2,4 I 20,7 I 29,7 1 11.0

I 8.1 1 1.3 I 4.5 I 23.7 1 24.94 1
I 0.0 I 5.2 I 0.3 1 2.3 1 3.3 I
cleecnccnwn]cavrcanr[memrrerr e e n e e nna]

1, 1 b I 712 I 62 1 73 1 96 1 949

HAVE 1 v.6 I 75.1 1 6.5 1 7.7 I 10,1 1 43,1
I 85.2 1 88,3 I 94,8 I 66,5 I 62,5 I
1 0.5 I 62,4 I 5.4 I 6.4 I 8.4 I

-1---———-—I.--------I-‘-——-w-l--q—----I -------- I

COLUMN 7 807 65 110 153 1142
TOTAL 0.6 10,6 5.7 9.6 13.4 100.0
CHI SQUARE = 91.,30715 WITH 8 DEGREES OF FREEDUM SIGNLIF1ICANCE = 10,0000

FIGURE A.2. Saturation of Freezers in Anchorage-Cook Inlet Load Center

Figure Note: Subfiles for each surveyed utility were combined and weighted by weights
in Table A.2. Seven households were unidentified by type of house and were ignored.



freezers (missing values were counted as "do not have"). The computer shows
this as 88,3 percent saturation of single family households. This percentage
was used in Table 5.8, In practice, these computer estimates were usually
modified with professional Jjudgment; however the Battelle-Northwest survey
supplied the raw data on which the Judgment was made.
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APPENDIX 3B
CONSERVATION RESEARCH

The Railbelt area has 1imited ability to adopt conservation measures that
would result in large-scale electricity savings. According to Tillman (1983),
past conservation in load centers 1ike Fairbanks has been largely the result of
price increases for electricity. In addition, Railbelt utility managers
believe that future electrical conservation will be largely the result of
price, not conservation programs. The impact of conservation programs in the
Railbelt has been taken into account in the fuel mode splits, use rates, and
price effects incorporated in the 1983 update. In addition, selected conserva-
tion programs in the Lower 48 states were analyzed to determine if anything
could be learned about program impacts in the Railbelt. '

An attempt was made to compare conservation of electricity in the Railbelt
with conserVation effects as forecasted by four policy-making bodies elsewhere
in the United States. The goal was to obtain a range of potential energy sav-
ings due to price- and program-induced conservation and determine if such esti-
mates would be applicable {and to what degree) in Alaska. The four policy-
making bodies chosen were the Pacific Northwest Power Planning Council, the
Bonneville Power Administration, the California Energy Commission and the Wis-
consin Electric Power Company. The first three entities were chosen because
they represented regions in the Western U.S. and because conservation programs
played a signficant role in their regional planning., Wisconsin Electric Power
Company was chosen as an example of a utility in a colder climate where natural
gas was the predominant fuel source. However, Wisconsin has its peak demand
for electricity in the summer when natural gds cannot fuel air conditioning.

[t became clear upon examination of the various programs that direct com-
parison of the forecasts was not possible at the end-use level nor was it pos-

sible to compare the assumptions supporting the forecasts (e.g., heating/ cool-
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ing degree days, appliance standards, etc.). The following 1ist touches on
some of the differences among forecasts which made either direct or indirect
comparison difficult.

® Definitions of conservation differed.

Variables were not consistent across regions.
¢ Programs were not consistent across regions,

& Some documentation showed a lack of internal consistency in report-
ing values.

e One entity reported savings in peak capacity while the others
reported both capacity and energy forecasts.

@ Direct comparison of baseline, high, and low load growth scenarios
was not possible because of the level of conservation implied in the
forecasts; i.e., in a low demand case more conservation is assumed
than in the high demand case, or conservation instead may be assumed
in a sensitivity case.

& Savings could be projected either by program, or appliance, or end-
use sector.

In addition, each of the four Lower 48 entities quantifies the components
of conservation effects differently. The Northwest Power Council's approach is
to assume no change in technological efficiency; therefore, there is no price-
induced conservation, Conservation is treated as an energy resource. A
separate supply function (with price and program components) determines the
value of potential conservation. The difference between the forecast demand
and the supply function is the value of conservation potential. The program
and price components of the conservation increment cannot be readily sepa-

rated. Potential savings are reported at the appliance Tevel.

The California Energy Commission also forecasts a conservation increment
in which price and program shares are not easily discernible. Part of the
program-induced savings has been quantified and double counting of price-
induced conservation is subtracted by a 20% implicit reduction in savings
estimates. The Bonneville Power Administration forecast has both technological
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change and price response imbedded in their model, but only part of their pro-
gram-induced conservation is quantifiable.

The Wisconsin Electric Power Company lacks the more sophisticated end-use
models used by tne other three and focuses more on the peak demand savings
potential. Trend analysis driven by population projections is used to estimate
capacity Fequirements. There is some conservation implicit in the demand
growth estimated by the model. For example, air conditioning efficiency
improvements are assumed, and three “adjustments" are made to total demand for
rate structure reform, solar water heat, and solar space heat; but in generai,

only fragments of the conservation response are quantified.

The literature provides some idea of the energy use attributable to bud-
geted and proposed programs, however. The following subsection discusses the
separate definitions of conservation adopted by the four policy-making bodies,
the forecasts of program-induced energy savings, and the methods adopted to
avoid double counting of competing programs and double counting of price and
program effects. The last subsection looks at current estimates for Alaska and
determines whether the conservation program savings have relevance to A]askan
forecasts.

PACIFIC NORTHWEST POWER PLANNING COUNCIL

The Pacific Northwest Power Planning Council (PNPPC) was created in 1981
in accordance with the Pacific Northwest Electric Power Planning and Conserva-
tion Act (the Act) to encourage conservation and the development of renewable
resources in the Northwest and to assure an adequate and economical poWer sup=-
ply. Conservation is defined by the PNPPC as the more efficient use of elec-
tricity by the consumer throhgh replacing existing structures with electricity-
saving technologies or the use of new, more energy-efficient devices and pro-
cesses in the residential, commerical, industrial, and agricultural sectors.
The PNPPC assessments do not distinquish between price-induced conservation and
program-induced conservation. The forecast power supply estimates are based on
the high market penetration rates the PNPPC assumes for each conservation pro-
gram available under the Act. A conservation measure is assumed cost-effective
at costs below 4.0 cents per kilowatt-hour (roughly the cost of power from
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regional coal plants). Not all of the economically achievable savings can be
realized, however, due to constraints such as consumer resistance, quality con-
trol, and unforeseen technical problems. The PNPPC believes that given the
wide range of measures permitted by the Act, over 75% of the economically
achievable levels are possible (ranging from 56% for residential appliances to
100% in the industrial sector). Table B.l lists the 1ikely conservation sav-
ings at a cost equal to or less than 4.0 cents per kilowatt hours by the year
2000. Most of the savings in the residential sector come from building shell
or hot water tank improvements., Electricity has a larger share of space and
water heating loads in the PNPPC region than it does in the Railbelt. Thus,
many of the conservation savings of electricity in the PNPPC could not be
achieved in the Railbelt.

The PNPPC decided that all technically achievable conservation estimated
for the industrial sector could be realized since the savings represented less
then 10% of the region's current industrial electricity demand. This level was
considered a reasonable goal for the industrial sector.

Including all conservation along with other available resource choices can
avoid double counting of conservation induced by prices in the demand model and
conservation counted as potential resources on the supply side. This implies
that price-induced efficiency improvements within the end-use sectors and elec-
tricity uses where conservation programs are proposed are included in resource
potential, not demand reductions. In the residential and commercial sectors
technology efficiencies were frozen at 1983 levels so that the PNPPC models
forecast future energy use as if no efficiency improvements were made. Unfor-
tunately, once a conservation program or measure is available, savings in
response to price changes cannot be separated from those derived from the pro-
gram. Running the PNPPC demand model for individual programs will quantify the
impact for each measure under a given fuel price and supply scenario.

BONNEVILLE POWER ADMINISTRATION

The Bonneville Power Administration (BPA) supplies about half of the elec-
tric power production in the Pacific Northwest. Its service area is
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TABLE B.l. PNPPC Likely Conservation Potential at 4.0
Cents/kWh by the Year 2000

Residential (kWh/household)

Existing Space Heat 854
New Space Heat 1404
Water Heating 1364
Air Conditioning 0
Refrigerators 259
Freezers 108
Cooking ' 15
Lighting 150
Other 229

4383

Commercial (kWh/employee) (@)

Existing Structure 1199
New Structures 825

2024

Industrial (kWh/emp]oyée)(a)
$1000-3000 subsidy/kW 655-3282

(a) Includes federal, state and local government,
transportation, communication, pubiic utilities,
wholesale and retail trade, finance insurance,
real estate, services.

(b) Includes mining, manufacturing, and construction.
Source: Pacific Northwest Power Planning
Council, 1983.

roughly equivalent to the area covered by the PNPPC power planning efforts
(Oregon, Washington, Idaho, Western Montana). Long-range electricity demand
forecasts are made by BPA to assist in utility power planning. Projections are
expressed as a baseline case to which a]ternative cases are added for a high-
Tow range of electricity consumption. Forecasts made by BPA covering the
region defined by the Pacific Northwest Electric Power Planning and Conserva-
tion Act of 1980 (P.L. 96-501) were done primarily to assist regional decision
making until the publication of the PNPPC official 20-year energy forecast and
plan in the spring of 1983.
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BPA estimates of conservation potential savings include price~induced sav-
ings and savings from existing governmental, utility, and BPA conservation pro-
grams. Conservation programs that have yet to be initiated or budgeted are not
included. Some improvements in technology efficiencies are implicitly included
as part of the consumer price response.

The types of programs represented-By the base, Tow, and high forecasts
include the following:

® home energy efficiency improvement

® commercial energy efficiency improvement

@ street and area lighting efficjency improvement

@ ijnstitutional building efficiency improvement

utility customer service system efficiency improvement

support of direct application renewable resources projects.

The BPA currently sponsors weatherizing of electrically heated dwellings
(primarily retrofit of existing housing), wrapping electric water heaters,
encouraging the distribution and use of showér water flow restraints, and
insta]]ing_faucet flow control devices, 1ow-flow shower heads, and solar hot
water/heat pump water heater conversions. Table B.2 summarizes the savings

estimates by program for residential and commercial sectors. Currently, there-

are no budgeted programs in the Industrial sector.

BPA's Office of Conservation estimated the savings from conservation
measures that could not be explicitly modeled and subtracted that amount from
computed demand. To avoid double counting of price-induced conservaton, the
measure-specific savings were reduced by 20%. Again, most savings were found
in space conditioning and water heating.

CALIFORNIA ENERGY COMMISSION

The California Energy Commission (CEC) is required by the Warren-Alquist
Act of 1974 (Public Resources Code, Section 25309) to “identify emerging trends
related to energy supply demand and conservation and public health and safety
factors, to specify the level of statewide and service area electrical energy
demand for each year in the forthcoming 5-, 12-, and 20-year periods, and to
provide the basis for state policy and actions in relation thereto...". In
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TABLE B.2. BPA Budgeted Conservation Program Savings
(annual kWh savings by the year 2000)

Residential (kWh/household)

Region Wide Weatherization 4,933
Low Income Weatherization 4,933
Water Heater Wrap 435
Shower Flow Restrictor 400
Residential Flow Control
Shower Heads 600
Faucet Heads . 270
Solar/Heat Pump Water 2,200
13,771

Commercial (kWh/employee)(a)

Public
Heating ' 537
Cooling )
Water Heating 0
Lighting 36
Other 0
Private
Heating 916
Cooling 0
Water Heating 0
Lighting 43
Other 0

(a) Includes Tocal and state government, trans-
portation and utilities, trade, finances,
insurance, real estate, services and con-
struction. High growth figures were used
for total number of employees,

Source: Bonneville Power Administration.
1982a. Table 5.6 and Appendix II, Table

23.

B.7



compliance with the code, the CEC prepares a biennial report containing updated
energy supply/demand projections and a supplemental electricity report. Infor-

mation in this section reflects the fourth and most recent report (1983) in the
series,

The CEC has adopted the following definition of conservation.

“Conservation savings from local, utility, state, and Federal
programs in place or approved, and savings resulting from private
utilization of conservation measures in response to prices, and sav-
ings from programs on which analytical work is well advanced and for
which there is a substantial likelihood they will be in effect by
January 1985."

The code requires the CEC to include all conservation that is reasonably
expected to occur based on credible evidence within the framework provided by
their definition. Conservation programs and savings are categorized into three
classes: 1) conservation reasonably expected to occur, 2) additional achiev-
able conservation, and 3) conservation potential. Savings in Category 1 are
used to reduce the demand estimate. Those in Category 2 are considered to have
a moderate probability of occurring because of a higher uncertainty factor.
Category 3 includes both 1 and 2 and any other conservation thought to be cost
effective when compared to new generation sources. Al1l conservation savings
reasonably expected to occur must be included in the CEC's adopted forecast.
Quantifying additional achjevable conservation can help to establish new con-
servation programs. Table B.3 summarizes the savings reasonably expected to

occur for each program or measure, Table B.4 Tists the savings by end-use sec-
tor.

The CEC feels that because programs are the causative agent for many
measures adopted, forecasts should report savings by program. Double counting
of programs is eliminated by analyzing how specific conservation measures
affect end uses of energy and reconciling competing programs' influence on each
measure. A "sharing" structure is set up which includes effects of programs
and price fluctuations. Price- and program-induced conservation becomes "dis-
jointed." For example, in general the residential sector model does not have
price-induced savings from consumer choice of more efficient appliances,
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TABLE B.3. CEC Conservation Program E
Savings in the Year 2002

Sector
Residential

Existing Retrofit and
Programs

1975 HCD Building Standards:
1978 CEC Building Standards
1982 CEC Building Standards
1978 CEC Appliance

QII-42 Programs

Other Retrofit Programs

Load Management Cyciing

Commercial
1978 CEC Building Standards

1983 CEC Building Standards
1983 CEC Equipment Standards
Schools and Hospitals

Load Management Audits

Other Commercial

Industrial
1978 CEC Building Standards

(a

Demand{GWH)

391
2,292
644
5,108

6,069
301
1,160

15,965

323

lectricity

kWh/household

34
201
57
449
533

kWh/employee
549

99
97

97

(a) Reasonably expected to occur. Street lighting and agriculture sectors

excluded.

Source: California Energy Commission 1983, Table 3-1V-1,2,3. Household
and employment projections used were taken from U.S. Department of Com-
merce, Bureau of Economic Analysis, 1980 Regional Projections. Households
at 11,377,270: commercial employment at 10,950,677; industrial emplioyment

at 3,321,917.

B.9



TABLE B.4. CEC Potential Energy Savings by End-Use
Sector by the Year 2002

Sectaor GWh kWh/HH or employee
Residential 23,313 2,049
Commercial Bldg 12,849 1,173
Other Commercial 1,593 145
Street Lighting 983 86
Process Industry 0 0
Assembly Industry 4,985 1,501
Extraction Industry 0 0

Total 43,723 NA

Source: California Energy Commission, Volume I Technical Report, 1982,
Table 3-7. Agriculture not included.

but estimates savings based on mandatory standards. In the commercial sector,
CEC Toan management audits compete with price to motivate customers to make
efficiency improvements. However, as more programs are introduced this separa-
tion becomes more difficult. Once again, heavy reliance is placed on building
shell improvements to achieve conservation of electricity.

WISCONSIN ELECTRIC POWER COMPANY

The Wisconsin Electric Power Company (WEPC) is an investor-owned utility
serving the Milwaukee, Kenosha, and Racine Standard Metropolitan Areas, Central
and Northern Wisconsin, and the Upper Peninsula of Michigan. Wisconsin's pri-
mary fuel source (70%) has been natural gas since 1977. FElectricity accounts
for only 4 to 5% of total energy uséd. WEPC has adopted a very broad defini-
tion of conservation, covering not only more efficient end use of electricity
but also energy saved at the supply and conversion levels, e.g., fuel switch-
ing, time-of-use rates, Toad management, etc,, although load management was not
modeled. It should be noted that there is currently an on-going debate between
WEPC and the Wisconsin Public Services Commission regarding this definition.
Basically the problem centers around WEPC's desire to raise rates to pay for
programs they define as conservation measures. The Commission uses the defini-
tion of improvement in efficiency of energy end use by the customer. The Com-
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mission feels that WEPC emphasizes load management over incentives to the cus-
tomer and thereby serves the company objectives first.(a) WEPC counters with
the following argument:

“Staff has been critical of Wisconsin's Electric's perspective
on conservation. It is true that Wisconsin Electric has viewed con-
servation in context of the over-all planning process. That process
seeks to anticipate and influence load patterns in order to maximize
efficiency and maintain financial strength with the ultimate purpose
of insuring that reliable service can be delivered at the lowest
reasonable cost. The encouragement of efficient end-use of electri-
city contributes to the achievement of planning goals to the extent
that peak use is constrained. It may be detrimentag }o the extent
that it results in inefficient plant utilization." b

Two points about this controversy are important to this study. First,
total state or regional energy planning will be less efficient until a unified
policy poéition is adopted., Such a situation occurred in the past between BPA
and PNPPC and was resolved through guidelines provided by the Regional Power
Act. Second, the WEPC conservation forecasts will include end-use efficiency
improvements, price-induced and program-induced conservation, and energy sav-
ings from fuel switching.

WEPC uses trend analysis to estimate peak demand. The WEPC system is pri-
marily concerned with providing adequate capacity and their modeling effort
reflects that concern; there is very little disaggregation at the end-use
level. The energy forecast is derived directly from demand and contains some
conservation from an implicit reduction for improved air conditioning effi-
ciencies. Then, adjustments in hourly energy use for rate structure reform and
solar water and space heat are made. These adjustments are summed for monthly

and annual energy forecasts. The adjustments were allocated to each sector in
the following manner:

(a) Post Hearing Brief on Docket 6630-ER-14.
(b) Hearings before the Public Service Commission of Wisconsin Docket 6630-
ER-14. "“Application of Wisconsin Electric Power Company for Authority to

Increase Rates for Electric Service Based on Projected 1983 Qperations,"
1982. _
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® rate structure reform to general secondary (commercial)

® solar to residential

® air conditioning efficiency improvements to residential and general
secondary according to the percent of the efficiency reduction at

summer peak demand attributable to each sector (62% residential, 38%
commercial}.

Table B.5 presents the energy savings by customer for the year 2000.
Energy savings per household or employee were not available.

TABLE B.5. WEPC Conservation Potential by the Year 2000 (Base Case)

Sector Savings
Residential 13 kWh/customer
General Secondary 447 kWh/customer
(commercial)

Source: Number of customers from
Response to Item 7 of the Public Ser-
vice Commission of Wisconsin Docket
6630-ER-14 Regarding Conservation.
Estimated savings from Wisconsin Elec-
tric Power Company 20-year Demand and
Energy Forecast 1981-2000,

Table 2-1.2. Air Conditioning load
reduction developed from Table 1-3,1
and Table 2-1.4.

These conservation estimates represent only part of the total potential.
Although the air conditioning component includes price response, the solar and
rate structure components do not. The forecast does not include reductions for
improved efficiency in other appliances. Double counting occurs in adjusting
for improved appliance efficiency resulting from federally mandated standards
and the associated response to the econometric pricing assumptions. WEPC
avoided double counting (or rather discounted for it) by not quantifying
separate adjustments for baseload and water heating efficiencies.
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ALASKAN RATLBELT

The State of Alaska, various utilities in the Railbelt region, and the
Municipality of Anchorage have implemented energy conservation programs that
include measures for conserving electricity that have already reduced electri-
city consumption.

Major conservation programs currently available in the Railbelt include
the State Division of Energy and Power Development energy audit and loan {DEPD)
program; the Golden Valley Electric Association program (primarily education in
support of the market place); similar education programs by the Chugach Elec-
tric Association and the Fairbanks Municipal Utility System; and the City of
Anchorage Program involving audits, weatherization, and educational efforts.
The Golden Valley program was partly responsible for a reduction of electricity
use in this Fairbanks service area from 17,332 kWh/household in 1975 to 9303
kWh/household in 1982 {see Table B.6). In the past, however, the DEPD program
has been the most extensive with an estimated 24% of all Railbelt houses having
had an energy audit performed. The program has saved an estimated average of
1,582 kwh/year of electricity per Alaska household, with electricity equating
about 18% of total energy savings from the program. No reliab]é data on DEPD
program electricity savings are available in the Railbelt load centers.

According to Tillman (1983), almost all of the Railbelt programs have been
aimed at the residential sector, with conservation in the commercial and indus-
trial sectors being accomplished primarily through market conditions. Price-
induced conservation is then more easily dfstinguishab1e in those two
sectors. In the AML&P program, total conservation potential through 1987 has
been disaggregated into program- and price-induced components (see Table B,7)
with approximateiy a 40 and 60% share, respectively. For a breakdown by pro-
gram, see Table B.8.

Tillman indicates that price-induced electricity conservation will be more

important in the future than programmatic conservation for the following
reasons:
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TABLE B.6. Average Annual Electricity Consumption per
Household on the GVEA System, 1972-1982

Annual Monthly

Consumption Consumption Percent
Year {kWh) (kWh) Change
1972 13,919 1,160 +5.6
1973 14,479 1,207 +4.0
1974 15,822 1,319 +9.3
1975 17,332 1,444 +9.,5
1976 15,203 1,267 -12.3
1977 14,255 1,188 -6.2
1978 11,574 965 -18.8
1979 10,519 877 -9.1
1980 9,767 814 -7.1
1981 9,080 757 -7.0
1982 9,303 775 +2.5

Source: GVEA, as reported by Tillman (1983).

e It has the dominant share of impacts.

® Subsidized audits and investments programs for residences are being
phased out.

e Practical impact limits are being achieved in institutional build-
ings and systems programs.

e Current plans for future programs are predominantly educational pro-
grams designed to support price or market-induced conservation.

Tillman (1983) notes that two miscellaneous AML&P programs are expected to
save considerable electric energy by the year 1987. These are street 1ighting
improvements, whose impact is taken into account in Section 9.0, and heating of

-the Anchorage municipal water supply to reduce the electricity use of water
heaters. The water heater impact is factored into the use rates for Anchorage
water heaters in Section 5.0

In attempting to determine the level of conservation potential, the ques-

tion arises as to whether further investment in energy-savings programs
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TABLE B.7. Programmatic Versus Market-Driven Energy Conservation
Projections in the AML&P Service Area

Year
1981
1982
1983
1984
1985
1986
1987

Cumulative

Programmati%
Conservationta)

Market Driv
Conservation

7b)

(MWh) (% of Total) (MWh) (%)
12,735 39.5 19,558 60.5
19,609 34.9 27,243 65.1
20,896 37.1 35,374 62.9
27,619 41.1 39,560 58.9
30,195 40.4 44 536 59.6
32,614 40.6 48,133 59.4
35,421 41.0 50,940 59.0
179,089 40,3 265,344 58.7

(a) Detail does not add to total in the orginal.

included:

Residential MWh/yr
Weatherization 586
State Programs 879

-~ Water Flow Restrictor 200
Water Heat Injection 3,921
- 5,586

Industrial

Boiler Feed Pumps 7,148

Totalt@)
{MWh) (%)

32,294
46,853
56,289
67,133
74,730
81,015
86,363

—_—

444,677

1981 programs

kWh/Customer

42
63

=

1
28

70

o

2298

Planned conservation programs include hot water
wraps in the residential sector and street Tight
conversion and utility transmission conversion in
The number of customers was
provided by the 1982 Alaska Electric Power Statis-
tics of the Alaska Power Administration.

(b) 1981 Price elasticity effects equaled 19,558 MWh/yr.

the commercial sector.

Source: AML&P 1982.
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TABLE B.8. Programmatic Energy Conservation Projections for AML&P (MuWh/yr)

Program 1981 1982 1983 1984 1985 1986 1987
Weatherization 586 762 938 1,114 1,290 1,466 1,641
State Programs 879 1,759 2,199 2,683 3,078 3,518 3,737
Water F]ow 200 464 464 464 464 464 464
Restrictions
Water Heat 3,922 3,922 3,922 3,922 3,922 3,922 3,922
Injection
Hot Water NA NA 249 249 249 249 249
Heater Wrap
Street Light 0 5556 1,859 3,307 4,788 6,306 7,861
Conversion ’
Transmission 0 0 4,119 8,732 9,256 9,811 10,399
Conversion
Boiler Pump 7,148 7,148 7,148 7,148 7,148 7,148' 7,148
Conversion
TOTAL 12;735 14,609 20,896 27,619 30,195 32,614 35,421

% Change From NA 14.7 43.0 32.2 9.3 9.8 8.6
Previous Year i

Source: AML&P, as reported by Tillman (1983).

would be cost effective. An investigation of program-induced versus price-
induced conservation forecasted by other regions could indicate if current mar-
ket penetration levels in the Rajlbelt are realistic. Unfortunately, as we
have seen, total separation of price and program effects forecasted by PNPPC,
BPA, CEC, and WEPC has not yet been achieved. We have some indication that
these forecasts do show programmatic contributions by the year 2000 in residen-
tial commercial, and industrial sectors. However, the extent to whiéh techni-
cally achievable conservation limits can be approached in Alaska through
programs and what proportion would be due to market actions is not clear. In
general, because of differences in housing stock, fuel mode splits, fuel
prices, climate, and other factors, forecasted program savings for other
regions may have only limited relevance for the Railbelt.
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APPENDIX C

RED MODEL QUTPUT

This appendix displays selected RED model output produced for the 1983
update. Included in the following tables are information on the number of
households served by electricity in each load center, housing vacancies, fuel

price forecasts, electricity used per household and per employee, as well as

sunmaries of price effects and programmatic conservation, annual electricity

requirements by sector and load center, and total peak demand., The figures
presented in these tables are at the point of sale and include estimates
supplied by Harza-Ebasco of military and industrial demand. They do not
include an adjustment for transmission losses.

However, for the 1983 update of

the alternative generation plans these reported figures were adjusted for

transmission losses.
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fOl‘ Pr.ice), Anchorage - COOk Ifﬂet.........-.......-.................C.l64

Residential Use Per Household (kWh) (Nithout Adjustment
for‘ Pr]‘ce), Greater Fairbanks.....‘.......Q.........“‘.‘.‘0‘........C.l65

Business Use Per Employee (kWh) (Without Large Industrial)
(Without Adjustment for PriCe)eeeeeeeceeeeececsescccccennes S o -1
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Large Industrial Consumption), Anchorage - Cook Inlet...ecececseceeesC.169

Breakdown of Electricity Requirements {GWh) (Total Includes
Large Industrial Consumption), Greater FairbankS..ccieceeerececesaseasC.170

Total Electrical Requirements (GWh) (Net of Conservation)
(Includes Large Industrial Consumption} Medium Range (PR = .5).......C.171

Peak Electric Requirements (MW) (Net of Conservation)
{(Includes Large Industrial Demand) Medium Range (PR = .5)ueecevesesssl 172
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SCENARIOy HED

YEAR

1980

1985

1990

1995

2000

2005

2010

SINGLE FaM]JLY

31547,
( 0,000)
424,
( n,000)
S8T40,
( 0,000)
64779,
( n,000)
69822,
{ 0H,000)
75177,
( 0,000)
83343,

( 6,000}

ANCHORAGE = COOK THLETY

MULTIFAMILY

203tu,
( 0.,000)
26204,
( 0.000)
26349,
{ 0,000)
29931,
( 0,000)
33259,
( 0,000)
316374,
( a,n00)
4g4dyt,
( 0,000)

HOUSEHOLNS SERVED

MOHBILE HOMES

A23n,

( 0,000)
109sa,

( 0,000)
13508,

( 0,000)
14941,

( 0,000}
‘1s200,

( v,000)
17749,

( 0n,000)
19721,

{ 0,000)

Hi2w=SHERMAN CLARK NO BUPPLY DISRUPTION=«b/24/1983

NUPLEXES
1486,
t 0.000)
8567,
( 0,000)
BUbOD,
( 0,000)
813y,
t 0,000)
aoz2e,
( 0,000)
8734,
t n,000)
) 9649,
( 0,000}

TOTAL
71503,
t 0,000)
9195%,
( 0,000}
107054,
( 0,000)
117984,
( 0,000)
127%02,
( 6,000)
138641,
( 6,000)
153124,
¢ 0,000)
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SCENARIOY MED § Hi2==SHERMAN CLARK NO BUPPLY NDISRUPTIOH=wh/24/1983

HOUSEHNLDS SERVED

GREATER FAIRAAMKS

YEAR SINGLE FaMILY MULTIFAMILY MUBILE HONES DUPLEXES
1980 rT2eo, 5287, 1189, 1647,
( 0,000) 4 0,000) { 0,000) { 0,000}
{985 10646, 5Ro6Y. 2130, 1785,
( 0,000) ( 0,000) { 0,000) { 0,000)
1990 : {1728, 1%60, 2270, 2318,
( 0,000) ¢ 0,000) { n,000) ( 0,000)
1995 1473, 7844, 3328, 2119,
{ 0,000) 4 0,000) { 0,000) f 0,000}
2000 16528, TTO0%, 1848, 2298,
( 0,000) { 0,000) { 9,000) ( 0,000)
2009 17951, 8641, q20, a2ia1,
( 0,000) { 0,000) { 0,000) 4 0,000}
2010 1947S, 9612, 4s7v3, 2334,

( 0,000) { 0,000) ( 0,000) 4 6,000)

TOTAL
15%13%,
{ 0,.000)
20407,
4 0,000)
24%32,
{ 0,000)
2A240
{ 0,000)
30374,
{ 0,000)
32973,
¢ n,o000)
36294,
( 0,000)
3 i
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SCENARJOs MED 8 H12-«8SHERMAN CLARK NGO SUPPLY DISRUPTION=w$b/2471987%

HOUSING VACANCIES

ANCHURAGE =~ COOK INLET

YEAR SINGLE FAMILY MULTIFAMILY MORILE HOMES DUPLEXES
TEww LA L L L X L X L X L ¥ ] LE L XN R X N ¥ ooy enEReS L L R L LR L LN LN N}
1980 5089, Toss, 1991, 1463,
( 0,000) 0.000) ¢ 0,000) ¢ 0,000)
1985 509, - 1496, 121, 292,
( 0,000) 0.000) 0,000) ¢ 0.000)
1990 YTH 100%, 149, 289,
( 0,000) 0,000) 0.000) ¢.000)
1995 113, 1616, 164, 284,
( 0.000) ¢ 0,000) ¢ o,000) ¢ 0,000)
2000 768, 1796, 178, yys,
( 0,000) [§ 0,000) ( 0,000) ( 0,000)
2005 XTI 1964, 1958, 288,
( 0.000) 0.000) 0,000) 0,000)
2010 97, 2182, 217, 319,

( 0,000) ( 0,000) ( 0,000) ( 0,000)

TOTAL
16209,
( n,000)
euLr,
( 0.n0n)
2089,
( 0,00n)
27117,
( 0,000)
311487,
( 0,000)
3281,
( 0,000)
3634,
( 0.000)
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SCEMARIOR MED g3 HI2=«8HERMAN CLARK NO SUPPLY DISRUPYINN=«b/24/1983

HOUSING VACAMCIES

GREATER FAIRBANKS

LI T YT PR PRI L Y L )

YEAR SINGLE FAMILY MULTIFAMILY MOBILE HOMES DUPLEXES TOYAL
LA Lk ] LI LAY TR L 1 LX) L L A L L XL | LY L D L L LI L LY X Y ) L A A X LT L 3 1 ¥ |
1980 3483, 31320, 986, 89§, 8854,
{ 0,000) ( 9,006) ( 0,000) ( 0,000) { 0,000)
1985 118, 2654, 24, 122, 3514,
( 0,000) ( 0,000) { 0,000) ( 0.000) ( 0,000)
1980 ye9, 454, 25, 81, 689,
( 0,000) ( 0,000) ( 0,000) ( 0,000) 4 0,000)
1995 162, 498, 17, Bo, 126,
( 0,000) { 0,000) ( 6,000) ¢ 0,000) { 6,000)
2000 tde, 440, 42, 78, 742,
{ 0,000) ( 0,000) ( 0,000) ( 0,000) ¢ 0,000)
2005 197, 489, 4a, ' 209, 921,
( 0,600) ( 0,0n0) ( 0,000) ( 0,000) ¢t 0,000)
2010 214, 519, : 51, 17, 864,
( 0,000y ¢ 0,000) 0,000y 0.000) ¢ 0,000)
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SCENARIO) MED 1 HY12e=83HERMAN CLARK NO SUPPLY DISRUPTIDN=eb/24/198%
FUEL PRICE FDRECASTS EMPLOYED

ELECTRICITY ($ / KWH)

ANCHORAGE « COUK INLET GREAYER FATRAANKS
cetvemesastmevmecsetemsusuemceasnenan cemasmeEsERTnENEEEEt S En ..

YEAR RESIDENTIAL BUSINESS REBIDENTTAL AUSTNESS

———— ceenccacens cmvameonmes ememcaenaas commemonane
1980 0,037 0,084 0,095 0,000
1985 0,048 0,045 0,095 0.090
1990 0,052 0,049 0,092 0,087
1995 0,058 0,059 0.094 0,089
2000 0,062 0,059 0,09 0,091t
2005 0,065 0,062 0,098 _ 0,093

2010 0,087 : 0,064 0,100 . 0,095

sl
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SCENARIO1 MED 3 H12«=8HERMAN CLARK MO SUPPLY DISRUPTIONe«b/24/1981%
FUEL PRICE FORECASTS EMPLOYED
NATURAL GAS ($/MMBTU)

ANCHORAGE = CNUK INLET GREATER FATRBANKS
cacrasssermumarcassus anREcunbnanney e S

YEAR RESTDENTIAL BUSINFSS RESIDENTIAL BUSINE3S

e “eecracaune csavcamnmua revmrem———— cmvmm—v o=
1980 1,730 1,500 12,740 11,290
1985 1,950 1,720 10,600 9,150
1990 2,880 2,650 11,240 9,790
1995 4,050 3,820 13,030 11,580
2000 4,290 4,060 15,110 13,460
2005 4,960 4,730 17,520 16,070
2010 s,380 5,150 20,310 18,860
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SCENARTOQ) MED 3§ Hi2«~BHERMAN CLARK NO SUPPLY DISRUPTION=«b/24/198)
FUEL PRICE FORECASTS EMPLOYFD
FUEL OIL ($/MMBTU)

ANCHORAGE « CODK [INLEY GREATER FAJTRRANKY
feereememaneaseseemommarTae e n . ——— ceeesenesceesommmEmramarrm—aveneran"

YEAR RESTDENTIAL BUSINESS RESIDENTTAL RUSTNESS

1980 7,750 7,200 7.830 1.500
1985 6,US0 5,900 : 5,510 6.180
1990 6,840 6,290 6,910 6,580
1995 7.930 1.380 8,010 7.680
2000 9.190 8,640 9,290 ".960
2005 10,650 10,100 10,770 10,440

2010 12,350 11,800 12,480 12,150



0273

[

SCENARIU» MED 1

YEAR

1980

1985

1990

1995

2000

2005

2010

SMALL
APPLYANCES
2110,00
{ 0,000)
2160,00
( 0,000)
2210,00
( 0,000)
2260,00
( 0,000}
2310,90
( 0,000)
236000
( 0, 000)
2440,00
( 0,000)
3

Hi2s=8MERMAN CLARK NO SUPPLY NISRUPT]ONe=&/24/1983

RESIDENTIAL USE PER HOUBEHOLD (KwH)
(HITHOUY ADJUSTHENT FOR PRICE)

AMCHORAGE = COOK INLET

L ARGE
APPLIANCES
4500,63
( 0.000)
6151 ,49
1 0,000)
6019,76
( 0,000)
5959 3¢
( 0.,000)
5989, 38
( 0,000)
605912
( 0,000)
5123,98
( 0,n000)
|

SPACE
HEAT

S088,52
( 0,000)

4821,R%
( 0,000)

4544,3%
( h,000)

4515,%6
( n,000)

4453,84
( o,000)

4420,04
« 5,000)

443,95
( 0,000)

TOTAL

LY T LYY T
13699,15
( 0,000)

1313333
( 0,000)

12814,12
( 0.000)

12734,87
(¢ 0,000)

12753,21
( 0.000}

12839,17
¢ 0,000)

12977,52
( 0,000)
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SCENARIO) MED 1 H12=«~SHERMAN CLARK NO SUPPLY DISRUPTION=«6/24/1983
RESJDENTJAL USE PER HOUSEHOLD (KWH)
(WITHOUT ANPJUSTMENT EFOR PRICE)

GREATER FAIRAANKS

LTI LY RN R LT L .Y

SMALL LARGE SPACE
YEAR APPLIANCES APPLIANCES HEAT T0TAL
1980 2066 ,00 §719,52 3513,60 11519,18
t 0,000) t 0.000) ( 0,000) ( 0.000)
1985 2535,99 6178,94 1606,31 12321,.20
{ 0,000) ( 0,000) t 6,000) ( 0,000)
1990 2606,00 6453,54 l87e,52 1293%2,07
( 0,000) ( 0,000) ( 0,000) ( 0,000)
1995 2676,00 bbb6, 87 4050,14 13393,00
( 0,000) ( 0,000) ( 0,000) ( 0,000)
2000 2746,00 67195,45% 4310,30 138%1,75
( "n,000) ( 0,000) ( 0,000) ( 0,000)
2005 2R16,00 6838,86 453%,80 14190,66
( 0,000) ( 0,000) ( n,000) ( 6.000)
2010 2886 ,00 887,85 4655,96 14429,81

( 0,000) ( 0.000) - ( 0,000) ( 0,000)



¢¢’d

SCENARIUy MED 3

YEAR

LY r

1980

1985

1990

1995

2000

2005

2010

ANCHORAGE = COOK IHLET

(L LA LY LR Y LY L2 LY F 12 ]}

8407,04

( 0.000)
9580,18

( 0,000)
10355,06

( 0,000)
10918,45

( 0,000)
11UL6,40

( 0,000}

‘ 12089,67
¢ 0,000)

- 12932,63
{ 0,0009%

i . 1

H12e=8HERMAN CLARK NO SUPPLY

BUSINESS USE PER EMPLOYEE (XWH)

{WITHOUT LARGE INDUBTRJIAL)}
(WITHOUT ADJUSTMENT FOR PRICE)

GREATER FAIRRANKS

7495,70
{ 0,000)
912,11
{ 6,000)
8327,3%
{ 0,000)%
Bo62,27
4 0,000)
8957,9¢
¢ D,000)
9308,03
¢ 0.000)
711,65
( 0.,000)
¥ i ] 1

DISRUPTIOH=wb/24/71983
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| B o f ok B | ; 1 1 I i i 3 i
- SCENARIOg MED t H12«=SHERMAN CLARK ND SUPPLY DISRUPTIONe«&6/24/71983
SUMMARY OF PRICE EFFECTS AND PROGRAMATIC CONSERVATION
} IN GHWH
ANCHORAGE = CONK JHLETY
RESIDENTIAL RUSINESS
eeudemetRAR e PTEEpPYSESTaSw
NHH=PRICE PROGRAM=INDIICED CROSS-PRICE DHN=PRICE PROGRAM«INDIUCED

VEAR REDUCTION CONSERVATION REDUCTION REDYCTION CONSERVATION
ete tErEEteee CPEr R EEE e CEEEEEEEEEE Crebebene PSPPI Ui
1980 0,000 0,000 n,000 0,000 0,000
1981 6,169 0,000 =f,567 9,327 0,000
1982 12,337 0,000 =1,13% . 18,65} 0,000
1983 18,506 0,000 =§,702 27,98¢ 0,000
1984 2u, 674 n,000 =2,210 37,307 0,000
1989 30.84% 0,00n -2,817 46,6133 0,000
1986 18,476 0,000 =10,645 58,180 0,000
1987 46,109 0,000 -18, 454 69,726 0,000
19688 S3, 742 0,000 “2b6,242 81,213 0,000
1989 61,3715 0,000 «34,071 92,819 0,000
1999 59,008 0,000 ~l1,R79 104,366 0,000
199} 115,046 0,000 -91,197 119,940 0,000
1992 161,084 0,000 {40,515 13%,%14 0,090
199} 207,121 0,000 =149,81% 151,088 0,000
1994 253,159 o.,n00 «239,150 166,663 0,000
1995 299,197 0,000 «288, 068 182,237 0,000
1996 234,019 0,000 =-225%,008 19A,278 0,000
1997 168,842 0,000 =161,%47 e14,%20 0,000
1998 103,665 0,000 -98,086 230,361 0,000
1999 1A, 488 0,000 -30,626 246,403 0.000
2000 «26,689 0,000 28,835 262, u44 0,000
2001 -7,502 a,000 6,470 282 ,UR9 0,000
2002 11,688 0,000 -15%5,895 302,935 0,000
200} 3o 8712 0,000 =38,200 322,580 0,000
2004 50,059 0,000 -60,625 342,625 0.000
2005 69,246 0,000 «82,990 Xh2,670 0,000
2006 78,151 0.000 -95,904 388,132 0,000
2007 AT,08S 0,000 «198,8}9 aq1y,59% 0,000
2008 935,960 0,000 =121,733% 439,057 0,000
2009 104,864 n,000 =134,647 464,520 0,000
2010 113,760 0,000 =147 ,562 up9 982 0,000

CROSS-PRICE
REDUCTION
CEEELECEEES

n.000

0,332
1.06%
1.995
2,124

2.658

=0.156
'3.!70
=5,38%
«9,%99

-12.41%

=19,060
=-28,7107
'32.’53
.!9u°00

=45,647

-52,588
-59,530
66,471
«73.412

-80,154

=90,245
100,137
=110,028
=~119,920

=129,811
-143,338
156,864
=-170,391
-IB!.°I7

197,444



¥2)

SCENARIG) MED & Hi2=«8HER“AN CLARK NO SUPPLY DISRUPT]ONe=b/24/)1983

' SUMMARY OF PRICE EFFECYS AND PROGRAMATIC CONSERVATTION

IN GWH
GREATER FAJRRANKS
RESIDENTIAL BUSINESS

OWN=PRICE PROGHAMaINDUCED CROSSePRICE OWN=PRICE PROGRAM=INOUCED CROSS=PRICE
YEAR REDUCTION CONSERVATION REDUCTION . REDUETINN CONSERVATION _ REDULTION

[ X 2.2 [ X XX X XY ¥ Ceb et pbbrere Pttt e 0-0-1-0-1-'0-0-0-0- ttt&&t&t‘btc—t—t@ (XX T L LY X2
1980 0,000 0,000 0,000 8,000 0,000 0,000
1981 0,000 0,000 0,758 0,000 0,000 0,514
1982 0,000 0,000 1,516 0,000 0,000 1,028
1983 0,000 0,000 2,274 0,000 0,000 1,542
1984 0,500 6,000 1,032 0,000 0,000 2.056
1985 0,000 0,000 3,789 0,000 0,000 2,570
1986 0,200 0,000 4,184 0,342 0,000 2,758
1987 0,400 0,000 4.578 0,685 0,000 2.946
1988 0,600 0,000 4,972 -f,027 0,000 ! .134
1989 =0,800 6,000 5,367 el 369 0,000 3.%23
1990 1,000 09,000 5,761 1,712 0,000 3,511
1991 =1,008 0,000 §.,176 -1,673 0,000 3,084
1992 wi, 014 0,000 4,592 wf,b34 0,000 2,657
1991 -l ., 024 4,000 4,008 21,595 0,000 2,281
1994 =1,033 0,000 3,024 1,556 0,000 1,804
1995 -1,041% n,000 2,839 1,517 0,000 1,378
1996 -0,868 0,000 1,350 1,247 0,000 . 0,556
1997 =0,69% : 0,000 =0,140 -0,978 0,000 =0,26%
1998 «0,522 0,000 },630 =0,708 0,000 ~1,086
1999 0,349 0,000 =3,119 w0, 439 0,000 _ -1,907
2000 «0,176 6,000 «ld,609 0,169 0,000 «2,729
2001 0,129 0,000 nb,A25 0,297 0,000 =3,910
2002 0,433 0,000 9,042 0,763 0,000 =-5,091
2003 0,738 0,000 ~11,258 1,228 0,000 -5,271
2004 1,042 0.000 =13,475 1,694 0,000 w7, 452
2005 1,347 0,000 «1%5,691 2,160 0,000 -8,633
2004 1,172 0,000 =18, 662 2,819 0,000 =10,215
2007 2,198 0,000 21,613 3,477 0,000 =11.834
2008 2,624 - 0,.no00 =24,604 4,136 0,000 =13,438
2009 3,049 0,000 27,875 4,798 0,000 ~15,0319
2010 3,479 0,000 30,546 5,454 0.000 ' “ihab4l

IS B 1 LI T T I e T e e r .y .y 1 1
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SCENAR]JOs MED ¢t Hi12»wSHERMAN CLARK NO SUPPLY DISRUPTION=<t/24/19R3

BREAKDDWN OF ELECTRICTTY REQUIREMENTS  (GWH)
(TOTAL INCLUDES LARGE INDUSTRIAL CONSUMPTION)
h ANCHORAGE = CODNK INLET

MEDTUM RANGE (PHa,S)

YEAR

1980

1981
1982
1983
1984

1985

1986
1987
1988
1989

1990

1991
1992
1993
1994

1995

1998
1997
1998
1999

2000

2001
2002
2003
2004

2005
200¢
2007
2008
2009

2010

RESJDENTIAL BUSINESS MISCELLANEOUS
REQGUIRENENTS REQUIREMENTS REQUIREMENTYS
LA LR L LYY XL X ] LA L L A L L L AR L X LA LLX] GSravepSapyeaasSany
979.5}% 875,38 24,31
1019,55% 946 ,5% 24,64
1059.57 1017,73 24,98
1099,60 1088 ,92 25.31
1139.62 1160,11 ’ 35,69
1179,64 1231,30 25,98
1212,6% 1280,79 26,83
12uS,.68 1330,28 2r.67
127866 1379,.77 28,51
1311,67 1429,26 29.3¢6
134,67 147N, 78 30,20
1374,10 1%10,4¢0 30,88
1403,52 1542.17 31,56
1432,94 1573,87 32,24
162,36 160%,%8 32,92
" 1491.78 1637,29 13,60
1517.70 1663%,04 34,16
1543,062 1688 80 34,73
1569,5) 1714,.55 315,29
1595,4% 1740,31 35,86
1621,36 1766,06 ° 36,42
1655.85% 1A12,69 17,27
1690,3% 1859 31 38,11
1724,81 1905,94 18,96
1759.30 1952,%7 39,80
1793.749 1999, 29 40,65
139,22 2069 ,82 a1 .87
1RA84 65 214048 43,08
193%0,09 211,048 4,30
1975.5% 2281,T% 45,52

2020,96 2352,%4 4g, 74

EXOG, INDUSTRTAL
LOAD

84,00

92,08
100,16
108,24
116,32

124,40

137,89
151,138
164,88
178,37

191,86

195,13
198,40
201,66
204,93

208,20

214,14
220,08
226,02
231,96

237,90

244,96
252,02
259,08
266,14

273,20
281,%8
2689 94
298,34
06,72

115,10

TOTAL

1963,19

2082,82
2202,48
2322.07
2441,.70

2581,32

26%8,16
27154,99
28%1.82
2948,6b

045,49

1110,56
175,64
3240,72
3305,.79

3370.87

Y429,04
487,22
3545,40
3603,57

361,75

37150,.7%
31819,78
1928,79
uo17,81

4y106,82
4232 ,48
4158,.15
uypy,nt
us09 4R

uyss,.14
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SCENARIOy MED 1

Hi2=«SHERMAN CLARK NO SUPPLY DISRUPTIDN-=4/20/1983

BREAKDOWN OF ELFCTRICITY REGUIREHMENTS (GHH)
(TOVAL IHELUDES LARRE INDUSTRIAL CONSUWRTION])

MEDJUM RANGE (PR=,%)

(XL EX TP YIS LY )

YEAR

LY T X

1980

1981 -

1982
1983
1984

1985

1986
1987
1988
1989

1990

19914
1992
1993
1994

1995

1994
1997
1998
1999

2000

2001
2q02
2003
2004

2005
20006
2007
2noa
2009

2010

RESJOENTIAL
REQUIREMENTS

176,39

190,64
204,99
219,18
233,40

247,65

260,10
are.ss
2RS.00
297,45

309,90

323,22
336,53
349 ,8S
363,186

376,47

186,28
396,09
405,90
415.7%

4ps.s2 -

436,86
qa8, 21
459,56
470,914

482,25
095,96
509,67
525,37
537.08

550,79

GREATER FAIRBANKS

RUSINESS
REQUIREMENTS

217,14

229,84
242,55
258,25
267,96

280,66

289,45
298,24
307,04
315,83

Joa,6a

132,83
341,05
349,27
157,49

365,70

371,79
377,87
383,96
390,04

396,12
405 b1
415,10
424,59
43u,08
443,57
457,05
470,53
48d,01
497,49

S10,97

0 R |

MISCELLANEQUS
REQUIREMENTS

Searrevenwseeasews

EXDG, INDUSTRIAL
LOAD

0,00

0,00
0,00
0,00
0.00

TOTAL

400,31

427,2%
4sS4,418
uB8§,07
507,99

534,9)

566,20
§97.50
628,79
660,08

691,38

713,14
734,89
756,65
778, 44

800,17

816,23
832,29
848,34
864,40

8RO, 46

901,52
922,58
9u3,s5
U, 7

985,717
1033,23
1040,70
1068,06
1095,62

1123,.09



2]

SCENARIOY MED 3

YEAR

1980

198
1982
198}
1984

1983

1988
1987
1988
1989

1990

1994
1992
1991
1994

1998

1996
1997
1998
1999

2000

200}
2002
200%
2004

200%
2006
2007
2008
2009

2olo0

ANCHORAGE = COUK JNLET

(I YL LR TR L LY YN Lt )

1963.19

2092,82
2202,49
822,07
2uuq,Ta

2561,32

245816
21%4,99
28%4 .82
2948, b8

045,49

3110.5¢6
378,04
J2ug.72
3305,79

3370,87

3429,01
Y4R7 g2
3545,40
3603,57

V661,75

3750.76
1439_78
31928,79
qo017,81

uyng A2
423249
u3sa, 13
uuny_ay
upng , ua

0135 .14

Hi2-=9HERMAN CLARK NO SUPPLY DISRUPTION=<b/24/198%

YOTAL ELECYRICITY REQUIREMENTYS (GWH)
{HETY OF CONSERVATION)
(INCLUDES LARGE INDUSTRIAL CONSUMPY]OM)

MEDIUH PANGE (PR = ,5)

QREATER FAIRAANKS

ano 3¢

ngt.23
us4 4%
081,07
s07,99

%34,99

$66.20
S97.%0
626,79
680,08

691 .38

713,14
134,89
156,465
T78 4}

800,17

816,23
832,29
Bun, 34
64 40

aBo, 06

901,82
922,58
943 65
s, 71

985,77
1013,23
104070
1068 1%
109% .62

1123,09

TATAL

2363,51

2510,0%
2656,560
280314
29409 69

3096.2%
3224,.3b
13152,49
36R0, 81
1408,740
17316,87

3823,70

-4910,53

1997.37
a084,20

agv1,04.

0245,27
4319,51
4393,74
0487.97

4542 ,21

4p%2,28
ursz, 36
uRv2,44
a9n2.,%1

$ne2,59
245,72
%398, 84
S551.97
57105,.10

SASA.23



820

SCENARIO) MED 8 Hi2e«-8HERMAN CLARK NO SUPPLY DISRUPTION=eb6/24/1983

PEAK ELECTRIC REQUIREMENTS (MW}
(NET OF CONSERVATION)
(INCLUDES LARGE INDUSTRYAL DEMAND)

HEDIUM RANGE (PR = ,S5)

YEAR ANCHORAGE = COOK INLET GREATER FAIRBANKS TOTAL

L L. X J SBunsegseesrTYeonSevesegw PSSP e dnreluTNguSarteoswy LA AL L L L L XY Y Y LN XY ¥ X X J
1980 196,51 : : 91,40 487,90
1981 420,068 97,54 518,23
1982 444,84 103,69 548,55
1983 469,04 109,83 578,87
1984 493,21 115,98 809,19
1985 517,39 122,43 639,52
1986 537.82 129,27 667,08
1987 558,24 136,4) 694,65
1988 S18,67 143,55 722,22
1989 599,10 150,69 749,79
1990 619,53 157,83 777,36
1991 632.7% 162,80 795,5%
1992 645,97 167,77 813,74
1993 659,19 172,74 831,92
1994 672,41 177,70 A50,11
1995 685,63 182,67 N Ab8.30
1996 697,31 : 186,34 AR3,6S
1997 708,99 199,00 898,99
1998 720,67 193,67 944,34
1999 732,35 197,34 929,68
2000 744,01 201,00 945,03
2001 762,00 20%,81 967,81
2002 179,96 219,62 990,58
2003 797.93 219,43 1013,36
2004 815,90 220,24 1036,13
2005 833,86 225,05 10%8,91
2006 459,29 231,32 1090, 40
2007 8R4, T ay7.59 1122,30
2008 910,14 243,86 1153,99
2009 935,56 250,13 11R5,869
2010 960,98 256,40 1217.38

I R D D e 5 i r 1 1



HE3--DOR AVG SCENARIO

€.29



1€°2

SCEHARIO:r MED 3 HE3==DUR AVG SCENARIQ-«b6/2471983

YEAR

1980

1985

1990

1995

2000

2005

2010

HOUSEHOLDS SERVED

ANCHORAGE = COOK INLEY

SINGLE FAMILY HMULTIFAMILY MORILE HOMES
315473, 20314, salo,
{ 0,000) ( 0,000) ( 0,000)
4567%, 26208, 10857,
( 0,000) n,000) 0,000}
55299, 258717, 12721,
( 0,000) ¢ 0.000) ( 0,000}
61089, 27629, 14066,
( 0,000) ¢ n,000) ( 0,000)
66029, 30828, 15%18,
( n,000) [{ n,000) 4 0,000)
Y1796, 14447, 16822,
( n_nooy ¢ 6,000) 0,000)
790066, 36351, 18718,

( n,000) 0.000) n,000)

1 i
DUPLEXES

7ufe,

( 0,000)
8567,

4 0,000)
8ueo0,

{ 0.00n)
8333,

t 0.,000)
8187,

( 9,000)
‘8283,

t 0,000)
9159,

( 0.000)

TOTAL
71501,
( 0,000n)
911083,
( 0,000)
102357,
( 0,000}
1y,
( ,000)
120360,
( 0,000)
131368,
( 0,000)
145291,
t 0,000)



AN

SCENARIQy MER § HEJ==DOR AYG SCENARIO==6/24/1983
HOUSEHNLDS SERVED

GREATYER FAIRBANKS

YEAR STHGLE FAMILY MULTIFAMILY MOBILE HOMES DUPLEXES TOTAL
1980 T220, 5287, 1189, 1617, 153413,
( 0,000) ( 0.000) ¢ 0,000} ( 0,000} ( 0,000)
1985 1046406, SeBuy, 2130, 1720, 20180,
{ 0,000) { 0.006) ( 0,000) ¢ 0,000) It 0.000)
1990 10852, 7960, 210%, 2371s%, 23290,
( 0,000) ( 0.,000) { 0,000) ( 0,000} ¢ 6,000)
1995 13498, 1844, 2497, 23139, 26375,
( 0,000) ( 0,000) ( 0,000) ( 0,000) ( 6,000)
2000 15038, 1103, 3004, 2298, 28443,
( 0,000) ¢ 0.000) ¢ n,000) ( n.000) { 0,h00)
2005 16862, 1895, 3966, 2282, 10978,
( 0,000) ( 0.000) ( 0,000) ¢ 0,000) ¢ 0,000}
2010 18520, 9051, qao0y, 2198, 34169,
( 0,000) ( 0,000) ( 0,000) ( 0,000) ( 0,000}



€e°d

SCENARIOs MED ) HEZ==DUR AVG SCENARIOww§/24/1983

HOUSING VACANCIES

ANCHUORARE = COOK INLEY

LR TR DT Y AL Y D YL XY

YEAR SINGLE FAMILY MULTIFAMILY MORILE HOUMES
oadw LR L L LN Y X 'y L X ) LA LR X . X LY ¥ul L X L R X L. LN B 2 N 1 )
1980 5089, Teoh, 1991,
( 0,000) ( 0,000) ( 0,000)
198% 502, 149, 119,
( n,000) ( 0,n00) ( 0,000)
1990 608, 1477, 140,
( 0,000) ( 0.000) ( 0,000)
1995 672, 1992, 155,
( 0,000) ( 0.,000) ( 0,000)
2000 126, 1665, 169,
( 0,000) ( 0,000) ( 0,000)
2005 790, 1861, 18%,
¢ 0,.000) ( 0,000) ( n,000)
2010 aro, 2071, 206,

¢ 0.000) 0,000) 0,000)

DUPLEXES

oenhhHPhaEvEPe

1463,

( 0,000)
292,

( 0,000)

289,

( 0,000)

284,

( 0.000)

279,

( 0,000)

14,

{ 0,000)

302,

( 0,000)

i )
TOTAL

16209,

( 0,000)
auto,

( 0.,000)
esta,

¢ 0.000)
2603,

t 0,000)
2839,

¢ n,o000)
2850,

t 0,000)
3449,

( n,000)



pE"2

SCENARIN) MED ¢ HE3Z«=DOR AVG BCENARJUe=b/24/1983
HUUSING VACANCIES

GREATER FAJRABANKS

LY I AL R L YL R LR LY T

YEAR SINGLF FaMJLY HULTIFAMILY MOBILE HOMES DUPLEXES
ante AL LK L L A X XL & L J } (A P X L7 0 R NKERZN ] e mewrdYTaeYew (L R L N L X 0 N % ¥ ]
198¢ 3653, 31320, 984, 89s%,
( 0,000) ¢ 0,000) t 0,000) ¢ 9,000)
1985 11A, 24837, 24, To?,
¢ 0,000) ¢ 0,000) ¢ 6,000) { 0,000)
199¢ 119, 4sa, 23, 81,
¢ 0,000) ¢ 0,000} { 0,000) ( 0,000)
1995 149, 4um, 30, 8o,
t 0,000) ( 0,000) £ 0,000) ( 0,000)
2000 165, 440, iR, 14,
{ 0,000) ¢ 0,000) ¢ 0,000) t 0,000)
20058 185, 85, a4, 17,
( 0,000) ( 0,000) ¢ 0,000) ¢ 0,000
2010 204, 489, 4a, 19,
( 0,000) { 0,000) { 0,000) ( 0,000)

TOTAL
8854,

¢ 0.000)
3748,

t 0,000)
678,

( 0,000)
706,

¢ 0,000)
121,

( 6,000)
391,

( 0,000)
_ 819,
t 0,000)
| 1



€2

SCENARIOY MED ¢t HE3I=-<NDOR AVG SCENARID==b/24/1983
FUEL PRICE FORECASTS EMPLOYED

ELECTRICITY ($ / KWH)

ANCHORAGE = COOK INLET GREATER FATRRANKS

YEAR RESIDENTIAL BUSINESS RESIDENTLAL ALUSINESS

1980 n 037 0,034 0,09% 0,090
1985 0,048 0,0us 0.090 0,085
1990 0,051 0,048 0.090 0,089
1995 0,054 0,05t 0,090 0,n8%
2000 0,087 0,056 0,090 0,085
2005 0,061 0,058 0,092 0,087

2010 0,063 0,060 0,095 6,090



SCENARI(p MED 1 HE3}eeDUR AVE SCENARIQuwh/24/1983
FUEL PRICE FORECASTS EMPLOYED
NATURAL GAS ($/MMBTU)

ANCHNORAGE = COOK ITHLETY

GREATER FAJRRANKA

CIELIT TR L LY LR LA LEIFY YL LLLEELL N Y]]

9€°J

YEAR RESIDENTIAL RUSINESS RESIDENTIAL BUSTNESS
suse R ——— i R ——  epwswess=p=
1980 1,730 1,500 12,740 11,290
198§ 1,960 t.730 9,810 8,360
1990 2,710 2,480 9,760 8,310
1995 3,250 3,020 10,370 8,920
2000 3,410 3,180 11,220 9.770
2008 3,560 3,330 11,970 10,520
20t0 3,710 3,080 ie.770 11,320
L I R L. 1 1) 13



LE"D

SCENARIO) MED g HE3==DOR AVG SCEHARINe=b6/20u/198Y%
FUEL PRICE FORECASTS EMPLOYED

FUEL OJL (3/MHMBTU)

ANCHORAGE « COOK INLET GREATER FATRRANKS

YEAR RESIDENTIAL BUSTNESS RESIDENTTAL  BUSINESS

1980 1.750 7,200 7.8%0 1,500
1985 5,970 5,420 6,030 . 5,700
1990 S.%u4n $.3190 6,000 S.670
199% 6,310 $.760 6,370 6,040
2000 6,830 6,280 6,890 6,560
2005 7,290 6,740 7.360 7,030

2nio 7,780 T.230 7.850 7,520

maod



8¢"D

SCENARIUY MED § HE3eeNOR AVG SCENARIOwwb/24/1983
RESIDENTIAL USE PER HOUSEHOLD (KWH)
CWITHOUT ADJVUSTMENT FOR PRIGE)

AMCHORAGE = CODK INLEY

SMALL LARGE SPACE
YEAR APPLIANCES APPLIANCES HEAT TOTAL
1980 211000 6500 ,63 5088,52 13699,18
( 0,000) ( 0,900 ( 0,000) ( 0,000)
1985 2160,00 6154,7) 48131,81 13146,51
( 0,000) ( 0.000) ( 0,000) ( 0.000)
1990 2210,00 6026,18 4623,92 128460,10
{ 0,000) ( 0.000) { n,00n) ( 0,000}
1995 2260,00 5958,98 4511,98 12730,.946
( 0,000) ( 0,000) ( 0,000) ( 0,000)
2000 2ito,no0 S984,97 44491 .29 12740,26
( 0,000) - 0.000) ( 0,000) ( 0,000)
2005 2360,00 6060,87 qa21 .1t 12841,98
( 0,000) ( 0,000) ( 0,000) ( 0.,000)
2010 2410,00 6126,81 4440,62 12977,44
t 0,000) ( 0,000) ( 0.,000) ( 06,000)



6g€"J

SCENARIQ MED 1

YEAR

1980

1985

1990

1995

2009

2005

2010

HE3=«OOR AVG SCENARIO==46/24/1983

EMALL

APPLIANCES

{

4

666,00
n.no0)

2%536,00
0,000)

2606,00
0.000)

267601
0.000)

2746,00
0,000)

2816, 00
0,000)

FLYTRY
n.000)

RESIDENTIAL USE PER HUUSEHOLD (KWH)
(RITHOUT ADJUSTHMENT FOR PRICE)

GREAVER FAJRBANKS

LARGE
APPLIANCES
5739,52
( 0.000)
6181 34
(  0.000)
6440, 63
(  0.000)
6656,18%
( 0,000)
6793,05
{  0.000)
6853,56
{ 0.000)
6893, 36
(  0,000)

SPACE
HEAT

3313,86
{ 0,000)

3593,99
{ 0,000)

3848,67
( 0,000)

4088,11
¢ o0,000)

4320,70
t 0.,000)

4%507,50
{ n,000)

4656,97
( n,000)

TOTAL

LAY LY )

(

11819,18
0.000)

12311,23
0,00n)

12895,29
n,000)

13420,27
0,000}

13859,75
0,000)

14177,06
0,000)

14436 ,32
0.000)



or*3

SCENARINg MED 1 HE3eeDOR AVGE SCENARY0==6/24/19813

RUSINESS USE PER EMPLOYEE (KWH)
(WITHOUT LARGE INDUSTRIAL)}
(WITHOUT ADJUSTMENT FOR PRICE}

YEAR ANCHORAGE = CODK INLET GREATER FAIRAANKS
L L K X ) L X L LR T NN LN XN X 3 ) L R LKL B N X LAY L3 1 1 ¥ ]
1980 BUD?,04 7495,70

( 0,000) ( 0,000)
1985 9518,78 7947,43

¢ 0,000) ( 0,000)
1990 10089,60 B249, 14

{ 0,000) ( 0,000)
1995 10604,92 A558,84

( 0,000) { 0.000)
2000 11172,44 BBT4,75

( 0,000) - ( 0,000)
2005 11850,11 9227,92

( 0,000) ( 0.000)
2010 12675,23 9628,13

( 0,000) ( 0.000)

(.



%2

SCENARIO) MED ¢ HE3==DOR AVG SCENARIO==6/24/193)

SUHMMARY OF PRICE EFFECTS AND PROGRAMATIC CONSERVATION

IN GWH
ANCHORAGE = COOK INLETY
RESTDENTIAL RUSINESS

QWHePRITCE PROGRAM~ INDUCED CROSS~PRICE OWN<PRICE PROGRAM=INDUCED CROSS-PRICF
YEAR REDUCTINN CONSERVATION REDUCYION REDUCTION CONSERVATION REDUCTION

‘et tHEEEEE e, CEEELECEEEEEEE, L Y CerEb ey R EEEe CEELE b EhE
1980 0,000 0,000 0,000 0,000 n,000 0.000
1981 6,120 0,000 =0,175 9,113 . 0,000 1.002
1982 12,240 0,000 «0,350 18,227 0,000 2,008
1983 18,360 0,000 =0,524 27,340 0,000 1.007
1984 24,480 0,000 0,699 16,4053 0,000 4,009
1985 30,599 0,000 «0,870 0%,566 0,000 S,011%
1986 36,74% 0,000 6,193 54,489 0.000 3,581
1987 42 ,R90 9,000 «11,512 63,411 0,000 2.190
1988 49,035 0,000 16,811 72,334 0,000 0,720
1989 55,180 0,000 -22,150 R1,257 9,000 =0,711
1990 61,325 0,000 «27,069 . 90,179 0.000 2,142
1991 68,809 0,000 -3%,794 99,784 0,000 5,000
1992 16,292 0,000 «04,119 109,389 0,000 ~7,A58
1993 83,776 0,000 «52, 440 118,994 0,000 =10.,717
1994 . 91,260 0,000 «60,769 128,599 0,000 ~13,575
1995 98,743 0,000 -69,090 ' 138,204 0,000 -16,030
1996 108,847 0,000 =79,056 151,908 0,000 19,730
1997 118,951 0,000 -R9,017 165,611 n,000 -23,026
1998 129,055 0,000 -98,978 179,314 0.000 26,322
1999 139,159 n,n0n : =10R_ 939 193,017 0,000 «29,61R
2000 149 263 0,000 =118,901 206,720 0,000 -32,910
2001 161,975 0,000 -130,00b 221,422 0.000 ~3b5,866
2002 114,687 0,000 144,111 234,125 0,000 -40,819
2003 187,398 0,000 -152,217 250,827 09,000 ~4u,7712
2004 200,110 0,000 “163,322 265,529 0,000 -8R, 724
2005 212,822 0.000 -f74,427 280,231 0,000 57,4677
2006 229,024 0,000 189,201 298,900 0,000 ~57,89%
2007 205,226 9,000 -203%,975 317,569 0,000 ~63,116
2008 261,428 0,000 218,749 1314,23A 0,000 68,135
2009 277,631 0,000 -233,521% 154,908 0,000 -73,554

2010 293 A3} 0,000 ~248,296 37%,577 0,000 ~T1R. 774



FATA

SCENARTU; MED 1

YEAR
teee

19680

1981
1982
1983
1984

1985

198¢
1987
1988
1989

1990

1991
1992
1993
1994

1995

1996
1997
1998
1999

2000

2004
2002
2003
2004

2005
2006
2007
2008
2009

2010

OWNePRICE
REDUCTION
thbeteres

0,000

-0,266
«0,532
=-0,797
-1,08}%

=1,329

1,560
=-1,791
=2,022
=2,253

-2,484

«2,6858
«2,886
«3,087
-].239

=3,490

3,638
«3,787
«3,936
=4 084

-4,233

4,178
4,117
=4,059
«4,000

1,942
3,623
=3,308
2,986
w2, ho7

2,348

HE3=eDOR AVG SCENARIOe=b/24/1983

SIUMMARY OF PRICE EFFECTS AND PROGRAMATIC CONSERVATTON

IN GWH

GREATER FAIRBANKS

RESIDENTIAL
L R Y T 1 1 1 1]
PROGRAM=INDUCED
CONSFRVATION
L T T

0,000

0,000
0,000
0,000
0,000

0,000

0,000
8,000
0,000
9,000

0,000

0,000
0.nro0
0,000
0,000

a,000

0,000
6,000
0,000
8,000

0,000

n,000
0,000
0,000
n, 009

0,000
o.000
0,000
0,000
0.000

h,000

E\M,

CROSS=PRICE
REDUCTION _
I N

0,000

1,260
2,121
31,182
4,243

5,304

6,244
7,185
8,125
9,066

jo0,006

10,464
in,022
11.380
11,A38

12,296

12,116
11,937
11,757
11.578

11,398

10,890
10,382
9,875
9,347

- B,859
8,064
71,269
b,U73
S.b7A

4_,8R%3

NWN=PRICE
REDUCTION
S

0,000

-0,49%
=0,984
-1,479
-i,972

2,468

-2.,805
=3,14%
-3,485
wl,824

wl 166

-l,43%
«t,704
4,972
w8, 241

-5,510

-li,97R
-, 006
-1,915
~3,383

w2,851

-3,335
«3,819
-‘l.}o!
-6.186

5,270
-, 8U1
TR
-3,9A2
=3,552

-3,121%

BUSINESS
LA L L ELA LX)
PROGRAM=INDUCED
CONSERVATION
CEEELEEEECEEEEEE

0,000

0,000
0,000
0,000
0,000

0,000

6,000
0,000
0,000
0,000

n. 000

0.000
0,000
D.n0OO
e,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
a,000
n,000
0.n00

0,000
p.000
0,000
0,000
0,000

6,000

CROSS=-PRICE
REDUCTION _
et

0,000

0,729
1.457
2.186
2.914

3.643

4,154
4,666
5,178
£,5690

4,202

6,388
6,567
6.750
6,933

7,118

6,245
5,315
4,505
3.635

2,765
3.050
3,335
3.619
1,904
4,189
3,799
Y,40R
31,018
2.628

2,234

BN B



Ev°0

SCENARIUY MED 1

B I R

cp

HE3==NOR AYG SCENARIO==6/24/19813

BREAKDNWN DF ELECTRICITY REQUIREMENTS (GWH)
{TOTAL THCLUDES LARAE IHDUSTRIAL CONSUMPTION)

MEDIUM RANGE (PRm,S)

cCotoususuRseTeraewew

YEAR

1980

1981
1982
1983
1984

1985

1986
1987
1988
1989

1990

1991
1992
1993
1994

1995

1994
1997
1998
1999

2000

2001
2002
2003
2004

2005
20064
2007
enosd
2009

2olo

RESIDENTIAL
REQUIREMENTS

979.5%

1017.74
1085.95
1094.17
1132,38

1170,59

1§192.97
1215.34
1237.72
1260,09

122,47

1302,97
132347
1343 97
1364,47

1384,9A8

1408,.59
1432.2¢
1455,82
1479, 44

1503,06

1532.17
1561.29
1590.40
1619,52

164863
1686,90
1725.17
1763.4)
1801,70

183997

ANCHORAGE = CONK THLET

ANSIHESS
REQUIREMENTS

875,306

940,84
1006,33
1071,.814
1137,29

202,78

1232.72
1262,65
1292,5%9
1322,.53

1352,46

1379,57
juoe .68
ILRL L
lu60,89

L487,99

1518,20
154R,42
178,63
160A,84

1639,06

1683,35
1727,.64
771,93
1816,22

1860,51
1924,15
1987,79
2051,43
2115,006

21718,70

HISCELLANEOUS
REQUIREMENTS

24,31

24,56
24,82
25,08
25.34

25,60

26,15
a6, 11
27,27
27,83

268,38

¢6,B9
29,39
29.89
10,40

30,90

31,48
32.05
32,63
33,20

35,74

34,54
35,30
36,06
36,683

37.59
38,68
39,77
40,86
41,95

03,04

EXNG, INDUSTRIAL
LOAD

A4,00

92,08
100,16
108,24
116,32

124,40

137,89
151,38
164,88
178,37

191,06

195,13
198,40
201,66
204,93

208,20

214,14
220,08
226,02
231,96

237,90

244,94
252.02
259,08
266,10

213,20
281,58
289 9
298,34
106,72

315,10

TOTAL

19A3,19

2075,23%
2187,26
2299.30
2411,3%

2523,17

2589,73
2656,09
2722,4%
2788,8)

PA55,17

2906.55
2957,93
1009,.3)
060,69

312,07

172,41
3232.76
3293,10
3353,45

3413,79

495,02
3876,24
1657.47
3738,70

YR19,93
1931,30
4o42,68
454,06
4265,43%

4376,81



A2,

SCENARIOy MED 8 HEYweDOR AVG SCEHAR]O==6/24/1983

BREAKDOWN (IF ELECTRICITY REQUIREMENTS (GWH)
(TOTAL JNCLUDES LARGE INDUSTRIAL CONSUMPTION)

GREATER FAJRBANKS

MEOIUM RANGE (PH®,S)

SoNnesaerEIoYSnpREE D

RESJIDENTIAL BUBINESS MISCELLANEOUS EX0G, ITNDUSTRIAL

YEAR REQUIRENFNTE REQUIREMENTS REQUIREMENTS LLOAD TOTAL

1980 176,39 217,14 6,78 6,00 400,31
198} 190.014 22R, 93 6,74 0,00 425,68
1982 203,62 240,71 b.70 0,00 451,04
1983 217,24 252,50 6,66 0,00 , 476,40
1984 230,88 204,29 b,b2 5,00 501,77
1985 244,47 276,08 6,58 0,00 527.1%
1986 254.1% 281,47 6,56 10,00 552,37
1987 263,80 287,27 6.93 20,00 §711.60
1988 273.47 292,8¢ 46,51 3n, 00 : 602,80
1989 283,14 294,48 ' 6,49 40,00 428,07
1990 292,80 Jou,04 6,46 50,00 653,30
1991 303,27 310,23 6,64 50,00 670,144
1992 313.74 316,42 b.81 S0,00 686,98
1991 324,21 122.61 6,99 50,00 703,82
1994 114 b4 32R,80 T.17 50,00 720,65
1995 345,15 338,00 7,34 ' 50,00 137,49
1994 353.53 341,74 7,50 50,00 752.81
1997 361.91 348,56 T.b66 So0,00 768,12
1998 370,2° 355,33 T.82 50,00 783,44
‘1999 3T8.67 362,11 1.97 50,00 198,76
2000 3187.05 38 .89 A,13 sSn, 00 814,07
2004 396, 4R 1.7 8,30 50,00 832,49
2002 405,92 386,52 8,47 $0,00 8%0,91
2003 415,35 395,34 8,648 50,00 849,33
2004 424,78 404,1% A,81 50,00 887,15
2005 434,22 412,97 8,98 50,00 906,16
2006 4as,52 42u4,1% 9.24 S0,00 929,51
2007 450,813 436,51 9,51 50,00 952,85
2008 468,13 448,39 9,717 50,00 976,21
2009 479,40 4h0, 08 10,03 50,00 999,56
2010 49y .74 471,88 10,30 50,00 1022,90



Sv°0

SCENARJOy MED 3 HE3==DUR AVA SCENARID==6/24/1983

TOTAL ELECTYRICITY REQUIREMENTS (R4WH)
(MET OF CONSERVATJON}
(INCLUDES LARGE INDUSTRIAL CONSUMPTION)

HENIUM RANGE (PR s ,5)

cersCeeRRsARTE AR RUTES

YEAR ANCHORAGE = COOK INLETY GREATER FAIRHANKS
1980 196319 upn 3t
1981 2075.23 ngs, 68
1982 2187.25 us1,04
1983 299,30 416,40
1984 2u11.%% 501,77
1988 2523.,37 527,13
1986 589,713 §52.37
1987 2656,09 877,60
1988 er22.4% 602,84
1989 278R,81 628,07
1990 2855.17 653,10
199} 2906,5% 470,14
1992 29%7.9% 686,98
1993 3009 319 10v,82
1994 3060.69 720,65
1995 3132,07 737,49
1996 317201 752.81)
1997 12%2.7¢6 TeR 12
1998 1293.10 783,44
1999 3353, 44 798,76
2000 413,79 at4,n7
2001 3495,02 A32, 49
2002 3576, 24 850,91
2003 34657.47 859,13
2004 3738,.70 887,718
2005 3419,93 906,16
2006 3931 ,30 929,51
2007 upu2, 68 952,86
2008 41S4,06 976,21
2009 4265 4% 299 5y

2010 a3ve 81 1022,90

TOTAY

2363,51

2500,90
263R .30
2715.70
2913 .10

050,50

3q42,10
3233,.69
33125,29
301b6,.BR

35nA.48

3576, 69
1644,91
3713,11
1781, 34

IR49,56

3925,22
4g0o,A8
uoT6,54
41%2,.20

4p27.86

4327.51
uuz21,15%
4526,80
426,44

47126.09
upso0 At
4995.54
5130,26
5264,99

5399,71

sl
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SCENARJOp MED 3 HE3}==DOR AVG SCEHARIU=~&/24/1981

PEAK ELECTRIC REQUIREMENTS (MW)
(NET OF CONSERVAYION) -
(INCLUDES LARGE INDUSTRIAL DEMAND)

MEDIUM RANGE (PR = ,S)

LEE LYY Y PR LI LY LR Y )

YEAR ANCHORAGE = COOK THLET GREATER FAIRBANKS
1980 3946.51 91,460
1981 419,13 : 97,19
1982 441,15 102,98
1983 464,37 108,77
1984 4By ,99 114,56
1985 509,62 120,35
1986 503.80 126,114
1987 §37.99 131,47
1988 §%52.17 137,62
1989 566,36 143,38
1990 580,54 149,14
1991 590,96 152,98
1992 601,37 156,48}
1993 611,19 160,67
1994 622,20 164,52
1995 632,62 168,34
1996 6ldy, 74 171,86
1997 656,87 175,36
1998 668,99 178,85
1999 681,11 182,15
2000 693,24¢ 185,85
2001 109, 61 190,05
2002 725,98 194,26
2003 T42.35 198,46
2004 158,1% 202,67
2005 175,10 206,87
2006 197.60 212,20
2007 820,09 217,53
2008 842 59 222,86
2009 B65,09 228,19
2n1p 887.59 233,82

TOTAL

487,90

516,32
544,73
573,14
601,55

629,97

649,91
669,85
689,80
708,74

729,88

743,94
758,20
172,46
186,72

800,98

816,60
at2. 22
847,84
B&3, 46

879,08

899,66
920,20
940,81
961,39

981,97
1009,80
1037,6}3
1065,4%
1093,28

121,11
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HE9--DOR 50%

c.47
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6v° 3

ot

SCENARIQy MED 1t

YEAR

1980

1985

1990

1995

2000

2005

a0to

SINGLE FAMILY

35479,
( 0.000)
45685,
( 0,000)
550318,
( n,000)
59947,
( 0,000)
sudt,
( 0.000)
69574,
( 0,000)
76360,

( 0,000)

HE9==aDOOR S50Xe=b/24/198)%

HUUSEHOLDB SERVED

ANCHORAGE = CONK INLETY

MULTIFAMILY MOBILE HOMES
LA X Ly X 0 0 X L XXX ) L L KK 2 0 X L LB ¥ J
20344, 8230,
( 0,000) ¢ 0,000)
26204, 10859,
( 0,000) ( 0,000)
25817, 12661,
( 0.000) ¢ 0,000)
26890, 13789,
( 0,000) t 0,000)
29755, 14910,
( 0.000) ¢ 9,000)
33163, 16299,
¢ 0,000) ¢ 0,000)
31012, 18072,
( 0,000) { 0,000)

DUPLEXES
1486,
( 0,000)
AS6T,
( n,000)
8460,
( 0,000)
83131,
( n,000)
8187,
( 0,000)
8024,
( 0,000)
884s,
( 0,000)

TOTAL
71503,

( 0.000)
91315,

( n.000)
t0203s,

¢ 0.000)
108959,

¢ 0,000)
117163,

( 0.000)
127255,

( 0,000)
14028A,

( 0,00n)

oore.
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SCENARIDg MED ¢ HEQ=«DONR S50%==b/2471983
HOUSEHOLDS BERVED

GREATER FAJRBANKS

YEAR SIHNGLE FAMILY MULTIFAMILY MOBILE HOMES DUPLEXES TOTAL
LY 1 X J eSO dEman e g L P L XL L b F X J cTeoDpONTETRasEen X LXE L LY YL ) 'Y L LI R EFY R L] )
1980 1220, 5287, 1189, 1647, 15313,
t 0,000) ¢ 0.000) t 0,000) ( 0,000) ¢ 0,000)
1985 10646, S8R, 2130, tr21, 20185,
¢ 0,000y ¢ 0,000) ( n,000) ( 0,000) ¢ 0,000)
1990 10128, 7960, 2103, 231s, 23163,
( 0,000) ¢ 0.000) ( 0.000) ( 0,000) ¢ 0,000)
1995 12980, 7841, 2873, 2339, 25733,
¢ 0,000) ( 0,000) ( 0,000) ¢ 0,000) ( 0,000)
2000 jn3240, 7703, 3194, 2298, 27%20,
( 0.000) ( 0,000) ( 0,000) ¢ 0,000) ¢ 0.000)
2005 162006, 7549, 31808, 2252, 29815,
( 0,000) ( 0,000) { 0,000) ( 0,000) ( 0,000)
2010 17773, 8681, 4223, 2109, 32784,
t 0.000) 0.000) ¢ 0,000) ¢ 0.000) ¢ 0,000)



C
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SCENARIOY MED § HE9==DUNR S0Xeeh/24/198%

HOUSING VACANGCIES

ANCHORAGE = CDOK INLET

YEAR SINGLE FAMILY HULTIFAMILY MORILE HOHES DUPLEXES
Sube AL L L X L XL L L2 ) esevedteogwEsee L E L AL YR L2 X ) LL L LKL L LX)
1980 5089, Tost, 199y, 143,
{ 0,000) t 0,000) ( 0,000) ( 0,000)
1985 503, 149s, : 120, 292,
( 0,000) ( 0.000) t 0,000) ( 0,000)
1990 605, 1477, 139, 289,
( 0,n00) ( 0,000) ( 0,000) ( 0,000}
1995 659, 54, 152, 284,
( 0,000) ( 0,000) ( 0,000} t 0,000)
2000 107, 1607, 164, 279,
t n,000) { 0,000) t 0,000) . ¢ 0.000)
2005 . 769, 1802, 179, 274,
{ 0,000) ( ¢,000) ¢ 0,000) { 6,000)
2010 Aa4q0, 1999, 199, 292,

( 0,000) ( 0,000) ( 0,000) ( 0,000)

el

} b
TOTAL

16209,
( 0,000)
ga10,
( 0,000)
2510,
( 0,00n)
1149,
{ 0.000)
275A,

( n,000)-
3020,
( 0,000}
3329,
( 0.000)

g,

el

ot
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SCENARIDs MED § HE9=«DOOR S0Xewb/24/1983%

HOUBIMG VACANCIEY

GREATER FAIRBANKS

YEAR SINGLE FAM]ILY MULTIFAMILY MOBILE HOMES NUPLEXES TOTAL
*pSa TewTeePeugwane LA L R A A 4 LT X4 LI XA 2 2 X 3 X 1 1) LA L LA L2 L A 1 2 1 1] FCLL LA LYY LYY L)
1980 3853, 3320, 986, 89s, YL
{ 6,n00) ( 0,000) [ 0,000) { 0,000) ( 0,000)
1985 118, 2833, a4, 166, 3744,
{ 0,000) t 0,000) ( 0,000) 4 0,000) ( 0,000)
1990 148, 454, 23, 81, 677,
{ 0,000) { 0,000) { 0,000) ¢ 0,000) ( 0, 00n)
1995 143, T 28, 8n, 699,
{ 0,000) { 6,000) ¢ £,000) ( 0,000) 4 a,000)
2000 158, aug, 3s, 78, RIT
( 06,000) ( 0,000) ( 0,000) { 0,000) 4 0,000)
2005 178, 431, 42, 77, _res,
¢ 0,000) ( 0,000) 4 0,000) ( 0,000) 4 06,000)
2010 196, 09, Ls, 167, _Aa718,
( 0,000) ( 0.000) ¢ 0,000) { 0,000) t 0,000)

Sl
ol
L
e
S
s
-
S
Lo
o
|

b
-
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£9°3

SCENARIOr MED | HE9==DODR S50Xe=4/24/198)%
FUEL PRICE FORECASTS EMPLOYED
ELECTRICITY (S 7/ KWH)

ANCHORAGE = COOK INLE? GREATER FAIRRANKS

YEAR RESIDENTIAL BUSINESS RESIDENTIAL BUSINESS

1980 0.037 0,034 0,09% 0,090
1985 0,048 0,0uS 0,095 0,090
1990 0,049 0,046 0,090 0,085
1995 0,050 0,047 0,090 0,085
2000 0,051 0,048 0,000 0,085
2005 0,051 0,048 0,090 0,085

anto n,09% 0,048 0,090 0,085



572

SCENARIOs MED § HE9=«DOOR S0Xw=b/2U/1981
FUEL PRICE FORECASTS EMPLOYED
NATURAL GAS (S/MMBTU)

ANCHORAGE ~ COOK INLET GREATER FAYRBANKS
N L I N L L T L YL T T [T T P Y R Y Y P Y Y LR LY L P Y Y PP P T Y Y ]

YEAR RESIDENTTAL BUSINESS RESIDENTIAL RUSINESS

R ansnmsas=ew weewmenvman ememsnnsane A .
1980 1,730 1,500 12,740 11,290
1985 2,000 1.770 © 10,6680 9,210
1999 2,630 2.400 9,090 Y.600
1995 2,810 2.540 8,120 6,670
2000 2.710 2,480 T.660 6,210
2005 2,630 2,400 7,210 5,820
2010 2,560 2.330 6,890 5,440



ggd
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SCENARIUs MED 3

YEAR

1980
198S
1990
1998
2000
2005

2010

HE9==DOOR S0X==4/2u/1983

ANCHORAGE ~ COOK INLET

RESIDENTIAL

e
7.75¢0
6,490
5,530
4,950
4,660
4,630

4,200

BUSINESS®

7,200
5,940
4,980
4,400
4,110
3,880

1,650

FUEL PRICE FORECASTS EMPLOYED

FUEL OIL (S/MMBTU)

GREATER FATRRANKS

RESTDENTIAL

7.830
6,550
5,590
4,990
4,710
4,660

4,240

RUSTNESS

7.500
6,220
5,260
4,660
4,380
4,130

3.910
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SCENARIOs MED 1

YEAR

198¢

1985

1990

1995

2000

2008

2010

SMALL
APPLIANCES
LT Y X LT3 L

2110,00
{ 0.000)
2160,00
( 0,000)
2210,00
¢ 0,000)
2260,00
t 0,000)
2%10,00
L 0,000)
als0 00
¢ 0.,000)
2410,00
t 0.000)
. 3

HE9==DDOR 50%==6/24/1983

RESIDENTIAL USE PER HOUSEHOLD (KWH)
(WITHOUT ADJUSTMENT FOR PRICE)

ANCHORAGE = COOK INLET

LARGE
APPLIANCES
eWewsTeoeEe

500,863
{ 0:000)
6154,64
{  0,000)
6026.77
¢ 0:,000)
$958,47
¢ 0,000
5988,15
¢ 0,000)
5060,94
¢ 0,000}
6127,%7
{ 0,000)
L)

SPACE
HEAT

§088,52
¢  0,.000)

4831,62
( 0,000)

46o27,82
t 0,000)

4509,39
¢ 0,000)

4y3s, 47
( 0,000)

4agay,uy
( 0,000)

4u39.13
( 0,000)

TOTAL

13699,15
( 0.,000)

13146,27
t - 0,000)

12864,60
( 0,000)

12727,87
( 0.000)

12734,61
( 0,000}

12842,40
( 0,000}

12976,70
( 0,000)



JASR

SCENARIOs MED

YEAR

1980

1985

1990

1995

2000

2005

2010

? HE9=+DODR S0X=«b/24/1983

SMALL
APPLTANCES
2U66,00
( 0,000)
2535,99
t  0,000)
2606,01
( 0,000)
2676,01
t 0,000)
2146,01
(  0.,000)
2816,00
( 0,000)
2885 ,99

( 0,000)

el

\‘IIM

=4

(Lt

RESIDENTIAL USE PER HOUSEHOLD (KWH)
(WITHOUT ADJUSTHMENT FOR PRICE)

GREATER FAIRBANKSE

LARGE
APPLIANCES
5739,52
( 0,000)
6181, 26
(  0.000)
643931
( 0,000)
6651,89
( 0,000
6790,89
(  0.000)
685832
( 0,000)
6895 94
( 0,000)

SPACE
HEAT.

3311,66
( 0,000)

3594,14
t  0,000)

l840,88
( 0,000)

4os1,97
( 0,000)

4325,95
t 0,000)

4497 ,49
( 0,000)

4656,78
( 0.000)

TOvAL

11519,18
( 0.000)

12311,40
( 0.000)

12886,20
( 0,000)

13409,87
(  0.000)

13862,85
( 0,000)

14174 ,81
( 0,000)

14418,172
(  0.000)
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SCENARIO: MED ) HE9=~DOOR S0Xe~b/72471983

BUSINESS USE PER EMPLOYEE (KWH)
(WITHOUT LARGE INDUSTRIAL)
(WITHOUT ADJUSTMENT FOR PRICE)

YEAR ANCHORAGE = COOK INLET GREATER FATIRBANKS
1989 8407,04 7495,70

( 0,000) ( 0,000)
1985 9519,96 7947,93

( 0,000) ( 0.000)
1990 10059, 64 8237,21

¢ 0.000) ( 0.000)
1995 10482,60 ) 8515, 05

( 0,000) ( 0.,000)
2000 11024,92 8822,88

¢ 0.000) ( 0.000)
2005 11680,86 9169,82

( 5,000) ( 0,000)
2010 1248%,97 9564,47

( 0,000) ( 0.000)

| B | ] 1 | SR 3 3 |
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ACENARIO) MED

YEAR
tebe

1980

1981
1982
1983
1984

19AS

1986
1987
1988
1989

1990

1991
1992
1993
1994

1995

1996
1997
1998
1999

2000

2001
2002
200}
2004

2005
2006
2007
2008
2009

2otlo

0AN=PRICE
REDUCTION
bbbty

0,000

b.14%
12,290
18,435
24,580

In, 728

15,683
40,641
45,599
$0,857

5%.515

59,415
6y, 314
07,213
T, 113

15,012

78,442
81,871
A5,100
88,729

92,157

93,061

98,004
100,927
103,850

106,774
109,764
112,758
115,746
118,737

121,728

HE9==DUOOR S50Xe=b/24/198)

w—

ot
g

S1MMARY OF PR]ICE EFFECTS AND PROGRAMATIC CONSERVATION

ANCHORAGE = COOK INLEY

RESTOENTIAL
Pheegsguvre
PROGRAH=INDUCED
CONBERVATION
[T XTI XL XX

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
2,000
0,000
0,000

0,000

0,000
n,000
0,000
0,000

0,000
0,000
0,000
0,000
0,000

0,000

CRO88-PRICE

REDUCTION

CErEEFbEb e

0,000

~0,96§
~1.928
-2.892
=3,85¢6

=4 ,820

-3.7'“
=12,72%
"60672
-200623

-24,573

-27,410
-30,206
-33,08)
-35,919

«38,158

=-39,%49
«40,349)
-“‘.131
=41,931

-42,72%

-ﬂa.suo
«42,358
~42,170
-41,985

=G1,800
~41,008
0,215
-39, 423
=-38,5631

-37.,818

OWM«PRICE
REPUCTION
[T LSS

0,000

9,139
18,217
27,416
36,554

45,693

52,480
59,266
56,053
72,840

19,4627

Al,960
90,294
95,627
100,961

106,294

138,265

140,985
106,705
152,426
1SA, 146

163,866
170.770
177,670
tA4,STA
191,482

198,188

AUSTNESS
seveewRr Sy ww
PROGRAMeINDUCED
_CONSERVATION
Ch bbbt bber bbby

5,000

0,000
0.000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

n,000

0,000
0,000
0,000
0,000

0,000

0.000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000
0,000
0,000
0,000
0,000

0,000

CROS9-PRICE
RENDUCTION
YT I I

0,000

0,326
0.6%%
0.979
1.306

1,632

1.288
0,943
0.599
0,255

=0,090

0,221}
0,536
n.A49
1.162

1,475

2.5719
3,683
4,786
5,890

6.993

8,663
10,332
12,002
13,674

15,301
17,767
20,194
22.621
25,048

27,474

e
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SCENARIOy MED 1

YEAR
tete

j980

1981
1982
1983
1984

1985

1986
1987
1988
1989

1990
1994
1992
1993
1994

1995

- 1996

1997
1998
1999

2000

2001
2002
2003
2004

200%
2006
2007
2008
2009

2010

OwMN=PRICE
REDUCTION
CEEbEEELE

0,000

0,000
0,000
0,000
6,000

0,000

=0,319
=0,638
0,957
=1,276

1,595

=], 846
-2,097
=2,348
=2,%99

~2,850

-3.03‘
-3.2‘1
=-3,392
=3,572

=-3,753

=3,908
~4,038
4211
4,303

=4,516
all 6648
-4,820
=l 973
5,125

=8,2717

HE9=«DDOR S50Xenb&/24/1983

SUMMARY OF PRICE EFFECTS AND PROGRAMAYIC CONSERVATION

GREAYER FAIRBANHKS

RESIDENTJAL

EeavYeamsaa®ew
PROGRAM=INDUCED
CONSERVATION
CEEEEEEFEEEEE e

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

9,000

0,000
0,000
0,000
0,000

0,000

0,000
®,000
0,000
6,000

0,000
0,000
0,000
0,000
0,000

0,000

CRO88=PR]ICE

REDUCTION

bbbttt ets

0,000

0,726
1,452
2,178
2,904

3. 6%0

S.029
b7
7.828
9,228

10,624

12,378
14,127
15,478
17,630

19,381

20,996
22,611
24,226
25,840

27,455

29,126
30,797
3o, .ueb
34,139

15,810
37,725
19,641
1,556
43,472

45,188

IN GWH

OWN=PRICE
RENUCTION
LA XX L L]

n,n0n

0,000
0,000
n,000
8,000

0,000

-0,532
af 084
-i,596
=2,129

2,681
2,998
=3,335%
=3,671
«ld,008

ol,345

-4,588

4,832
«5,07%
-5,318

=5,561

=5,779
5,997
wb,21b
-6,430

~h,b652
=6,092
-7,132
=7.,372
7,612

-7,852

RUSINESS

PROGRAM=INDUCED
CONSERVATION
FHEELEtEEEttEbe

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
9,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0.000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000
0,000
0,000
0,000
0,000

n,o00

CROSS«PRICE
REDUCTION
GrEbEEtEEEE

0,000

0.488
0,978
f.463
1,950

2,438

3,250
4,062
4,873
5,685

6,497

7,395
8,292
9.189
10,087

10,9684

11,839
12,695
13,551
14,407

15,262

16,198
17,134
18,070
19,008

19,942
21,091
22.239
23,188
2u,53b

25,685



1972

BCENARTOY MED

HES==DDOR S0X==6/2U4/19R%

BREAKDUWN OF ELECTRICITY REQUIREMENTS  (GWH)
INCLUDES LARGE INDUSTRJIAL CONSUMPTION)

(TOYAL

MEDIUM RANGE (PR=,5)

2 AT Y R Y P LYY X2

YEAR

1980

1941
1982
1983
1984

1983

198¢
1987
1988
1989

1990

1991
1992
1993
1994

1995

1996
1997
1998
1999

2000
2001
2002
2003
2004

2005

2006

2007
e008
2009

2010

RESINENTIAL
REQUIREMENTS

979,53

1018,53%
1057,54
109,50
1135,54

1174,55

1195,98
1217,41
1238, 04
1260,28

t281. 11

1295,48
1309,25
1323,02
1330,79%

1350,56

1368.97
13A7,37
1405,7A8
14924 19

1442,59

1467,93
1493, 27
1518, 61
§1543,95

1569,29
1602,75
136,21
1669,67
170313

1736.59

ANCHURAGE = CHOOK INLETY

LI LI L L T TS LI T Y I

BUSINESS
REYULREMENTS

B7S,36

WL, 60
1007,83
1074,07
jt4o0, 3t

1206,55

1234,59
262,64
1290,68
1318,73

1346,77

1365,61
1384, 04
140,28
ja22.11

Luun, 95

1471, 17
1501,39
153162
1561,84

1592,06

1635,87
1679,69
172%,50
1767,.32

1811,.13
1A74,00
1936,.8b
1999,73
2062,59

2125,46

MISCELLANENUS
REQUIREMENTS

24,31

24,58
24,85
25,13
25,40

25,68

26,20
26,73
21026
27.79

28.3'

28,58
28,84
29,10
P9.36

29,62

30,213
30,83
31,43
32.04

12,64

33,37
3“.'0
34,84
15,57

36,30
371,32
318,33
319,34
u0.3e6

41,37

o

EX0B, YINDUSTRIAL
LOAD

84,00

92,08
100,16
108,24
116, 32

124,40

137,89
151,38
16u,88
178,37

191,86

195,13
198 40
201,66
204 9%

208,230

214,14
220,08
226,02
231,96

237,90

204,96
252,02
259,08
266 14

273,20
281,58
289,96
298,34
108,72

115,10

TOTAL

1963,19

2076.179
2190,3R
2303.98
2417.57

asyt. 17

2594,467
2658,16
2721,64
ATAS, 16

28U8,6S

2684,79
2920,9%
2957.06
2993.20

3029,3)

3084,50
3139,6A
3194,.89%
31250,02

3305,19

1382,14
1459,.08
15316,0%
1612.97

1489,92
3795.64
1904.36
ap67,08
a112.80

u218,%2



293

SCENARIQ) MED 3 HE9=aDNOR 50Xweb/24/1983)

BREAKDOWN NF ELECTRICITY REGUIREMENTS (GWH)
(TOTAL INCLUDES LARGE INDUSTRIAL CONSUMPTION)

GREATFR FAIRBANKS

MEDIUM RANGE (PRw,%)

RESIDENTIAL BUSINESS MISCELLANEOUS EX0G. INDUSTRIAL

YEAR REDUTREMENTS REQUIREMENTS REQUIREMENTS LOAD TOTAL

1980 176,39 217,14 6,78 0,00 400,31
1981 190,09 228,70 6.74 0,00 425,53
1982 203,179 240,26 6,70 0,00 490,740
1983 217,48 251,82 6,66 0,00 475,96
1984 231.18 263,38 6.61 0,00 501,48
1985 204,87 214,95 6,57 0,00 526,39
1986 253,79 ' 219,717 6,5% 10,00 560,09
1987 . 262,70 284,%9 6. 49 20,00 513,79
1988 271,62 289,41 6,46 30.00 597.49
1989 280,54 294,2% 6,42 40,00 h21.18
1990 289,45 299,05 6,38 50,00 YT
1991 a9r.27 302,90 6,50 50,00 656,68
1992 30S.09 306,75 6,08 50,00 668,47
1993 312,91 310,60 6,75 50,00 680,26
1994 320,73 314,45 6,88 50,00 692,08
1995 328,54 318,30 7.00 50,00 703,88
1996 334,40 321,55 .12 50,00 715,08
1997 40,25 328,40 71.23 50,00 126,28
1998 346,10 334,085 7.38 50,00 737,50
1999 3%1.9S 136,30 T.48 50,00 748,71
2000 3157.80 344,55 7,58 50,00 759.93
2001 364,49 351 ,A6 7.73% 50,00 774,07
2002 174,148 359,17 7.87 50,00 788,22
2003 177 .86 366,48 B, 02 50,00 ang2, 37
2004 3A4,5% 173,79 8,17 50,00 816,51
2005 391,24 381,10 B,34 50,00 830,66
2006 399,65 391,01 8,52 50,00 8U9  4A
2007 408 ,US a0y .52 a,72 S0,00 868,30
2008 w16, 66 TERT 8,92 50.00 887,12
2009 424,87 4g1 9% 9,12 50,00 9NS,94
2010 433,28 432,16 9,33 50,00 924,76

B r 1 o X 0} 0} 3 y ¢y 0} ¥ 3 3 1 3



£9°J

SCENARINg MED 1

YEAR

1980

1981
1982
1983
1984

198%

1986
1987
1988
1589

1990

1991
1992
1993
1994

1995

1996
1997
1998
1999

2000

200}
€002
2003
2004

2005
2006
2007
2008
2009

2010

HFE9+==aDOOR 50Xeab/24/1983%

TOTAL ELECTRICITY REQUTREMENTS (GHWH)

{RET OF CONBERVATJION)

{INCILLUDEB LARGE INDUSTRIAL CONSUMPTION)

ANCHORAGE ~ COOK INLETY

19463,19

2076.79
2190,38
2303 .98
2017,57

25%1.17

2594,67
2658 .16
er21.6b
2785,14

26848 .65

884,79
2920,93
2957,.06
2993.20

3029,.3)

3084,50
31139, 68
3194,85
1250,02

3305,.19

3362, 10
459,08
15%6,.03
3612,97

31689 ,92
3795, 64
3901, 36
4007,08
512,80

4218,52

HEDIUM RANGE (PR ® ,S)

GREATER FAJRBANKSY

CEL AL R LR L R L LY L L L KX ]
400,3)

425,53
450,74
415,96
501,18

526,39

550,09
573,19
897,49
621,18

YIR]

656,68
(TL IR
680,286
692,06

703,85

715,06
724,28
737,50
748,714

759,93

174,07
T88,22
802,37
816,51

B30, 66
R49, 48
A68,30
ABT 12
905,94

926,76

TOTAL

CL AL LD L L LYY YL Y Yy
2363,51

502,32
241,18
2779,94
291,78

057,56

1144,76
231,95
3319,15
3406, 34

3493,54

1541,47
3589, 39
3637,32
1685,25

3733,18

3799.957
3865,.96
3932,34
3998,73

5065,12

4356,21
b247,30
uysa, 39
4429 ,48

u520,58
up85,12
nyeq,.66
uuoa,ao
S04A, T4

5143.2AR



972

SCENARIDOg MED g HE9=«DUOR S0X==p/24/1983
PEAK ELECTRIC REQUIREMENTS (MW)
(NET OF CONSERVATION)
(INCLUDES LARGE JINDUSTRIAL DEMAND)

MEDIUM RANGE (PR = ,5)

PSR NNAET TR AN

YEAR ANCHORAGE » COOK TNLEY GREATER FAIRBANKS

1980 396,53 91, 40
1981 419,4% 97.1%
1982 4uz .39 102,91
1983 465,33 108,67
1984 488,27 114,02
1985 S1§.21 126,18
1986 S24,81 125,59
1987 538,41 131,00
1988 582,01 136,40
1989 565,61 141,81
1990 579,21 147,22
1991 586,50 149,91
1992 $93,79 152,60
1993 601,09 155,30
1994 608,34 157,99
1995 615,67 160,68
1996 626,73 163,24
1997 637.80 165,80
1998 648, Bb 168,36
1999 659,93 170,92
2000 670,99 173,48
200t o6, 49 176,7)
2002 701,98 179,94
2003 717,44 183,17
2004 132.97 186,40
2005 T8, 47 189,63
2006 769,81 193,93
2007 791.1% 198,23
2008 812, 4R 202,52
2009 A13,82 206,82
2010 855,16 211,12

TOTAL

487,90

516,60
545,30
574,00
602,70

631,39

650,40
669 41
688,41
707,42

726,43

136,41
746,40
7%6,38
766,37

774,3%

789,98
803,60
817,23
a30,85%

844,48
863,20
8A1,93
900,65
919,38
938,40
963,74
989,37
1015,01
10u0,64

1066, 28

-3



£

H10--DOR 30%

C.65



£9°2

SCENARJO! MED 1 HIU==DOR 30X==b/24/1983

HAOUSEHOLDS BERVED

ANCHORAGE = COOK INLET

YEAR SINGLE FAMILY MULTIFAMILY MORILE HOMES
[ X X 1 ] (X X A L LR N X 1 N ) dwmpooBaarEvrw L L A ) LR L] )
1980 15473, 20344, 8230,
( 0,000) 0.000) n,000)
1985 usy7e, 26200, 10803,
( 0.000) ( 0.000) 0,000)
1990 53335, 25877, 12287,
{ 6,000) ( 0.,000) { n,o00)
1995 58322, 25893, 13407,
( 0,000) [{ 0,000) ( 0.,000)
2000 62565, 28717, 14505,
[4 0,000) { 0,000) ( 0,000)
2005 6TR90, 33568, 15906,
« 0.000) 0.000) 0,000)
2010 14779, 0272, 17708,

t 0,000) 0.000) 0,000)

1 i
DUPLEXES

7486,

( 0,000)
 8%S67,

t 0,000)
8460,

t 0,000)
83133,

( 0,000)
8147,

( 0,000)
7833,

( 0,000)
8667,

( 0,000)

TOTAL
71503,

¢ 0,.000)
90953,

¢ 0,000)
99958,

( 0,000
10595646,

4 0n,000)
113975,

4 0,000}
124197,

t 0,000)
' 137422,
4 0,000)

L



SCENARION MED 3 H)IO0==DOR Y0X=ep/24/19AR3
HOUSEHOLDS SERVED

GREATER FAIRRANKS

YT AR L LY LY LR 3 2} J

YEAR SINGLE FAMILY MULTIFAMILY MOBILE HOMES DUPLEXES TOTAL
ewen AT NOMCrRYOn NraEaNvTeRaasw YT I L LYY T T sTaweSToOsONGER LTI T LYY LT 1Y
1980 T2e0, 5287, 1189, 1617, 15313,
( 0,000) ( n.,000) { 0.000) ( 0,000) { 0,000)
1985 10646, 3513, 2130, 1693, 20042,
( 0,000) { 0,000) { 0,000) ( 06,000) 4 0,000)
1990 10513, 1743, 2103, 2197, 22556,
( 0,000} ( 0,000) ( 0,000) { 0,000) { 0.,000)
1995 12292, 7841, 2410, 2319, 2488t
( 0,000) ( 0.000) { 0,000) ( 0,000} ( 0,000}
2000 13613, 7703, 3o00e, 2298, 26641,
{ 0,000) ( 0,000) £ 0,000) { 0,800) { 0,000)
2005 15550, 1849, 368, 2252, 28990,
( 0,000) ( 0,000) L 0,000) ¢ 0,000) { n_noo)
2010 17358, 8483, 4126, 2061, 32028,
( 0,000) ( 0.000) { 0,000) { 0,000) t 0,000)



6972

SCENARIOy MED 1

YEAR

1980

1985

1990

1995

2000

2005

2010

1 i i 1 3 i } 1 i
Hi10=«DOR 30%meb6/24/1983
HOUSING VACANCIES
ANCHURAGE = COOK INLET

SINGLE FAMILY MULTIFAMILY HORILE HOMES DUPLEXES
5089, Te66, 19914, 1463,
( 0.000) ¢ 0,000) n 000y 6,000)
499, 1496, 19, 292,
t 0,000) ¢ 0.000) ¢ 0,000) 0.000)
587, 1arr, 115, 289,
( 0,000) ¢ 0.000) 0,000) ¢ 0,000)
642, 10so, 147, 284,
( 0,000) 0.000) 0,000) ¢ 0,000)
688, 1551, 160, 279,
( 0,000) 0.000) 0,000) ( 0,000)
747, 1759, 175, 4oy,
( a,n00) 0.000) 0.000) 0,000)
A23, 1959, 195, 266,
( 0.000) ¢ 0.000) 0,000) ( 0,000)

TOTAL
te209,
( 0,000)
2606,
( 0,000)
2488,
( 0.,000)
2124,
( 0,000)
2b18,
( 0,000)
3144,
( 0.000)
Y262,
( 0,000)



0L°3

BCENARIO) MED § Hi0ewDODR 30X=wb/20/19A3
HOUSING VACANCIES

GREATER FAIRBANKS

YEAR SINGLE FAMILY MULTIFAMILY MORILE HOMES DUPLEXES
epow [ LI TYY Y ) sepOoROBNNPasE LTI LI ALY T YY) LI LT YT Y L
1980 1653, i32¢, 08s, 83s,
( 0,000) 4 0,000} ( 0,000) { 0.000)
1983 118, 294A, 24, 794,
( 0,000} { 0,0006) { 0,000) ¢ 0,000)
1990 17, 671, 23, 259,
( 0.000) ( 0,000) £ 0,000) { 0,000)
1995 135, 448, 27. 8o,
4 0,000) ( 0,000) ¢ n,000) ( 0,000)
2000 150, 4n0, 33, 78,
( n,000) ( 0,000) { 0,000) { 0,000)
2005 171, 431, 40, 17,
( 0,000) ¢ 0,000) ¢ 0,000) ( 0,000)
2010 191, 458, 4%, 21e,
( 0,000) [ 0,000) { 0,000) { 0,000)

TOTAL
8854,
£ 0,000}
1884,
4 8,.000)
1070,
4 6,000)
689,
¢ 0,000)
01,
( f,000)
19,
¢ 0,000}
910,
( 0,000)
3y 3



L2

SCENARIOI MED 3§ HIO««DOR 30Y¥=eb/24/19A43
FUEL PRICE FORECASTS EMPLOYED
ELECTRICITY (% / KWH)

ANCHORAGE - COOK INLET . GREAYER FATIRBANKS

YEAR RESIDENTIAL BUSTNESS RESIDENTIAL RUSINESS

[ T K XK J LAY L X 8 K ¥ ) LI YT XYY XX X ) N L L X L L X X L X J LA 2 K 2 X L 2 K 1 ]
1980 n,037 0,034 0,098 0,090
1985 0,048 0,045 0,095 0,090
1990 0,049 n.04s : 0,090 0,08%
1995 0,050 0,047 0,090 0,088
2000 0,090 0,047 0,090 0,088
2005 0,050 0,047 0,090 0,085

2010 0,050 0,047 0,090 0,085

:
s
e



¢l

SCENARIO) MED 1 H10=eDOR 30%==b/24/19A1%
FUEL PRICE FORECASTS EMPLOYED
NATURAL GAS ($/MMBTU)

ANCHORAGE = CODK INLET GREATER FAJRBANKS

YEAR RESIDENTIAL BUSINESS RESIDENTIAL RUSINESS

asmm causenmseew vasuvnewaay wumcseavvas cyscsscwsee
1980 1,730 1,500 12,740 11.290
1985 1,930 1.700 9.090 7.640
1990 2,480 2.2%0 T,700 6,310
1995 2,530 2,300 6,740 5.290
2000 2,450 2,220 6.290 4,840
2005 2,360 2,t30 5,820 4,370
2010 2,260 2,030 $,190 3,940



el
wons!

€L°3

SCENARIOt MED §t HU10==DOR 30Xe«b/24/1983
FUEL PRICE FORECASTS EMPLOYED

FUEL OIL ($/MMARTIY)

ANCHORAGE = COOK INLETY _ GREATER FAIRBANKS

YEAR RESINDENTIAL BUSINESS RESIDENTIAL RUSINESS

L X 3L 2 ] LA R N T R L 3 K B N 3 L L L2 X 3 L K K X J C L L L 0 0 X § K J L' 2 R L XN 0% }
1980 7,750 7.200 7,830 7,500
1985 5,530 _ 4,980 5,590 5,260
1990 4,730 0,180 4,770 b, 440
1995 4,110 3.560 u, 140 3,810
2000 3,830 3,280 3,860 3.530
2005 1,850 3,000 ‘ 3,%80 1,2%0

2010 3,280 2.730 3,310 2,980

o



vLtd

SCENARIOT MED 1 H10=«DOR 30X=e4/24/1983%
RESINENTIAL USE PER HOUSEHOLD (KHWH)
(WITHOUT ADJUSTHMENT FOR PRICE)

ANCHUORAGE = COOK INLETY

8MALL LARGE SPACE
YEAR APPLTANCES APPLIAMCES HEAT TOTAL
oevs PMSUSE@mEn L L R 3 LR 3T L LE L L XX L LN N J Ll L 2 L X 2 X ]
1980 2110,00 6500,63 5088,52 13699,15
( 0.000) ( 0.000) ¢ 0,000) ( 0,000)
1985 2160,00 6156,5% 4837,21 13153,75
¢ 0.000) ( 0,000) ¢ o0,000) ( 0,000)
1990 2210,00 60%0,91 453,04 12894,34
¢t 0.,000) ( 0,000 ¢ 0,000) ( 0,000
1995 2260,00 $958,55 4%307,71 12726,25
t  0,000) ( 0.J000) ¢ 0,000) ( - 0,000)
2000 2319,00 5988,13 4432,69 12730,62
¢ 0,000) ( 0,000 ( 0,000) ( 0,000
2008 2360,00 6062,18 4422,68 1284484
¢ 0.000) t o0,000) t 0,000) (  0,000)
2010 2419,00 6129,36 4438,60 12977,96
t 0,000) ( 0.000) ¢t 0,000) { 0.000)



SL°)

SCENARTOg HED 1

YEAR

1980

1985

1990

199%

2000

2005

2010

SHALL
APPL TANCES
2u66,00
( 0.000)
253%,99
( n,000)
2606,00
( 0,000)
2676,00
( 0,.000)
2746,00
( 0,000)
2816 ,00
( 0,000)
2886 01
( n.noo)

Hi0==D0R 310X~~b6/24/198}3

RESIDENTIAL USE PER HOUSEHOLD (KWH)
(WITHDUYT ADJUSTMENT POR PRICE)

GREATER FAJRBANKS

LARGE
APPLIANCES
$7319,52
( 0.000)
61R2.93
( 0.000)
434,60
( 0,000)
647,01
( 0,000)
6789,50
( 0,000)
68%9,08
( 0,000)
6899 4¢
( 0,000)

SPACE
HEAT

313113,64
( 0,000)

3586,15
( 0,000)

322,03

¢ 0,000)

4075,11
( n,000)

4329,67
( 0,000)

4So02,21
( 0,000)

4655,94
t 0,000)

TOrAL

11519,18
( 0,000)

12305,07
( 0,000)

12862,63
¢ 0.000)

13398,12
( 0,000)

13865,18
( 0;000)

14177, 30
0.000)

14441,4%
( 0,000)



9.2

SCENARIOR MED

YEAR

1980

1988

1990

1995

2000

2005

2010

ANCHORAGE = CDOK INLET

LE LB XTI r L s P2 I XX 3.

8407,04
0,000)

9482,49
0,000)

9938,.71
0,000)

10347,97
0,000)

10908,81
0,000)

11583,80
0,000)

12397,12
n,000)

H10a=DUR 30X%anb/24/198)

(WITHOUT LARGE JNDUSTRIAL)

BUSINESS UBE PER EMPLOYEE (KWH)

(WITHOUT ADJUSTMENT FOR PRICE)

GREATER FAIRBANKS

. T7495,70
¢ 0,000)
7932,11
¢ 0,000)
8192,36
( 0,000)
B4&6T,59
( 0,000)
Ar82,72
( 0,000)
9137,18
¢ 0,000)
95356 ,33%
( 0,000)



ety

LL2

SCENARIOS) MED ¢ H10==DUR 30%==6/24/19R3

SUMMARY OF PRICE EFFECTS AND PROGRAMATIC CONSERVATION

IN GHH
ANCHURAGE = COODK INLET
RESIDENTIAL BUSINESYS
UWN=PRICE PROGRAM«INDUCED CROS8=-PRICE OWN=PRICE PHOGRAM;!NDUC!D CROS8=PRICE

YEAR REDUCTION CONSERVATION REDUCTION REDUCTION _ CONSERVATION REDUCTION _
tete R YYyYs CEEEEERR e PRy PR PR NPT S PP PPPPPRYS
1980 0,000 0,000 0,000 0,000 0,000 0,000
1984 6,084 0,000 0,489 8,082 0,000 1.574
1982 12,1867 0,000 0,978 17,964 0,000 1,151
1983 18,251 0,000 {1,468 26,948 0,000 u,727
1984 24,3138 0,000 1,987 315,928 0,000 6.303
1985 30,418 0,000 2. 446 wa,. 911 n,o000 7.879
1986 34,989 0,000 0,021 51,115 0,000 8,.%19
1987 39,540 0,000 =2,404 £7,319 0,000 9,180
1988 44,131 0,000 “y 629 63,524 0,000 9,800
1989 48,702 0,000 «7,25% 69,728 n.000 10,441
1990 53,271 0,000 -9 ,680 75.931 0,000 11,082
1994 Sé6,616 0,000 =-10,438 80,910 0,000 12.591
1992 59,960 0,000 «]1,19% RS, RA7 0,000 fdq,901
1991 6%,303 0,000 =-11,953% 90,861 0,000 15,611
1994 b6, 647 0,000 =12, 711 98,840 0,000 17,120
1995 69,990 0,000 .13,049 100.817 0.000 18,630
1996 r2.621 0,000 «]12,949 105,400 0,000 20,786
1997 75,251 0,000 2,428 109,983 0,000 22,942
1998 77,882 0.000 -11,908 118,565 0,000 25,098
1999 80.%12 0,000 -11,387 119,148 0.000 27,250
2000 8y, 1062 0,000 -10,867 123,10 0,000 " 29,410
2001 85 632 0,000 =9,329 128,697 0,000 12,4071
eobe 88,122 b,n00 =7 791 133,664 n, 000 35.532
2003 90,612 0.000 -6,254 138,630 0,000 38,593
2004 93,102 n,noo -4 716 143,597 0,000 01,654
2005 95,592 0,000 . =3,178 148,563 n,000 qa,71%
2006 8,267 0,000 0,613 154,709 0,000 49,150
2007 100,943 0,000 1.952 160,846 0,000 53,%8%
2008 103,648 0,000 4,517 166,987 0,000 58,021
2009 106,291 a,o000 7.082 173,124 0,000 62,US4

2010 108,969 0,000 9,647 179 270 0,000 66,891

30



8L'2

SCENARIOg MED 1

YEAR

Yy

1980

198}
1982
1983
t984

1985

1986
1987
1988
1949

1990

1991
1992
1993
1994

1998

1998
1997
1998
1999

2000

2004
2002
2003
2004

2005
anob
2007
2008
2009

2010

OWN=PRICE

REDUCTIOH
CHEbEbeee

n, 000

0,000
0,000
0,000
0.000

0,000

=0,310
=0,620
«0,930
=1.240

'l.550

1,791
'2.03'
=2,271
=-2,512

.2u752

2,928
=3,104
=3 280
w3 456

=3,632

- =»3,784
=3,931%
4 087
=4 _ 219

ol _39%
=4,%54%
=l 696
-y, BuR
«5,001

=5.,154

Hi0=wDDR 3(Xwwh/24/1983

SUMMARY OF PRICE EFFECTS AND PROGRAMATTIC CONSERVATION

IN GHWH

GREATER FAIRBANKS

RESIDENTIAL
PROGRAH~INDUCED
CONSFRVATION

CFEEEFRER s
0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
n,000
0,000

0,000

0,000
0.000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000
0,000
n,000
0,000
0,000
7,000
0,000
0,000
0,000
0,000

0,000

IS B |

CROSS-PRICE
REDUCTION

e g —

PR TRS e
0,000

1,338
2,678
U014
5.352

6,691

8,527
10,363
12,199
14,035

15,872

18,093
20,345
22,536
24,758

26,979

29,014
31,049
33,083
319,118

37,15%

39,361
41,570
43,778
45,986

4R, 195
50,797
53,399
56,001
SA_b04

61,2086

QWN=PRICE
REDUCTION
Yy Y YN Y

6,000

0,000
6,000
0,000
0,000

0,000

0,511
mi 022
-1,53%
.2, 004

-2,%85

=2,878
=3,200
=3,522
=3,844

4,166

-l u07
-l0,648
«l,B89
5,130

- =5,371

-5,591
T w8811
=6,031
-4,251

wb U7}
-, 742
wb,952
=7,193
-7,433

=T.,674

BUSINEAS
PROGRAM=INDUCED
CONSERVATION _
IR YY Y

0,000

0,000
0,000
0,000
0,000

0,000

n,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

6,000
0,000
0,000
n,000

0,000

0,000
0,000
0,000
0,000

0,000
0,000
0,000
0,000
0,000

0,000

CROSS=-PRYICE
REPUCTION
YT Yy

fh,000

0,899
f.798
2,497
31.596

4,098

5,526
6,597
7.533
8,619

9,650

10,783
§1.916
13,049
10,183

15,314

16,423
17,530
18,637
19,744

20,881

22,128
23,405
24,682
25.959

27.234
28,848
10.460
32,072
13,684

15,296



673

BCENARIO) MED 3 H10=«DOR 30X%=eb/24/198%

BREAKDOWH NF ELECTRICITY REQUIREHMENTS (GWH)
(TOTAL INCLUDES LARGE INDUSYRIAL CONSUMPTION)

ANCHORAGE = COOK INLEY

ceseteqeenceTsosdecese

MEDIUM RANGE (PR=,S)

YEAR

-

1980

1981

1982
1983
1984

1985

198¢
1987
1988
1989

1990

19914
1992
1993
1994

1995

1996
1997
1998
1999

2000

2001
2002
2003
2004

2005
2004
2007
2008
2009

20to0

RESTDENTIAL BUSINESS MISCELLANEOUS
AEQUIREMENTS REQUIREMENTS REQUIREMENTS
979.5% 875,34 24,
1016,33 937,25 24.%1
1053.12 999,14 24,72
1089.,92 1061,03 24,93
1126.71 1122,92 25,13
1163,51 1184,81 23,34
1179.87 1204,43 25,73
1196.22 1224,06 26,12
1212.58 1243,69 26,50
1228,94 126%,32 26,89
1245,30 1282,95 217,28
1259,62 1299,15 21.%3
1263,.94 131%,38 271.18
1273.26 1331,57 28,02
1282,54 1347,74 : 28,27
1291.90 1363,99 28,52
1309, 27 1395, 40 29,08
1326,61 1426,82 29,60
1343,99 1458,23 30,14
1361,3h 1489,68 10,68
1378,72 15231,07 31,21
1403.55 1565.15 31M.97
1428.38 1609,63 32,72
1453, 21 1651,91 331,46
1478, 04 1698,20 34,20
1502.88 174268 34,95
15315.27 1804,20 15,93
1567 b6 1865,93 16,91
1600.06 1927,65 17,89
163245 1989, 38 18,87

1664, B4 . 2051 ,10 39,86

EXOG. INOUSTRIAL
LOAD

SeseeevesTeaneePRes

84,00

92,08
100,16
108,24
116,%2

124,40

137,89
151,18
164,88
178, %7

191,86

195,13
196,40
201,66
204,93

208,20

214,14
220,08
226,02
231,96

237,90

244,96
252,09
259,08
266,14

273,20
281,58
289,96
298,34
306,72

315,10

TOTAL

1963,19

2070,17
2177.14
228411
23191,08

2498,06

2547.92
2%97.79
2647,65
2697,52

2747,34

2776,43
2605,47
2834,52
2863,9¢

2892, 61

2947,87
3003,13
30%8,39
$113,65

3168,91

y245,83
1%22,718
3399,67
476,59

1553,50
1656,98
3760, 48
1863, 94
1967, 42

4070,90



0872

SCENARIOS MED

Hi0=wDOR 30Xe=b/24/71983

MEDIUM RANGE (PRm,S)

YEAR

LT Y]
1980

1981
1982
1983
1984

1985

1986
1987
1988
1989

1990

1991
1992
1993
1994

1995

1996
1997
1998
1999

2000

2001
2002
2003
2004

2005
2006
2007
2008
2009

2010

RESIDENYIAL
REQUIREMENTS

176,39

189,10
201,80
214,51
221,22

239,92

247,10
254,28
261,46
268,63

275,481

esa. a7
289,14
295,80
302,47

309,13

394,48
319,82
325.17
310,52

335.86

342,13
348,40
354,66
360.93

3nl.20
375,05
182,91
390,76
398,62

406, 48

BREAKDOWN OF ELECTRICITY REGUIREMENTS (GWH)

INCLUDES LARGE INDUSTRIAL CONSUMPYION)

GREATER FAIRBALIKS

BUSINESS
REQUIREMENTS

217,14

227,53
237,93
eus, 32
25A,72

269,11

272,22
215,33
278,43
281,34

284,64

288,03
291,41
294,79
294,17

301,59

306,41
312.06
317.32
322,568

127,84

135,09
342,34
349,59
156,84

364,08
373,94
383,79
393,44
403,50

413,135

MISCELLANEDUS
REQUIREMENTS

EXDG, TNDUSTRIAL
LNAD

TOTAL

400,314

923,36
446,40
469,45
492,5%0

515,54

535,77
§6§5,99
§76,21
596,44

616,66

626,79
634,92
647,08
687,148

667,31

478,02
688,73
699,48
710,14

720,88

734,54
748,20
T61,85
175,59

789,17
807,08
824,98
842,89
860,79

878,70



‘e

18"3

SCENARINg MED

YEAR

1980

1981
1982
1983
1984

1985

1986
1987
1988
1989

1990

1991
1992
1993
1994

1995

1996
1997
1998
1999

2000

2001
2002
2003
2004

2005
2006
2007
2008
2009

20t0

Hi0»«DOR 30Xe=h/2U/719R3

TOTAL ELECTRICITY REQUIREMENTS (GwH)

(NET OF CONSERVATION)

CINCLUDES LARGE INDUSTRIAL CONSUMPTION)

ANCHORAGE = COOK INLET

1963,19

2070,17
2177,10
228u.11
2391,048

249808

2547,92
597,79
2647 ,6%
2697,52

2747,38

27176,43
280S,47
2834,.5%2
2863,5¢

2892, 61

2947,87
1003,43
3056,39
311)3,6%

3168,91

1245.03
3322,75
31399,67
3476,.59

31553.50
1656,.9R
1760,46
363,94
3967,42

4070,90

MEDIUM RANGE (PR m ,S)

GREATER FAJRBANKS

LY R EY RN AR LY N Y Y )

400,31

423,36
aus 40
469 45
492,50

515,54

535,17
$55,99
$76.21)
596,44

616,66

626,79
636,92
647,05
657,18

667,31

678,02
. 688,74
699,45
710,16

120,88

734,54
T48,20
761,85
775.5%1

189,17
807,08
824,_98
842,89
860,79

878,70

TOTAL

LA LL L EY T P L

2363,51

2193,52
2623.54
2753.56
28R3,58

3013,60

3083,69
3153,78
3223,87
$293,96

3364,05

340,22
3442,39
3481,57
1520,74

3559,92

3625,89
31691,87
3757,84
31823,82

38A9,79

3980,37
4070,9%
4y61,52
452,10

4342,68
busly, 06
H585,40
4106,8%
HR28,21

4949,60



S8CENAREOY MED 3 H10==DOR

YEAR

1980

1984
1982
1983
1984

198%
1986
1987
1988
1989

1990

28°d

199}
1992
1993
199y

1995

1996
1997
1998
1999

2000

2001}
2002
2003
2004

2003
2006
2007
2008
2009

2010

ANCHURAGE =~ COOK

TeCcevhcSuaeRSalWweaasnneS YR YT R PR R 2 Y I ) PeCcewleSRSggeweltosaens

396,51

418,09
439,68
4b),.26
uez. 8%

504,43

515.24
526.04
536,88
547,646

558,46

$64,30
570,14
575,98
SR1,82

SA7,66

588,75
609,83
620,91
632.00

643,08

658,57
674,06
689,5%
705,04

720,53
Tdy.41
Toz.28
783 1%
804,04

824,92

310X==b/24/1983

PEAK ELECYRIC RFQUIREMENTS (MW)
(NET OF CUNSERVATIONW)
(INCLUDES LARGE INDUSYRIAL DEMAND)

MEDIUM RANGE (PR = ,5)

THLET GREATER FAIRPBANKS

91,40

9,66
101,92
107,18
112,44

117,70

122,32
126,93
131,55
136,106

140,77

143,09
145,40
147,71
150,03

152,34

154,78
157,23
159,68
162,12

164,57

167,69
§170,81
173,92
177.04

180186
184,25
188,34
192,42
196,51

200,60

TOTAL

487,90

514,75
541,60
568,44
595,29

622.13

637,56
652,98
668,40
683,82

699,24

707,39
715,54
723,70
731,88

740,00

753,53
767,06
780,59
794,12

BOT,6%

826,25
puy, 86
843,47
882,04

900,49
925,65
950,62
975.59
1000,56

1025.52



=

H13--DRI SCENARIO

c.83



§8°2

SCENARIO) MED 3§ MHI3==DRI SCENARIO=wmt/24/198%

HOUSEHOLDS SERVED

ANCHORAGE = COOK INLET

YEAR SINGLE FAMILY MULTIFAMILY MDRILE HOMES
1980 1547%, 20344, 8239,
{ n,000) ( 0.,090) { 0,000)
198% 46221, as2o4, 10957,
( 0,00n) ( 0,000) 4 0,000)
1990 S7890, 25877, 13301,
{ 0,000) ( 0,000) ¢ 09,000)
1995 65477, 10424, 15120,
¢ 0,000) t 0.,000) t 0,000)
2000 73969, 315452, 172185,
¢ n,000) ( 0,000) 4 0,000)
2005 83357, 40267, 19580,
( h,000) ( 0,000) { n,000)
2010 95227, 464ss, 22589,

( 0,000) ¢ n,000) 4 n,o0040)

DUPLEXES
7488,
( 0,000)
8587,
t 0,000)
B4sQ,
( 0,000)
8313,
( 6,000)
A532,
( 0.000)
9644,
( 0.000)
11057,
( 0,000)

TOTAL
71503,
( n,000)
91990,
( 0,000)
105528,
( 0,000)
119354,
( 0,00n)
135167,
{ 0,000)
1528484,
( 0.000)
1715327,
( 0,000)



98" 2

SCENARIOs MED ¢ Hi3esDR] SCENARIQ==b/247198)

YEAR

19890

1985

1990

1995

2000

2093

2010

SINGLE FaMILY

1220,

{ g,000)
10646,

( 0,000)
11458,

{ 0,000)
14936,

« 0,000)
17610,

( 0,000)
19820,

( 0,000)
22579,

( 0,000)

. 3

GREATER FAJRAANKS

MULTIFAMILY
Ll I L X 3 X ¥ ]
5287,

{ 0,000)
5866,

( 0.000)
1960,

t 0,000)
1841,

( 0,000)
8272,

( 0,000)
9638,

{ 0,000)
11088,

( 0,000)
| I

HOUSEHOLDS SERVED

MOBILE HOMES

1189,

t 0.,000)
2130,

( 0,000)
2204,

( 0,000)
1392,

( 0,000)
ati2,

( 0,000)
4672,

t 0,000)
5375,

¢ 0,000)
i 3

DUPLEXES

seeReYepaEsaw
1617,
( 0,000)

1764,
{ n,000)

2378,
( 0,000)

2339,
( 0,000)

2298,
( 0.000)

2349,
( 0,000)

2b68s,
( 0,000)

TOTAL

15313,
{ 0,900)

20406,
¢ 0,000)

23997,
( 6,000)

28507,
{ 0,000)

32292,
( 0,000)

16477,
( 0,000)

41728,
( n,000)



L8737

SCENARIOg MED

YEAR

1980
1985
1999
1995
2000
2005

2010

SIHNGLE FAMILY

LA I LY T YN X

3089,

( 0,000)
son,

( 0,000)
637,

( 0,000)
120,

( 0.000)
814,

( ©.000)
a7,

( 0.,000)
1048

( 0,000)

HiY==DR] SCENARIU==6/2U4/19A%

HOUSING VACANCIES

ANCHORAGE = COOK INLET

MULTIFAMILY MOBILE HOMES
7646, 1991,
( 0.,000) ( 0,000)
1494, 121,
( 0,000) ( 0,000)
1477, 14s,
( 0,000) ( 0,000)
164%, 166,
( 0,000) ( 0,000)
1914, 189,
( 0n.000) ( n,000)
2174, . a1s,
( 0,000) ( 0,000)
2509, 249,
( 0,000) ( 0,n00)

DUPLEXES

1463,

4 0.000)
292,

( 0,000)
289,

( n.000)
. 284,

( 0,000)
282,

t 0,000)
318,

( 0,000)
365,

( 0,000)

k| i
TOTAL

16209,

( 0,000)

2417,

( n,000)

2549,

q 0,000)

2810,

( 0,000)

1199,

[ 0,000)

3425,

( 0,000)

4169,

( 0,000)



8873

SCENARIO) MED 3 H13eeDRY SCEHARIO==6/24/19A%

HOUZING VACANCIES

BREATER FAJRBANKS

YEAR SINGLE FAMILY MULTIFAMILY MDAILE HOMES DUPLEXES TOY AL
L L ¥ ) LT X 2 L R XYL X ¥ LE L X 2 X 2 ¥ N2 3 3 2 ] LA LR T L L L 4 1 ) T L L L L P X LK XN ] L L A A L L2 1 2 % 3 J
1980 165%, 3320, 986, 895§, 8854,
( 9,000) ( 0,000) ¢ 0,000) ¢ 0,000) ( 0,000
198% 118, 2655, eu, 7e2. 3519,
¢ 0,000) ( 0.000) ( 0,000) ( 0,000} { 0,000)
1990 126, us4, 24, 81, 686,
( 0,000) ( 0,000) ( 0,000) ( 0,000) ( 0,000)
1995 164, uy8, ' 37, 8o, 129,
( 0,000} { 0,000) ( 0,000) 0,000) 4 0,000)
- 2000 194, 4a7, us, . 78, Ted,
{ 0,000) ( 0.000) { 0,000) ( 0,000) ¢ 0,000)
2005 218, 520, _ 51, 18, BeY,
( 0,000) { 0,000) ( 0.000) ( 0.000) t 0,000)
2010 YL 599, 59, B, 993,
{ 0,000) { 0,000) { 6,000) ( 0,000) { 0,000)



68°3

SCEHARJO) MED 1t H13=e«DRI SCENAR[U~=4/24/1981%
FUEL PRICE FORECASTS EMPLOYED

ELECTRICTITY ($ / KWH)

ANCHORAGE = COOK THLET " GREATER FAIRBANKS

YEAR RESINENTIAL BUSINESS RESIDENTIAL BUSINESS

1980 , 0,037 0,030 0,098 0,090
1985 0,008 0,045% 0,095 0,090
1990 0,054 0,051 0,092 0,087
1995 0,06% 0,060 0,094 0,089
2000 0,069 0,966 0,096 0,09]
2008 0,072 0,069 0.098 0,093

2010 0,07% n,072 0,100 0,095



0672

SCENARIDY MED § Hi3e=DRY SCENARIO=«$/24/1983%
FUEL PRICE FORECASTY EMPLOYED
NATURAL GAS (S/MMRYTW)

ANCHORAGE « COOK INLEY GREATER FATRBANKS
P A i

YEAR RESIDENTIAL RUSTNESS RESIDENTIAL AUSINESS
nuamn acmmeemm—a emensmcunun cevasmannse emencsascen
1980 1,730 1,500 12,730 11,290
1985 2.030 1,800 11,690 16,240
1990 3,450 3,220 16,010 14,560
1995 $,100 u,870 19,840 18,1390
2000 5,750 5,520 23,120 21,670
2005 6,010 5,780 24,470 2%,020
2010 6,360 6,130 26,230 24,780



L6°2

SCENARIO) MED § Hi3JwaDR! BCENARJU==(£/24/1983
FUEL PRICE FNRECASTS EMPLNYED
FUEL OIL (Y/MMBTU)

ANCHORAGE = COOK THLET GREATER FATRABANKS
vecmctcsanmcvrrsqrenanaraeresneaanna. mredmenmeccesemmEretrensnennsesnnan"

YEAR RESIDENTTAL BUSTNESS : RESINENTIAL AUSINESS

1980 7,750 7,200 7.8%0 7,500

1985 7.120 6,570 T.180 6,850

1990 9,750 9,200 9,840 9,510

1995 12,080 11.53n0 12,190 11,860
2000 4,080 13.530 14,210 13,880
2005 14,900 14,350 13,040 1a,710

2010 15,970 18,420 16,120 1%,790



2670

BCENARIOs MED g

YEAR

1980

1985

1990

1995

2000

2003

2010

SMALL
APPLTANCES
2110,00
( 0,000)
2160,00
{ n,000)
210,00
( 0,000)
2260,00
{ 0,00n0)
2%10,00
{ 0,000)
2360,00
( 0,000}
410,00
4 0,000)
3

H13eeNP] SCENARIOw»ens24/198%

REYIDENTIAL USE PER HOUSEHOLD (KWH)
(WITHOUT ADJUSTMENT FOR PRICE)

ANCHORAGE = COOK JINLEY

L ARGE
APPLIANCEY
LA 2 KX L X K ¥ 1)

6500,6%
( 0,000)
6154,49
( 0.000)
6020,51
{ 0,000)
59560,28
( 0,000)
5993, 14
( 0,000}
. b062,51
( 0,000}
6127,20
¢ 0,000)
1

SPACE
HEATY

¢

(

5088,52
0,000)

4821,87
0,000)

456,63
0,000)

4518,86
0.000)

44583 ,51
0,n00)

4022,21
0,000)

4450 ,64
n,000)

TOTAL

13699.19
(  0.,000)

13133,37
{ 0,000)

18817,.14
C 0,000)

12739,14
{ 0,000)

12756,65%
¢ 0.000)

12844,72
( 0,000}

12987,84
{ 0,000}



€672

SCENARJOY MED 3 HI3==DR] SCEMARIO=<b/24/19A8%
RESIDENTIAL USE PER HOUSEHOLN (KWH)
fHITHOUT AOJUSTMENT FOR PRICE)

GREATER FAIRRANKS

SesTaseToeeNsSeEgNEEES P w

SMALL LARGE SPACE

YEAR APPLIANCES APPLIANCES HEAT TOTAL
1980 2466 ,00 739,52 3313,606 11519,18
{ 0,000) ¢ 0.000) ¢ 0,000) ( 0,000)
1985 2536,00 6178,98 3606,268 12321,25
( 0,000) ( 0.000) t 0,000) t 0,000)
1990 606,00 6448, 88 3867,133 12922, 21
t o0.000) ( 0.,000) t 0.000) { 0.000)
1995 2476,00 6669, 27 4051,73 13397,00
( 0,000) ( 0,000) ¢ n,000) ( D.000)
2000 2746,01 6792,94 4336,15 13875,10
( 0.000) ( 0,000) ¢ 0.000) ¢ 0,000)
2005 281%,99 6818, 54 4503 ,84 14198,38
( 0,000). ¢ 0,000) ( 0,000) { 0,000)
2010 2886, 01 6886,74 4659,48 14432 46

( 0,000) ( 0,000 ( 0,000) ( 0,000)



6’3

SCENARIO) MED 1 Hi3eaDR] SCEHARIO==4/24/1983

BUSINESS USE PER EMPLOYEE (KWH)
(WITHOUT LARGE INDUSTRIAL)
(WITHOUT ADJUSTMENT FOR PRICE)

YEAR ANCHORAGE = COOK INLEY GREATER FAIRBANKS
L L ] L X T R YL YR ARRENNEY RN ¥ ] I T XY R XYY R T A LI R KX RE LK N |
1980 8407?04 7495,70

( 0,000) ( 0,000)
1985 95080.13 1972,03

¢ 0n,000) { 0,000)
1990 10261 ,11 83ng,29

{ 0n,000) ( 0,000}
1995 1103704 ) R695,07

1 0,000) ¢ 0.00M
2000 1165S,84 9088,00

{ 0,000} ( N,000)
200S 12744 ,53 9500,2%

( 0,000} { 0,000)
2010 13841,5%7 9968,74

{ 0,0Q00) { 0,000)



S6°2

SCENARIOr MED 1

YEAR
tete

1980

1984
1982
1983
1984

1985

1986
1987
1988
1989

1990
1991

1992
1993

1994.

1999

1996

1997
1998

1999 -

2000

2001
2002
2003
2004

2005
20006
2007
2008
2009

2010

OWMePRICE
REDUCTENN
CEEECEEEE

", 000

6,215
12,429
18,644
24 _ASA

M,n73

12,181
'6.710
=25,60!
-4a,493%

63,334

=34,229
*5.07}%
24,083
53,23A

82,394

88 91
95,528
102,098
{08, 662

115,229

120,413
125,597
130,781
138,964

141,144
146,60R
152,046A
157,529
162,989

168,449

Hi3eaDR] SCENARIO==4/24/7198%

SUMNARY OF PRICE EFFECTS AND PRUGRAMAYIL CONSERVATTON

IN GWH

ANCHORAGE = COOK INLET

RESIDENT]IAL
PROGRAM=INDUCED
CONSERVATION
CEEEEE R EE RS

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

n,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000
0,000
0,000
0,000
0,000

0,000

CROSS~PRICE
REDUCTION
CFHEEEEEEEEE

0,000

'l.’b‘
=1,52%
=5,288
7,051

5,970
20,753
35,536
50,319

6%,102

30,178
=4,746
=39,670
-14,%94

109,918

=120,011
=130,50%
-140,998
-Is’.“ql

-161,98%

=169,698
~177,4d1%
=-)185,.124
=192,834

-200,551
-208,430
-216,308
=224,187
=232,065

-239,944

OWHN=PRICE
REDUCTION
FEEEEEEEE

0,000

9,359
18,719
28,078
37.43A

06,797

60,349
73,900
87.452
101,004

114,555

138,998
163,440
147,882
212,324

236,764

267,917
299,068
330,219
361,370

192,521

427,317
4p2,1143
496,909
531.70%

566,502
613,068
659,634
708,208
152,767

799,334

RUSINESS
PROGRAM=INDUCED
CONSERVATION
CHECLEEEELEEEEEE

0,000

0.000
0.000
0,000
0,000

0,000

0.000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

n_000

0,000
0,000
0,000
9,000

0,000

0,000
0,000
0,000
9,000

0,000
0,000
0,000
0,000
0,000

0,000

CROS8=PRICE
REDUCTION
CEEEEEEEEEE

0,000

=N, 398
-0.79b
-’l|q“
-1,592

«1,990

=9,204
‘lb.“'ﬂ
-23,631
-30,84%

-38,059

«50,751
wh¥, U4}
"b-‘ls
=88,827

«101,518

~116.816
=132.133
-)u7,440
"6?-107

=178,004

-184,306
=210.608
~226,911
=-24%,213

=-259,5185
-280,912
=-3072.310
~323,707

-366,302



969

SCENARIQg MED 13

YEAR
Yy

1980
1981

1982

1983
1984

1988

1984
1987
1988
1989

1990

1991
1992
199}
1994

1995

1996
1997
1998
1999

2000

2001
2002
2003
2004

2005
2006
007
2008
2009

2010

UOWNePRICE
REDUCYION
CEEEEEEE

0,000

0,000
0,000
0,000
0,000

0,000

=-0,197
=, 394
=0,5990
«0,787

=0,984

=0,99?7
=1.010
=l,028
«1,036

1,049

«0,877
-0,704
=-0,%32
=0.360

=0,187

D148
0.4R4
0,h20
1,155

1.491
1.992
2,494
2,995
3.496

1,998

H13=aDR] SCENARIU=wb/24/)98%

SUMMARY 0OF PRICE EFFECTS AND PROGRAMATIC CONBERVATION

IN GWH

GREATER FATRBANKS

RESIDENTIAL
PROGRAM«INDUCED
CONSERVATION
PEEEEEEEEEREEEE

0,n00

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0.000
0,000

0,000

0,000
0,000
n,000
5,000

6,000
0,000
n,000
0,000
n,n00

0,000

CROS8~PRICE
REDUCTION _
bbb bbb

h, 000

0,357
0,713
1,070
1,427

1,784

0,414
«0,956
'?.!25
«3,4698

=5,06%

=7,697
=10,330
-12.962
»]{5,59%

=-18,228

21,578
=gl 229
-28,280
=31,631

=34,981

-33.263
=41,55%
=44, 844
-48,128

51,414
-55,168
-58,922
~62,676
abb, 430

=70,183

OWN=PRICE
RENUCTION
(XTI T YL ]

0,000

nloon
06,000
0,000
0,000

0,000

-0,333
o, 668
«h,998
1,330

i, 663

«l, 657
=§.651
o] 545
=1,639

-1,632

-1,343
-1,05¢
-0,768
-0,476

-0,187

0,348
0,883
1.418
t.954

2,489
1.300
4,112
4,924
5.738

6,547

RUSINESS
PROGRAMINDUCED
CONGERVATION
teetebeetEtieee

0,000

0,000
0,000
0,000
0,000

0,000
0,000
0,000
0,000

0,000

0.000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000
0,000
0,000
0,000
0.000

0,000

CROSS-PRICE
REDUCTION
Ceb bbbttt

0,000

0,243
0,485
0,728
0,971

1,213

0,346
=0,521
=-1,388
'2.256

~3.,123

=4,584
=b,046
»7.507
=8,768

=10,430

12,209
=13,.989
15,768
={7,548

=19,327

=21,050
'2?3773
-24,496
-26,219

=27,942
=-30,034
'32.'2b
-34,217
-34,308

=38, 401



L6°2

SCENARIO MED g

Hi3»e0R1 SCENARIN==$/24/198%

BREAKDOWN OF ELECTRICITY REQUIREMENTS (GWH)
(YOTAL INCLUDES LARGE INDUSTRIAL CONSUMPYION)

HEDJUM RANGE (PRx_5)

XA A X N T Y LY LYYy

YEAR

1980

1981
1982
1983
19684

19858

1985
1987
1988
1989

1990

1991
1992
1993
1994

1995

1996
1997
1998
1999

2000

200}
2002
2003
2004

2005

2004
2007
2008
2009

-enlo

RESIDENTIAL
REGUIREMENTS

el vewsgeanNpRYBES
979.53%

1020,70
1061.86
110308
1144,19

1185.35

1218,4%
1251.5%
1284,65
1317.715%

1350,85

1390,.20
1429,5%
1u68,89
1508, 24

1547.59

1592,28
1636.97
L-LE Y]
172634

1771.013

1621.37
1871.79
1922,03
1972.364

2022.69
20R7.8A
?153,08
2218.2S
2283.4%

2348 ,61

ANCHORAGE = COOK INLETY

BUSINESS
REQUIREMENTS

875,36

Uy 42
1019,48
1091,53
163,41

1239,867

y12r17,.98
120,30
1362,61
1408,92

l1a47,23

1498, %1
1849,.79
1601,07
1632, %6

1703,.64

1761,89
1A20.15
V878,40
1936,66

1994 02

2067,29
2139,066
2212,03
2284419

2354,78
24e2,19
2567,%9
2673,00
27178, 44

7883 .82

MISCELLANEOUS
REQUTREMENTS

PN eReSREARNTENSYe
24,31

24,684
25.02
25,37
25.7%

26,08

26,88
27,68
28,47
29,27

30.06

31,02
l'.qa
32.93
33,89

34,85

35,94
37.0%
38,12
39,22

40,3t

41,01
42,90
44,20
45,50

46,19
48,59
80.38
52.18
53,97

55,77

EX0G, INDUSTRIAL
LOAD

TersecoeeSeapearfued
84,00

92,08
100,16
108,24
116,32

124,40

137,89
151,38
164,88
178,37

191,86

195,13
198,40
204 .66
204,93

208,20

214,14
220,08
226,02
231,98

237,90

244,96
252,02
259.08
2h6, 14

273,20
281,98
209,96
298,34
306,72

35,10

TOTAL

vepsORbepevovenSres
196,19

“2084,86
2206,52
23128,18
2449 .85

2571.51

2661,21
271%0,91
2840,41
2930,30

3oad,.00

3114,86
3208, 71
3304,57
31399,42

3494,28

3604,25
3714,23
824,21
3934,.18

a004,16

41715,22
4306,28
4937,34
4568,41

44699,47
4880,23
S061,00
sz241. 17
5422,53

5603%,30

vl



86D

SCENARINE MED ¢ Hi3eeDRE SCENARIND==6/24/19A8%

BREAKDOWN OF ELECTRICITY REQUIREMENTS (GWH)
(TOTAL INCLUDES LARGE INDUSTAIAL CONSUMPTION]

GREATER FAIRBANKS

MEDIUM RANGE (PR=,S)

RESIDENTIAL BUSTHESR MISCELLANEOUS EXOG, INDUSTRIAL

YEAR REQUIREMENTS REQUIREHENTS REQUIREMENTS LOAD TOTAL

L X AN J (1 2 2 R PR Y R Y 2 0 R ¥} L LI 1 XL XL X2 i LB 2 J ) -..---_...HI-.------ PN UNWREERSSS XL B R LA L YL RS L LA 2 L}
1980 176,39 217,14 6,18 0,00 400,31
198} 191,04 230.11 6,7% 0,00 427.90
1982 205,69 2uy,08 b,72 0,00 455,50
19483 220, M 296,08 6,69 0,00 483,09
1984 234,99 269,03 6,66 0,00 S10,68
1985 249,46% 282,00 6,63 0,00 538,27
1986 262.9% 290,40 6,48 $0,00 570,03
1987 21b.24 298,79 : 6,74 20,00 603,78
1988 289,54 307,19 6,80 30,00 633.53
1989 3102.84 315,59 6.89 40,00 665,28
1990 316,14 123,98 6,91 50,00 697,03
1994 333,15 134,63 .7,22 50,00 727,00
1992 350,44 349,29 ‘ 7.53 $0,00 756,98
1993 367,17 361,94 7.84 50,00 186,95
1994 384,18 374,59 8,15 50,00 814,92
1995 404,18 347,25 8,46 80,00 BUs, B9
199 417,59 400,54 a,17 $0.00 816,90
1997 434,00 41%,R2 9,08 50,00 906,90
1994 450,41 427,11 9.8 50,00 936,91
1969 466 .81 440,40 9,69 50,00 966,91
2000 483,22 453,69 10,00 50,00 996,92
2001 500.19 460,65 10,34 50,00 1029,13
2002 s17.07 483,60 10,67 $0,00 1068 ,34
2003 533,99 498,55 11,01 50,00 1093,56
2004 560,92 $13,91 11,34 Sn,00 1128,77
2008 S67.84 328,U6 ’ it1.68 0,00 1157,.98
2006 SRY,96 S4A,76 , 12,10 50,00 1198,82
2007 608,07 569,05 12,53 50,00 1239,65
2008 628,19 £89,15 12,95 50,00 1280,49
2009 6uA, 3 609,64 13,38 50,00 1321,33
2080 66R U2 629,94 13,680 %$0,00 1362,.17

1 ¥ o 3 ¥ oy ooy o1 1 B B O R .



6673

SCENARIO) MED 3 Hi3awDRI SCEHARIOQ=eb/724/198%
TOTAL ELECTRICITY REQUIREMENTS (GWH)
(NET OF CONSERVATION)
CINCLUDES LARGE INDUSBTRIAL COHSUMPTION)

MEDIUM RAHNGE (PR » ,5)

2010 5603,.30 1362,16

TOTAL

2163,51

2512, 76
2662,02
2811,27
2960.5)3

3109,79

3231, 24
3352,69
3474,13
3595,58

3717,03

1841,8%6
39646 ,69
n091,52
4216, 34

034y, 17

44By, 15
4621,13
4761,11
4901,09

5041,07

5204,35
5367,62
§%514,90
$694,17

5457,4%

6079,05
$300,65
6522,.26
674%,86

YEAR ANCHORAGE = CODK INLET GREATER FAIRBANKS
1980 196319 400,31
1984 2084 ,86 427,90
1982 2206.5?2 455,.%0
1983 2328,19 ' 483,09
1984 2449,8% S0, 68
198% 2571.,51 538,27
1984 2ebt, 21 570,03
1987 275%0,91 801,78
1988 eBio, 61 633,53
1989 2930.30 665,28
1990 3020,00 697,03
1991 3114, 86 127,00
1992 Y209, 711 756,98
1993 3104,9%7 786,98
1994 '33199,482 816,92
1995 1494 ,2R8 A4s 89
1994 3604,25 876,90
1997 1714,23 906,90
1998 3824,21 934,91
1999 319314, 1R 966,91
2000 404416 996,92
20014 ui7rs,.22 1029,13%
2002 4306,28 1061,34
2003 4437,34 1093,%¢6
20049 4568,414 112%,77
2005 4699,47 115798
2008 uBAp,23 1198,_82
2007 5061.00 1239,6S
2008 52449,77 1280,49
2009 $422,.53% 1321,33

6965,46 -



00L"d

SCENARIOR MED 3 H13==DR] SCENARII==6/2471983

PEAK ELECTRIC REQUIREMENTS (Mw)
(NET OF CONSERVATION)
(INCLUDES LARGE IMNDUSYRIAL DEMAND)

MEDIUM RANGE (PR = ,5)

TOTAL

na7v,90

518,80
549,69
580,58
611,48

642,37

668,58
694,79
721,01
787,22

773,4%

799,59
825,76
851,92
878,08

904,25

933,39
962,53
991,67
1020,81

1049,95

083,89
111782
1151,75
1185,.69

1219, 62

1265,66
1311,69
1357,73
1403,76

YEAR ANCHURARE « COOX TNLEY GREATER FAIRBANKS
1980 396,51 91,40
1981 421,10 97,69
1982 445,10 103,99
1983 470,29 110,29
1984 494,88 116,89
1585 519,48 ‘ 122.89
1984 538,44 130,14
1987 S57.41 137,19
1988 576.37 144,63
1989 595,34 154,88
19990 614,31 159,12
1991 633,63 165,97
1992 6%2,9% 172,84
1993 672,27 179.6%
1994 691,59 186,50
1995 710.91 193,34
1998 733,20 200,19
1997 755,49 207,04
1998 177.18 213,89
1999 80p,07 220,74
2000 822,38 221,59
2001 84a,94 234,95
2002 A75,52 242.30
2003 902,40 . 249,65
2004 928,48 257,01
2008 985,26 264,38
2006 991,97 275,69
2007 1028,68 283,01
2008 1065,39 292,33
2009 1102,10 301,46
2010 113881 310,98

1449,80



HE4--FERC +2%

c.101



€0L°d

SCENARINY MED 8 HE4~FERC ¢2X==b/24/198)%

HOUSEHOLDS SERVED

ANCHORAGE = COOK INLET

YEAR SINGLE FAMILY MULTIFAMILY MOBILE HOMES
1980 15473, 20310, 8230,
( 0,000) ¢ 0,000) ¢ n,000)
1985% 49087, 26204, 11492,
: ( 0,000) n.000) ¢ 0,000)
1990 60112, 27154, 13828,
( 0.,000) n,000) (. 0,000)
199s 68034, 324352, is710,
( n,n00) n.000) 0,000)
2000 71967, 37415, 18157,
( 0,000 0,000) ¢ 9,000)
2005 A368A 40230, 19609,
( 0,000y 0,000) ( 0,000)
2010 B97A4 43445, 21214,

( 0.000) { 0,n00) ( 0,000)

B 1
DUPLEXES.
TuRe,
{ 0,000}
8567,
¢ 0,000)
8460,
¢ 0n,000)
7838,
€ 0,000}
9000,
( 0,000)
9652,
( 0,000)
10374,
¢ 0,000)

TOYTAL
71508,
( 0,000}
95350,
¢ 0.,000)
109610,
{ 0,000)
124018,
¢ 0,000)
142539,
( 0,000)
§53183,
( 0,000}
164814,

( 0.000)



¥OL"D

SCENARIO) MED § HEUweFERC $2X==b/24/1983

HOUSEHOLDS SERVED

GREATER FAIRRANKS

YEAR © SINGLE FAMILY MULTTFAMILY MORILE HOMES DUPLEXES TOTAL
1980 1220, 5287, 1189, 1617, 15313,
4 0,000) { 0,000} { 0,000) ¢ 0,000) ( 0,000}
1985 t06ubh, 5848, 2130, 1768, 20408,
{ n,000) { 0,000) £ 0,000) ( 0,000) t 0,000)
1999 11471, 71960, 2208, 2375, 24013,
( 0,000) ¢ 0,000) ¢ 0,000) ¢ 0.000) ( 0,.000)
1995 14934, 1841, 3391, 2339, 28505,
( 0,000) ( 0,000) { © 0,000) ¢ 0,000) ( 0,000)
2000 17859, 8412, 4113, 2298, 12762,
( ©0,000) { 0,000) { 0,000) { 0.000) ¢ 0.000)
2005 19118, 9257, 449e, 2250, 315129,
{ 0,000) { 0,000} { 0,000) { 0,000) t 0.000)
2010 2045%, 9974, 4852, 2422, 37705,
( 0,000) ( 0,.000) { 0,000) ¢ 0,000) ¢ 0,000)



SOL"D

SCENARTIOg MED 1

YEAR

1980

1985

1990

1995

2000

2005

2010

SINGLE FaAMILY

50R9,

( n,000)
5490,

¢ 0,000)
6623,

( 0,100)
148,

¢ 0,000)
ASA,

( 0,000)
921,

( 0,000)
988,

( n,000)

HEd=eFERC $2%==b/24/1983%

HOUSTING VACANCIES

ANCHORAGE « COOK INLET

MULTIFAMILY MOARILE HOMES
1666, 1991,
{ 0,000) ( 0.,000)
496, i 126,
( 0,000) ( 0,000)
200, 152,
( 0,000) ¢ 0,000)
17%1, 173,
( 0,000) ( 0,000)
2020, 200,
( 0,000} ( 0,000)
2173, 216,
( 0,000) ( 0.000)
2346, 233,
( 0,000) ( 0,000)

| I
DUPLEXES

fUupd,

¢ 0,000)
292,

t 0,000)
289,

( 0,000)
180,

( n,000)
297,

( 0,000)
319,

( 0,000)
342,

( 0,000)

TOYAL

16209,

( 0,000)
2455,

( n,000)
1303,

{ 0,000)
3452,

¢ " 0,000)
3375,

¢ 0,000)
3627,

( 0.000)
3909,

¢ 0,000)



90L"3

SCENARTIO§ MED g3 HEUY=FERC +2%==b/2471983

HNUSING VACANCTES

GREATER FAIRBANKS

YEAR SINGLE FAMILY MULTIFAMILY MORILE HOMES DUPLEXES TOTAL
1960 314653, 3320, 986, 89s, BASY,
( 0,000) ( 0,000) ( 0,000) { 0,000) ¢ 0,000}
1985 118, 2653, au, 122, 3817,
¢ 0,000) ( 0,000) ¢ 0,000) t 0,000) ( 0,000)
1990 126, 454, 24, 81, 686,
( 0,000) { 0,000) ¢ 0,000) ( 0.000) ( 0,000)
1995 164, 4ua, 17. 8o, 729,
( 0.000) { 0,000) 4 0,000) ( n,000) ¢ n,000)
2000 196, 4ss, 4s, 78, T7s,
( 0,000) { 0,000) { n.000) ( 0,000) ( 0,000)
2005 210, 500, 50, " 70, 830,
( 0,000) ( 0,000) { 0,000% 4 0.,000) ( 0,000)
2010 2es, 539, 53, a0, A97,
( 0,000) ( 0,000) { 0,000) ( ©,000) ¢ 0¢,000)



LO0L°D

SCENARJO) MED § MHEU=-=FERC 42Xe=b/2471981%
FUEL PRICE FORECASTYS EMPLOYFD

ELECTRICITY (% /7 KKWHW)

ANCHORAGE = COOK IHLET GREATER FATRAANKS
YEAR " RESIDENTIAL BUSTNESS REBIDENTIAL RISINESS
1980 0,n37 0,034 ' 0.09S n,09)
198% 0,048 0,045 ) 0,098 0,090
1990 0,053 0,050 0,092 0,087
1995 0,058 0,055 0,094 0,089
2000 0,062 0.059 ' 0,096 0.091
2005 0.06% 0.062 : 0,098 0,093

2010 ’ 0,067 0,060 0,100 0,098



80L°3

SCENARIOS MED ¢ HFEUwaFERC ¢2Xvweb/24/19863
FUEL PRICE FORECASTS EMPLOYED
NATURAL GAS (S/MMBTL)

ANCHORAGE = COOK INLET GREATER FATRAANKS

YEAR RESIDENTIAL BUSTINESS REBIDENTIAL RUSINESS

1980 1,730 1.500 12,740 11,290
1985 2,030 1,800 13,040 11,640
1990 3,190 2.960 14,390 12,850
1995 4,260 4,030 15,890 14,190
2000 4,590 4,360 17,540 15,670
2005 4,950 0,720 19,370 17,300
2010 5,340 5,140 21,190 19,100



60L")

SCENARIOs MED | HEU==FERC $2Xee6/24/198)
FUEL PRICE FORECASTS EHPLOYFD
FUEL OTL ($/MMATU)

ANCHORAGE ~ COOK ]NLET GREATER FATRRANKS

YEAR RESINENTIAL HUSINESS RESIDENTTAL RUSINESS

1980 7.750 7.200 7.830 7.500
1985 7.940 T.420 8,010 7.730
1990 A,Te0 B, 190 8,840 8,530
1995 9,680 9,040 9,760 9,420
2000 10,680 Q9,940 10,780 80,400
2005 1,790 i1, 020 11,900 11,480

2010 13,020 12.170 13,140 12,680

syl
Soused



oLL 2

SCENARIOs MED

YEAR

1980

198S

1990

1995

2000

2005

2010

SMALL
APPTANCES
BPoGuehwwepw

2110,00
¢ n,000)
2160,00
( 0,000)
2210,00
t 0.000)
2260,00
( 0,000)
2310,00
{ 6,000)
2360,00
( 0,000)
2u1n, 00
t 0,000)
3

HE4w=<FERC +2%web/24/1983%

RESJODENTIAL USE PER HOUSEHOLD (KWH)
(AITHOUT ADJUSTMENT FOR PRICE)

ANCHORAGE = CDOK INLETY

LA L LB D2 LA L L L LY}

LARGE
APPLTANCES

6500,63
{ 0,000
6092,.53
(  0.000)
§975,94
4 0,000)
$921.30
(  0.000)
£957,22
¢  0.000)
. 8020,37
¢ 0.000)
6082,00
( 0.000)
. |

SPACE
HEAT

t

t

5088,52
0,000)

8771,61
0,000)

4579,46
0,000)

4533,47
0,000)

4447 ,64
0,000)

4409,15
0:000)

4436,52
0,000)

TOTAL

GETeoawesnp

(

13699,15
0,000)

13024,14
0,000)

12765,40
0,000)

12714,717
0.000)

12714,8¢
0,000)

12789,53
0.000)

12928,52
0.000)



LLL™D

-

SCENARIQ) MED

YEAR

1980

1985

i990

1998

2000

200%

2010

SMALL
APPLIANCES
2466,00
¢ 0,000)
2535,99
( n,000)
2606,00
( 0.000)
2676,01
( 0,000)
2745,99
( 0,000)
2816,01
( 0,000)
2886 00

t n,000)

HE4==FERC +2%==6/247§9R)

RESINPENTIAL USE PER HOUSEHOLD (KWH)
(HITHOUT ADJUSYMENY FOR PRICE)

GREATER FAIRBANKS

L ARGE
APPLIANCES
5719,52
( 0.000)
&178,92
( 0,000)
6449 03
( 0.000)
6669 22
( 0.000)
6792,90
( 0.,000)
6834 89
( 0.000)
6882 97
{ 0.000)

SPACE
HEAY

3313,406
( 0,000)

606,37
( 0,000)

3867,%9
( 0,000)

4051,72
( 0,000)

4343,48
( 0.000)

4530,64
t  0,000)

4649 .81
( 0,000}

TOvAL

11519,18
(  0.000)

12321,28
( 0.000)

12922,62
( 0,000)

13396,98
( 0.000)

13882,37
(  0,000)

14181,53
{ 0.000)

14418,78
(  0.000)



2L’

SCENARIOS MED § HE4==FERC ¢2%==8/24/1983%

BUSINEBS USE PER EMPLOYEE (KWH)
(WITHOUY LARGE INDUSTRIAL)
(WITHOUT ADJUSTMENT FOR PRICE)

YEAR ANCHORAGE « CNOK INLETY GREATER FAIRBANKS
1980 8407,04 . 7495,70
( 0,000) 4 0.,000)
1985 9580,61 71972.19
( 0,000) ( 0,000)
1990 10265,00 830,47
( 0,000) ( 0,000)
1995 1103%,75 . B&94,2)
( 0,000) ( 0.000)
2000 11962,09 9116,49
( n,000) { 0,000)
2005 12402,03 9396,87
( 0,000) ( 0,000)
2010 13012,53 934,70
( 0,000) ( 0,000)



ELL™D

SCENARIOg MED

YEAR
XX ]

1980

198}
1982
1983
1984

1985

1986
1987
1988
1989

1990

1994
1992
1993
1994

1995

1996
1997
1998
1999

2000

2001
2002
2003
2004

2005
2006
2007
2no8
2009

2o0to0

UWN=PRICE
REDUCTIUN
Chebtbbes

0,000

6,432
12,864
19,29%
25,1217

32,159

4R,583
65,006
81,430
97,854

114,278

104,421
94,5613
84,706
74,848

64,991

70,999
17,007
83,018
89,023

95,081

99,122
103,212
107,303
111,39%

115,483
120,229
124,974
129,719
134,460

139,210

HEUm=FERC #2%~=b6/247194%

SUMMARY OF PRICE EFFECTS AND PRUGRAMAYIC CONSERVATION

IN GwWH

ANCHORAGE = COOK JINLET

RESIDENTIAL
PROGRAN« INDUCED
CONSERVATION
PEEEEEEEEEEEEE,

0.000

0,000
0,000
0,000
0.000

0,000

0,000
0,000
0.000
0,000

n,000

0,000
0,000
0.000
0,000

0,000

06,000
0,000
0,000
0,000

0,000

0,000
0,000
0.000
0,000

0.000
0,000
0,000
0_000
9,000

0,000

CROS9~PRICE
REDUCTION

CHEtbEErEE
0,000

-2,519%
=5,070
7,608
“10,140

-12,67%

-31,047
«50,219
8,991
“B7.764

=106,%36

«100,8A8S
«9%,21%
-f9,582
-83,931

.=7R,290

-86,893
=9%5,505
=104,118
-112,731

121,343

w127,089
-133,62%
“139,766
-145,907

-152,048
-159,608
-167,168
“174,728
-182,288

-|HQ.BUB

OWN-PRICE
REDUCTION
CrEEbEE e

0,000

9.395
1R, 7919
28.18¢6
37.581

46,917

59.313
71,648
A3,984
98,320

108,656

126,217
103,778
161,340
17R, 901

196,462

220,462
204 161
268,460
292,459

116,458

333,871
151,284
368,697
386,110

up3,52%
Py
4ua 773
4s5,398
4as,024

506,649

BRIISTNESS

(X XL LTS L]

PROGRAM=TNDUCED

CONBERVATION

LErErEEEREEEey
0,000

0,000
0,000
0,000
0,000

0,000

0,000
6,000
0,000
0,000

0,000

0,000
n,000
0,000
0,000

0,000

0,000
0,000
Ouooo
0.000

0,000

0,000
0,000
0.000
0,000

0,000
0,000
0,000
0,000
0,000

0,000

CRNYS-PRICE
REPUCTION

LR EEE
n,o000

«1,192
-3.384
’!.57’
U, 769

5,961

-11,18¢
16,406
-21.629
-26,852

-32,074

~40,346
-48,617
‘56.588
-65.160

-73,431

-63.796
-9“0‘60
-1040,525
~114,890

~125,258S

‘1330350
'1"‘.“45
=149,540
=157,.616

-165.731
~176,140
~186.548
,-1960957
=207,36b

~217,715



AR

SCENARIDY MED

YEAR

[ X 2 L]

1980

1981
1982
1983
1984

1985

1986
1987
1988
1989

19290

1991
1992
199}
1994

1995

1996
1997
1998
1999

2000

2001
2002
2003
2004

2005
2006
2007
2008
2009

20t0

OWN=PRICE
REDUCTION
et EE e

0,000

0,000
0,000
n,000
0,000

G000

«0,197
-0,374
0,591
w0, 788

=0,9R4

«0,997
«{,010
1,023
«f,030b

-1,049

-0,877
-0.705
-0,534
0,362

-0,190

0,135
0,460
0,784
1,109

Y, u84
1,869
2,304
2.73R
3,073

3,608

HEd=eFERC

PROGRAMW [NDUCED

t2X=wb/24/1981

SUMMARY OF PRJICE EFFECTS AND PROGRAMATIC CONSERVATION
IN GWH

GREATER FAJRAANKS

RESIDFNTIAL

CONSERVATION

CEEEEE R

0,000

0.000
0,000
0,000
6,000

0,000

0,000
0,000
0,000
0,000

0,000

9,000
0,000
0,000
0,000

0,000

0,000
¢.000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

a,000
0,000
0,000
Q,000
8,000

0,000

CROS8§=PRICE
REDUCTION
CeeEtErbeEe

n,on0

«0,097
=0,195
=0,292
=0,390

«0,487

-1,09%
-1,702
=2,310
2,918

=3,525

=4,723
«5,921
«7.,119
-8,%17

-9.515

=11,.313
w{13,110
wld 908
=16,708

«)8,503

«20,543
=22,5082
-24,622
=24, 662

=28,702
=-31,132
=-33,502
=35,992
=-38,422

=40 A52

A

OWN=PRICE
REDIC TTON
FetebEtes

6,000

-0,097
-0.194
-0,292
v0,389

w0, 488

=0,886
wl 286
wi,b86
2,086

w2 U868

-2,543
«2,599
-2,655
w2, 711

-2,767

-? 541
2,315
»2,089
YY)

wl,636

vl 160
=0,684
-0,207
0,269

0,745
1,366
1,987
2.607
1,228

31,849

ITERATINMS & i
RUSINESS
PROGRAM=INDUCED CROSS-PRICE
CONSERVATINN PEDUCTTON i
FEEEEE b EEE CHEEEb e
0,000 0;000
0,000 -0,080
0,000 “0.159
0,000 -0,219
0,000 ~0,319
0,000 -0,398
0.000 F°n150
0,000 1,102
0,000 =1,45%
0,000 =] ,B08
0,000 «24157
n,000 =2.784
0'000 '!-“la
0,000 -l,043
N,000 -U,672
a,000 «5,301
0,000 b, 240
0,000 =7,17%
0,000 “B4117
0,000 «94,086
0,000 =9,994
0,000 =} 0,919
0,000 -11,844
0,000 12,769
0,000 =13,694
0,000 {4,619
0,000 -15,78%
0.000 =16.,947
0.“00 ~18,112
0,000 =19,2764
06.000 =20,440
3 3 i 1 3



SITD

BCENARIO) MED 3

MEDIUM RANGE (PRz,S)

YEAR

1980

1981
1982
1983
1984

1985

1986
1987
1988
1989

1990

1999
1992
1993
1994

1995

19946
1997
19958
1999

2000

2001
2002
2001
2004

2005
2006
2007
2008
2009

€010

RESIDENTIAL
RERUIREMENTS

979.53

1028.10
176,67
1125.28
$173,.80

1222,%7

1256,19
1290.01
1523,.83
1357.65

t39] .07

1431.2)
1a70,.94
1510,60
1550.41

1590.15

1639.8%
16R7,56
173927
17RAB .97

1838,4R

1870,08
1901,49
1932,A9
196410

199,70
2032.856

2070.01
210714

HE4=aFERC #2X==b/24/1983

BREAKDOWH 0F ELECTRICITY REQUIREMENTS (GWH)
(TOTAL INCLUDES LARGE IMNDUSTRIAL CONSUMPTION)

ANCHORAGE = CODK INLET

BUSTNESS HISCELLANEOUS
REQUJREMENTS REQUIREMENTS
R1S, 36 24,31
9un, 22 . 24,75
1021,08 25.20
1091,95 25,65
116681 26,10
1239,67 26,59
1281 ,%6 21.27
1323,44 26,00
1365,32 e8,72
1407,21 29, 44
tage 09 ' 30,17
152,08 31,26
1858,07 32,35
160806 33,44
1661,05 14,54
1710,04 35,63
1788, 21 36,91
1862, 38 18,19
1936,55 39,47
2010,73 49,75
2084,90 42,0%
2106 ,37 ‘ 42,60
212785 43,17
2140 3% 43,74
2170,84 un, 39
2192,29 a4, BA
2236,00 us, 74
22719,172 6,59
2123,83 4r,.45
2167,15 4A_30

2lad. .

2181 ,47

2410 A6 49,16

EX0G. INOUSTRIAL
LDAD

LAY L LN X L AN X L X 3 L N J
84,00

92.08
100,14
YOA A4
116,32

124,40

137,89
151,38
164,88
178,37

191,886

195,13
198,40
201,66
204,93

20R 20

214,14
220,08
224,02
231,96

237,90

204,96
252,02
259,08
266,14

273,20
281,58
289 94
298,30
306,72

15,10

TOTAL

PLE R L L LN Al R Bl ol o
1963.19

2093.15
e2dl.1t
2353,07
2483,03

2612.99

27102,91
2192.8%
26882,718
2972,67

3062,59

31199,6R
1256,76
1353,.85
34%0,93

1548,02

3679.12
3810,21
1941,30
hov2,.41

003,50

H264,02
324,53
u3Bs,04
su4%,%s

4s06,07
u596,17
4486,28
uy7r6,3A
apbb, YR

6956 ,58



9112

SCENARTIOY MED 1 HEUm=FERC +2X==&/24/1983

BREAKDGWN NF ELECTRICITY REQUIREMENTS [GWM)
(TOTAL INCLUDES LARGE INDUSTRIAL CONSUMPTION)

GREATER FAJIRBANKS

MEDIUM RANGE (PR=,5)

RESIDENTIAL BUSINESS MISCELLANEDUS EX0G. INDUSTRIAL

YEAR REQUIRENENTS REQUIREHENTS REAUIREMENTS LOAD , TOTAL

iqao ‘ 176,39 217,14 6,78 0,00 400,31
1981 191.50 230.54 6.76 0,00 428,80
1982 206.61 243,94 .74 0,00 : 437,29
1983 224.72 257,34 6.72 0,00 483,77
1984 236,83 270,74 6,69 0,00 514,26
198§ 251.94 284,44 - b.b7 8,00 542,715%
1986 264,52 292,14 b.72 10,00 a 573,17
1987 217,09 300,14 6,76 20,00 604,00
1988 289,67 304,14 6,81 30,00 634,82
1989 302,25 316,18 _ 4,858 40,00 665,25
1990 314.83 324,15 6,90 50,00 . 695,87
1991 330,35 136,92 7.18 50,00 723,45
1992 345,87 347,69 7.47 56,00 754,03
1993 361,40 359,46 T.76 50,00 778,61
1994 376,92 379,23 8,00 50,00 806,19
1995 392,44 383,00 8,33 50,00 833,77
1998 308,66 397,49 ] 50,00 . 864,75
1997 420,87 414,90 8,97 50,00 898,74
1998 aug, 08 426,35 9,29 50,00 926,172
1999 457,30 4un Ao 9.61 50,00 9%7,70
2000 473,514 458,23 9.9% 50.00 988,49
2001 483,90 460,29 10,99 50,00 1004,28
2002 494,29 46%,1% 10,26 50,00 1019,87
2003 ) 504,87 ayo0,1? 10,42 50,00 1035,47
2004 515,06 475,49 10,5A 50,00 1051,06
2005 525,45 ugo, 46 10,78 50,00 , 1066,68
2006 516,54 489,28 10,96 50,00 1tnR6, TR
2007 S47.83 498,10 11,17 50,00 1106.90
2008 558,72 506,93 11.38 50,00 : 1127,03
2009 569,81 515,75 11,59 So_no 194718
2010 SR0,90 524,58 _ 11,80 . 50,00 1167,28



LTT"D

SCENARIOQy MED | HEU==FERC ¢2X==6/24/1983
TOTAL ELECYRICITY REQUIREMENTS (GWH)
(HNET QF CONSERVATION)
(INCUL'IDES LARGE THDUSTRIAL CNONSUMPTINN)

HEDTUM RANGE (PR w ,5)

SrTsaLwreTOsTEATOUTASEy®

2010 4954 ,5A 11607, 258

TOTAL

2343,51

2521,95
2680, 40
2RYA B4
2997, 29

31%5, 74

1276,28
339603
1517,37
3617.92

1758, 48

1883 ,13
007,79
uy32,.48
4257.13%

438,79
0543,87

4705,95
un6s,03

.50%0.11

5192,19

5268,30
§344,40
Su20,51
5096.62

5572.7%

S5682,.95
S793,1R
S903.41
4013,61%

YEAR ANCHORAGE =~ COOK TNLET GREATER FATRRAUKS
1980 196319 400,34
1981 2093,1% 428 A0
1982 2223 .11 us7,29
1983 235%,07 . 4gs_ 17
1984 2483,0) ' 514,26
1985 2612,99 54275
1986 2702,.91 73,37
1987 2792.83% 604,00
1988 28R2,7% 634,62
1989 2972.67 665,25
1990 3062,.59 694,87
199} 3159,68 723,45
1992 3256,76 751,03
© 199} 3353,85 718,61
1994 345093 RO&, 19
1995 548,02 833,77
1996 3679.12 86U TS
1997 810,21 A95,74
1998 1941, 3y , 926,72
1999 ap72 41 957,70
2000 42n3,s50 988,69
2001 ugen,02 toon 28
2002 4324,53 1019,.87
2003 W4R5 _0u 1035 47
2004 4445,54 10S1_06
2008 4506,.07 1066465
2006 us9% 47 1086, 78
2007 uehp 28 110690
2008 417s 3R 1127,03
2009 4ALYL 4R t14T1 1§

6123,86



811°2

BCENARIUs MED § HE4«=FERC 42%==b6/2471983

PEAK ELECTRIC REQUIREMENTS (MW)
C(NET UF CONSERVATION)
(IHCLUOES LARGE INDUSTRIAL DEMAND)

MEDILM RANGE (PR = ,5)

LI Y R LR LY L ]

YEMR ANCHORAGE = COUK INLE? GREATER FAJRBANKS
L X X 2 ) LTI IR Y L LR Lo 1 LR XYY Y LY P L L LY ) LA LD L L L P LYYy L Bl
1980 396,51 91,40
1981 422,80 97,90
1982 449,09 104,40
1983 475,39 110,91
1984 501,68 117,41
1985 527,97 123,91
1986 566,98 130,90
1987 $66.00 137,89
1988 585,0% 144,88
1989 604,02 15,87
1990 623,03 (S8, 86
1991 442,89 165,16
1992 662,58 171,45
1993 bA2,36 177,758
1994 102,14 184,05
1995 724,92 190,34
1996 748,5% 197,42
1997 775,18 204,49
1998 801,77 211,56
1999 628,38 218,64
2000 455,00 225,71
2001 867,13 29,27
2002 879,26 232,83
2003 B9y, 39 236,39
2004 503,52 219,95
200% 915,68 243,51
2006 °33.79 248,11
2007 951,93 252,70
2008 970,06 257,30
2009 9ag ., 20 261,89
2010 1006,30 266,49

TNYAL

4R7,90

5?0;10
5%3,.50
586,29
619,09

%1.89

677.8%
703,89
729,89
785,89

161,89

807,96
B34,04
860,11
886,19

912,26

945,95
979,64
1013,33
1047.02

1080, 71

1096 ,40
1112,09
1127,7%
1143, 47

1159,16
1181,89
1204,63
1227,36.
1250,10

1212,8%



)

HE6--FERC 0%

C.119



[2L"2

SCENARIOR MED t HEG6=eFERC 0Xewbhs24,198%

YEAR

1980
1985
1990
1995
2000
2005

aolo

SINGLE FAM]ILY

35473,
{ 0,000)
ne227,
( 0,000)
57906,
t 0.000)
66094,
( 0.000)
69668,
( 0,000)
74507,
( 0,000)
Bo9u3,

( 0,000)

e S

HOUSEHOLDY BERVED

ANCHORAGE = COOK JINLETY

MULTIFAMILY
20314,
( 0,00n)
26204,
( n,000)
258717,
( 0,000}
39R10,
( 0,000)
33140,
( 0,000)
15689,
( n,000)
19154,
[{ n,000)

MORILE HOMES

8230,
{ a,000)
10958,
( 0,000}
13305,
{ 0,000}
15267,
( 0,000}
16151,
{ 0,000)
17432,
( 0,000)
19133,
( 0,900)

DUPLEXES

Tu8s,
{ 0,000)

8567,
{ 0.000)

8460,
( 0,000)

83133,
( 0,000)

7998,
( 0,000)

8s79,
( 0,000}

9360,
( 0,000)

TOTAL
71503,
t 0,000)
91954, "
¢ 0,000)
105548,
( 0.000)
120504,
( 0,000)
126955,
{ 0,0600)
136207,
( 0,000)
1488940,
{ n,000)



L)

SCENARIOy

YEAR

1980

1985

1990

1998

2000

2005

20io0

MED § HEb==FERC 0Xw=b6/24/1983

SINGLE FaAMILY

T220,
t 0,000)
10646,
( 0,000)
11463,
( 0.909)
1513A,
( n,000)
16184,
{ 0,000)
17555,
{ n,000)
18976,
( 0.000)
L 1

HOUSEHOLDS SERVED

GREATYER FAIRBANKS

LTI I TP Y L R P LY Y

MULTIFAMILY

5287,
( 0,000)

SAsLT,
( 0,000)

1960,
4 0,900)

R4t ,
( o,00n)

1703,
( 0.,000)

8293,
( 0,000}

9251,
4 0,000)

MOBILE HOMES

1189,
{ 0,000)
2130,
4 0,000)
2206,
{ 0,000)
3448,
¢ 0,000)
3807,
£ 0,000)
4123,
¢ 0,000)
4503,
( 0,000)

DIUPLEXES
1647,

t 0,000}
1765,

{ 0,000)
23715,

t 0.000)
23139,

¢ 0,000)
2298,

( 0,000)
2252,

{ 0,000)
2249,

t 0,000)
B | i

TOTAL
15313,
4 n,n00)
204007,
4 0,000
24003,
t 0,000)
28766,
4 n.005)
310192,
€ ®n,000)
322213,
{ 0,000}
349894,
{ 0,000)
1 i



€eL)

SCENARIOL MED 3 HEbL=<FERC 0X==b/24/39R}3

HOUSING VACANCIES

ANCHORAGE ~ CONX INLEY

YEAR SINGLE FAMILY MULT]IFAMILY MOBILE HOMES
1980 5089, 1466, 1991,
( 0,000) ( 0.000) ( 0,000)
1985 508, 1496, 121,
( 0,000) t 0,000) ( n,000)
1990 637, 1477, 146,
( 0,000) ( 0,00n) ¢ 0,000)
1995 127, 1664, 168,
( 0,000) ¢ 0.090) ( 0,000)
2000 Tee, 1790, 178,
( 0.,n00) ( 0,00n) ( 0,000)
2005 820, 1927, 192,
( 0,000) ( 0,000} { 0,000)
2010 890, etss, 211,

( 06,000) ( 0,000) ( o.noe)

i i
DUPLEXES
1463,
( 0,000}
292,
( 0,000)
289,
( 0,000}
e84,
( 0,000)
an,
{ n,000)
283%,
( 0,000)
309,
( 0,000)

TNTAL
16209,
¢ 0,000)
2017,
¢ n.000)
2549,
¢ 0.000)
2841,
( 0.n00)
3204,
t n,000)
1222,
¢ 0.000)
Asaa,
¢ 6.n00)



¥l d

SCENARIQOY MED 3 HEb=«FERC (0X¥==p/24/1983
HOUSING VACANCIES

GREATER FAIRRANKS

YEAR SINGLE FaAMILY MULTIFAMILY MOBRILE HOMES DUPLEXES TarviL
LY 1 X ) wesoSeYrae NPy SeAvTavewYFenm TEeesYRdeovsew X 1 L L L A K ¥R N b ] FI XL L E YL TY
1980 169%, 3320, 284, 895, 8454,
( 0,000) ( 0,000) { 6,000) { 0,000) ¢ 0,000)
1985 118, 2654, 24, T22, 1518,
( 0,000) ( n,000) 4 0,000) { 0,000) ¢ 0,000)
1990 126, 454, 24, a1, 686,
( 0.000) ( 0.000) ( 0.,000) t 0,000} t 0,000)
199§ 167, 44m, 3a, 8o, 132,
( 0.000) ( 0,000) { 0.000) ( 0,000} { 0,000)
2000 180, 440, 42, 18, J40,
( 0.000) { 0,700) { 0.000) { 0,000) ( n,000)
2005 193, 4un, 48, 77, 743%,
( 0,000) { 0,000) ( 6,000) ( 0,000} t 6.000)
2010 209, 500, S0, esd, TR,
¢ 0.000) ( 6,00n) ( 6,000) ( 0,000) ( 0,000)
] i 1 i 1 4 , i i 4



ScL'd

BCENARIOg MED 9 HEGeesFERC QX==6/24/1983
FUEL PRICE FORECASTS EMPLOYED

ELECTRICITY (S / KWK)

ANCHORAGE = COUK IMNLET GREATER FATRBANKS

YEAR RESIDENTIAL BUSINESS REBIDENTIAL RUSTHESS

Ly L 1 [ T X YT XX XX A X L2 P X R L KX N ] L L X R 4 X L R NI J L L L XX X K X J
1980 0,037 0,030 0,095 0,090
198§- 0,0u8 0,008 ‘ 0,099 0,090
1990 0,052 0,009 0,090 n.nas
1995 0,057 n, 054 0,090 0,085
2000 0,059 n,osé 0,090 0,088
2005 D.0b1 0,058 0,090 D.08S

2010 n,06% n 060 0,090 0,nBS%

ot



92L°d

SCENARIU: MED & HE6==FERL 0Xe=b/24/1983
FUEL PRICE FORECASTS EMPLOYED
NATURAL GAS (8/MHBTU)

ANCHORAGE = COOK INLETY GREATER FAIRBANKS

YEAR RESIDENTIAL BUSINESS RESIDENTIAL BUSINESS

Yeen PeRfeEPasED fPEesegysREEe ([ E Y A YR YT R NI Y ) Ly L L LT Y)Y )
198¢ 1.730 1,800 12,740 11,290
1985 2,010 1,780 12,530 11,190
1990 2,960 2,730 12,530 11,190
1995 ° 3,600 3,370 12,830 11,190
2000 3.600 3.370 12.530 11,190
200S 3,600 1.170 12,530 11,190
2010 3,600 31,370 12,530 11,190



Lel’d

SCENARIOp MED 3

YEAR

1980
1985
1999
1995
2000
2005

2010

HEbemFERC 0X=ebh/24/1983

ANCHORARE « COOK THLET

RESIDENTIAL

7.750
7,630
7,630
7.630
7.630
7,630

7.630

AUSINESS

7,200
7,130
?.8n0
7.130
7,130
7,130

1,130

FUEL PRICE FORECASTS EMPLOYED

FUEL OTL (%/MMRTU)

GREATER FATRBANKS

RESIDENTTIAL

7,830
1,700
7,100
T.700
1.700
r.700

7,700

RIJSTMESS

7,500
7,430
7.430
7,030
7.430
7,430

7,430



8¢L™d

BCENARIO)

YEAR

1980

1985

1990

1995

2000

2009%

2010

MED 1

SMALL
APPLIANCES
2110,00
( 0,000)
2160,00
(  0,000)
2210,00
¢ 0.000)
2260,00
«  0,000)
2310,00
t  0,000)
2360,00
( 0,000)
2410,00
(  0.000)

HEb=wFERC 0X=eb/24/198)3

RESIDENTIAL USE PER HOUSEHOLD (KWH)
(WITHOUT ADJUSTMENT FQOR PRICE)

AMCHORAGE = COOK TNLET

LARGE
APPLIANCES
[ L Z XL ) F B X J

6500,6%
( 0,000)
6151, 46
( 0.,000)
6020,08
( 0.000)
5960,98
( 0.000)
5988 ,06
{ 0,000)
058,34
¢ 0.000)
6123,00
¢ 0.000)
1

8PACE
HEAT

LL L AL L LA 1 )
5088,52
( 0,000)

4821,78
t 0,000)

4586 ,40
t 0,000)

4519,96
( n,000)

4448,08
t 0,000)

4418,139
¢ 0,000)

qan2,09
t 0,000)

TOTAL

13699,15
(  0,000)

13133,24
¢ 0,000)

12816,88
(  0.000)

12740,94
¢ 0.000)

12746,18
{ 0,000)

12836,73.
( 0.000)

12975,00
¢ 0,000}



62L"d

SCENARIOs MED

YEAR

1980

1985

1990

1995

2000

2005

20140

9

BMALL
APPLIANCES

2466,00
(  0,000)
253%5,99
( 0,000)
2606,00
« 0,000)
2676,01
( 0,000)
2746,00
(  0,000)
2816, 00
¢ 0,000)
2RBb 00

( 0,000)

HEb==FERC 0Xw=H/240/19A3

RESIDENTIAL USE PER HNUSEHOLD (KWH)
(WITHOUT ADJUITMENT FOR PRICE)

GREATER FAIRBANKS

LARGE
APPLIANCES
57319,52
( 0.000)
178,96
( 0,000)
6448 ,89
( 0.000)
6671,50
( 0jong)
679318
( 0.000)
6845 70
( 0,000
4AAT7 94
( 0.0nD)

SPACE
HEATY

13113,606
( 0,900)

1606,31
¢ 0.000)

3867,02
( 0,000)

4053,1313
( 0,000)

43pS,72
( 0,000)

4517,20
t 0,000)

656,67
( 0,000)

TOTAL

11519,18
{ 0.000)

12321,26
( 0.000)

12922, 44
( 0.,000)

13400,8%
(  6,000)

13844 .90
( 0,000)

14178,90 -
( 0,000)

14430,61
( 0.000)



0EL"d

SCENARIOg MED 3 HE6==FERL 0Xe=b6/24/1983

AUIINESS USE PER EMPLOYEE (KWH)
(WITHOUT LARGE INDUSTRIAL)
(WITHOUT ADJUSTMENT FOR PRICE)

YEAR ANCHORAGE « COUK INLET GREATER FAIRBAMKS
1980 8un?,04 7495,70
( 0,000) t 0.000)
1985 9580,53 7972,.14
( n,000) ( 0,000)
1990 10261 ,82 8309,55
( 0,000) ( 0,000)
199§ t10A5, 42 AT107,76
( 0,000) ( 0,000)
2009 1135410 8933,179
{ 0,000) ( 0,000
2005 11929,05 92%2,04
( n,000) ( 0,000}
2010 1270746 9636,33
¢ 0,000) ( 0,000)



LtEL™d

SCENARIO® MEN § HEo==FERC 0Xe=a/24/198%

SUMMARY OF PRICE EFFECTS AND PROGRAMATIC CNNSERVATION

IN GHH
ANCHORAGE = COOK IMLET
RESTDENTIAL RUSTINESS
e Eamyedew LR X & 3 K B N % ¥ J
OWN=PRICE PROGRAM=INDUCED CROSS~PRICE NWN=PRICE PROGRAM=TNDUCED CROS8~PRICE
YEAR REDUCTION CONSERVATION REDUCTION RENUCTION CONSERVATION REDUCTION
tebe (XXX T TS CEErEEEEEEEEb e CEEEEE e CEbtbbres CHECEEEE R E FEEEEEEEEE
1980 n,000 0,000 0,000 0,000 0,000 0.000
198} 6,230 0,000 2,058 9,180 6,000 -0,867
1982 12,460 0,000 -i,115 1R, 761 0,000 -1.7348
1983 18,490 0,000 b, 17} 28,101 0,000 : «2,401
1984 24,921 0,000 «8,239 17,521 0,000 ~3,468
1985 31,1514 0,000 -10,289 46,901 0,000 -4,335
1986 39,633 0,000 -19,595 57,965 0,000 C -1.924
1987 48,114 0,000 =28,901 69,02A 9,000 “11.514
1988 56,%96 0,000 =-38,207 BO,N9Y 0,000 15,100
1989 65,075 6,000 -47,543 91,154 0,000 1R, 694
1990 73,569 0,000 «56,819 102,217 0,000 22,284
1991 © 97,894 0,000 81,498 TILRIL 0,000 “21,222
1992 121,827 0,000 106,177 135,454 0,000 =312.140
1993 149,961 0,000 «130 854 152,078 0,000 ~37,098
1994 170,098 n,000 =155,535 168,695 0,000 “42,034
199§ 194, 22A 0,000 “180,21% 185,310 0,000 =0h.974
1996 214,849 0,000 199,927 194,644 0,000 -49,2RR
1997 215,409 0,000 «219,640 203,97% 0,000 «51.601
1998 254,089 0,000 239,353 213,303 0,000 =53.914
1999 276,709 0,000 «259,087 222,613 0,000 56,227
2000 297,330 0,000 «278,780 231,961% 0,000 -SB,.541
2001 100,545 0,000 «279,925% 2ut,670 a,n00 =h1,072
2002 103,760 0,000 =281,070 257,177 0,000 “63,403%
2003 . 306,978 0,000 =282,214 210,084 0,000 ~6h.134
2004 110,149 0,000 =283, 361 282,791 a,000 6B, 665
2005 13,404 0,000 =284,506 29%,49A a,000 «71,196
2006 316,619 0_nga 284,681 192,129 0,000 -74,282
eony 119,813 0,000 -284,856 129,960 0.000 =717.36A
2008 12%,047 0,000 =285,030 7,190 0,000 ~AN,US3
2009 126,261 0,000 =285,20% 160,421 0,000 -8%,539

2010 329,476 a,nno =285,180 181,652 n,000 -B6,h28



2eL’d

SCENARIOY MED g

YEAR
tete

1980

1981
1982
1983
1984

1985

1984
1987
1988
1989

1990

199
1992
199%
1994

1995

199
1997
1998
1999

2000

2004
2002
2003
2004

2005
2006
2007
2008
2009

2010

OWN=PRICE
REDUCTION
CtEtEEEEe

0,000

-n,267
~0,513
-0, 800
=1,064

=-t,33%

-1,572
-{,012
2,051
2,291

«2,%30

-2,772
=3.013
-31,254
«3,096

-3,7%7

3,869
=4,001
=4 133
wl 264

«4,398

=4,529
«l 643
-4, 766
=4 RBA

=5.011
5,140
-5,269
-5,399
=-5,52R

-5,457

3

HEb=oFERC 0Xw=t/24/198%

SUMMARY OF PRICE EFFECTS AND PROGRAMAYIC CONSERVATIONM
IN GWH

GREATER FAlRBANKS

RESIDENTIAL

L LR L2 3 L L L RJ
PROGRAMS [NDUCED
CONSERVATLON
CEEEebE b etbbe

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

a,000
0,000
0,000
2,000

0.000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0.0n0
0,000

0,000
0,000
n,n00
0,000
H,000

0,000

RE

*

CROSS-PRICE
DUCTIaN
tEEEEEEEEE

0,000

n,079
0.t40
0,209
0,279

0,349

0,412
0,474
0,537
0,599

0,662

0,72%
0,788
0,A51
n,9t4

0,917

1.0)2
1,046
1,081
1,118

1,150

1,182
1,214
$.2446
1.278

1,310
1,344
i.377
t Uit
1,445

1,479

OWN=PRICE
REDUCTION
CetEEEt e

0,000

0,008
0,000
n,000
0,000

0,000

-0,552
-1,108
_11657
=2,210

w?, 762

3,201
3,640
«4,079
-0,547

4,956

-85.147
-5,33A
=-5,829
«8,720

-85, 9181

-b,109
6,306
-6,504
“b,701

b RN
-1¢13'
«7,360
=-7,596
-7,029

R 062

RLUSTINESS
oeeyydaeeaw
PROGRAM=INDIICFD
CONSERVATION
(XX XI XTI X XA ¥ Y]

0,000

0,000
n,000
n,n0o0
0,000

0,000

0,000
n,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000
0,000
0,000
0,000
0,000
0,000
nﬂooo
0,000
a,n00
0,000

0,000

N R .

CROSS=PRICE
REDUCTTON
(X2 I XTI X

0,000

nNa024
0,048
0,072
0,094

n,120

0.136
0,153
0,170
N, 1864

0,203

N.219
0,234
0,250
0,246

n,282

0,287
0,292
0,297
0,%03

0,30R

0,%15%
0,323
0,33}
0,338

0,348
0,356
0,367
0,177
n,387

n,197



EELTD

[ I B

SCENARIOs MED 3§ HE&=«FERC DX~=6/20/19R3

HREAKDOWH OF ELFCTRICITY REQUIREMENTS (GWH)
(TNYAL INCLUDES LARGE INDUSTRIAL CONSUMPTION)

MEDIUM RANGE (PRx_5)

YEAR

1280

1981
1982
1983
1984

1985

1986
1987
1988
1989

1990

199}
1992
1993
199y

1995

1996
1997
1998
1999

2000

2001
enne
2003
2004

200s
2006
2007
2u08
2009

2010

RESIDENTIAL
REQUIREMENTS

979.5%3

1029,99
1062.45%
1108, 9n
1145.38

11R6, 82

1216,67
1246,51
1276, 36
130621

1336,08

137311
1410.16
faa7r, 21
148427

1524,92

1536,.98
1552,6%
15648, 31
153,97

1599.64

1623,62
1647, 60
1671 .59
1695.57

1719,.55
1752.,4%
1785,30
1R1R 19
f1RAS1.0S

tBRY 92

ANMCHORAGE = CDUK THLEY

meRRPYTCeATETANTaeaanT Y

BUSINESS
REQUIREMENTS

875,%6

947,99
1020,05
1093,00
1165.55

1238,09

1279.39
1320,51
131,72
402,93

1844,14

1500,82
1857.51
1610,19
1670 ,84

1727.5%

1729,95
1732,13%
17348,74
1737,1%

1739,5%%

1773,72
1807,91
1842,09
1A74,28

191047
1968, 34
202601
2033,78
2141,%4

21991y

MISCELLANENUS
REQUIREMENTS

24,31

24,67
25,03
25,40
25.76

26,12

26,88
27,63
28,38
29,13

29,89

30,848
31,87
32.86
33,86

34,85

315.07
15,28
15,50
15,72

15,94

36,55
37,158
17,76
18,36

38,97
19,92
4n, 88
01,84
aa,19

43,758

EX0G, INDUSTRIAL
LOAD

eSsRmepsrsartrvaReenT S
84,00

92,08
1o0e,.16
108,24
116,32

124,40

137,89
151,38
164,88
178,37

191 A6

195,13
198 40
201,86
204,93

208,20

Alu 14
220,08
226,02
231,96

237,90

244,96
252,02
259,08
266 14

273,20
281,58
289 94
29R.34
104,72

s, 10

TOTAL

1943,19

2085,64
2208,09
230,54
pu%2,99

575,43

P6h0,74
2746 ,04
2831.34
2916,64

1001,9¢

099,94
3197.94
295,93
1393,9%

31491 ,9%

1516,14
© 1540,34
560,57
15A8_79

613,00

1478,84
174468
810,52
876,34

19Uz, 20
uou2.17
apa2, 15
bauz . 1%
q342 11

4u4?,08



PEL™D

SCENARTOr MED

HEb=wFERL 0X=ab/24/1983

BREAKDOWN OF ELECTRICITY REQUIREMENTS  (GWH)
(YOTAL INCLUDES LARGFE INDUSTRIAL CONSUMPTION)

MEDJUM RANGE (PR=_.5)

YEAR

1980

19814
1982
1943
1084

1985

1986
1087
1984
1989

1990

1991
1992
1993
1994

1995

1996
1997
1998
1999

2000

2001
2002
2003
2004

200%
2006
2007
2008
2009

2010

RESIDENTIAL
REQUIRFMENTS

176,39

191,60
206,81
e2a, 0l
217.22

252,413

264,33
216.27
2R8,19
300.12

2,00

327,28
342,52
157.76
373.01

LLL L

394,85
4oy, 4%
108,09
414,08

421,2%

429,12
416,99
any_As
4s2.72

460,59
470,27
019,94
4R9 62
499.13n

508,98

GREATEFR FAJRAANKS

BUSTNESS
"REQUIREMENTS

XTI Y DR E LY LAt
217,14

230,33
243,53
256,73
269,93

283,12

290,86
298,60
306,34
144,08

321,82

334,19
346,59
388,91
mnLer

381,464

386,23
386,82
388,414
390,00

191,38

198,47
405,36
412,25
419,13

426,02
437,10
448 17
459,25
479,13

XY

MISCELLANEOUS
REQUIREMENTS

LI T L LA LY LY X}

EX0G, INDUSTRTAL

LOAD

0,00

6,00
0,00
0,00
0,00

TOTAL

EL L P L LYY L L Lt

400,34

428,69
457,07
4AS, 4§
513,83

542,21

§71.91
601,68
631,31
461,01

690,71

T18.60
146,50
174,39
A02,29

A30, 1A

B3B8 46
846,74
855,09
863,29

ary . sy

ARG U7
901,38
916,29
3,20

U6, 11
967,08
988,09
1009,02
1029.99

1050,94



GEL"D

SCENARYOp MED

YEAR

1980

198}
19R2
1983
1984

1985

1986
1987
1988
1989

1990

199
1992
1993
1994

1995

1996
1997
1998
1999

20090

2001
2002
€001
2004

2008
2006
2007
2008
2009

2010

HEb=eFERC 0Xewb/24/1983

TOTAL ELECTRICITY REQUIREMENTS (GWH)

(NET OF COMSERVAT]ION)

(INCL!IDES LARGE INDUSTRIAL CONSUMPTION)

ANCHORAGE = COUOK INLEY

1963 .19

2085, 064
2208,09
233054
2452,99

2575,43

266074
244 .04
2831 ,34
2916.b64

1001 ,94

3099 /94
3197,94
1295,93
1393, 9%

349y 9

3516,14
3540,34
1540 ,57
3588,79

3613,00

R6TA,BY
17484 64
3810,52
1876,38

3942, 20
upue, 17
4142,1%
u2u2,1%
434211

4442 08

MEDIUM RANGE (PR = ,S)

I LI TSI E Y BT Y T ]

GREATER FAIRBANKS

400,31

42R,469
aS7,07
48%,45
511,83

542,21

571,91
601,61
631,31
651,01

890,71

718,60
746,%0
774,39
A02,29

A30,18

A3R 46
RaK_TY4
855,01
863,29

AT1,57

AAb, 47
901,3R
96,29
931,70

U6, 11
947,08
98A 05§

1009, 02

1029,99

1050 96

TOTAL

2363,51

2514,33
2645,16
2815%5,99
2966.82

317,65

1232,65
1347,65
1462, 65
ISTT. 68

1492, 65

3818,50
3944,4)
6070,33%
4196, 22

322,11

a3%4,60
4347,09
4419,59
44%2,08

44R4,S7

4565,32
456,06
4726 ,81
4RNT 56

4ARA,L 30

5009,2%
$130,20

%2%51.18§
5372,09

493,04



9eL"d

SCENARIO) MED g HEb==FER( 0Xe=b/24/1983

PEAK ELECTRIC REQUIREMENTS (MW)
(HET OF CONSERVATIOHN)
CINCLUDES LARGE INDUSTRIAL DEMAND)

MEDJUM RANGE (PR = ,5)

TOTAL

487,90

519,14
550,37

sa1,61

612,84
644,07

668,97
693.76
718,60
743,44

768,29

794,62
820,95
847,29
873,62

A99,98

906,56
913,18
919,79
926,40

913,02

U9, 64
986,26
QR2, A9
999,51

1016,1%

toutl,08
1066,0%
1099,98
1115,93

YEAR ANCHORAGE = COOK INLET GREATER FAIRBANKS
L L X ] [ 2 2 2 L XX XN RO L4 L 4 L 0 X 1 J LA LI T L LA & AN L L X X X ] CE LA L L L XX L L0 L2 1 X 7 3 L ¥}
198¢ 398,51 91,40
198} a2t 26 97.87
1982 Que,02 104,15
1983 410,17 110,83
1984 495,513 117,
1985 520,28 123,79
1984 538.138 130,87
1987 586, .01 137,15
1988 S74,48 144,13
1989 592,54 150,90
1990 610,61 157,48
1991 630,57 164,095
1992 650,53 1N, 42
1993 670,50 176,79
1994 690,468 18%,1%
1995 710,43 189,52
199% 1AL TS L 191,41
1997 719,87 193,130
1998 724,60 195,19
1999 : 779,32 197,08
2000 734,00 ) 194,97
200} 747,264 ang 38
2002 760.48 205,78
2003 773,70 209,18
2004 TR6 .92 212,99
2005 ROO, 14 215,99
2006 820,31 220,178
2007 Bun 4t 225,57
2008 A60,613 730,18
2009 BAp,79 235,14
2010 900,96 239,93

1140,8A



HE7--FERC -1%

C.137



6EL"D

3 L D B R ¥ B T B i 3
SCENARIOS MED t HE7=<FERC =1%=~6/24/1983
HOUSFHOLDS SERVED
ANCHORAGE = COOK INLET
YEAR SINGLE FAMILY MULTIFAMILY MURILE HOMES DUPLEXES
1980 35473, 20344, 8230, 1486,
{ 0.000) 0.900) ( n,000) ¢ 0,000)
1985 49138, 2e20u, 11502, ASH7,
( 0,000) t 0.000) ( “H,000) { 0,000)
1990 60147, 212s7, 13865, BYso,
{ 0,000) ¢ 0,000) t 0,000) ( 0,000)
1995 66718, 31004, : 15372, 8333,
( 0,000) ( 0,000) ( 0,000) t 0,000)
2000 70748, 3360A8, 16393, aLys,
{ 0,000) ( 0,000) { 0,000) { 0,000)"
200S 715730, 3162613, 17719, ares,
( 0,000) { 6,000) { 0.000) ¢ 0.000)
2010 82347, 319840, 19469, 9s2¢,
( 0,000) { 0,000) ( 0,000) t 0,000)

TOovYAL
71503,
{ n,_000)
95412,
{ 0,000)
109929,
t n,000)
121428,
( . 0,000)
128863,
t 6, N00)
138432,
t 0,000)
151181,
( 6,000)



orL-2

SCENARID) MED 3 HET7=eFERC e»liX=wb/24/198%

HOUSEHOLDS SERVED

GREATER FAJRBANKS

YEAR SINGLE FAMILY  MULTIFAMILY MOBILE HOMES DUPLEXES TOTAL
1980 1220, 5287, 1189, 16117, 15313,
( 0,000) (. ., 000) ( 0,000) { 0,000) ( 0,000)
1985 © foskde, 5880, 2130, 1768, 20024,
( 0,000) 0,000) 0,000) 0,000) ¢ 0,000}
1990 11533, 7960, 2222, 2378, 24090,
( 0,000) ( 0,100) { 0,000) ( 0,000) ¢ a,000)
1995 14407, 7841, 3236, 2339, 27823,
( 0,000) ¢ 0,000) 0.000) ¢ 0,000) ¢ 0,000)
2000 15712, 1703, 3634, 2298, 29348,
t n,000) 0,000) 0,000) ( 0,000) ¢ 0,000)
2005 17104, 8020, 4017, ' 2252, 1139y,
( 0,000) ( 0,000) { 0,000) { 0,000) ¢ 0,000)
2010 18524, 9031, 4397, 2196, 34150,
( 0,000) ¢ 0,000) 0,000) ¢ 0,000) ¢ 0,000)



LyLl2

SCENARJOL MED t HET=wFERC wlXeeb/24/198%

HOUSING VACANCIES

ANCHORAGE « COOK TNLETY

YEAR SINGLE FAMILY MULTIFAMILY MORTILE HOMES
1980 S089, 1666, 1991,
( 0,000) ( n,000) ( 0,000)
1985 S41, 149s, tar,
( 0,000) ( 0.000) ( 0,000)
1990 YT 97, 153,
( n,000) { 0,000) { - 0,000)
1995 734, 1674, 169,
t 0,000) ( 0.000) ( 0.,000)
2000 7718, 1819, 180,
{ 0,000) ( 0,000) ( 0,000)
2005 833, j958, 195,
{ 0.000) ( 0,000) { 0.000)
2010 906, 2151, 214,

( 0.000) 0,000) ( 0.000)

i 1
DUPLEXES

1463,

{ 0.000)
292,

{ 0,000)
289,

( 0.000)
_ 284,
( 0,000)
152,

( 0.,000)
288,

( 0,000)
34,

( 0,000)

3 1
TOTAL

162009,

¢ n,000)
2455,

( 0.n00)
1202,

t 0.000)
2861,

( n.00n0)
3128,

t 0,.000)
3274,

{ 0,000)
3586,

( 0.000)



vl

SCENARIOE MED § HET=«FERC «i1X=ab/20/71983%
HOUSING YACANCIES

GREATER FAIRBANKS

YEAR SINGLE FAMILY MULTIFAMILY ﬂuBILE HOMES DUPLEXES TOVAL
( 0,000) ¢ 0.,000) t 0,000) ¢ 0.,000) { 0.000)
198% 118, . 2bby, 24, 719, 31502,
( 0,000) ( 0,000) ( 0,000) ¢ 0,000) ( 0,000)
1990 1217, ush, 25. 8t, 687,
( 0,000) ( 0,000) ( 0,000) ( 0,000) ( 0,000)
1995 159, 448, 36, 8o, 722,
(¢ 0,000} { 0.,000) ( 0,000) 4 0,000) { 0,000)
2000 17%, d4p, 40, 18, 731,
{ 0n.,000) ( 0,000) ( 0.000) C 0,000) ( 0.000)
2005 " 188, 433, a4, 17, The,
( 0,000) ( n,000) ¢ 0.000) C 0.000) ( 0.000)
2010 204, 4AR, 48, a1, 821,
( 0,000) { 0,000) ( 0,000) t 0,000} ( 0,000)



VLD

SCENARIUS MED ¢ HET=oFERC =1X=~=t/24/1983%
FUEL PRICE FORECAATS EMPLOYED

ELECTRICITY (% / KWH)

ANCHORAGE = COOK INLET GREATER FATRRANKS

YEAR RESIDENTIAL BUSINESS RESIDENTIAL BUSINESS

1980 0.037 0.n34 " 0,099 0.090
1985 0,048 0,048 0,095 0,090
1990 n,052 0,049 0,090 0,088
1995 0,054 0,081 0,090 0,08%
2000 n_05% 0,052 0,090 0.08%
2005 0,087 0,054 0,090 0,08%

20t0 n,059 0,056 0,090 0,088

paf



124 )

SCENARTIOt MED 3 HE]waFERC wlX==b/24/198)
FUEL PRICE FORECASTS EMPLOYED

NATURAL GAS (S/MMBTU)

ANCHORAGE = COOK THLEY GREATER FATRBANKS
(T R Y P Y Y R X A R R AR L 0 R Y 0 0 0 0 L 0 L 1 J -----------------.-------.-.---------

YEAR RESIDENT AL BUSINESS REBIDENTIAL BUSINESS

1980 1,730 1,500 12,740 11,290
1985 2,000 1.770 12,280 10,980
1990 2,A70 ?2.640 11,680 10,430
1995 3,120 3,090 11,140 9.920
2000 3,060 2.830 10,560 9,430
2005 2,960 2.730 10,040 A, 970
2010 2,860 2,630 9,550 R,530



gr(°d

BCENARIO) MED § HET==FERC wiX<wb/24/198%
FUEL PRICE FORECASTS EMPLOYED
FUEL OIL (S/MMRTU) ’

ANCHORAGE = COOK INLET GREATER FATRRAANKS
PhGesTaeerEtgEEeehheRPEYEeESTQelweYbe@e e w LI A 4 K X LEXRJX L LR REEN LYY LY XYL LYYy Y |

YEAR RESIDENTIAL BHSINESS RESIDENT AL AUBINESS

1980 7,750 7.200 1,830 7,500

1985 7,480 6,990 7,550 1,280

1990 1.110 6,650 7,180 6,930

1995 6,760 6.%20 6,820 6,590

2000 6,430 6,040 6,490 6,260

2005 6,120 5,720 6,170 8,940

2010 s.820 5,440 s.,870 §.660



ayL™3

SCENARYO) MED 3§ HE?=eFERC =iX=wbt/24/1983
RESIDENTIAL USE PER HOUSEHOLD (KWH)
(KITHOUT ADJUSBTYMENT FOR PRICE)

ANCHORAGE = COOK INLET

EMALL LARGE SPACE
YEAR APPLIANCES APPLIANCES HEAY TOTAL
-www TERPeoeTiews L LI XL I XN X J L 2 L Ly 3 7Y ¥ ] L2 L0 X JF X L. J 1 J
1980 2110,0n0 6500,6% 088,52 13699,15
t 0,000) (  0,000) { 0,000 £ 0,000)
1985 2160,00 6092, 34 4770,71 13023,05
t 0,000 £ 0,000) t n,000) «  0,000)
1990 2210,00 5975, 60 4579,19 12764,79
t 0.000) (  0.009) t 0.000) ¢ 0,000y
1995 2260,00 5919,57 051%,35 12692,92
t 0,000 {  0.,000) ¢ 0.000) t 0,000)
2000 2310,00 5949,22 yaus,94 12706,186
t 0,000) ¢ 0,000) t 0,000) « 0,000y
200% 2%60,00 6019,13 buyb,38 12795,51
{ 0,000) ¢ 0.000) t 0,000) { 0,000)
2010 2u10,00 6084,07 46040,68 12934,78
t 0.000) ¢ 0.000} { 0,000} {  0,000)



AZR)

SCENARIODS MED g

YEAR

1980

1985

1990

1995

2000

2008

2010

SMALL
APPLIANCES
2466 ,00
4 0,009)
2535,99
( 0,000)
2606 00
{ 0,000)
2676,04
( 0,000)
2746 ,0)
( 0,000)
2816 ,00
{ t,000)
2886,00

( 0,000)

HEV==FERC =iX=»&/24/1983

RESINDENTIAL USE PER HOUSEHOLD (KWH)
(HWITHOUT ADJUSTMENT FOR PRICE)

GREATER FAIRBANKS

LARGE
APPLIANCES
573952
( 0.000)
6178,78
( 0,000)
6409 ,9)
( 0.000)
4664 68
( 0.000)
6792.07
t 0.000)
6849 00
t 0,000)
4889 70
¢ 0.000)

BPACE
HEAT

3313,66
( 0,000)

3607,2%
L) 0,000)

1868,80
( 0,000

4048,33
{ 0,000)

4398,98
t 0,000)

4510,10
{ 0,000)

4656,19
¢ 0,000)

TOTAL

11519,18
( 0.000)

12322,00
(  0.000)

12924, 11
( 0,000)

13389,02
¢ 0,000

13847,06
( 0.000)

1047510
¢ 0,000)

14432,09
( 0,000)

gl



8rL"D

BCENARIO) MED ) HET==FERC wiXeeb/24/1983

BIISTNESS USE PER EMPLOYEE (KWH)
(WITHOUT LARGE JNDUSTRIAL)
(WITHOUT ADJUSTMEMT FOR PRICE)

YEAR ANCHORAGE = COOK THNLETY GREATER FATRBANKS
. -k TeeeRONEFYESswtTRTeR RS LA AL L LT 1 L2 L A L b LA L1
1980 8407,04 - Tues,%0

¢ T 0,000) ( 0,000)
1985 95R5,4% 797,18

¢ 0,000) ¢ 0,000)
1990 10273 ,36 8304,16

{ n,000) ( 0.000)
1995 10R23,38 8626,08

( 0,000) { 0,000}
2000 11223,.18 ' aga9, 8%

¢ 0,000) ( 0,000)
2005 11829 69 9219,02

( 0,000) ( 0,000)
2010 12613,95 9605,7%

( n,000) { 0.000)
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SCENARIUG) MED 13

YEAR
tete

1980

1981
1982
19483
1984

$98S

1946
1987
1988
1989

1990

1991
1992
1993
1994

1995

1996
1997
1998
1999

2000

2001
2002
2003
2004

2005
2006
2007
2008
2009

2010

OWN=PRICE
REDUCTIOM
Yy

n,o0n0

6,199
12,798
19,197
25,.%9¢6

31,99

40,087
48,179
56,271
64,363

12,454

83,029
94,403
105,378
116,352

t27,327?

131,978
136,629
141,281
145,932

150,583

154,551
158,51R
162,484
166,054

170,421
175812
181,204
186,595
191,998

197,378

HET=oFERC < lX==6/24/1983

SUMMARY OF PRICE EFFECTS AND PROGRAMATIC CONSERVATION

IN GHWH

ANCHORAGE = COOK JINLET

RESIDENT I AL
PROGRAM«INDUCED
CONSERVATION
(XX I XTI TN Ay X TN

0,000

0,000
0,000
0,000
0,000

0.n00

0.000
0,000
0,000
0,000

0.000

0,000
0,000
0,000
0,000

n,000

p.000
0,000
0,000
0.000

0,000

0,000
n,000
0,000
0,000

0,000
n, o000
0,000
0,000
0,000

a,000

CROSS=PRICE
REDUCTION
tEbrbbbbree

0,000

1,910
'3-320
=5,730
=7,640

'9-550

-l7.528
«25,908
=33,48%
TN TS

w9 438

=b0,976
-72,5%13%
84,050
-95,887

=107,12%

«109,556
«111,987
=114,099
-116,850

-119,281

“119,168
119,049
=]118,9313
118,817

-118,701
0113.280
~147,859"
137,437
117,016

=116,59%

QWN=PRICE
REDYCTION
P Y Y S

0,000

9.389
18,779
28,168
317,557

46,946

£7,988
69,030
an, 072
9,114

102,156

112,153
122,150
132,146
102,143

152,140

189,141
166,142
173,143
tao_tad

187,148

197,246
207,347
217,448
227.549

237,650
251,735
765,819
279,904
291,989

%0A, 074

AUSINESS
PROGRAM=INDUCED

CONGFRVATION
[ N Yo

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0.000
0,000

0,000

a,000
0,000
0,000
0.000

0,000

0,000
0,000
0,000
0,000

0,000

p.n0¢
0,000
0,000
0,000

o,Nn00
0,000
0,000
0,000
0,000

0,000

CROSS-PRICE
REDUETION
(XXX YT

0,000

-01701
-1,418
-2.122
=2.829

-1-536'

-6.!96
=9,260
=12,122
*l".qﬁﬂ

17,844

20,591
-23.336
26,081
-28,82%

-31,971

-32,044
-32,518
-32.992
=33,465

~33,919

-=33,954
=33.969
'33.98"
-3!.999

30,014
~33.645
~331,275
=32,906
-32,9536

=32.167



05L™2

YEAR
tees

1980

1983
1982
1983
1984

1985

1986
1987
1988
1989

{990

1991
1992
1993
1994

1998

1996
1997
1998
1999

2000

€001
200¢
2003
2004

2005
2006
2007
2008
2009

2010

UWN=PR]CE
REDUCTION
L Y Y S S

p.noo0

0,000
0,000
¢.000
n.000

0,000

«0,335
-0,670
“l,00%
1,341

*1,676

=],960
=-2,24%
-2,529
=2,814

=3,098

3,282
=3, 466
.3.650
=-3,813

«4,087

=4, 168
-4,31(9
4,471
-l,622

4,773
=l ,.920
=5,067
=5, 214
=5,3061

5,508

GREATER FAIRBANKS

RESTHENTEAL
LI Y TN ] )
PRGARA=1RDUCED
CONSERVATION
FEEPEEECEEEEEEE

0,000

0,000
0,040
o0,g0n
6,000

0,000

0.000
0,000
0.000
0.000

0,000

0,000
0,000
0,000
0,000

6,000

0.000
0,000
0,000
0,000

0,000

0,000
n,000
0,000
0,000

0,000
0,000
0,000
0,000
0,000

n.o000

CROSS-PRICE
REDUFTYON

CEEEEELEEEE .

0,000

0,154
0,307
0,463
0,615

0,768

1,174
1,579
},984
2,389

2,798

3,459
b,y2u
4,788
S,u53

6,118

6,896
T.674
A,452
9,230

10,008

10,944
11,920
12,876
13,833

14,789
15,971
17,152
18,334
19,516

20,4698

-~ ”DNN'PBICE.

or DUFf f0n
trerteete

0,000

0,000
0,000
0,000
0,000

n,000

=0,550
-1.099
=1,649
-2,199

=2,748

3,109
~3, 069
-1,829
4,190

-l 550

=i, T1Y
‘=l 872
«5,033%
5,194

-5,356

=6,B96
w8, 437
-9,978
=-11,518

-13,059
-12,161
wii,262
=10,363

9,468

«~A,5646

BUSINESS

LA ERE L X LR & )

PROGRAM=INDIICED

"RONSERVATION.. . ..

Lok bbb ttetee
0,000

6,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
60,000

0,000

0,000
0,000
0.000
0,000

0,000

0,000
0,000
0,000
0,000

0,000
0,000
0,000
0,000
0,000

0,000

CROSS-FRICE

REDUETTON

CiFeRereeede

‘gl

a;000

n,or%
0.151
0,226
0,302

0,377

0,%57%
0,773
0,971
1,069

1,366

1,687
1,947
2.237
2.527

2.817

3.147
3. U447
3.717
4,016

4,31%

4,111
7.907
9,702
11,497

13,292
12,776
12,259
11.743
11.226

10,710

it



LSL"D

1

SCENARIOR HEND

R B

oy

HET=«FERC «l1X=n6/2471981

BREAKDOWN OF ELECTRICITY REQUIREMENYS ({GHH)
(TOTAL JHCLUDES LARGE INDUSTRIAL CONSUMPTION)

MEDIUM RANGE (PRx,S)

refaeessssgasasnpess

YEAR

L L X
1980

1981
1982
1983
1984

1985

1986
1987
1988
1989

1990

1991
1992
1993
1994

199s

1996
1997
1998
1999

2000

2001
2002
2003
2004

2005
2006
2007
2008
2009

2010

RESIOENTYIAL
REQUIREMENTS

(AL ALY T EY L2 2]
9719.53

1027,65
1075.78
1123,88
1171,99

122041

1252,13
1284,18
1316,17
1348,19

1380.21

1408,37
1436.54
1064,71
1492,88

1521,05

1538,09%
1555.05
1572.09
1589,08

1606,0%

162B,76
1651.47
164,17
1696,88

1719,.59
175061
1781.63
1R12.66
1843 68

187470

ANCHUORAGE = COOK INLET

BUSINESS
REQUIREMENTS

seSecesnssnsrenevaa
875,36

4R 17
1020,99
1093,80
166,81

1239,43

1280,54
1321,A5
1363,06
f404,27

1445 ,49

1u76,86
§508,24
1539,61
1570,99

102,36

1619,%4
1636,31
1653,29
1670,26

1687,24

1724,2A
1761,3%
1796,%7
1p3S, 42

1872,46
1929 .87
1986,87
204%,77
210088

2157,78

MIBCELLANEOUS
REAUIREMENTS

24,3

24,73
25,19
25,64
26,08

26,52

27.22
27.91
28,60
" 29.30

29.99

Yo,72
31,44
12,16
12,89

13,619

33,98
34,36
34,73
315,11

¥5,48

36,11
16,74
17,37
18,00

38,63
39,56
4n,50
41,43
42,3s

43,29

EX0G, INDUSTRTIAL
LOAD

84,00

92,08
100,16
108,24
116,32

124,60

137,89
151,38
164 88
178,37

191,86 !

195,113
198, 40
201 66
204,93

208,20

214,14
220,08
226,02
231,96

237,90

244,96
252,02
259,08
266,14

213,20
281,58
289,96
298,34
106,72

315,10

TOTAL

PEEELEE P TS PR LYY
1963,19

2092,6S
2222 .10
2351,558
208%,0%

2610,46

2697.8%
2785,29
2872,.11
2940,13%

3047,.54

I111,08
3174,61
1218,15
3101 ,68

33465,22

3405, 51
3445,80
Y4B6,09
1526,38

3566,67

3634,11
3701,56
3769,.00
3836, 40

903,88
4001,32
4098,76
4196,20
4293, 60

4391 ,08



2sl’d

SCEMARTO: MED 13

HETeaFERC =1X==6/24/198%

f
BREAKDUWN OF ELECTRICITY REQUIREMENTS (GWH)
(TOTAL INCLUDES LARGE INDUSTRYAL CONSUMPTION)

MEDIUM RANGE (PRm,S)

YEAR

1980

1981%
1982
1983
1984

1985

1986
1987
1988
1989

1990

1991
1992
1993
1994

1995

1996
1997
1998
1999

2000

2001
2002
2003
2004

2005
2006
2007
2008
2009

2010

RESTOENTIAL
REQUIREMENTS

TEseoTaecesasageeEns
176,39

191,29
206.19
221.09
235.99

250,89

262.76
274,63
286,50
298,137

110,24

333,94
345,80
157.65

369,50

375.68
381,86
388,04
394,24

400,39

407.31
at4,2%
421.15
428,06

434,98
443,52
us2 .08
460,59
469,13

477.67

GREATER FAJRBANKS

BUSINFSS
REQUIREMENTS

217,14

230,36
243,58
256,81
270,03

283,26

290,93
298,59
306,20
313,93

321,60

128,66
315,73
342,40
349,86

356,93

360,38
363,83
367,28
370,73

374,18

381,13
388,08
395,03
401,98

408,93
419,42
uaq.ql
440,30
450,88

461,30

MISCELLANEOUS
RERUIREMENTS

6.78

6,76
6.73
6,70
6,67

6,43

4,50
6,72
4,75
6.79

4,81

1,03
7.23
T.43
T.63

7.83%

7.9%
8,03
8,13
8.23

8,33

8.48
B,b2
8,17
8,91

9,05
9.26
9,44
9,46
9.B6

10,06

EX06.

eplsavwanan T ragases -

G

INDUSTRIAL
LOAD

TOTAL

400,31

428,41
454,51
484,60
512,710

S40,.,80

370,37
599,94
629,82
4%9,09

1YY

T07.74
724,90
746,02
765,14

784,26

193,99
803,72
813,48
823,18

812,91

BUb,92
860,93
874,98
888,96

902,97
922,20
U, 42
960,64
979,87

999,09



£9L70

SCENARIO) MED 3 HE7w=FERL e1Xe=b/24/1983%

YEAR

1980

1981
1982
1983
1984

1985

1984
1987
1988
1989

1990

199
1992
1993
1994

1995

199¢
1997
1998
1999

2000

2004
2002
2003
2004

2005
2004
2007
2008
2009

2010

TOTAL ELECTRICITY REQUIREMENTS (GWH)

(NET OF CUNSERVATION)

(INCLUDEN LARGE JINDUSBTRIAL CONSUMPTION)

ANCHORARE = COOK TINLETY

LT L P Y Y T T Y
1963.19

209208
2222,10
23%51,55%
2481 .01

2610, 44

2697.88
27R5.29
2872.71
2960,13

Yo47,.54

311,08
174,60
3234.,18
301,68

31365,22

3405,51
3445,80
Y4R6,09
3526, 39

35b6,67

363411
370,56
1769,00
3836,44

1903, AR
a001,32
B09BR,. 76
4196,20
4293 ,64

4399 ,0A

MEDIIIM RANGE (PR w ,5)

ssmovrmcaasstlicunreeas

GREATER FAIRBANKS

’--.--i---.-.-.------.
400,31

428,41
456,514
484,60
%12.70

540,80

310,47
£99,94
629,52
659,09

688,66

707,78
724,90
746,02
. 765,14

784,26

793,99
80%.72
813,45
823,18

A32,91

BU6,92
860,93
874,9%
BABA, 96

902 97
922,20
941,42
960,64
979_a7

999,09

TOTAL

2363 ,51

2521,06
2678,61
2836, 16
2093, 71

31%1,26

268,25
31385,24
31502,2%
1619,.22

736,21

3818,86
31901,52
3984,.17
4066.82

4149,48

4199,%0
4249,52
6299,54
4349,56

4%99.,58

u4ny,03
4562,49
4643, 90
4725,40

406,86
4923,52
S040,1R
5156,84
$273.5¢

5390, 17

[
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PSL"D

SCENARJOp MER § HET=wFERC «1Xv~6/247198)

PEAK ELECTRIC RFQUIREMENTS (MW}
(NET OF CONSERVATIONY
(INCLUDES LARGE INDUSTRIAL DEMAND)

MENIUM RANGE (PR = ,5)

YEAR ANCHORAGE =~ CODKX INLET GREATER FAIRBANKS
LL L Y] [ YE X AT FT LR R R AN Y LA N J ' r2 rxyrr i R A R A XA 311N} LY L L A DL L Y Ny Ly
1980 196,51 91,40
198} 422,10 97,81
1982 448,89 104,23
1983 475,08 _ 110,84
1984 501.27 117,05
1985 527,468 123,47
1984 545,9% 130,22
1987 Shq 4% 136,97
1988 5A2,9% 143,12
1989 601,48 150 46
1990 619,9% 157,21
1991 632,88 161,58
1992 645,76 165,94
1993 688,606 170,31
1994 671,57 174,67
$995 bRy 47 179,04
1996 692,49 184,26
1997 700,50 183,48
1998 708,52 188,70
1999 716.54 187,92
2000 724,55 190,15
2001 718,10 193,34
2002 751,65 196, %4
2003 165,20 199,74
2004 778,75 202,94
2005 792,30 206,14
2006 811,94 210,53
2007 834,58 214,92
2008 a51,22 219,31
2009 870,87 . 223,10
2010 890,51 228,09

3 ¢ o 3 X 3 ¥ 3 %

TOTAL

4R7,90

520,51
583,11
585,72
618,32

5%0,93

676,17
701 .42
726,67
781,91

177,16

794,43
A11,70
828,97
846,24

863,514

873,75
883,99
894,22
904,46

914,70
91i,45
948,19
964,90
981,69
09A, 44
1022,47
006,50
1070,5%
1094,56

1118, 60

A
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acad

SCENARIQE MED t HEBeoFER(C =2X=eb/24/19A4%

HOUSEHOLNS SERVED

ANCHORAGE = CODK INLEY

YEAR SINGLE FAMILY MULTIFAMILY MOBILE HOMES
1980 35473, 20314, 8230,
( 0,000) ( 0.000) ~ 0,000)
1985 49086, 26200, 11492,
t 0,000) ¢ 0.h00) ¢ 0,000)
1990 60469, 27347, 13897,
( 0,000} ( 0,000) { 0_000)
1995 65245, 30061, 15018,
( 0,000) { 0,000) { 0.,000)
2000 69296, 312909, 16055,
{ 0,000) ( 0,000} ( 0.000)
2005 74286, 35573, 17384,
( 0.000) ¢ 0.000) 0.000)
2010 80912, 39156, 19134,
( 0,000) ( 0,000) ¢ 0,000)

DUPLEXES

T48s,
( 0,000)

8S67,
( 0.000)

8460,
( 0,000)

8333,
( 0,000)

7948,
( 0,000)

8557,
[{ 0,000)

9363,
( 0,000)

TOTAL
71503,
f 0,000}
95349,
{ 0.00n)
110973,
( 0,000)
118659,
( 0.,000)
126201,
( 06,000)
115800,
( 0,000)
148565,
{ 0,000)

s

gt
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St

SCENARIOg MED 3

YEAR

1980

1985

1990

§995

2000

2005

20i0

SINGLE FAMILY

1220,
( 0,000)
10646,
( 0,000)
11575,
( 0.,000)
13886,
t 0,000)
15152,
¢ 0,000)
16727,
( 0,000)
18158,
( 0,000)
2 i

HEBwwFERC w@Xweb/24/1083

HOQUSEHOLDS SERVED

GREATER FAIRBANKS

MULTTIFAMILY MOBILE HOMES DUPLEXES TOTAL

5287, 1189, 1617, 15113,
( 0,000} ¢ 0,000) ¢ 0,000) ¢ 0,000)
5847, 2130, 1768, 20407,
( 0,000) ¢ 0,000) ¢ 0.000) ¢ 0.000)
7960, 2233, 2375, 24142,
4 0,000} { 0,000) 4 0.000]‘ { 0,.000)
7841, 3083, 2339, 27149,
( 0,000) { n, 000) 4 0,000) { 0,000)
7703, 3487, 2298, 28640,
( . 0,000) { n,000) { 0,000) { 0,000)
7794, 3929, 2252, 30702,
( 0,000) { 0,000) { 0,000} 4 np,00ny
RASE 4340, 2153, 313472,
( 0.000) 0,000) 0,000) ¢ 0,000)
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SCENARIOY MED § HEBweFERL «2Xeep/24/7198%

HOUSING VACANCIES

ANCHURAGE = COOK IMLET

YEAR SINGLE FAMILY MULTIFAMILY MOBILE HOMES
1980 5089, Te6be, 1994,
( 0,000) ( 0,000) ( 0,000)
19688 540, §096, 126,
( 0.000) ( 0,000) ( 0,000)
1990 665, 7. 153,
( 0.000) ( n,000) ( 0,000)
1995 718, 1621, 165,
¢ 0,000) ( 0.,000) ( 0,000)
2000 Y62, 1777, 177,
{ 0,000) ( 0,000) ( 0,000)
2005 817, 1924, ‘ 191,
( 0.000) ¢ 0,000) { 0,000)
2010 890, 2118, e,

( 0,000) ( 0.000) ( ®,000)

1 §
DUPLEXES .
1463,
( 0,000)
292,
( 0,000)
289,
( 0,000)
284,
( 0.,000)
519,
( 0,000)
282,
( 0,000)
309,
[{ 0.000)

TOTAL
16209,

¢ 0.000)
2455,

( 0,000)
1114,

t 0,000)
27190,

( 0,000)
3215,

( 0,000)
3212,

( 0,000)
3524,

( 0.000)

)
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SCENARIOs MED § HEB==FERL w2Xe=6/24/1983
HOUSING VACANCIES

GREATER FAIRBANKS

LEL L LA RL L LLLEDLLLYLLEL)

YEAR SINGLE FAMILY HULTIFAMILY MORILE HOMES DUPLEXES TOTAL
opee LI P L X YL X7 [ X T R X R Y L X X X J eRTEseRTeege eSO wWeTaBTePe. FL LR LYY NN N
1980 3653, 3320, 986, 89s, BR54,
( 0,000) ( 0,.000) ¢ 0,.000) ( 0,000) ¢ 0,000)
ot 0,000) ( 0.000) ( 0,000) ( 0,000) ¢ 0,000}
1990 127, 454, 2%, a8y, 687,
( 0,000) ¢ 0.000) ( 0,000) ( 0,000) ¢ 0,000}
1995 15%, uyn, 34, 8o, 714,
¢ 0,000) ( 0.000) ( 0,000) ( 0,000) t 0,000)
2000 167, 440, 38, 18, . 723,
( 0,000) { 0.000) ( 0,000) ( 0,000) { 0,000)
2005 184, 187, 43, 17, 491,
( 0,n00) ¢ 6,000) { - 0,000) ¢ 0.000) ¢ 0,000)
2010 200, 47s, 47, 1au, as9,
{ 0,000) ( 0,000} ¢ 0,000) ( 0.000) ( 0,000)
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SCENARIOg MED 8 HEB=eFERC =2X==6/24/198)3
FUEL PRICE FORECASTS EMPLOYED

ELECTRICITY ($ 7/ KWH)

ANCHORAGE = COOK JIHEY GREATER FAYRAANKS
LA AL LA A LA L LA LI XL LTI LYY R X XX ] LI LD LD LR R LT LY PPy e ey

YEAR RESIDENTIAL BUSIMESS RESIDENTIAL BUSTNESS

1980 0,037 n,o34 ‘ 0.095 ‘ 0,090
198% 0,048 0,045 0,09% n,090
1990 0.051 0,048 0,090 n,085
1995 0,053 0,080 0,090 0,088
2000 0,05% 0,052 0,090 n,0AS
2005 0,058 0,053 0,090 0,08%

2010 0,057 0,054 0,090 0,088
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SCENARIOt MED

YEAR

198¢
1985
1990
1995
2000
2005
2010

HEB®w=FERC =2X«=b/24/198%

ANCHORAGE = COOK INLEY

RESIDENTIAL

1,730
1,980
2.770
3,070
2.880
2,720

2,560

BUSINESS

8,500
1.750
2,540
2,840
2,450
2,490

2,330

NATURAL GAS (8/MMBTU)

FUEL PRICE FORECASTS EMPLOYED

GREATER FATRRPANKS

RESIDENTIAL

12,530
12,030
ie,880
9,830
8,890
8,030

7,260

AUSINESS

11,290
10,750
9,710
8,780
7,940
7.170

6,480



g

£9L°d

SCENARIO) MED ¢ HES8«~oFERC =2X==$/24/198%
FUEL PRICE FORECASTS EMPLOYED

FUEL OIL ($/MMATU)

ANCHORAGE = CODK INLET GREATER FATRRANKS
LE A A L T YL LR LY ] L L L LN R LA T X Y X Y X A L0 L X L LLFYY XYY LYY R

YEAR RESIDENTIAL BUSINESS RESIDENTIAL AUSTNESS

1980 7,750 7,200 7.830 7,500
1985 7,320 5,850 7.390 7.130
1990 6,620 6,190 6,680 _ 6,450
1995 5,990 5,600 6,040 5,830
2000 5,410 5,060 ‘ 5,460 5.270
2005 4,890 4,570 4,940 . 8,760

2010 4,420 4,130 4,460 4,310



POL"D

i

SCENARION MED § HEBawFERC w2Xw=6/2471983
' RESINENTIAL USE PER HOUSEHOLD (KWH)
(HTTHOUT ADJUSTMENT FOR PRICE}

ANCHDRAGE =~ COOX JINLET

BMALL LARGE BPACE
YEAR APPLIANCES APPLIANCES HEAT TOTAL
1980 211000 6500,6% 5088,52 13699,18
( 0,000) { 0,000) ¢ 0,000} ¢ 0,000)
1985 2160,00 6092,5% 4771,63 13024,17
¢ 0,000) ¢ 0,000) ¢ 0,000) ( 0,000)
1990 2210,00 597¢,22 4579,27 12765,49
{ 0,000) ( 0,000) ( 0,000) ( 0,000}
1995 2260,00 $918,59 4510,08% 12688,64
{ 0,000) t 0.000) ¢ 0,000) ( 0,000)
2000 2310,00 949,30 4451,13 12710,43
¢ 0,000) ¢ 0.,000) ¢ n,000) ¢ 0,000)
200§ 2360,00 6019,52 4417,03 12796,59
¢ 0,000) { 0,000} ¢ 0,000) ( 0,000)
2010 2410,00 6085,02 4440,21 12935,22
¢ 0,000) - ¢ 0.900} t 0,000) ¢ 0,000}
3 3 3 ] 3 3 ] 3 3 3
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;
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SCENARION MED 1 HEBe=FERL =2X==6/247198%
RESIDENTIAL USE PER HOUSEHOLD (KWH)
(WITHOUT ADJUSTHENT FOR PRICE)

GREATER FAJRBANKS

SMALL LARGE SPACE
YEAR APPLIANCES APPLIANCES HEAY TOTAL
1980 2466,00 §739,52 3313,66 11519,18
| 0,000) { 0,000} ( 0.000) ( 0,000)
1985 253%,99 178,96 3606,32 12321,28
| 0,000) { 0,000) ( 0,000) ( 0,000)
1990 2606,00 6450,94 31849,59 12926,53
¢ n,000) | 0,000) t 0,000) ( 0,000)
1995 2676.01 6660,15  4045,07 13341,23
¢ 0,000) ( 0,000) t 0,000) ( 0,000}
2000 2746,00 6791,29 4311,59 13848,88
t n,000) ( 0,000) t 0,000) ( 0.000)
2005 2814,00 6852 ,56 4%04,39 14172,94
¢ 0,000) ( 0.000) ( 0,000) ( 0,000)
2010 288600 689175 4656,99 L4uzL 3%

( 0,000) (  0,000) ( 0,000) ( 0,000



9913

SCENARION MED 1 HEB==FERC «2%e=6/24/198%

BUSINESS USE PER EMPLOYEE (KWH)
(WETHOUT LARGE INDUSTRIAL)
(WITHOUT ADJUSTMENT FOR PRICE)

YEAR ANCHORABE = COUK INLEY GREATER FAIRBANKS
yTRew (A A XL YR LYY X XN X 23} (2 L1l T XY Ny T L3 L 3 XXX X ¥
1980 8407,04 T495.70

( 0,000) ¢ 0,000)
1985 9%80,48 7972 ,.14

( 0,000) ¢ 0.000)
1990 10%04,51 a313,01

( 0,000) ( 0.000)
1995 10690, 46 8585,26

( 0,000) ¢ 0,000)
2000 11134,65 8899,70

( 0,000) ( 0,000)
2005 11752,91 9193,17

¢ 0,000) ¢ 0,000)
2010 12539,23 9581 ,36

( 0,000) ( 0,000)
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SCENARIOp MED &

YEAR
thEe

1980

1961
1982
1983
1984

1985

1986
1947
1988
1989

1990

199%
1992
1993
1994

1995

1996
1997
1998
1999

2000
2001
2002
2003
2004
2005

2008
2007

2008

2009

2010

OWN=PRICE
REDUCTION
tEtEbebee

0,000

6,382
12,763
19,145
2%,526

31,908

39,052
48,196
53,139
60,483

67,627

74,471
81,315
88,159
95,003

101,847

106,637
111,427
118,217
fe1,007

125,797

129,907
134,018
138,128
142,218

1u6,349
150,975
155,601
160,227
164 _ASY

169,479

HEB=«FERC =2Xe=b/24/198Y

SUHMARY OF PRICE EFFECTS AND PROGRAMAYIC CONSERVATION

IN GHH

ANCHURAGE » COOK INLET

RESIDENT]AL
PROGRAM=INDUCED
CONSERVATION
T Y

0,000

0,000
0,000
0,000
0,000

0.000

0,000
o.000
0.000
0,000

0,000

0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000
0,000

n,000

0,000
0,000
0,000
n,000

n, o000
n_noo
0,000
0,000
6,000

0,000

CROSS«PRICE
REDUCTION
bbbt

0,000

=1.616
-1,232
=4,847
b,U86)

«8,079

-14,689
-21,299
-27,909
-34,519

41,129

47,290
=53,451
»59,612
65,773

-71,934

-72,942
73,949
~74,956
75,73

76,970

=75.725
74,479
'7’-?3“
-71.988

-70,743
68,217
«65,691
=h3,16%3
60,5638

=58,112

OWN=PRICE
REDUCTION
LY L

0,000

9,368
18,730
28,095
37,460

46 828

56,96A
67.110
17.252
87,398

91.537

105,367
113,196
121,026
128,A56

136,46A5

144,571
152,458
160,344
168,230

176,116

1R4,945
193,774
202,602
211,431

220,260
231,601
242,942
P54, 283
265,625

276,968

AUSINESS
Seesserseve
PROGRAM«INDUCFD
CONSERVATIO

CEEEEEP G R b
n.o000

0,000
0,000
0,000
0,000

0,000

n.000
0.000
0,000
n,000

0,000

0,000
0,000
0,000
n,000

0,000

0,000
0,000
n,000
0,000

0,000

0,000
0,000
0,000
0,000

0,000
0.000
0,000
0,000
0,000

0,000

iwel
il

CRO3IS-PRICE
REDUCTION
T XY Y Y

0.000

-0,512
-1,024
-1,.33%
2,047

'?.55’

-4,684
.6.509
-B8,935
11,060

~13,188

-14,388
«15,590
-16,792
-17,994

-19,196

«18,592
-17,.,988
-{7.,38}%
=16,779

~16.175

-{u, 4719
-12,784
-11,088
=9,392

7,696
.u.el7
'|397B
0,881
3,740

6.599
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SCENARTIDS MED 3 HEB=wFERC w@X-wh/24/1983

SUMMARY OF PRICE EFFECTS ANMD PROGRAMATIC CONSERVATION

IN GHWH
GREATER FAIRAANKS
RESIDENTIAL RUSINESS
L L L2 3 K X 0 N N J L L L 4 8 . J K X ]
OWNePRICE PROGRAM«INDUCED CROSS=-PRICE OWNePRICE PROGBRAM=TINDUCED CROS9-PRICE

YEAR REDUCTTON CONBERVATION REDUCTION REDUECTION CONGERVATION REDUCTION
e be LI X Y CEEHECEEH GG EE e CEErEEEEE Y CErErEbe s PRI e Y e Crtbrebbbee
1980 0,000 0,000 0,000 0,000 0,000 0,000
19814 0,000 0.000 p,192 0,000 0,000 0.130
1982 6,000 0,000 0,385 n, 000 0,000 0.259
1983 0,000 0,000 0,517 0.000 0,000 0,389
1984 0,000 0,000 0,769 0,000 0,000 0,519
198§ 0,000 0,000 0,92 - 0,000 0,000 0,648
1986 =0,334 0,000 f.662 0,495 0,000 0,979
1987 20,669 0,000 2.362 nh,990 0,000 1,309
1988 =1,003 p.00N 3.062 =1,U88 0,000 1,639
1989 1,317 n.000 3,762 «],981 0,000 1.970
1990 =1,672 n,o00 4,463 -2,476 0,000 2,300
1994 =],9319 0,000 5,63} =2,956 n.,000 2,997
1992 2,206 0,000 6,799 =3,436 0,000 3.693
1993 2,473 0,000 7.967 ~3.916 0.000 4,330
1994 =2,739 0,000 9,138 «U, 396 0,000 5,086
1995 =3,006 0,000 10,%03 =4,B78 . 0,000 5,783%
1996 =3,186 0,000 11,749 g, 0066 0,000 6,440
1997 w3, 366 0,000 13,195 5,256 0,000 7.097
1998 =3,546 0,000 f4,6u8 -5, 447 0,000 7.75%
1999 «1,726 0,000 16,087 =5,637 8,000 8,410
2000 =3,904 0,000 17,533 =-5,827 0,000 9,067
2001 =i,056 0,000 19,334 wb,027 0,000 9,960
2002 -U,206 9,000 21,134 who227 6,000 10,893
2003 wld 355 n,000 22,9158 =b,U2b 8,000 11,748
2004 «4,50% 0,000 24,718 ah, 026 8,000 12,638
2005 =l 654 n,n00 26,534 =b, 826 6,000 13,530
2006 =-4,801 0,000 28,784 =-1,057 0,000 14,717
2007 =4,948 0,000 31,032 =7,28R 0,000 {5,904
2008 =5,094 0,000 - 33,279 =7,519 0,000 17.091
2009 =5,241 0,000 15,527 =7,750 0,000 14,278
2010 =5,.388 0,000 37,7715 -7,.982 0,000 19,465
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e

SCENARIOY MED 3 HEB=oFERL =2X==6/24/1983

AREAKDUWN OF ELECTRICITY REQUIREMENTS (GHWH)
(TUTAL INCLUDES LARGE XINDUSTRIAL CNONSUMPYION)

ANCHDRAGE = CNOK INLET

MEDIUM RANGE (PR=,S)

Paecaswcsssveteusausnen

RESIDENTTAL BUSINESS MISCELLANEQUSY
YEAR REQUIREMENTS REQUIREMENTS REQUIREMENTS
1980 979,53 A7S,36 24,3
1981 1027,23 947,56 24,74
1982 1074,92 1013,76 25.17
1983 1122.62 1091,96 25,61
1984 1170.31 164,16 26.04
198s 121801 1236,147 26,47
1986 1250,39 1283,26 27.20
1987 1282.77 1326,20 27.93%
1968 1315,158 ) 13711,.12 28,66
1989 1347,53 1u16,04 29,39
1990 1579,98 1469,95 30,12
1994 1399.07 147%,95 30,58
1992 1418,2% 1499,95 31,058
1993 1437,39 1505,95 31,51
1994 1456,55 1520,95 31,97
19995 1475,71 1535,95 ‘ 32,44
1996 149,62 155%.27 32,63
1997 1507,52 1874,60 33.23
1998 1523,43 1593,92 313,6%
1929 1539,3¢ 1613,29 34,0%
2000 155,24 1632.57 14,43
2001 1576.563 1669,8% 35,04
2002 1598,01% 1707,.13 35,64
2003 1619.490 1744, 41 , 36,25%
2004 1640,78 17810,469 36,86
2005 1662,17 1818 97 37,47
2006 1691 .80 1875.70 38,39
2007 1721.04 1932,43% 19,30
2008 1751,0A 1989 t6 an,22
2009 180,72 2045,89 41,13%

2010 1810,36 2102,61 nz2,ou

E¥YDOG. INDUSTRIAL
L.NAD

Teves"eoeesSdeoww Dews
84,00

92.08
100,16
108,24
RIS Y

124,40

137,89
151,38
164,88
178,37

191,86

195,13
196,40
201,66
204,93

208,20

214,10
220,08
226,02
231,96

237,90

244,96
252,02
259,08
266,14

273,20
281,58
289,96
298,34
106,72

115,10

TNTAL

1963,19

2091,60
2220.02
348,43
2476 .84

605,25

2696,17
2788,29
287981
2971,13%

30b62,85

3100,74
1138,63
3176,52
3214, 41

3as2,30

3293.87
31335,43
3377,00
1418,57

1460,14

31526.47
15%92,.81
16%9,.14
3725,48

3791 .81
3887,47
1983.113
401A,.79
ay74,45

470,11
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SCENARIOS MED 3

MEDJUM RANGE (Pna,S5)

YEAR

1980
1944
1982
1983
1984

1985

1986

1987
1988
1989

1990

1994
1992
1993
1994

1995

199
1997
1998
1999

2000

2001
2002
2003
2004

2005
2006
2007

2008
2009

folo

|

Serpesscawatpespes

RESTDENTJAL
RERUIREMENTS

176,39

191,21
206,03
220.84
235,606

250,48

262.24
274,00
285,76
297.52

309,28

318,62
327.97
337.314
546.68

355,99

361.39
366,80
§712.20
3717.60

383.01

389,06
395,18
401.16
407.21

413,26
420,76
428,26

435,16
uny, 26

450,706

3

HEB=aFERC w2X=wb/24/198%

GREATER FAJRAANKS

BREAKDNWN UF ELFCTRICITY REQUIREMENTS (GWH)
(TOTAL INCLUDES LARGE INDUSTAIAL CONSUMPTION)

o aEeERAMesTeS ST eeR b

BUSINESS
REQUIREMENTS

217,44

230,23
243,32
ese
269,50

282,59

290,62
298,68
306,68
314,78

322,75

126,78
330,81
334,84
338,87

342,90

146,98
350,26
153,93
357,61

161,29

167,96
374,63
361,30
387,97

194,64
404,51
414,38
424,25
q3a 12

441,99

3y 3

MISCELLANEOUS
REQUIREMEMTS

EXOG, INDUSTYRIAL
LOAD

TOTAL

400,31

428,19
456,07
483,95
s11.43

539,711

569,54
599,37
629,20
6%9,.01%

568,86

702,37
715,89
129,40
702,92

756,4%

769,61
174,78
783.96
793,14

802,32

B15.15
827,99
840,83
853,87

866,51
884.08
908,6%
919,21
936,80

954,37

I -
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BCENARIOp MED

YEAR

1980

1981
1982
1983
1984

1945

1986
1987
1988
1989

1990
1991
1992
1993
1994
1995

1996
1997

1998

1999
2000

2001
2002
2003
2004

2005
2006
2007
2008
2009

2010

ANCHORAGE = COODX TNLETY

196319

2091,60
2220,02
a3ug, u3
e47s 84

2605,25

2696.77
2788, 29
2819, 81
297,33

062,89

Y100, 74
3138,6%
3176.52
3214,

3252,30

3293,87
1335.43
3377.00
341857

460,14

152647
3592,81
3659140
3725,48

3791 ,81
18A7,.47
1983 .1}
4078,79
u174,4%

42%0.11

HEBwwFERL =2X«=b/24/719R%

TOTAL ELECTRICITY REQUIREMENTS (GnH)
(NET OF COMSERVATION)
CINCLIVOES LARGE IYNDUSTRIAL CONSUMPTIQN)

MEDIUM RANGE (PR » ,5)

GREATER FAIRBANHKS

400,31

428,19
456,07
463,95
511,83

539,71

569,54
599,37
629,20
659,03

688,88

702,37
115,89
729,40
142,92

156,43

765,061
774,18
783,906
193 .44

Aoz, 32

818,15
R27,99
840,63
A5, 67

866,51
884,08
901,465
919, 23
934,80

954,37

TOTAL

236351

2519,80
2676,09
2a32,1%8
2988,67

Ya4.,96

3266, 31
¥187,66
3509,01
360,36

3751, 71

1a03,11
3854,51
3905,92
31957,.32

4anA, 113

4059, 47
4110,22
4160,96
a2i1,71

4262,4%

u3ul, 63
4420,80
4499,97
4579,1S

upS8,32
uayry1,ss
4884,79
4998,02
8111,29

£224,U9



-

SCENAR]O) MED 3 HEBw=aFERC =2X=eb/24/)198}

PEAK ELECTRIC REQUIREMENTS (MW}
fNET OF CONSERVATION)
(INCLUIDES LARGE INDUSTRIAL DEMAND)

MEDTUM RANGE (PR m .5)

YEAR ANCHORAGE =~ CDOK JHLEY GREATER FAIRBANKS TOTAL
1980 395,51 91,40 487,90
1981 422,48 91,76 820,24
1982 4as 46 104,13 §52,59
1963 474,44 110 49 584,93
1984 500,41 116,80 617,27
1985 526,39 123,22 649,61
1986 545,73 130,03 675,76
1987 §45,07 136,84 701,90
1988 584,40 a3, 64 728,05
1989 503,74 150,49 ) 754,19

(] .

: 1990 623,08 157,26 760,34

~ 199) 630.73 160,34 791,08
1992 538,39 163,43 D182
1993 66,04 166_51 A12,55
1994 ©53,69 169,60 823,29
1995 667,34 172,69 B34, 03
1996 669,62 174,78 CY TN T
1997 671,90 176,88 854,77
1998 686,18 178,97 Bb5,.15
1999 694,48 181,07 875,52
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