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APPENDIX A. METHODOLOGICAL REVIEW

A.l. Types of Forecasting Models

There are three general types of forecasting techniques or models.

Time series or trend models include all mathematical techniques in

which the forecast is a function of time. The justificgtion for this
approach is that past behavior is the best guide to forecasting the futﬁre
behavior of a variable. Past trends form the basis for’foreéasting; and
the various techniques used in this fqrm of modeling are concerned with
identifying the most significant past movements of the variables being

forecast.

A simple exampie of a trend technique'is the classical (past, univer-
sally'used) method of forecasting electricity éonsumption gro&th. During
every decade since the turn of the century until i970, eiectricity con-
sumption in the United States has ‘doubled. This correéponds to an annugl
growth rate of 7 percent. This information is enough to formulate a
trend model for projecting future electricity consumption growth. Con-

sumption next year is 7 percent greater than this year.

An obvious advantage of this type of model is that it is easy and
cheap to construct and use (although some time series models can be very
complicated and expensive to develop). If the actual process by which

the forecast variable is determined is stable over time, then this



technique will work well. In general, the shorter the forecast interval,

the more likely it is that the system will be stable. The historical’

/

growth of electricity consumption could be interpreted as a reflection

of a very stable process. For many decades, a simple trend model worked

well to forecast future consumption.

Basically, a time series or trend model is appropriate when

1)

2)

3)

4)

cost and time minimization involved in making the

forecast is important,
the processvdetermining thé forecast variable is stable,
the forecast interval is short, and/or

no information is available on what factors really
account for the level of the forecast wvariable.

Causal models include all mathematical techniques where a specific

set of factors is assumed to "cause" or determine the value of the fore-

cast variable and the causal relationship is quantified. The idea behind

these techniques is that the identification of cause and effect relétion—

ships facilitate our understanding ofband forecasting of future events.
These modeling techniques thus try to pick out the most important causal
relationships and to measure them quantitatively. An ekample of a
simpie causal model used to.forecast electficity cqnsumption would be -
based on the idea that the level of population and income determines

or "causes" the 1eve1.of electricity consumption. Thus, as population
grows or income grows, electricity consumption is forecast to increase,

and vice versa.




The obvious advantage of this type model is that the forecast is
based upon the ﬁotion of cause and effect, rather than the identification
of patterns in the past movement of the forecast variable (as in the
time se;ies techniqué); If there are past or forecaéted changes in
the process by which the level of the forecastvvariable is detérmined;
éhis forecaéting technique can accommodate them. Thus, a time'series
model for forecasting electricity consumption would not be able to
respond to a sudden drop in population which would, in all likelihood,
"cause" a feduﬁtion in consumptibn. A causal model with population as

a causal factor would be able to accommodate this structural change.

Another advantage of causal models fér forecasting is that thgy
allow one to do "what if" experiments. Using the causéi model of elec-
t?icity consumption, onebcould‘détermine what would happen to consumption
if populétion doubled, fell by half, etc. Time serieé models do not

have this capability.

vaiousvproblems with causal models aré the time and cost generally
associated wifh their consfruction and the %eqﬁirement that the causal
variables must be forecast in order to use the model. For example,
fOreéasté of population and income are necessary to use the causal model

~for the electricity consumption forecasting discussed here.

The causal model is generally appropriate when

1) the process by which the forecast variable is deter-
mined is not constant over time,



2) it is possible to quantify links between causal variables and
the forecast variable, : : .

3) the forecasting model will be used repeatedly using varying
assumptions regarding the causal variables,

4) the time interval for the forecast is long, and/or

5) sufficient time and money are available to develop the model.

Judgmental models are all nonquantitative or nonmathematical tech-

niques for forecasting; Tﬁe siﬁplest exémple is the informedlopinion

of an expert. A more’c;mpiex and structured technique is the Delphi
Technique, in which a:group of experts interact in a fofmal way>to
develop a consensus forecast. The ratioﬁale for judgmental models is
that individualé with an understénding of the process by which thg fofe—
cést variableﬁis‘detérmined can directly interpret a large amount of

information relevant to projecting the future level of the forecast.

variable and on that basis develop a forecast. No specific mathematical

-or formal techniques are used.

An example of judgmental techniques would be in the forecasting
of teéhnological‘change affeétiﬁg electricity consumption. It is not
possible to forecast-by quantitative methods the types and timing of
technological change which wouid either increase or decrease electricity.

consumption.

This technique is particularly appropriate where the number of
potential causal variables is large and they cannot be systematically

analyzed for lack of information, resources, etc. Obviously, the longer
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the forecast interval, the more general are the variables which need to
be considered and, thus, the more appropriate judgmental forecasting

becomes. A possible drawback of this method is that system interactions

(the effect of one variable upon another) may be overlooked in cdmplex

systems.

This technique is appropriate when
1 resources for forecasting are limited,

2) the process determining the forecast variable is
not amenable to quantification, and/or

3) data are not available to develop a quantitative model.

Each of these general techniques is aﬁpropriate in certain situations
depénding upon the process being,analyzéd, the‘desired accuracy of the
forecast, the.resources available to”develop the forecasting tool, the
uses to which the forecasts will be put, and an.evaluation of what method

actually forecasts best.

In any complex forecaéting effort, elements of all three methods
will likely be present. The forecaster must determine what technique is
appropriate at each steﬁ in the process of developing the ovefall £ore—
cast. - For example, the forecaster may decide that a causal model is the
appropriate genefal apprbach. He may use time series or trend analysis
to forecast the ﬁalue for an explanatory variable. Finally, he may
adjust the forecast derived from thevcausal ﬁodel on the basis of infor-

mation he has which is nonquantifiable in the sense that it cannot be

r ' incorporated into the causal model in a formal way.
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A.2. Forecasting Alaskan Economic Activity

The important considerations in choosing a general technique for

forecasting Alaskan economic activity for the purpose of projecting

electricity requirements are as follows:

1)

2)

3)

4)

a thirty-year forecast is required;

the forecasting model will be used repeatedly and
will be utilized to do "what if" experiments;

the Alaskén,economy is a complex system with many
factors interacting in important but non-obvious

ways; and

the future growth and development of the Alaskan economy

' may be considerably different from the past because of

a qualitative and quantitative change in the factors
determining the state of the economy.

" These considerations suggest a quantitative causal model which has

the advantages of

1)

2)

3)

identifying structural relationships within the
economic system, quantifying them, and automatically
tracing the effects of these relationships through
the system;

allowing "what if" experiments to examine alternate
futures under alternate assumptions about important
future events and variables; and

providing a framework within which all forecasting
assumptions are explicit.

Arguments against the causal approach are

1)

2)

the complexity of the model makes its development
and utilization relatively expensive;

the quality of the data may not warrant sophis-
ticated causal models;




3) the causal relationships may not be quantifiable; and

4) the causal relationships may not be understood.

In choosing a quantitative causal model, we feel that, although the
causal relétionships in the Alaskan economy may be only partially under-
stood and the data of poor quality, the advantages of formalizing the

relationships that are considered relevant outweigh these problems.

Large elements of trend amalysis and judgmental models enter into -
‘the causal modeling appfoach in the development of the projecfions of
some of the most important variables in the economy, and these techniques
become more important the fufther into the future the forecasts are pushed.
Currently, twenty years is the limit for the quantitative causal model.

~Beyond that time, we revert to-trend and judgment.

Having decided upon a quantitative causal modeling approach to
economic forecasting, there remains the questién of choosing among the
many types of models available. In fact, there have been at 1eést seven
different ecoﬁomic models of’ the Alaskan économy developed over the
laét fifteen jears, although only three econometric models are in current
use. (These are the Man in £he Arctic Program [MAP] model, the Alaska
Department of Labor model LABMdD, and the Alaska Department of Commerce

and Economic Development model AEIRS.)

In choosing a type of causal model, we would want one which is best

able to represent the important factors in the workings of the economy



itself. Also, since the projection is over a long-time period, we would
want a model capable of adequately forecasting the level of economic

activity in the long run.

These criteria eliminate both input—output and short-run forecasting
models. The first is rejected because it best represents interindustry'
flows of intermediate goods in manufacturing. There is almost no manﬁ—
facturing in Alaska and, thus, an interiﬁdustry transaction table would
be mostly zeros. Short-run forecasting models are designed specifically

for that purpose and as such can ignore many important long-run phenomena.

The choice is thus narrowed down to some type of lopg—run, econo-—
metric or éimulation_model., One adva;tage of both these model types is
their flexibility in terms of the situations they can mo&el and the |
theories they can repfesent. The difference Between them'is that the
econometric model uses statistical techniques (such as regression analysis)
to identify.the quantitative relatioﬁships among variables, while the
simulation mbael uses nonstatistical methods (averages, point estimates,

judgment, etc.).

Econometric determination of quantitative relationships has the
advantage of being able to interpret formally all historical information
concerning those relationships although the techniques used can be
expensive, time consuming, and on occasion too sophisticated for the
Alaskan data. Because of repeated model use, however, we feel the

econometric approach is appropriate.




Finally, we want a model that specifically incorporates several
important features of the Alaskan economy. These include:

1) the importance of state government activity in
determining the level of economic activity;

2) the importance of and potential variability in
development of Alaskan natural resources
(particularly petroleum) on the level of economic
activity;

3) the process of maturation of the economy as it grows
in size; and

4) the links which exist between the Alaskan and national
' economy.

‘The MAP éconpmetric model includes features which éddreés all of
these imﬁor;ant relationships but is cfiticized in the treatment of
some of them. Specifically, it is suggested that the "mulﬁipliér" is
too large and that the method used to determiné‘population is inappro-

priate.

The “multiplier" is a quantitative measure of the support sector
fesponse to changes in basic sector activity. The support sector
includes Such'industriesvas retail.and wholesale trade and services,
while the basic sector is made up of those industries which "driﬁe"
the economy, such as petroleum; portions of government and consfruc—
tion, etc. In a developing economy such as Alaska, fhe support sector
is growing rapidly, and this is reflected in a large "multiplier" value

on increments to basic sector activity.



It is also argued that the "multiplier" is too large because it

includes a state government response to increases in economic activity

.in the private sector. We argue that this type of response has indeed

occurred historically (the level of the state government budget has
grown partiaily because private sector growth has increased the demand
for public goods and services) and, absent specific state policies to

severe the connection, will continue to occur in the future.

The method used in the MAP model to determine the level of net
migration to the state, and thus ultimately the level of population, uses
the relative Alaskan wage rate and the change in the employment level as

explanatory variables. These variables are generally éccepted by econo-

‘mists and demographers as being important in the determination of migra-

tion patterns. Clearly, other factors are also important, although
they are not quantifiable. Neither is it clear how, taken together,
they would effect the results obtained using the two economic variables.
In the ébsence of such analysis, the present technique appears appro-

priate.

A.3. Forecasting Alaskan Electricity Requirements

As previously noted, the traditioﬁal method of forecasting elec-
tricity requirements was the use of trend analyses. 1In the aggregate,
it worked well until the early 1970s. At that time, however, there
occurred a sharp break with the past in terms of behavior in all

energy markets. Growth in consumption of electricity began to fall
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short ofvgrowth projected by trend analysis. It was clear that the
‘structure of electricity markets was changing in ﬁays that trend analysis
was unable to anticipaté'and adjust to. These changes included a ré—
versal in the long-term trend of declining real prices for electricity,
the attainmen; of high saturétion rates for many apﬁliances; the
‘appearance of the comnservation ethic, démographic changes, and other
factors. TFigure A.l dramatically demonstrates this inadequacy of the

traditional forecasting method as applied to California.

It may be that a new long-term trend in growth of eiectricity con~-
sumption may emerge after the electricity market again stabilizes, but
it is unlikely that this will occur for some time. In the iﬁterim,'causal
forecasting»techniques are necessary which explicitlyvattempﬁ to idéntify
those factors which are causing.change in the basic electricity con-
sumption patterns. In addition, causal models explicitly allow utilities
and policy analysts to examine the effect§ on electricity consumption

of policies which effect electricity prices and other causal variables.

Judgemental models have a role in this forecastihg task fof.two
reasons. First, the data is often not available.with which to develop
a quantitative modél. Second, there are some rélafionships which may
be difficult or impossible to quantify. Future changes in technology
which will alter consumption patterns cannét be forécast quéntitatively,
for example. Emerging important factors effecting load growth in a
particular market for which no ﬁistorical information is available is

another. In all these cases, however, the judgement must come down to
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FIGURE A.l.
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a quantitative value which can be used in the analysis because the

electricity requirements forecasts are quantitative.

The primary forecasting tool is the quantitative causal model of
which there are two basic types: econometric and end use models.

Econometric models of electricity consumption use statistical tech-

niques to quantify ;elationships between electricity consumption or

electrical appliance ownership and price, income, and other "explﬁnatory"
4 ~variables. They are generally quitehaggreéate in the sense that all
!ONIF residential consumptién for all purposes may be lumped together and
"explainedf by the same price and income variables; These models have
been developgd Ey economists who have primarily been interested in
idgntifying the exact stfength of the relétionship between electricity
consumption and the important economic variables price and incoﬁe. (They

often refer to the concept of elasticity, which is the percentage change

in electricity consumption in response to a 1 percent change in price

or income. Thus, a price elasticity of ~.5 would mean that when the

i electricity price increased 1 percent electricity consumption declined

&goi .5 pe?cent.)'-

End use models disaggreate elecfricity consumption not only by
class of user b;t also by use. Total consumption is then the sum of
all electricity consuming appliances and the average amount of elec-
tricity consumed in each. The stock of electrical appliances will be
determined by demographic and economic variables and average consump-

tion by those same variables, as well as technology, use patterns, and

other variables.
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Because of the great diversity observable in electricity consump-
tion, it is necesééry to collect large amounts of data in order to c;n—
struct an end use model.r Its advantage is a capability of ideﬁtifying
technological, regulatory, and other policy-related factors which effect
demand. Having done this, the modél can be used to forecast consump-

tion pattern changes in response to changes in these factors.

Each of these modeling approaches has.advantages and drawbacks.
The econoﬁetric approach uses éccepted stétistical'procedures to develop
quantitative relationships for- certain variables, but data limitations
restfict its ability_fo analyze specific electriciﬁy ﬁses and non-
economic-demographic factoré effecting consumption. There is concern
within the economics professién that the many "demand functions" which
have been estimated Ey researchers 6ver the years really are meASuring
a relationship between électricity consumption and price and income.
We feel there is substantial truth to these arguments. In addition,
there ié’éuspicibn that relationships estimated using historical elec-
triciﬁy pPrices may né longer be appropriate because of recent and rapid
price increases in contrast to the previous long-run secular declihe in
electricity price. Even.if'there was agfeement that the approach of the
econometricians was valid, the substantial variation in results re-
ported by various studiés invites caution in the utiliéation.of any
particular estimate. One review article cited long-run price elastici-
ties from different studies of between -1 and -2 and long~run income

elasticities of bétween .2 and 2.l
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End use models are disaggregated and lend themselves to policy
analysis but éenerally are lacking in a strong statistical foundation
fot the parameters (quantitative relationships) used in the modeling.
This is largely becéuse of a lack qf adequate data. - In many instances,

a single data point may be all the researchet has available to~work with,
and this doés not provide a firm basié for quantification of a rela- |

tionship between two variables.

The best solution, suggested by a recent article in Public Utilities
Fortnightli,'is to utilize the better features of both modeling approaches

to make the modeling sensitive to both the economic factors of price

and income as well as to regulatory and technological factors.2

In thé model develotedlfor this study, this was also the preferred
approach with a heavy emphasis on end use because of the anticipétéd
use of thermddel not only for forecasting but also polic{ranalysis.
Relatively little emphasis was placed on econometrics because of the
absence of data, the theoretical problems alluded to'previously, and
earlier unsuccessful attempts by one of the authors to develop. econo-

metfic models of electricity demand for Alaska.3
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APPENDIX B. THE ECONOMIC PROJECTION METHODOLOGY

Introduction

The projections of end-use energy requirements are based on pro-
jections of economic activity in the state and its railbelt region.

This economic projection provides estimates of employment, population,

households, and housing stock for the state and the major regions in the

railbelt. These projections are provided for five-year periodé through-

out the projection period; the projection period is through 2010.

The main component of the economic projection methodology is the
Man—in—the—Arctic'Program (MAP) statewide ecoqometric model, which is
used to project the employment, population; and fiscal variébies. In
addition to this major component, three new components have been deve-
lobed for this study: a household %ormatién model, a regionai allocapion
model, and a housing stock model. The household fqrmétion modél estimates
the number of households in the state based oﬁ the MA? model>population
projecﬁionl The regional allocation model allocates the ﬁajor_va;iables—-
population, employmenf, and households-—-to the study regions.  Finally, -
the hoﬁsing stock model projects the distribution-of-housing by type for
each.region of interest. This appendix provides a detailed description

of each of these components.



The MAP Economic Model

The statewide econometric model developed by the Man-in-the-Arctic
Program (MAP) at the University of Alaska's Institute of Social and
Economic Research is the principal model used in the projection of 
economic activity for the end-use forecast. The model consisfs of thrée
interrelafed coﬁponents: an economic model, a fiscal model, and a demo-

graphic model. The basic structure of the model is shown in Figure B.l.

The economic model divides the economy into exogenous .or basic secfors
and endogenous or nonbasic sectors. The level of output in the exogenous
sectors is determined outside the state's economyl The level of output
in the ponbasic sectors of.the economy is determined within the Alaska
economy since their primary purpose is fo serve local Alaska markets.

The basic industries in the model are mining, agriculture-forestry-

" fisheries, manufacturing, federal go&ernment, and the expdrt component
of construction and transportation. The nonbasic industries are whole-
sale and retail tréde, finance-insurance-real estate, services, communi-

cations, utilities, and the remainder of construction and transportation.

Incomes, output, and employment are simultaneously-determined in
the model. The demand for local economic production is determined by
the level of real disposable income in the economy. The level of indus-
trial production determines the demand for labor; employment is that level

which is needed to produce the required output. The labor demand is

always satisfied since the Alaska labor market is assumed to be open to
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migration from the rest of the United States. Because of this, both the
supply and price of labor (wage rate) are linked to outside activity;u
wage rates in Alaska are determined in part by wages outside the state.
Once wage rates and employment are detefmined, aggregate wages and
salaries are known. The level of disposable income is4estimated by
‘adding an gstimate of nonwage income to wages and salaries and reducing
this by the level of income taxes. Real disposable'income is found by
deflating the 1éve1 of disposable income by é relative priée index; the
major determinants of Alaska prices are U.S. prices, the size of'the

economy, and the growth rate of the economy.

The level of populaﬁion projected is-based on a projection of each
of its components: births, deaths, and migration. The model uses age-
sex~race specific survival rates and feftility rates to project the
birfﬁs and deaths of the civilian population;-the number of births net
of deaths determines the natural increase in the population. Total
civilian population is found by adding net civilian migration to the
_nafural increase. Net migration is determined by the relative economic
opportunities in the state. Economic opportunities are described in the

model by the change in employment and the Alaska real per capita income

relative to the U.S. a#erage. Total population is determined by adding

.

an exogenous estimate of military population.

The final domponent of the MAP model is the fiscal model. This
model describes the activity of the state and local governments. The

fiscal model calculates the level of personal tax payments which are




necessary for projecting disposable incowe. The fiscal model, based on
an assumed state spending rgle, also calculates personnel expenditures,
the level of state government employment, and the amount spent on capital
improvements. The amount the stafe government spends on capital improve-
ments partly determiﬁes the level of employment in the construction
industry. Ail three model components are linked by their requirement

for information produced by théiother components. A deséription of the

model can be found in Goldsmith, Man in the Arctic Program Model Docu-

mentation (1979).

The model has been updated in connection with the current study.
This updating included the reestimation of important economic component

equations with data series which 'included the most recent information.

'In most cases, this consisted of ‘including the 1978 data in the series;

however, some data series were recalqulated based on. recent information.
These data changes had only marginal effects on the equatiéns; however,
several equétions were respecified. The primary reason for these speci-
ficatioﬁ changes &as'to capture the buoyancy of the economy in the post-—
pipeline périod. 'Equations describing wage rates.in the exogenous
sector and output in the endogenous sector were respecifiéd in an

attempt to improve the model's descri tion of post—boom periods.
P P

An additional change was made to the fiscal model. The fiscal .-
model was changed to incorporate recent changes in state tax laws which
eliminatéd the state income tax for residents with over three years in
the state. The recent permanent fund distribution program was also

-

reflected in model changes.
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Household Formation Model

MODEL DESCRIPTION

The primary unit on which projections éf residential energy con-
sumption are baéed is the household.'vHouseholds are living units. They
are distinct from families and can contain more than one family as well
as unrelated individuals. This‘section describes the model developed
for this study to project the number of households in.the state.

The population projections determine the number ofnhouseholds in
thevstate. The number of households is a function of both the level of
population and its age—sex distribution. The age—sex distribution of
the population is important because the fate at which people form house~
holds diffefs across age—sex cbhorts. :‘The model described ngQW'accounts

for both of these influences of population on household formation.

The household formafion model is an accounting model which depends
on a set of assumptions aboﬁt the cohort specific rate of househol& forma-
tion and changes in those rates. The model is based on the.assumption
that the sociai, economic, and life cycle factors which determine the
fofmation of households can be described by a set of household formation
rates. Household formation rates describe the probability that a persomn -

in a particular cohort is a household head.

The model requires input from the MAP population model in the form

of the‘projected size and age—-sex distribution of the population. The




total number of households in the state (HH) - is equal to the number of

households summed across age and sex cohorts.

HH = E HH, . | : | (B.1)
The totél number of households in sex cohort i and age cohort j

(HHij) describes the number of households with household head or primary

individual in the ith sex and jth age cohort. The total number of.house;

"holds in cohort ij eqﬁals the number of civilién non-Native households

in cohort ij (QHHij)-plus the number of Native households in cohort ij

(NHHij) plus the number of military households in cohort ij (MHHij).
HH,, = CHH,, + NHH,, + MHH_, . (B.2)
ij ij  Tij ij . .

The number of civilian and Native héuseholds in each cohort is a
function of thé population and household formation raté for the cohort.
The number of households in any cohort equals.the cohort specific house-
hold formation rate (HHRij for\éivilian gon—Natives and NHHRij for Natives)
multiplied by the total population (CNNPij for civilian non-Natives and
NATPij for Natives) net of the population in g?oup quafters (CPGQij for

civilian non-Natives and NPGQij for Natives).

CHH, .

ij

- % : B.
(CNNPij CPGQij) HHRij (8.3)

NHH.

- * NHHR, ' : B.4
i1 (NATPij NPGQij) NH i | (B.4)



Household formation rates describe the prébability that someone in
a particular cohort is the head or primary individual of & household.
These rates change through the projection period. The initial rates
1970 1970

are those found in 1970 (HHR 13 for c1v111an non-Natives and NHHR

for Natives).

HR1?70 1370/(CNNP1970 CPGQ1970) | 5.5
NHHR%??O = NHH1970/(NATP1970 NPGQ1970) ' (B.6)

Household formation rates are assumed to change at a constant yearly
rate (CHHRij for civilian non-Natives and NCHHRij for Natives). So the
household formation rate in any year equals the rate.in the previodé

year times the rate of change.

HHR . = HHR,. (-1) * CHHR, . : (8.7) |
lJ lJ lJ . 3

NHHR ; = NHHR,, (-1) * NCHHR, (B.8) |

Finally, the cohort distribution of military households is assumed

to remain constant throughout the projection period. The number of

1970

military households (MHH ) equals the number in 1970 (MHH ) times

the percentage of 1970 military population in the state (MILPCT).

Hi?70 # MILPCT C(B.9)]




PARAMETER ASSUMPTIONS

The most important source of variation in the model results is the
assumed rates of household formation. These rates have been subject to
dramatié changes in recent history. The change in these rates can be
judged by examining recent changes in the average household size.
Between 1960 and 1970, the average'hoﬁsehold sizg in the United States
fell by 6 percent from 3.33 people per household to 3;14 people per
household. Between 1970 and 1978, the rate of decrease was almost twice |
as fast as in the previous period; the avérage household size fell.by

more than 10 percent from 1970 to 2.81 (Buréau of the Census, Projections

of the Number of Households and Families: 1979 to 1995, 1979). Alaska
is experiencing a similar trend, the average household size fell by
- almost 7 percent between 1970 and 1976 (Bureau of the Census, Demographic,

Social, and Economiec: Profile of States: Spring 1976, 1979).

\

The important récenf changes in househoid formation rates,'illus—
trated by the recent changes in household size,Aand the lack of agreeﬁent
by population experts on future changes in these rates make the selection
of ény particular set of parameters probabilistic. Two sets of para-
me;er assumptions are required by the model, household formation rates
and yearly changes in those rates. Table B.l. presents ;he initial set
‘of household formation rates. These-rates are derived from the 1970
’censué and equals the number of household heads ﬁer population in
hoﬁseholdsvin the cohort. These rates were adjusted in some cohorts

to insure consistency with U.S. rates in 1970.



TABLE B.1l. 1970 ALASKA CIVILIAN POPULATION
HOUSEHOLD FORMATION RATES (HHRij)

- NON-NATIVE NATIVE

Male Female Male " Female
0-1 0 0 o - 0
1-5 0 0 0} 0
5-~-9 0 0 ' 0 0
10 - 14 -.001 .001 -.003 0
15 - 19 . - .040 - .018 017 .006
20 - 24 .583 .107 .238 - .069
25 -~ 29 .900 .109 © .576 - .082
30 - 34 .933 .117 . 746 .095
35 - 39 .955 .126 _ .881 .119
40 - 44 ».962 .133 _ .894 .120
45 - 49 .963 .148 s .907 .139
50 - 54 . 964 L164 7 .922 .149
55 - 59 . .956 .207 . .947 .296
60 - 64 .956 . 245 .926 .313
65 + .885 .320 .816 .385

SOURCE: Bureau of the Census, 1970 Census of Population Detailed
Characteristics: Alaska, 1972, Table 153. '
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Table B.2. illustrates the second set of required parameter assump-
tions, the assumed yearly change in the household formation rates. These
changes are based on the changes implicit in the Series B projectiomns of

households by age and sex cohdrts prepared by the Bureau of the Census

(Bureau of the Census, Projections of the Number of Households and Families:

1979 to 1995;71979); ‘The éverage yearlyvchange in household formation
rates by age—se# cohort for the nation were assumed to hold for the
civilian non-Native populétion. 1t was assumed that Native household
forﬁation rates would.hot change as rapidly; Native hduééhold formation
rates were assumed to change at rates which would provide half thé change

in average household size projected for the nation.
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TABLE B.2. YEARLY PERCENT CHANGE IN HOUSEHOLD
FORMATION RATE;(CHHRij)

NON-NATIVE ) NATIVE
Male Female Male Female
0 -1 0 0 ' o o0
1-5 0 0 0 0
5-9 0 0 0 0
10 - 14 1.002 1.045 = - 1.001 1.028 i
15 - 19 1.002 1.045 1.001 1.028 1
20 - 24 1.002 1.045 1.001 1.028 ;
25 - 29 1.000 1.045 1.002 1.028 ]
30 - 34 1.001 1.040 1.001 1.024
.35 - 39 1.000 1.027 1.000 = 1.016
40 - 44 1.000 1.027 . 1.000 1.016
45 - 49 1.001 1.012 1.000 1.006
50 - 54 1.001 1.012 1.000 1.006
55 — 59 1.001 1.000 1.000 1.000
60 - 64 1.001 1.000 1.000 1.000

65 + 1.001 1.000 1.000 1.000

SOURCE: Bureau of the Census, Current Population Reports Series P-25,
No. 805, Projections of the Number of Households and Families,
1979 to 1995, May 1979. '
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Regional Allocation Model

MODEL DESCRIPTION

A method for making substate regional projections was required by
this study. The economic énd household projections described above are
made at the étafe level. These préjeétions serve aé the basis for the
energy demand projections; however, the Susitna project will provide

energy for only a portion of the state, the railbelt region. This section

describes the regionél allocation model used in this study to allocate

statewide projections to the region of interest.

Methods of projecting substate regional economic activity range

from the simple to the complex. The simplest methodology is to allocate

‘state economic activity to ‘the region based on its historical share- or

to allocate nombasic acfivity based on the regional share of basic sector
activity. The mostvcomplex approach involves the estimation of complete
regioﬁal models. The first approach suffers from its simplicity; it
fails to recognize the importance of changes in'the structure of the
regional economy over time as the economy grovs. The more complex
approach requires massive commitments of time and resources to develop.
It may also suffer from a lack of consistent data in the regions, par-

ticularly in areas like Alaska where many of the regions have small,

undeveloped economies.

In choosing a regional projection technique, we were interested in

‘three things. First, we_wanted:a model which was simple and efficient
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to use and could be used to project activity in a number of regions.
Secondly, we wanted a model which made maximum advantage of the short"
data series available in the regions. Finally, we wanted a model which

provided results consistent with the state projections.

The method used in this study is a regional shares'modél. In this
model, the regional shares of state support sector employment, state and
local government employﬁent, and population are estimated econémetricaily
as a function of basic sector activity as well as proxies for comparative
advantage and scale of the regional economy. A pooled time series cross—~
section approach is used to estimate the model. This econometric approach
has two purposes. First, it allows us to make use of the short data‘

.series in the census divisions. Secondly, it allows us to capture the
major variability in the regional shares of economic activity which is - - g

across regions rather than over time.

Traditional explanations of regional economic growth explaiﬁ growth
as a function of growth in the region's basic sector. The regional
allocation.model recognizes that the local support sector response
depends not only on basic sector growth but also on the position of the
regidn in economic space. Larger economies will provide a greater
support sector response since they offer economies of scale and produce
more goods and services locally. Regions may also respond differently
if they provide support sector services to regions other than their
own. These trade centers have a comparative advantage in producing

these goods and services. The scale and comparative advantage effects
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are accounted for in this model by the use of lagged population and

regional dummies in each equation.

The model consists of four equations which estimate the regional

'share of population, support sector employment (in two categories), and
state and loéalrgovernment employmenﬁ; State and local government empioy—
ment is assumed to be allocated across regions in the state primarily to
serve the populatién, so the share of state and local government employ-

-ment in région i (REGSLi)Vis primarily a function of lagged sharé of
population in the region (LRPOPi). Special charactgristics such as the
éapital in Juneau and administrative centers in larger regions are

accounted for through the use of regional dummy variables (Di).
REGSL, = F (LRPOP_,D.) B o (B.10)
'Support'sector economic activity is disaggregated into two distinct

sectors: direct support, which includes construction and transportation

employment, and other support which includes trade, services, finance,

utilities, and communication. This distinction is a function of the
assumed relation between these sectors and basic activity and assumed

differences in causes of growth in each sector. Direct support sector

employment depends pot just on the size of the community or its basic
'sector, but on the growth of the community. This i§ a result of cén-
struction employment serving mainly an investment function. Because of
this, the share of direct support sector employment in region i (RESAi)

is a function not only of the size of the community (LRPOPi) but also
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the change in the economy; this change is described by the lagged share

of the change in total employment in region i (L2981). Uniqueness of

regional economies is captured by the inclusion of a regional dummy (Di). |
RESA; = F,(LRPOP,,1298,,D.) | | | (B.ll)

Employment in the other supporf sector is assumed to be a function
of the level of baéic sector éctivity in the region. For our purpose,
basic sector is defined brbadly to include traditional basic‘sector in-
dustries as well as local and state governmeni, and direct support sector
employment in region i (RESBi) may.differ from a direct relation to ther é
regional share of basic sector employment (RRBEBi) for two reasons.
First, the support sector may not expand immediately because of lags or
becaﬁsé the basic sector growth is temporary. Secondly, the region may 3
provide suﬁpbrt sector services to a large region and be related to the
basic.séctor activity in those regions. To account for these effects,
both phe lagged share of population (LRPOfi) and regional dummies (Di)

were included.

RESB, = F,(RR3EB,,LRPOP,,D,) (B-IZ%

Finally, the regiongi share of population (RPOPi) was assumed to be
a function of eﬁployment in the region. In Alaska, workers often travel
to jobs in other regions; this is most important in basic sector activities;
Because of this, the effects of basic and other support sector employment

or population were separéted;' Population may also differ from employment
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since a region may house the families of workers who wqu in other regioms,
such as Anchorage providing the homes of families of Prudhoe Bay workefs.~
The regional share of population (RPOPi) was assumed to be a function of
the share of éupport sector employment (RESBi), the share of basic'sector
employment_(RRBEBi), ;nd a regional dummy (Di) which reflects the fact
that a region can serve as home to families ofrworkeré employed in other

regions.

Regional totals are found by multiplying state totals by the shares

estimated by the model.

PARAMETER DESCRIPTIONS

These equations weré estimated using a p&oled éime'series cross-
- sectionai technique. Data on‘Alaska'labdr'di&iéions (similar in most
cases to census divisions) from 1965 to 1976 were used in‘the estimation.
A linear form of the equations was estimated; the primary reason for this
choice of funﬁtionél fprm was the ability to use the set of equatiomns to

‘project the growth of any region defined as an aggregate of census divisions.

Conopsak (1978)-identifies both the advantages and problems with
using this technique. _First, the use of pooled data increases.the number
of‘degrees of freedom compared to either cross-section or time—series
regressiohs. Second, pooling techniques limit struétural ch;nge biases
which may occur in time series. Thirdly, by using a time series of
cross—sections, it is possible to measure the effect of pime and struc-

ture on the relationships. This is particularly important when estimating
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a shares model since examining time series of pooled cross-section

provides for ample variation in the data.

Two types of problems may exist when using this approach. There
may be systematic bias of the disturbance term because of cross—sectional
influences, or the séurce of bias may be autocorrelation.of the residuals.
The first problem may be reduced with the inclusion of the regional dum-
mies in the equation. The second problem may be reduced by adjusting for

autocorrelation in the regression; both of these corrections were made.

Equations B.13 to B.1l6 are the equations used in thg model. Dummies
wére included for all regions; however,-only those dummies for the fegions
in this study are shown (DA-Anchorage, DK~Kenai, DS-Seward, DM-Matanuska,
" DF-Fairbanks, and DV-Valdez). -The.high,R2 (uncorrected) -result from-two
factors, the inclusion of tﬁe regional dummies and the relatively small

variability of regionél shares in the historical period.

REGSL = .246 * LRPOP + .224 * DA + .124 * DF + .025 * DK - (B.13)
(3.48)1 (6.99)1 (10.07)1 (3.56)1 1
+ .021 * DM + .009 * DS + .018 * DV R% = .987
(3.15)1 (1.41) (2.78)1
'RESA = 1.357_% 1298 + .744 % LRPOP + .148 * DA + .045 * DF (B.14) |
(4.73)1 (3.44)1 (1.67)1 (1.27) 1
+ .025 % DK — .008 * DM - .003 * DS + .003 * DV R? = .987
(2.36)1 (~1.07) (-.45)  (.45)

1t statistic in parentheses significant at greater than 95 percent.
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RESB = .269 * LRPOP + .086 * RR3EB + .409 * DA + .111 * DF (B.15)

(3.26)1 (1.31) (11.46)1 (7.71)1
+ .017 * DK + .007 * DM + .004 * DS + .006 * DV R% = .997
3B.7)1 - (1.95)1 (1.19) T (1.94)1
RPOP = .290 * RESB + .157 * RR3EB + .213 * DA + .073 * DF (B.16)
(4.70)1 (2.93)1 (5.78)1 (4.58)1 :
+ .029 * DK + .022 * DM + .005 * DS + .012 * DV R2'= .995

(7.38)1 (6.81)1 (1.59) (3.45)1

Housing Stock Model

MODEL DESCRIPTiON

Regional projections of ﬁouseholds and housing stock are the basic
components of the residential energy demand projections.. This model uses
 therutput of the three-cbmponents'described-above*to.projectvboth the
number of households by region and the distribution of those households
by housing type. The housing types projected by this model include single-
family, duplex, multifamily, and mobile homes. The total housing stock by

type is found by adjusting for vacant housing.

Housing stock projections are'influeneed by three factors. First,
the number of houeeholds determines the aggregate demand for housing.
Secondly, the distribution of households by income, family size, and
tenure determines the effective demand for different types of housing.

Finally, housing has a long life; once a type of housing is built, it

lt statistic in parentheses significant at greater than 95 percent.
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exists for a long time and influences the actual distribution of hous-
ing by type. The model described in this section attempts to account

for each of these factors.

The number .of households in ;egion i (THHi) is foun&‘by dividing
the regional population (POPi) [from the ;egional allocation.model] by
a regioﬁal population per occupied dwelling units‘parameter (PPODUi).
This provides an estimate of the total number of households in the
region. On-base households (BHHi), wﬁich are assumed to remainAconstant
throughout the ﬁeriod, are subtracted from total households to find

total off-base households (HHi).

THH. = POP./PPODU, o (B.17) |
i i i 1
HH. = THH, - BHH, ‘ (B.18) |
i i i _ ]

Once total off-base households (from\hereon, total households).are
found, the demands for vérious housing types are projected through the (
use of housing type demand éoefficients. The deﬁand for ﬁousing type T
(Hi) equals the total housing units (HHi) times the demand coefficient

for type T (HDT). The demand coefficients describe the distribution of

households by "preferred" housing type.

HY = HH. * HD- (8.19)
L 1 L 4
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The initial stock pf housing of type i in any period is equal to
last period's housing stock of that type (SE(—l)) minus the removals
from the stock since the prévious period. Removals are due to demoli-
tiomns, ;;cidental loss (fire; flood, etc.), and conversions to other
types of units or ﬁses. The model finds the initial stock of housing

of type T (Sz) by multiplying the stock from the previous period times

one minus the removal rate (rT), where the removal rate equals the

- proportion of the previous period housing lost between the periods.

T T

= -1 *. - .
Si Si (-1 (1 rT) _ | | (3.20)
Construction of new housing of each type is determined by the net

demand for that type (NDi). The net demand equals the demand for housing

of type T (Hi) minus the initial supply of that type (Si).
(B.21)
If the net demand for all types of houéing is positive, new construction

(ND:) equals net demand plus the equilibrium amount of vacant housing.

In this case, new construction equals net demand plus the vacancy rate

.(VT)‘times the net demand plﬁs the initial supply of housing type T.

T T

NC, = ND, + V, * [S? + ND?] : : (B.22)
i i i i i ‘

If the net demand for a particular hoﬁsing type is negative, an

adjustment is required. The adjustment recognizes implicitly the effect
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of prices on demand. When net demand for a housing type is negative, this
excess supply is assumed to drive down the price of this type of housing
relati#e to others and switch demand. For this adjustment, single-family
and mobile homes and multifamily and duplexes are assumed to be close
substitutes; when one type.has excess supply, it is filled by hoﬁseholds
vwith.the other type demand. If excess supply continues to exist and the
vacaﬁcy rate is greater than an assuﬁed maximum rate, the units are filled
proportionally from the other types with excess demand. Once these adjust-

ments are made, new construction occurs to meet the excess demand.

PARAMETER DESCRIPTION

There are four sefs 6f parameters which determine the housing stock
projections. The aSSumgd people per occupied dwelling unit (PPODUi)
determines thé number of households in a giveﬁ regional population.. The
removal rates (rT) determine the proportion of last period's housing
which has been removed from tﬁe housing stock. The wvacancy rates (VT)
determine the supply bf‘vaéant housing in any period. Finally, the
housing demand coefficients (HD:) determine the initial distribution

for demand by housing type.

The initial peopie per occupied dwelling rates were taken from the
most recent information found for each region. Table B.3 shows the
initial rates used in each region. Theée rates were adjusted each
period to reflect projected changes in the population per household rate
on the state level; this adjustment assumed the changes in the state

rate were reflected proportionally in each regionm.
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TABLE B.3. INITIAL PEOPLE PER OCCUPIED
DWELLING UNITS

. Greater Anchoragel Fairbanks2 Valdez3 Rest of State4

3.03 3.01 3.1 3.5

1Weighted average of rates found in: Anchorage Municipality, 1978
Population Profile, 1978 (for Anchorage); Kenai Borough, Profile of Five
Kenai Peninsula Towns, 1977 (for Kenai and Seward); and Rivkin Associates,
Workbook on the Economic and Social Impacts of the Capital Move on Juneau
and the Mat-Su Borough, 1977 (for Matanuska-Susitna).

2Assumes Fairbanks people per occupied dwelling decreased at same
rate as the U.S. average between 1970 and 19773 the 1977 rate was .91
less than in 1970 for the United States.

3M. Baring—Gould; Valdez City‘Cenéus, 1978.

4Weighted average for the nonrailbelt area of the state in the 1970
~census (3.7) assumed to decline at one-~half the rate of the decline for
" the United States. ) :

An average removal rate is assumed for this report and applied to

all types of housing in all régions. Table B.4 shows the ‘rates assumed

in this study. : -

TABLE B.4. ASSUMED HOUSING REMOVAL RATES.

11975-1980 1980-1985 1985-1990 1990-1995 1995-2000

1.0% 1.25% 1.50% ' 1.75% 2.0%
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Removal rates aré a function of the age of the housing stock and the
growth of the region. Older houéing may be subject to filtering, and%
areas with more rapid growﬁh may remove more older housing to make room
for new construction. Comparisons of dwelling unit estimates in 1970
and 1979 with building permits-d;ta on units constructed during that
‘period show an approximate reﬁoval rate of 1 percent per five-year
period in Anchorage and Fairbanks. It was assumed thét, as the existing
stock ages, the removal rate will érow toward the U.S. average which has
‘been esgimatéd to be beﬁweéﬁ two and four percent for a‘five—year period
(deLeeuw, 1974). We assﬁmed the removal rate would reach the lower

bound of 2 percent by 2000.

Vacancy rate-assumptions are based on U.S. aver;ges and recent Alaska f
‘experience. Table B.5 shows the assﬁmed normal and maximum vacancy rates
used in the housing stock projection. The‘normal vacancy rates are the
ten-year U.S. averages for owner and renter units (Bureau of the Censﬁs,

Housing Vacancies: Fourth Quarter 1979, 1980). Single-family and mobile

homes have the owner rate; multifamily, the rental rate; and duplexes, the

TABLE B.5. VACANCY RATE ASSUMPTIONS

Normal Maximum
Single Family 1.1 3.3
Multifamily 5.4 16.0
Duplex 3.3 10.0
1.1 3.3

Mobile Home
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average of owner and renter. Maximum rates are based on recent Anchorage
~multifamily experience (Anchorage Real Estate Research Report, 1979);
single-family, mobile home, and duplexes are assumed to maintain the

normal relationship to multifamily vacancies.

The finél parameter assumptions concern the housing demand coeffi-
cients; these are the most important parameters for determining the
housing stock distributions. The aésumed housing type demand distribu-
tions used in this st;dy are based on the analysis of existing survey
information from Anchorage. A 1978 survey of the Anchorage population
cénducted by the Urban 0£Sérvatoryvof the University of Alaska - Anchorage
(Ender, 1979) brbvided info?mation on housing type choice and demogfaphic
variables. Regression analysis wasrﬁsed.to analyze this information. A
linear‘probability model was estimated for each of three housing tyﬁes:
siﬁgle—family, multifamily, and mobile home. These regressions estimate
the probability that a person wouid‘occupy a particular housing type aé
a function of the age of the household head and family size. Family
size and incomes have often been isolated as the major determinants of
housing type choice. In realitf, curfent income and wealth influence a
household's ability to purchase a héme; thg age of the household head is
a pfo#y for both wealth and income. Table B.6 shows the results of the

Anchorage regressions.

These equations were tested by éstimating the 1970 housing type
‘distribution in the Anchorage, Fairbanks, and Valdez regions and with

more recent data in Fairbanks and Anchorage. The performance of the
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TABLE B.6. HOUSING CHOICE REGRESSIONS

Single Family

SF = .461 - .303 * S1 - .175 * S2 + .08 * S& + ,182 * A2

(70.36)F  (20.52)1 (1.87)  (12.26)%
+ .317 * A3 + .380 * A4 . ®% = .153
7.3 43.85)°"
Multifamily ‘
MF = .383 + .225 * SL + .086 * S2 — .09 % S& — .203 * A2
(50.75)* (6.46)% (3.07)  (19.84)%
- .280 * A3 - .352 * A4 ' R? = .128
47.96)*  (49.02)%
Mobile Home ’
MH = .097 + .068 * S + .039 * S2 + .014 * S& + .008 * A2
(7.007  (1.98) (.121) (.043)
- .020 * A3 - .016 * A4 | R = .005 |
(.366) - (.151) | ‘
Family Size Age of Household Head
s1 <2 A2 25-30
52 T3 A3 30-55
S4 5< A4 55«

1 s s s ’ s e
F statistic in parentheses significant at greater than 95 percent.
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models in these cases suggested that no specific regional adjustment of
the equations was required in Anchorage and Fairbanks, and they were

used to project housing demand coefficients in each region.

In Vaidez, comparison with 1978 housing stock distribution showed a
major differénce. ThisAwas assumed to be é result of the recent rapid
growth in the region connected with construction of the Trans-Alaska
Pipeline Service (TAPS) pipeline'and associated port facility. 1In
Valdez, demand. coefficients were assumed to change linearly from the
1978 housing type distribution to the projected 2000 housing demand

distribution.

Use of thesé equations assumes that the existing relatiohships
.between hoﬁs;ng typé choice and -non-included variables reméins the same.
Most important in the case is tﬁe effect of housing price. We are
" implicitly assuming'that the reiatibn betwéen housing prices and income
will femain éonstant'throughout.the period. The importance of houéing
means there may be some adjustments such as two-income families. The
importance of the government in the housing and ﬁortgage markets makes
any change impossible to forecast. This approach also ignores the
~existence of land-use constraints which may prevent actual construction

of these units.

The housing type parameters were projected over the period based on
assumed changes in household head age distribution in each region and

thé family size distribution. The state distribution of households
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by age of household head was used to estimate the regional distribution;
each region wés assumed to maintain the same relation to the state dis-
tribution as in 1970. The family size distribution in each region was

assumed to follow a.pattern of change which approached the 1977 Western

Regional distribution (Bureau of Census, Annual Housing Survey: 1977,

1979). The level of household size in the Western region df the United
States was similar to that projected for our regions in 2000. The
change from the 1970 distribution to this 1977 distribution was assumed

to be at the same rate as the rate of the change in population per

household projected by the regional allocation model.
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APPENDIX C. ECONOMIC PROJECTIONS

- The projections of electricity consumption in the Susitna Hydro-
electric Power Project service area are based on a set of projections of
‘economic activity in the state and the railbelt region. This appendix
describes thése projections. The appendix is divided into three parts.
First will be a short general discussion of projections, the reasomns
for doing them, and general problems with projections. A discussion of
the specific sets of assumptions which were used in conjunction with the.
‘models déscribed in Appendix B follows the fifst section; Finally,'the

projections themselves will be reviewed.

What are Projections?

Projections provide a déscription of a future level of activity;
the economic projections described in this'appendix describe possible
future levels of importantyecénomic variables. Projections cannot be
assumed to be an accqfaté aescription of what will happen but rather
a description of what could happen if the assumptions which determine

the projections come true. This means that projections are probabilistic.

‘The uncertaintyvof the future, though it may incréase the ptoblems
associated with making proﬁections, increases.the importance of projec—
tions. Decision makers in both public and private sectors need ihforma—
‘tion about the future in order to plan their actions since they must

make decisions ﬁhich both are affected by and affect future events.



The more uncertain are the future events, the more important are some

projections of them in decision making.

All methods for making projections of future economic activity re-
quire assumptions abOut_the future. The simplest projection technique
is simply to assume a certain growth for each of the major variables of
interest. More complex methodologies emplo& some form of model to
translate assumptions abOut_speéific events into projections. Models
describe the relationship between variables about which assuﬁptioné are }
made (exogenous variables) and those of which projectioné ére made (endo-
genous variables); an important aSSumptiOanhén a model is used is that
the relationship described by the.model remains constant. fhe use of‘
models makes explicit the assumptions implicit with simpler projection
techniques, andvit provides consistency between sets of projections.

r

The major problems with projections is the uncertainty attached to

the projections. The uncertainty reSulté because of unéertainty about

the future levels of exogenous variables and uncertainty that the rela-

tionships will continue to hold as described by the model. There are
two major ways to limit the importance of this problem, although un-
certainty can never be eliminated from projections; The first measure
ié to provide a clear, complete description of the assumptions on which
the projections aré based; this allows users to know exactly what is
behind the projections. The second measure involves producing many
alternative projections‘instead of just one; these altermative projec—

tions provide an indication of effect of altering major assumptions.




These measures in themselves do not limit the uncertainty of any par-
ticular projection, but they allow therestablishment of a range of

possible outcomes which the researcher expects to have a very high

>brobability of occurrence.

The Approach of the Current Studzr

In the present study, we present a series of projections which,

although of limited number, reflect the rangerof'probablerfuture ieﬁels

- of economic activity. Because these projections may'be used in- the

actual design of the pfoject, it is important to providé a range of
futures with a relatively high probability of occurrence. We do not
assume that the actual growth in future economic activity will match any

of our scenarios in level of activity or timing and magnitude of events.

~ What we assume is that the general level of economic activity described

by these scenarios will occur with a high probability.

" The projections in this study are for a'thirty-year period from
1980 to 2010. Because of the iong projection period, there is a large
potential for error in utilizing any single technique in developing the

projections. Two general techniques have been employed in these projec-

tions. The first is scenario building in which the aggregate values are

developed by constructing scenarios composed of specific events. For
example, the level of total employment in the petroleum industry would
be estimated by assuming the development of specific reserves with

associated manpower requirements and timing. The scenario building
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technique reduces the potential fof error in the projection by dividing
the development of the assumptions into a series of small decisions.
This technique allows specific information about future developments to
be built into. the projection. The most important reason for using the
scenario building technique is that it éllows for consistency in the

forecast. By assuming specific events, we can make sure the growth rate

projected is at least possible.

The major disadvantage of the scenario building technique occurs as
the projection period is extended in time. Because many of the possible
future events are unknown, they may be'ignored when developing the sce-
narios. This myopia may result in a downward bias in the projection as

the projection period lengthens.

To attempt to overcome this problem in these projections, a second
technique was used in the post-2000 périod when information about speci-
fic events is undefined. This second technique is a judgmental approach
The judgmental techniqué projects directly the aggregate variables. The
judgmental projection is based on an analysis of both the historic
period growth and the growth in other regions. This technique fails to
provide reality or comnsistency checks on the assumptions but provides a

method of projection when the scenario building technique is impossible

-to use.

The study combines the scenario building and judgmental techniques

to produce the required projections. Each technique is used to project



economic aétivity in the period when it is most appropriate; the scenario
building technique is used in the period between 1980 and 2000 when
.reasonable information about possible economic events is available and
the judgmental appfoach is used aftér 2000 when there is 6nly limited

" information on the possibilities.

The Scenarios: 1980-2000

?of the périod betweenrl980 éndu2000, speéific scenafios are de&eloped.
VThésé sqenariqs coﬁsiSt bf two major compoﬁents, an economic scenario and
- a stafe gévernientrfi3c§l éﬁenério.r Thé economié scenarioélconsist of
é set of'assumptiqné which describe‘the~special projects and industrial

growth in the period. The state government fiscal scenario describes

the assumed level of state expenditures; these expenditures result in

the creation of jobs in both state government and the construction industry.

Each economic scenario describes the growth in the exogenous indus-

'triés; mining, manufécturing, agricultur%-forestry—fisheries, federal
government; and in the. exogenous components of construction and transpor-
tation. Each state governménf scenario describes the growth pf stéte
operations and capital expenditure which affects the level of employment
in state government and construction. The next two sections describe

the economic and state government scenarios.




THE ECONOMIC SCENARIOS

The economic scenarios consist of time series on employment and>“
output in certain export base or exogenous industries. These assump-
tions are organized into three separate scenarios which describe a high,
moderate, and low series of economic events which describé what we féel
to be a reasonable range of economic events. This does not mean that we
are predicting that all of any of these events ﬁill occur since there is
a highly variable degree of uncertainty with respect to the levels and
timing of thé events iﬁ thesé scengrios. What it does mean is that with

a cdertain degree of probability, we expect the general level of economic
/

/

aé;ivity to follow these scenarios. We assume that there is a very ﬁigh
probability that the level of activity.will be at least as great as that
described by the low scenario, é medium probability that the level of
activity wiil be at least as great as that described by the modeféte
scenario, and a low probability fhat activity levels higher than those'

described in the moderate case will occur.

Primarily as a result of the uncertainty attached to the occurrence,
magnitude, and timing of any particular event, agreement about barticnlar
scenarios is hard to achieve even among those most knowledgeable about
the Alaska economy. Emphasiéing our concern mainly with genéral.levels
of activity and the probabilistic natufé of any specific scenario éhould
reduce the disagreement. In an attempt to reduce even further the dis-
agreement, the.scenarios were developed based upon existing scenarios
which have attained some measufe of consensus. The most important
source for thése scenarios were the scenarios developed in the level B

Southcentral Water Study (Scott, 1979).
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The individual scenarios are described in Tables C.1 through C.3.
The assumptions are described below; these discussions are organized by

industry.

Mining
Currently,rthe mining sector in Alaska is dominated both in terms
‘of employment and oﬁtput by the pétroleum.industry. This is assumed to

continue in the future in all scenarios.

All th;ee’scenarios*iﬁclude production at'PrudhoerBayrénd'in the

' Uﬁper Cook Inletf vProduétion frﬁm thevSédleroéhet forﬁation at Prudhoe
'is‘assumedrto include both primaryirecovery and secondary recovery using
water fioodipg.r TherKupérakrfo;mation>is also assumed to be'devéloped"
-Vwithrproductioﬁ risiﬁg’té 120,060 bérrels‘per'day by 1984. Employment
associated with these'developments peaks in thereariy 1980s with the
development of Kuparak and the water flooding project. 7Upper'Cook Inlet
, employméﬁt is assumed,ﬁb remaiﬁrat its existing Ievgl throughout the
‘projection period. Thié aséumes a risingvlével of éiploration, deveiop-

ment, and production of gas in the Kenai fields which would replace

employment lost because of declining oil production.

The major new soﬁrce of petrbleum-production assumed in these
scenarios is Alaska's Outer Continental Shelf (OCS). Alaska is the area
of primary importance to future OCS activity. Nearly 60 percent of oil
and 40 percent of gas resources which are ekpected to be found in the

United States OCS are expected to be in Alaska waters (Bureau of Land

t




Special Projects

TABLE C.1.

Description

HIGH SCENARIO ECONOMIC ASSUMPTIONS

Dates & Employment Railbelt Location

Source

Trans—-Alaska
Pipeline

Northwest Gasline

Prudhoe Bay
Petroleum
Production

Upper Cook Inlet
Petroleum Pro-
duction

The construction of
the TAPS was com-

pleted in 1977.

Additional construc-
tion of four pump
stations is assumed
as well as pipeline
operations.

Construction of natural
gas pipeline from

Prudhoe Bay which in-

cludes construction of
an assoclated gas
conditioning facility
on the North Slope.

Primary recovery from
Sadlerochit formation,
secondary recovery
using water flooding
of that formation and
development of the
Kuparuk formation.

Employment associated
with declining oil
production 1s assumed
to be replaced by
employment associated
with rising gas pro-
duction maintaining
current levels of

enployment. =

1979-1982 ~ Pump
station construction
of 90/year

1977-2000 -~ Operations
employment of 1000/yr.

Operations employ-
ment allocated:

- 1/3 to Valdez
1/3 to Fairbanks

1/2 of construc-
tion and trans-
portation employ-

1981-1985 - Construc-
tion peak employment

of 7,823 (1983)
1986-2000 ~ Operations
begin employing 400
petroleum and 200 trans-—
port workers

1982-~1984 -~ Construction
of water flooding pro-
ject peak employment of
2,917 (1983)

1980-2000 -~ Mining employ~
ment long-run average of
1,802/year

 1980-2000 ~ Mining em-
ployment of 705/year

All in Anchorage
region

ment in Fairbanks

E. Porter, Bering-Norton
Statewide-Regional
Economic and Demographic
Systems, Impact Analysis,
Alaska 0OCS Socioeconomic
Studies Program, Bureau
of Land Management, 1980.

E. Porter, 1980.

E. Porter, 1980.

E. Porter, 1980
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Special Pfojects

TABLE C.1. HIGH SCENARIO ECQNOMIC‘AéSUMPIIONS‘(cont.)

Description

Dates & Employment

Source

National Petro-
leum Reserve in
Alaska

State Capital
Move

Beluga Coal
Production

Petroleum production
in NPRA. Production
in five fields with a
total reserve of 2.5
billion bbls equiva-
lents of oil and gas.
Construction of 525
miles of pipeline.

Movement of the state

capital from Juneau
to Willow begins in
1983. A full move
involving 2,750 state
employees.

Major developmént of
Beluga coal reserves
for export.

1985-19903 1994 - Con-

Leases held between
1983-1990. Develop-
ment and exploration
begins in 1985.

Railbelt‘Location‘ 

Average mining employ- . -

ment of 460/year.

1983~1996 - Constrﬁc— :
tion - peak employment

“All in Anchorage
‘fregiqn

in 1990 of 1,560/year.

Move completed in 1996.

struction with peak
employment of 400
(1987)
1988-2000 -~ production
employment of 370/yr.
for long-run average

. Located in

Anchorage region

Based on mean scenario
under Management Plan 2
in Office of Minerals
Policy and Research
Analysis, U.S. Department
of Interior, Final Report
of the 105(b) FEconomic
and Policy Analysis, 1979.

High Scenario in M. Scott,
Southcentral Alaska's
Economy and Population,
1965-2025: A Base Study
and Projections, Economics
Task Force, Alaska Water
Resources Study (Level B),
1979.

Pacific Northwest Labora-
tory, Beluga Coal Field
Development: Social
Effects and Management
Alternatives, 1979.




‘Special Projécts

TABLE C.1.

Description

HIGH SCENARIO ECONOMIC ASSUMPTIONS (cont.)

Dates & Employment

Railbelt Location

Source

Outer Continen-
tal Shelf
Petroleum Pro-
duction

0T-0

U.S. Borax Mining

Alpetco Project

Production in eleven
OCS lease sale areas:
Beaufort 1 (1979)
Lower Cook (1981)
Bering-Norton (1982)
St. George 1 (1982)
North Aleutian (1983)
Beaufort 2 (1983)

Navarian Basin (1984)

Hope Basin (1985)

Chukchi Basin 1 (1985)
Navarian Basin 2 (1989)
Chukchi Basin 2 (1994)

Development of mining
operation,

- Major petrochemical

facility developed
as originally pro-
posed by Alpetco.

Peak OCS employment
- mining - 9,066/year
(2000)
- construction - 5,300
/year (1992)

Exploration and devel-
opment begins in 1980.
Long-run mining em-
ployment of 440/year
begins in 1993. '

1982-1986 - Construc-
tion ~ peak employment
of 3,500/year (1984-
1986)

1987-2000 ~ Operations
employment of 1,925/
year

Lower lease sale
(68) is in
Anchorage region.
Headquarters
employmént averag-
ing 12 percent of
mining is in

. Anchorage

Located in Valdez
region

E. Porter, 1980 (for

. Lower Cook and Bering-

Norton lease sales).
Employment scenarios for
remainder of sales esti-
mated based on N. Gulf
(Sale 55) high case ad-
justed to include LNG
plant (Huskey and Nebesky,
Northern Gulf Petroleum
Scenarios: Economic and
Demographic Systems
Impacts, Socioeconomic
Studies Program, Alaska
0cS 0ffice, 1979).
Northern Gulf Scenario
was adjusted by difference
in resource estimates

to produce scenarios for
specific areas.

U.S.D.A. Forest Service,
E.I.S.: U.S. Borax Mining
Access Road for Quartz
Hill Proposal, 1977.

S. Goldsmith and L. Huskey,
‘The Alpetco Petrochemical
‘Proposal: An Economic
Impact Analysis, Institute
of Social and Economic
Research, 1978.
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Special Projects

TABLE C.1,

Description

Dates & Employment

~ Railbelt Location

HIGH SCENARIO ECONOMIC ASSUMPTIONS (cont.)

Source

Pacific LNG
Project

Forestry/Pulp
and Paper
Manufacturing

Other Manu-
facturing

Federal Govern-
ment

Fairbanks Petro-
chemical

.Construction of cur-

rent proposal by
Pacific LNG

‘Employment in these

industries expands to
accommodate an annual
cut of approximately
1.3 million board
feet by 2000,

Expansion of existing
manufacturing as well
as new local manu—-
facturing of locally-
consumed goods.

A doubling of the re-
cent growth rate of
civilian federal
government. Military
government employment

assumed to remain con-’

stant at 1978 level,

Moderate petrochemical
facility using the
state's royalty gas
as feedstock.

1982-1985 -~ Construc-
tion peak employment
of 1,323/year (1984)

1986-2000 - Operations

employment of 100/yr.

Growth of output at
3%Z a year

Civilian federal
government employ—
ment grows at 1%
per year

1984-1986 ~ construc-
tion of 1,500/year
1987-2000 - operation
employment of 600/yr.

' .56% of civilian

becated in

Located in

'E. Porter, 1980.
Anchorage region '

‘Approximately 1172 M.chott, 1979
of this activity .
occurs in the

Fairbanks region

81% in Anchorage
region, 15% in
Fairbanks region

“and 4% in Valdez
region ‘

Regional distribution based
on existing distribution
of employment

M. Scott, 1979.
employment in
Anchorage, 157
, in Fairbanks, .3%
in Valdez. Military
employment as in '
'1978.

J. Kruse, Fairbanks
- Petrochemical Study,
1978,

Fairbanks region




Iﬁ&ustry
Assumptions

Description

TABLE C.1. HIGH SCENARIO ECONOMIC ASSUMPTIONS (cont.)

Dates & Employment

Railbelt Location Source

Other Mining

Agriculture

¢1-D

Fisheries/
Food Processing

Assumed expansion af
hardrock and other
mining opportunities
in the state.

Major development of
agriculture in Alaska.
Reflects favorable
state and federal
policy and favorable

‘ markets.

Continued level of em-
ployment in existing
fisheries. Major de-
velopment of bottom-
fishing, with 100%
replacement of foreign
fishing effort in 200
mile limit by 2000.

Growth of employment
at 1% a year. Start-
ing at existing level.

Employment in agri-
culture reaches about
4,600 by 2000.

Employment in fish-
eries increases to
1,350 by 2000. Fish
hatchery and proces~-
sing plant construc-—
tion employment
averaging 150/year.
Appropriate expansion
of food processing
industry.

Growth is assumed

'to be distributed
across regions as
existing mining
employment. (67%
in Anchorage and
27 in Fairbanks)

Major emphasis in

Tanana Valley.
71% of growth in
Fairbanks and 187
in Anchorage.

147 of existing
fisheries and

- 8% of bottom—

fish development
in Anchorage; '
1% of exist-
ing fishery

in Valdez.

M. Scott, 1979.

M. Scott, 1979. M. Scott,
"Prospects for a Bottom-
fish Industry in Alaska,"
Alaska Review of Social
and Economic Conditions,
1980.
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TABLE C.2. MODERAIE SCENARIO ECONOMIC ASSUMPTIONS

Description

Dates & Employment

Special Projects

Trans—-Alaska
Pipeline

Northwest Gasline

Prudhoe Bay
Petroleum
Production

Upper Cook Inlet
Petroleum Pro-
duction

The construction of
the TAPS was com-
pleted in 1977,
Additional construc—
tion of four pump
stations 1s assumed
as well as pipeline
operations.

Construction of natural
gas plpeline from
Prudhoe Bay which in-

" cludes construction of

an associated gas
conditioning facility
on the North Slope.

Primary recovery from

- Sadlerochit formation,

‘secondary recovery
using water flooding
of that formation and
development of the
Kuparuk formation,

Employment assoclated
with declining oil
production is assumed
to be replaced by
employment associated
with rising gas pro-
duction maintaining
current levels of
employment.

. 1979-1982 - Pump

1977-2000 -~ Operations

11981-1985 - Construc—

1986~2000 - Operatilons

1980~2000 -~ Mining em~

station construction
of 90/year

ment allocated:
1/3 to Valdez
1/3 to Fairbanks
employment of 1000/yr.

" . tion and trans-
portation employ-
- ment in Fairbanks

tion peak employment
of 7,823 (1983)

begin employing 400
petroleum and 200 trans-
port workers

1982-1984 - Construction

of water flooding pro-
ject peak employment of
2,917 (1983)

1980-2000 ~ Mining employ¥

ment long-run average of
1,802/year

All in Anchorage

ployment of 705/year . region

' Réilbelt Location

Operations employ-‘

1/2 of construc- .

Source

E. Porter, Bering-Norton

Statewide-Regional
Economic and Demographic
Systems, Impact Analysis,

. Alaska 0CS Socioeconomic

Studies Program, Bureau
of Land Management, 1980.

E. Porter, 1980.

E. Porter, 1980.

E. Porter, 1980
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Special Projects

TABLE C.2, MODERATE SCENARIO ECONOMIC“ASSﬁMPTIONS (cont.)

Dates & Employment

""Railbelt Location

Source

Alpetco Project

Pacific LNG

Project

Industry
. Assumptions

Other Mining

Agriculture

Fisheries/
Food Processing

Description

Development of modi-

.fied Alpetco proposal;
configuration is pri-
marily as a refinery
rather than petro-
chemical operation.

Conétrhction of cur-
rent proposal by
Pacific LNG

No expansion of exist-
ing non-special pro-
ject mining.

Assumes that a rela-

tively low priority is.

given to agriculture
development because

of priorities for
recreation and wilder~
ness or the lack of
markets.

Maintenance of current
levels of employment
‘in existing fishery.
Expansion of bottom-
fishery to replace
one-half of foreign
fishery in the 200
mile limit.

1982-1984 - Construc-
tion employment of
900/year

1985-2000 - operations

employment of 518/yr.

1982-1985 - Construc-

tion peak employment

- of 1,323/year (1984) .
1986-2000 ~ Operations

employment of 100/yr.

.~ Employment constant at
1979 level, 2,350/yr. -

Employment grows to
1,037 by 2000.

Employment in fisheries

increases to 1,228 by
2000. Construction of

hatchery and processing
. facilities employs 75/

year. Approriate ex-
pansion of food pro-
cessing industry.

Loéated‘in Valdez = E. Porter, 1980.

" region

" Located in

Anchorage region'

 Regional allocation

‘constant (677 in
Anchorage and 27
in Fairbanks)

71% located in

- Fairbanks region
and 18% in
Anchorage region

147 of existing
-fisheries and
8% of bottom-
fishery in
Anchorage; .1%
~of existing )
fishery in, Valdez

M. Scott, 1979. M.

E. Porter, 1980.

M. Scott, 1979.

Scott
"Prospects for a Bottom~

fish Industry in Alaska,"

Alaska Review of Social
and Economic Conditions,

11980. .
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TABLE C.2. MODERATE SCENARIO ECONOMIC ASSUMPTIONS (cont.)

Other Manu-
facturing

Federal Govern-
ment

lumber.

. Expansion of existing

manufacturing of
locally consumed goods,

Civilian employment
assumed to grow at
recent historical rate.
Military constant at
current level.

Growth of output at
2% per year.

Civilian employment
grows at .05%/year

817 in Anchorage,
15% in Fairbanks,
.47 in Valdez

567% of civilian
employment in
Anchorage, 15% in
Fairbanks, .37% in
Valdez

Industry

Assumptions Description Dates & Employment Railbelt Location Source
Forestry/Pulp Employment expands to Approximately 117 M. Scott, 1979.
and Paper accommodate 960 mil~ of actilvity in '
Manufacturing lion board feet of Fairbanks region.

Regional distribution based
on existing distribution
of employment.

M. Scott, 1979,
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Special Projects

TABLE C.3.

Description-

Dates & Employment

'LOW SCENARIO ECONOMIC ASSUMPTIONS

‘Railbelt‘Location

~ Source

Trans—-Alaska
Pipeline

Northwest Gasline -

Prudhoe Bay
Petroleum
Production

Upper Cook Inlet
Petroleum Pro-
duction

The construction of
the TAPS was com-
pleted in 1977.
Additional construc-~
tion of four pump
stations is assumed
as well as pipeline
operations,

Construction of natural
gas pipeline from
Prudhoe Bay which in-
cludes construction of
an associated gas
conditioning facility
on the North Slope.

Primary recovery from
Sadlerochit formation,
secondary recovery
using water flooding
of that formation and
development of the
Kuparuk formation.

Employment associated
with declining oil
production is assumed
to be replaced by
employment associated
with rising gas pro-
duction maintaining
current levels of em-
ployment.

1979-1982 -~ Pump

station construction
of 90/year

1977-2000 ~ Operations
employment of 1000/yr.

1981~-1985 -~ Construc-

tion peak employment
of 7,823 (1983)

1986-2000 - Operations

begin employing 400

petroleum and 200 trans-

port workers

of water flooding pro—

A

Operations employ-.

ment allocated:
'1/3 to Valdez
1/3 to Fairbanks

1/2 of construc-
tion and trans-

portation employ-
" ment in Fairbanks

'1982—1984 - Construction

ject peak employment of

2,917 (1983)

1,802/year

1980-2000 -~ Mining em-

ployment of 705/year

1980-2000 - Mining employ—
ment long~run average of

All in Aﬁchorage

region -

E. Porter,

E. Porter, Bering-Norton
Statewide-Regional
Economic and Demographic
Systems, Impact Analysis,
Alaska OCS Socioeconomic
Studies Program, Bureau
of Land Management, 1980.

E. Porter, 1980.

1980.

E. Porter, 1980






Management, 1980). The present scénarios are constructed around the
present lease schedule, although the projected probability of finding
0il in each area is considered. For areas with large reserves; we

assumed more than one sale would be held. Table C.4.1 describes the lease

sales; their assumed lease date, the assumed level of resources developed,

therpfobabiiity of findiﬁg oii or gae, and the ecenariesxin which they.

ji’are included. The loﬁ scenario,aesumes;no OCS deveiopment>in the period
prior to 2000; this is a result of assumed environmental end legal
Vcﬁallenges in the'Beeufort’sea, leck of technoiogy and market conditions
for the major reseurcerareas in Westefh Alaska,:and'only limited resource
finds in the Gulf of Aleska. Ie the moderete scenario,-only the most
profable areas are &eﬁeioped. The high.scenario includes both more
areas and a eecond roupd of sales in some éreas in the mederate scenario.
Althougﬁ five sales are seheduled fof the Southcentrai fegion ofrthe
state, the probability ofAfinding resources in all of them is extremely
low; inyrthe second Lower Cook sale is assumed to be developed invtﬁe

high and moderate scenarios.

Both the moderate and high scenarios also include petroleum develop-
ment in the National Petroleum Reserve in Alaska. 1In the high scenario,
five fields are developed beginning in 1983 and extending through the
period. These fielde contain reser&esrof 2.5 billion barrels of oil
equivalents in oil and gas. Pipelines are constructed to bring the
resources to the Trans—-Alaska Pipeline Service (TAPS) pipeline and to
the Northwest gas pipeline. 1In the.intermediate case, two fields with
approximately half the reserves of the high case are developed. This
development does not occur until near the end of the period in 1998.
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TABLE C.4.1. FUTURE OCS ACTIVITY

Lease Sale Area Reservesl Risk Factorl Scepario
0il Gas (Probability (H = high,
(billion (trilliom of finding : M = moderate!
barrels) cu. ft.) no resources) . L = low) ]
Beaufort Sea , .04
Sale 1 (1979) .75 1.6 M,H
Sale 2 (1983) .75 ’ 1.6 M,H

Northern Gulf i
(1980) _ D 1.3 .95

" Lower Cook (1981) .2 .5 .95 M,H

' Bering—-Norton

(1982) 1.4 2.3 | .60 ' H
St. George +40
Sale 1 (1982) 1.4 5.2

Kodiak (1983) | .2 5.4 .92

North Aleutian )
Shelf (1983) .7 2.7 .29

Navarian Basin ' o .33

Sale 1 (1984) 2.8 9.8
Sale 2 (1989) - 2.8 9.8
Chuckchi Sea .30
Sale 1 (1985) 2.1 5.2
Sale 2 (1994) 2.1 5.2

Hope Basin (1985) .43 1.72 » .35

lAlaska 0CS-0Office, BLM
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In addition to the petroleum development, .some other mining is
assumed to take place. Development of the U.S. Borax mining operation
at Quartz Hill in Southeast Alaska is assumed to occur in the high'
séenario. Iﬁ additipﬁ, development of the ﬁeluga coal resources is
assﬁﬁed in both thé'modéfate and high scenarios. In both scenarios,

coal is assumed to be produced for export.

The special projeéts described above do not exhaust the mining
employment in. the state.. Additional employment occurs in the explora-

tion, development;, éﬁd production of noﬁpet;o1eum minerals, as well as a
major combongnt of headquarters employmentrin Anchorage.r Market forces
and governmental policies are assumed to be such that this component of
mining declines in therlow'case, remains constant in the moderate cése,

-

“and grows in -the high case.

Table C.4 describés the three separate mining scenarios used in
this study. In the low séenario, minihg riées in comnection with deﬁel—
opment at Prudhoe, but falls after 1983. By 2000, mining employment is
almost 275 less than in 1980. Growth occurs in both the moderate and
high scenarios throughott the peribd; By 2000, mining employment is
9,500 greater than in 1980 in the high scenario and 2,900 greater inA

the moderate.

Agriculture—Forestry-Fisheries
This industry is, in reality, three distinct subindustries which

represent Alaska's renewable resource industries. Of the three, the
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TABLE C.4. MINING EMPLOYMENT

{thousands -of employees)

Low " Moderate '~ High
Scenario Scenario Scenario

1580 507 L B 163
1981 el&E P 5. 364
i982 3 7,713 7,784
1783 B A77 8,675
1954 5,061 3,410
1985 5. AR3 & 0%
1986 5y G599
ivar & 7259
1588 &85 7999
L1789 b4 7AT 8,401
1990 G537 7.88%
1991 5,538 10,401
1952 b,84% 11.251
1593 7L E&L 11,511
1994 8,089 12,74%
1995 B 151 i3.243
1596 3, 24 13.808
1557 3,065 T 13,948
1558 8,007 14,259
1959 8,0 14,650
2060 B.0 14,439
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fishing industry is cﬁrrently the largest in terms of bofh‘employment.
and value of product. Agriculture is currently only a ﬁarginal industry
.employing few people statewide (Scott, 1979).' Current state
éffﬁrts to develop égricﬁlﬁﬁre may lead:;o,its increased importance in
" the future. Forestry consists of 6nly a small cémponent; the future Qf
forestry is most épproériateiy diécuséed With the futuré of lumﬁer and
wood products manufacturing. ‘ |

-The future of agrichtural developﬁenﬁ in -the state depeﬁds impor-
- tantly on gbvernméntal policies'énd actions. State and Federalrland
~7§oliéies; infféstfucturerdevéiopﬁeﬁt and ioén>ér§gréﬁs; aﬁd mérkeﬁiug
:programs will deterﬁine the fﬁture of this industry. In the low sce-
nario, it is assumed'thét‘governmeﬁt policies do not favor agriculture.
>-Newilaﬁd is nstropeﬁed ﬁp}'old agficultural aféas éuffér from cémpetition
with other land uses‘(recreation, fesidential) and from ébmpefition for
markets from outside producers. In the low scenario, agriculture dis-—
appears in Alaska. The high scenério assumeé a ﬁajof positivergovefnment
effort in subport of agricultufe with a fifty-fold increase in land in
agricultural production by 2000. 1In the intermediate case, agriculture
is assumed té rise énly élightly from its curreﬁt levels of employmént.
This assumes, as in the low case, that agriculture receives low‘pri-

orities from government.

Fisheries also hold promise for the future. The major determinant
of future increases in fisheries emplojment will be the expansion of
the Alaska bottomfish industry. The creation of the 200 mile limit may

/
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support increased Alaska bottomfish activity. 1In all cases, employment
in ﬁhe existing fisheries is assumed to remain at its current level.
Increases in production are assumed to have no effect on employment
because of limited entry and labor-saving improvements in the fleet.
Employment increases occur in both the high and moderate cases as a
result of the development of an Alaska bottomfish industry. In the high
case, the Alaska fishing industry is aésumed to réplace all of the
existing foreign fishing effort inside the 200 mile limit; while the

moderate case assumes only 50 percent replacement. No bottomfish industry

is assumed to be developed in the low case.

~

Table C.5 illustrates the three agriculture-forestry-fisheries sce-

narios used in this study. In the low case, employment decreases by

about 170 over the period due to. the réducfion'in agricultural employ-

ment. The'high case shows employment rising by almost 4,700 during the
projection period. In the moderate case, employment rises by almost

1,000 between 1980 and 2000.

Federal Government

Federal government employment has always been an important component
of Alaska's economy. In recent years, federal government employment has
been growing very little; increases in civilian employment have been

offset by decreases in military employment. Low rates of growth in

federal government employment are assumed to occur in all three scenarios.

In all scenarios, federal military employment is assumed to remain

constant at existing levels. In the low and moderate cases, federal
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civilian employment is assumed to continue to grow at its historical
rate of about .05 percent per year. 1In the high case, this rate of
growth is assumed to double to one percent per year. Table C.6 illus-

trates the three alternative federal government employment scenarios.

Manufacturing

The manufacturing industry in Alaska has four important components:
seafood processing, lumber-wood products—-pulp, petrochemicals, and manu-
facturing for the local economy. (Assumptions are discussed in terms of

industry product since this is their form of input in the MAP model.)

Production of seafood processing is éxpected to continue to dominate
.the food processing industry in Alaska. >G?owth of this industry is
dependent on the groch of the fisheries catch by Alaskans, -so these
‘scenarios reflect the fisheries scenarios. 1In all scenarios, the output
éf the food processing industry is affected by growth in‘thg catch in
existing Alaska fisheries and growth in the bottomfishery. In the high
case, output in the food processing industry is assumed to expand by
100 percent between 1980 And 2060 due to increases in the catch of the
existing.fishery and by an édditignal 57 percent because of the develop-
ment of a bottomfish industry. In the moderate case, output expands by
149 peréent in existing fisheries and an additional 49 percent because
of the bottomfish development. In the low case, no bottomfish industry
is assumed to develop, so output expands only because of increased catch

in existing fisheries, and a 22 percent increase is assumed.
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FEDERAL GOVERNMENT EMPLOYMENT
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The growth of the lumber—wood-paper—pulp sector of manufactﬁring in
the state is determined primarily by two factors. These are the Foreét
Service allowable annual éut and the Japanese.market conditions. In the
high case, these industries' growth reflect almost a doubling (over its
1970 level) of the annual cut by 2000. 1In the.low and moderate cases,

growth in annual cut is only one-half this amount.

The petrochemical industry in Alaska currently consists of the

developments in Kenai. In the low case, there is no expansion of this

industry. In the moderate case, the petrochemical industry expands with
the constructioﬁ of the Pacific LNG facility as currently planned, the
development of LNG facilities associated in the OCS activity in Western
Alaska; and the developmént of a fuels refinery as the-ALPETCO project.
The high case contains fwo additions tovphese projects. A petrochemical
complex is assumed to be established in Fairbanks, using the state's
royalty gas, to produce ethylene or fuel-grade methanol. The Alpetco
projgct'is assumed to be developed és a major petrochemical facility as

originally proposed.

The final component of the manufacturing industry consisté of those
industries producing for local consumption and other diverse specialized
production. It was assumed that this sector would grow in all scenarios
because of increaseé market size, allowing scale economies which make
local production viable. This sector was assumed to grow at 1 percent
per year in the low case, 2 percent in the moderate, and 5 percent in

the high. . ' -
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Table C.7 shows the three alternative manufacturing scenarios.
.Manufacturing employment increases gontinually through all scenarios.
It increases by 50 percent over.the period in the 1bw case, 83 percent

in the moderate, and 137 percent in fhe_high case, |

~

"Transpbrtation

The exogenous portion of the transportation industry is that which

serves special projects{ In all scenarios, this industrykincludes-the
.operationé employment for TAPS and the Northwést gasliné. VThe other
V»ﬁajorvsource of transportation.eﬁployment is:the-OCSrpétroleum devéiépment.r
This employment is associated with bofh supp}yrships and helicopters used
in the 0oCcs development.' The'difference in transportation employment
reflects the difféfence in the OCS lease sale areas assumed to be de&eloped.

Table C.8 illustrates the three transportation employment scenarios.

Construction

The final exogenous industry for which scenafios are required is
that.portion of the construction industry‘where the level is determinéd
outside the economy. This sector includes construction employment
associated with the special projects describedkabove. This sector does
not iﬁclude capital improvement projects of any level of government or
construction activity which supports the local economy; the reméinder of
construction activity is determined endogenously in the MAP model. bIn
all scenarios, the major development of speciél projects occurs in the
early part of the projection period. The most important project during

this period is the construction of the Northwest gasline which is assumed
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TABLE C.7. MANUFACTURING EMPLOYMENT

(thousands of eﬁployées)

Low Moderate High
Scenario Scenario " Scenario

1980 L2518 13,2488 13.348 ;
1981 12,958 14,0481 14,274 :
1982 13,344 14,741 15,174 ;
1953 13,664 1% . 355 15985
584 14,000 1%L w2a Lds 7%
19ES i 14430 ié 7. G4l
19846 14 i 18,317
1987 5 i8 21.4869

) 154 15 141 -
1989 18 738
1950 1% 410
1991 T1g.Tal 341
1992 RO R07 , 350
1593 20,643 A41
1994 16.858 - 21.354 D&, 582
1995 17.154 gro 27,555

_ 1995 17.454 328 ; 28,601
1957 17.771 ya=1 29,370
1998 18,097 281 30,139
199% 18.434 v 31,188
2000 L8780 TR 31.57%
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TABLE C.8. EXOGENOUS TRANSPORTATION EMPLOYMENT

(thousands of employees)
.- Low ‘Moderate High
fLlRBO : LeBGo 1500 LeIg0
1981 L300 L2300 ' L+ 500
L1982 LS00 L8925 1,325
L7983 L G500 1 i
19 L3360 Le 1
’ L L.30Q i i
i 1.700 pegiy 2
L¥B7 14700 2318 2
1988 1700 2, 310! 2
L98¥ o700 . L34
; 1990 S 1708 2331
1771 $e 740 2,259
LFP2 L.700 2,549
L1973 Lo 700 2,821
1994 L.790 26068
LS L7040 2.705

] . .

LFYS L« 700 2.874
LRET L.7069 27148
1798 L7600 2642
1999 700 2594
-
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Y

to begin in 1981, Thie is the only special activity assumed in the low
case. The high and moderate-cases reflect completion of_other projectsf
Both cases assume Pacific LNG and Alpetco projects will begin in 1982,
although a more massive—-scale Alpetco development is assumed in the high
case. Constructien empioyment is also required in the development of
the 0CS fields, NPRA, and Beluga. Additional sources of construction
employment in the high case are the construction of a new capital at

Willow and a petrochemical complex in Fairbanks.

Table C.9 illustrates the three exogenous construction'scenarios.
~In all cases, employment peaks in the early 1980s. This peak 1s pri—
marily a result of the construction of the Northwest gasline which is a
major oﬁe—time project.’ The Bunching of other large prejeets, as well
as the beginning‘of 0CS development at this time, also leads to this

early peaking.

‘THE STATE GOVERNMENT SCENARIOS

Past studies of the Aleska economy have indicated the key role
state government plays in tHe Alaska economy. State fiscal policy has
been a major determinant of state economic growth. State expenditures
detefmine not only direct government employment, but also through expen—
ditures on goods and services and capital improvements, they will affect
all endogenous sectors of the economy. The state government scenarios
described in this section attempt to define the most likely range of

state government activity.
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TABLE\C.9.- EXOGENOUS CONSTRUCTION EMPLOYMENT

(thousands of employees)

.- Low -Moderate High
Scenario Scenario Scenario
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195 0.000 - 2.74%
1990 0.000 : 3.884
1951 D.000 5. 293
16 GL. 000 &.701
i L 0L000 6,279
1994 G000 4,158
L99E 0,000 3,193
1996 Q000 3.434
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Two factors affect our ability to project the future course of
state expenditures. First,rsinee'ehe beginning of production at Predhoe
Bay, state revenues have overtaken expenditures; revenues frdm this pro-
duction will continue to inerease in the projection period. Secondly,
the establishment of the Permanent Fund and recent tax reduction and
wealth~sharing progrems piace constraints on the use of certain petro-
leunm revenues.. Theee recent changes in the structure of etate spending
constraints limit the usefulness of past fiscal policy for determining
projected future policy. ’ |

For this study, we will assume three separate.directions for state
fiscal policy, each of which will be defined by the growth of realAper
capita expenditures. Real per capita expenditures measure the effect 7
of increases in prices and population:oe state expenditures. Between
1970 and 1972, real per capita expenditures grew at almost 24 percent
per year; this was primarily a response to the lease sale bonus of
$900 million from Prudhoe Bay‘in 1969. After 1972, the rate of growth

dropped to .5 percent per year.-

We will describe the growth of real per capita state expenditures
in terms of its relation to real 5er capita incomes. The relationship
between income and state expenditures will be described in terms of the -
income elasticity of state govermment expenditures; this elasticity equals
the assumed proportibnate increase in real per capita expenditures which

would result from a one percent increase in real per capita income. The

historical pattern of state expenditure growth shows real per capita

Cc-34



expenditures as an increasing proportion of real per capita income
through most of the period.. The proportion increased through 1971 with
a rapid expansion betweén 1969 and 1971 as a result of the Prudhoe lease
sale bonus. Between 1971 and 1977, the rétio of real per capita expen-
ditures to real per capita income remained cdnst;nt (Goldsmith, 1977).
The statef; pfesent revenue situatid%.hakgs it hard to forecast how ;his

ratio will'change in the future.

Our three scenarios assume that real pér capita expendituresﬂconsume
a growing, constant, and declining portion of‘realrper capita income.
The loﬁ case assumes that the 1evél of real per capita étate éxpenditures
stays constant through the projection period énd real per capita state

expenditures decline over the projection period as a proportion of real

'per capita income. The moderate case assumes the real per capita state . ...

expenditures proportion of personal income stays constant with real per
capita state expenditures increasing at the rate of real per capita
income. Finally, in the high scenario, real per capita expenditures

increase at one and one-half the rate of real per capita income and

increase as a portion of real per capita income.
In combination, these three state expenditure scenarios and the

three economic scenarios produce nine growth scenarios for the period

between 1980 and 2000.
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POST-2000

For the‘periodrbetween 2000 and 2010, a judgmental approach to
projecting the level of economic activity was used. The approach used
" for the post-2000 period was to assume a rate of growth which described
the possible continuation of the high, moderate, and low scenarios...In
each case, a similar rate of growth was assumed for all three scenarios
for the major variables-—employment, popuiatiqn, and households. .This
implicitly assumes changes in household formation and labor force par-
ticipation assumed between 1980 and 2000 do ﬁot co;tinue after 2000.
The assumed growth rates describe. three possible post-2000 growth paths
which are based on examination of growth in other similar areés as well
as the historical growth of the Alaska economy. The high case assumes
a continued expansion of the Alaska economy as a result of increasing
resource development, although a reduced role of state government. The
major economic variables are assumed to grow at 3.3 percent per year,
which is approximately the rate in the high economic~moderate gdvernment
scenario in the last part of the period. The moderate scenario assumes
slightly slower gfowth at 2 percent per year, which is slightly less
than in the modérate economic-low government scenarioc. This growth is
assumed to result from more’moderate resource development and reduced -

government activity. The low scenario provides only minimal growth at

one percent per year, which reflects a self—generatéd growth 'from govern-—

ment expenditures.
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.Projections:of State Growth 1980-2000

This section presents the statewide projectione of future economic
and demographic activity. These projections are the basis for the
‘energy end-use projections. The projections presented in this section
‘are projectidns of the MAP model and the economic and government scenarios
described above. The combination of three economic and three government

scenarios produced the nine alternative projections presented here.

Table C.10 descriees the projected growth of total employment in
each scenario. iAs.wouldvbe expected, the combination of high economic
‘and high government scenarios (HH) produces the greatest growth, and the
low economic—~low govermment scenario (LL) produces the lowest. In
scenario HH, total emplo&ment_grows»by over 300,000>between 1980 and
2000, an average annual rate of groﬁth of 4.5 percent per year. Total
employmentAgrows by only 78,000 in the scemario LL, which is an averege
annual rate of41.6 percent per year; In all the scenarios, the bunching
of major construction projects in the early 1980s results invthe most

rapid growth occurring in this period.

The effects of the alternative economic scenarios can be seen by
comparing three economic scenarios with the same government expenditure
assumption. We will examine those scenarios with a moderate level of
éovernment expenditure. Iotal employment grows at an annual average
rate of 2.3 percent pef year in the low growth case, a growth in employ-

ment of 122,150. In the moderate case, total employment grows by 161,420
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between 1980 and 2000, which is 32 percent greater than in the low case
and an average annual growth of 2.9 percent per year. Total employment
in the high scenario grows by 244,550, which is an annual average rate

of 3.9 percent per year.

The effecﬁs of the altefnétive'éovernﬁent expenditure scénérios on

: economidvgrowth can berexaﬁined by comparing three alternative projec-~
tions with the saﬁe economic scenario.‘rExamining the projections with
the moderate eéonomic scenario and 1ow,rmoderate, and high expenditure
_scenarios shows that the effect of varying state expenditure*scenarioé

is similar to aifering the economic scénarios. rUnder the'moderate
economiqrgrpwth scenario, total employment increases at an annual average
rate of 2.1:percent per.yéar” TOt;l employment increases at an annual

- average rafe of 2.9 ﬁercent per year in the moderafe expendifﬁré‘case.
This is 38 percent faster tham in the low case; when the government ex-

: ‘peﬁditure assumptionsrare held constant at fhe moderate level, the growth
rate in the mdderate économic scenario is 26 percent greater than inm the
low. The averageiénnual rate of grqwth in the,high goverﬁment scenario
is 3.4 percent.per year, which is 17 percent faster than in the moderate
scenérié- This compares with the 34 percent difference in growth rates

between the moderate and high economic scenarios.

Examining the effects of altering the government expenditure scenarios
shows that in all cases state government expenditure is expected to play

an important role in projected future growth. ' State government employ-—

ment assumes a different role under each scenario, which reflects the
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alternate assumption about state govermment expenditures as a proportion

of personal income. State government employment as a proportion ofutotal
employment falls in the low scenario, increases slightly in the moderate

scenario, and increases in the high scenario. In>1980, state government

employment is 21 percent of the total. By 2000, this proportion has

fallen to 19 percent in the low scenario, risen to 23 percent in the

moderate  scenario, and risen to 26 percent in the high scenario. - B

The importance of state government spending to the projectioms of

total state activity makes it necessary to examine the consistency of

these projections. It is necessary to ask whether the state can make

this level of expenditures without running out of money or requiring

large increases in taxes. One consistency check is to examine the state's’
fund balance in 2000. The fund balance is where the state accumulates “g

excess revenues; it includes both the Permanent and General Funds. The

most important source of revenue for the state during the projection
period will be petroleum revenues. The revenue projections used in this

study are based on the most recent projections of the Alaska Department

of Revenue (Alaska Department of Revenue, Petroleum Production Revenue

Forecast: Quarterly Report, March 1980). Based on this assumed growth

* in revenues, the fund balance is positive and large in all scenarios in
2000. Only in the high economic-high government expenditure scenario

has the fund blanace peaked. -This scenario has the lowest level of fund

balance in 2000, $48.9 billion (in current dollars). Given the petroleum ]
revenue assumptions, all three of the assumed government expenditure

scenarios are possible.
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Table-C.ll describes the growth of the population in each scenario.
In the high economic—high-government scenario, population more than
doubles over the period, growing by 487,000. In the low economic-low
- government scenario, population is prdjected to increase by only 36 per-
cent., In all scenarios, population growth follows the pattern of employ-

ment growth.

Examining the moderate government expenditure scenarios illustrates
the effect of the different economic scenarios on population growth. In
the low economic scenario (IM), population grows at an average annual
rate of 2.1 percent per year, reaching 635,578 by 2000. 1In the moderate
economic scenario, population grows slightly faster (a rate of 2.6 per-
' cent‘per year); by 2000, population in this caée is 10 percent greater
th;ﬁ in the low case. Population‘in the high case reflects the rapid
gconomic growth assumed in this case. 'Pdpulation grows by 97 percent;

by 2000, population is 19 percent greater than in the moderate case.

The effects of the alternate government expenditure scenarios pro-
vide as great a variance as the economic scenarios. By 2000, populafion
in the moderate economic-moderate government scenario is 12 percent -
greater than in the moderate economic—low government scenario. The
moderate economic-high government scenario projects.population in 2000
which is 8 percent greater than in the moderate government scenario.

- Population growth rates between 1980 and 2000 vary from an annual average
of 2.0 percent per year in scenario ML to 2.6 percent per year in MM and

2.9 percent per year in scenario MH.
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In all scenarios, population grows at rates slightly lower than
employment. This reflects, in part, the increased labor force participa-
tion of both Alaska Natiﬁes and women and the changing age structure of the
population. Total employment as a proportion of population is 49 percent
in 1980. By 2000, this proportion is 56 percent in scenario HH, 54 percent
in scenario MM, and 50 percent in scenario LL. The difference between
scenarios results from the importance of migration.in each scenario.
Migration brings in fewer dependents per employee than in the existing
population. Migration is more important as a source of population
growth in the moderate and high scenarios. This is responsible for the
greater increase in employment as a proportion of population in these

scenarios.

Table C.12 shows the growth of households in each scenario. House-
hold growth reflects two factors, the growth of the population and the
changing structure of households reflected in an increased probability
thé; certain sectors of the population will form households. All sce-
narios follow the same pattern of increasing proportion of households in
the population. The pattern of this change can be seen by examining>the
low economic-low government (LL), moderate economic-moderate government
(MM), and high economic-high government (HH) scenarios. In scenario LL,
the number of households reaches 210,790 by 2000; this is a 58 percent
increase during the pfojection period. The number of houséholds by 2000
is 24 percent greater in scenario MM than in LL; the number of house-
holds has increased by 96 percent over the projection period in MM. 1In

scenario HH, the number of households is 32 percent greater than in MM;
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.the number of households increased by 158 percent over the projection

period.

In all three scenarios, over 80 percent of the expansion of house-
holds results from the increase in the population. In scenario LL,
82 percent of the household expansion results from population growth,
85 percent in scenario MM, and 84 percent in scenario HH. AThese dif-
ferences reflect the different household age structures which result
from rapid growth. The average number of people per household drops
from 3.2 in 1980 to 2.7 in LL, 2.7 in MM, and 2.6 in HH. This approxi-
mate 20 percent drop in the average people per household is consistent
with the projected decline in the national level of number of persons

per household (Bureau of the Census, 1979).
REGIONAL PROJECTIONS

Anchorage Region

This section describes the projectionAof employment, population,
and households for the Anchorage region. These projections are for the
period 1980 to 2010; growth beyond 2000 is assumed to follow the state
patterns for each of the major variables. The Anchorage region includes
the Anchorage, Matanuska-Susitna, Kenai, and Seward Census Divisions.
Three state‘scenarios were chosen for the regional economic and end-use
projections. These scenarios are the high economic-moderate government,
moderate economic-moderate government, and low economic-moderate govern-
ment scenarios; these scenarios were chosen since they reflect the most

likely range of future growth. Table C.13 shows the growth in Anchorage.
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The Anchorage rggion is of central importance to the Alaska economy.
Because it contains Anchorage-——the state's administrative, distribution, '
and finance center—--much of the growth in the 'state will be reflected
in this region. 1In the past, many of the events which have influenced
state growth have occurred in the region. Projected future growth will
continue to follow these patterns; however, the projected-future contains

relatively more activity occurring out of this region than in the past.

The low scenario reflects limited growth in the state and Anchorage
region. Anchorage is assumed to grow at an annual average rate of
1.8 percent per year over the projection period (2.2 percent per year
between 1980 and 2000). This is approximately the rate of growth in the
state economy and reflects the fact that the growth of basic sector
activity whiéh is assumed promotes the existing distribution of activity.
-Population growth follows the pattern of employment. Population grows
slightly less rapidly than employment; population grows at an annual
average rate of 1.7 percent per year between 1980 and 2010 (2.1 percent
per year between 1980 and 2000). Finally, household growth is determined
by the growth in fopulation and the changing pattern of househqld com—
position assumed at the state level. The number of households in the
Anchorage region is projected to increase by 106 percent over the pro-
jection period; as aﬁ the state level, over 83 percent of this growth

results from population growth.

The moderate scenario illustrates the effect of the increased basic

sector activity outside of the Anchorage region; Anchorage growth, as
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TABLE C.14, TFAIRBANKS ECONOMIC GROWTH, 1980-2000

' 1
Low Scenario _ Moderate Scenario2 High Scenario3

Employment Population Households4 Employment Population HOuseholds4 Employment Population Households4

19805 29,641 59,268 - 17,114 29,641 59,268 17,114 29,641 59,268 17,114
1985 36,508 70,276 ' 21,152 . 38,813 73,072 22,118 43,223 78,354 24,121
1990 37,270 74,187 23,530 40,485 78,911 25,330 47,638 88,555 28,711
1995 41,729 81,966 27,433 46,840 89,398 30,414 57,492 104,871 36,287
2000 48,326 92,159 32,712 53,068 100,111 35,843 65,852 118,836 43,716
2005 50,791 96,861 34,381 58,591 110,531 39,574 77,459 139,782 51,422
2010 53,382 101,802 36,134 64,690 122,035 43,692 91,111 164,419 60,836

lGrowth beyond 2000 at 1 percent per year.
2Growth beyond 2000 at 2 percent per year.
3Growth beyond 2000 at 3.3 percent per year.

4Households exclude 3,062 on-base households not included in energy projections. Energy projections
assume only 91 percent of households are served by electricity in 1980 (based on 1978 end-use inventory).
This rate grows to 95 percent by 2010.

51980 has been adjusted to be consistent among scenarios.






Fairbanks region. Employment grows at an average annual rate of 2.6 per-
cent per year between 1980 and 2010 (3.0 percent between 1980 and 2000).
Populatibn in 2010 is 20 percent greater than in the low scenario;

grpwth during the projection period is faster, averaging 2.4 percent per
year (2.7 percent between 1980 and 2000). The number of households in
the Fairbanké region increases by 132 percent in the moderate scenario;

88 percent of this change is a result of population growth.

The high scenario has major developments--petrochemicals and agri-
culture-—occurring in the region. Because of this, growth (particularly
in the 1980-2000 period) is faster than for the state. Employment in
this scenario grows at an annual rate of 3.8 percent (4.1 percent for
the l980—2000>period). Population follows the typical pattern, growing
slightly less rapidly than emﬁloyment. The growth rate of population
averages 3.5 percent per year between 1980 and 2010 (3.5 percent between
1980 and 2000). Households follow the same pattern; the number of house-
holds more than doubles, with the majority of the growth resulting from

population growth.

Valdez Region

The Valdez Regiop consists of the Valdez-Chitina-Whittier Census
Division. This region has experienced major growth recently as a result
of the construction of the trans-Alaska pipeline and tanker port in Valdez.
Future growth of this region may result from expansion of industrial
activity due to the location of the pipeline terminus. Table C.15

shows the projected growth in Valdez.
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TABLE C.15. VALDEZ ECONOMIC GROWTH, 1980-2000

1 .
Low Scenario Moderate Scenario2 High Scenario3

Employment Population Households4 Employment Population Households4 Employment Population Households4

19805 2,146 5,821 1,878 2,146 5,821 1,878 2,146 5,821 1,878
1985 2,967 6,739 2,255 3,782 8,063 2,698 _ 7,464 9,660 3,182
1990 3,328 7,163 . 2,491 | 4,241 8,768 3,059 7,323 11,080 3,830
1995 3,532 7,914 2,853 4,713 10,003 3,628 7,358 12,467 4,522
2000 4,033 8,898 3,354 -5,237 11,201 4,197 7,717 13,296 5,060
2005 4,239 9,352 3,525 5,782 12,367 4,634 9,077 15,640 5,952
2010 4,455 9,829 3,705 6,384 13,654 5,116 10,677 18,396 7,001
1

Growth beyond 2000 at 1 percent per year.

N

Growth beyond 2000 at 2 percent per year.
3Growth beyond 2000 at 3.3 percent per year.

4Energy projections assume only 71 percent of households are served by electricity in 1980 (based on
1978 end-use inventory). This rate is assumed to grow to 75 percent by 2010.
51980 has been adjusted to be consistent among scenarios.

6Because of the rapld growth assumed in the Valdez economy in this scenario (between 1980 and 1985,
employment more than triples), we assume that not all of the new employees bring families but that they live
in an enclave-type area and commute to a shift-work situation from other regions. We assume that in 1985,
this amounts to close to 40 percent of total employment, but this drops to 20 percent by the end of the period.



















































TABLE D.7. HISTORICAL RAILBELT HOUSING STOCK
DISTRIBUTION BY TYPE

Single Multi- Mobile
Family Duplex Family Home Other Total

GREATER ANCHORAGE AREA

Anchorage Census Division

a

19507 3,325 964 1,128 202 0 5,619
1960, 13,435 1,427 7,625 1,485 0 23,972
19703 15,572 3,813 13,368 4,864 0 37,617
1978% (off base) 28,530 4,581 18,196 6,589 - 57,896

Anéhorage Bowl
1975: (off base) 23,227 5,324 14,754 6,246 0 49,551
1975° (on base) 34 0 4,122 0 0 4,156
1975% (total) 23,261 5,324 18,876 6,246 0 53,707
1979% 26,300 - 24,203 - 6,960 0 57,463

Eagle River 1979% - - - - 0 3,524

Girdwood 19782 - - - - - 198

Kenai-Cook Inlet

Census Division
19602 2,117 19 182 186 0 2,504
1970 2,627 108 594 1,321 0 4,650

Seldovia 1970" 102 - 29 - 22 0 153

19767 153 - 20 - 41 15 229

Soldotna 1970" 159 - 95 - 143 0 397

19767 311 - 110 - 180 0 601
Homer 1970# 310 - 39 - 18 0 367
19767 251 - 31 - 134 16 432
Kenai 19707 574 - 371 - 231 o 1,176
19767 684 - 350 - 274 0 1,308
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Table D.7. (continued)
Single Multi-  Mobile
Family  Duplex Family Home Other Total
- GLENNALLEN-VALDEZ AREA
Valdez-Chitina-Whittier
Census Division
1960° . 803 31 392 15 0 1,241
1970 881 34 278 212 0 1,405
Valdez 1970 105 - 95 - 98 0 298
1978S 222 143 135 518 12 1,030
1978 314 - 171 - 521 16 1,022
Glennallen 1970h 58 - 25 - 26 0 109
SOURCES: (a) U.S. Department of Commerce Census of Housing 1950: Alaska,
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) Estimated by author by netting out 1978 housing units
authorized for Anchorage Municipality from 1979 total
and adding Eagle River and Girdwood (latter assumed
all single—-family units).
(e) Anchorage Urban Observatory, University of Alaska, 1975
Housing Survey, Appendix I, p. 2.
(£ Mﬁnicipality of Anchorage, Planning Department.
(g) Municipality of Anchorage, Planning Department. These are
full-time residences only. Total residences were calculated
at 729.
(h) State of Alaska Department of Community and Regional Affairs,
Division of Community Planning, Selected 1970 Census Data
for Alaska Communities, 1974.
(j) Kenai Peninsula Borough, Profile of 5 Kenai Peninsula Towns,

1977, Table 130. These are year-round dwelling units (vacant
and occupied units designed for year-round living). This
includes housing within the city limits of these towns only
and estimates 250 units outside Homer.
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These census division estimates can be aggregated to arrive at an
overall first housing unit estimate for the Greater Anchorage Area of
71,873, shown in Table D.9. This is somewhat lower than the estimate
derived by counting the number of electric utility accounts but is more
reasonable as a basis for calculating electricity consumption on- an end .
use basis. (For example, there are some residences in Anchorage with

two electric meters, each of which were counted as a customer during

1978.)8

For thé Greater Fairbanks area, the Fairbanks North Star Borough
housing surveys closely correspond to the utility hookup data; however,
researchers admit that deficiencies exist in at least some of the surveys,
which could lead to an overcount.9 These house counts, however, would
not include utility customers located outside the Borough in the South-
east Fairbanks and Yukon-Koyukuk Census Divisions. We assume that these
effects, as well as the presence of some vacant, non-market housing in
the North Star Borough and second homes outside the Borough, cancel one
another out so that the utilify hookup figure becomes our housing stock

estimate for the Greéter Fairbanks Area.

In the Valdez—Chitina-Whittier Census Division, the vacancy rate
was 33 percent in 1970, uﬁ from 25 percent in 1960. A large portion of
this increase could be the decline in population of Whittier. Without
additional information on the housing stock in the utility service area
in the census division, we must use the electric utility residential

hookup estimate of about 1,500.
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is used for the 1978 estimate. TFor mobile homes, this was not the case
as the proportion in the whole census division in 1970 was 28 percent,
while it was only 20 percent in the larger communities. In these larger
communities, it grew to 24 percent by 1976, so we assume the same t?pe
of growth for the census division as a whole but that some of the rela-
tive growth in the utilization of mobile homes is in areas inaccessible
to the railbelt utilities. Thirty percent becomes our estimate. The
most recent estimate of the distribution between duplex and multifamily
units is the 1970 census. From the total data, a pattern toward single-
family living is evident, so we assume that a majority of the growth

since 1970 is in duplexes and that multifamily units are 600.

For Seward, we assume the same distribution for the utility service
area as indicated in the 1976 survey and that multifamily and duplex

units are equal in number.

For Fairbanks single-family units, we utili;e information collected
in the 1978 survey for the Borough and assume the same distributions for
housing units outside the Borough. TFor trailers, we assume a downward
trend in the percentage since 1976 and assume that the "other" category
from the 1978 survey is not relevant for our purposes. Thus, the 13 per-
cent figure from the Borough count is taken. We further assume 21 percent
of duplex and multifamily units are duplexes, which is an average of the

various surveys.
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For Glennallen-Valdez? the data indicates a much higher proportion
of mobile homes in Valdez than in Glennallen. We use the 1978 Valdez
City Census for Valdez and apply the 1970 Gleﬁngllen distribution to the
remainder of the serfice area. The results of this analysis are shown

in Table D.10.
D.2. RESIDENTIAL ELECTRIC SPACE HEATING

Data on the proportion of housing units heating with electricity
and average consumption levels for various housing types in different
locations is fragmentary. None of the electric utilities compile this

information at present; and although some had special all-electric rates

- in the past, utility records of those customers have not been retained.

The space heating distribution is currently relatively stable
except in the outlying areas of the Greater Anchorage Area and in Fair-
banks. In the former, use‘of electricity fpr space heating is growing
relative to the primary altermative (fuel oil) becausg of the rising
price of fuel oil and the relatively stable price of natural gasfgenerateé
electricity. In Fairbanks, there is a shift away'from electric space
heat toward fuel oil as the price of o0il increases since iﬁcremental
electricity is produced by fuel oil. These shifts make it more difficul

to estimate the actual space heating mode split in these areas.

Census data on fuels used for space heating presented in Table D.1l

encompass the whole railbelt but are not current because of the rapid

D-20



TABLE D.10. 1978 FIRST HOME HOUSING STOCK
DISTRIBUTION BY HOUSING TYPE

Single Multi- Mobile
Family Duplex Family "Home Total
 GREATER ANCHORAGE AREA 37,357 15,930 19,254 9,332 71,873
" Anchorage N 28,530 4,581 18,196 6,589 57,896
' Kenai-Cook Inlet 3,660 484 600 2,033 6,777
Matanuska-Susitna 4,463 - 717 310 610 6,100
Seward 704 148 7 148 100 1,100
&
ﬁ,: : i .
£ GREATER FAIRBANKS AREA
b ) ,
E " Fairbanks/Southeast : ' '
5 Fairbanks 9,100 1,285 4,840 2,275 17,500
g GLENNALLEN-VALDEZ AREA
= Valdez—Chitina-— . .
Whittier 472 197 189 642 - 1,500
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Table D.1l.»(continued)

Census Division

GREATER FATRBANKS AREA

Fairbanks and
Southeast Fairbanks

1950

1960
1970

GLENNALLEN-VALDEZ AREA

Valdez-~Chitina-Whittier

1960
1970

0il

Utility Gas Electric Coal
0 30 0 54
0 47 0 49
3 61 7 20
0 57 0 0
0 72 0 0

Wood

N W

17

21

Propane '

0
7

Other

N O O



growth in the housing stock since 1970. Fuel oil is the predominant
fuel except in those areas of Anchorage and the Kenai-Cook Inlet Census
Division where natural gas is now available. Coal was hiétorically very
important in Fairbanks, but it was surpassed by fuel oil in the 1960s.
The census data does indicate a significant proportion 6f tﬁe océuﬁied
housing stock utilizing coal; wood, propéne, and other fuels, evén in

1970,

Information on four elecfric utilities is available from a Federal
Pover Commission (now Federal Energy Regulatory Commission) report.
This information is shown in Table D.12. Utility personnel are unable
to determine the source of this information but feel it is reasomable.
This data shows thaf'all electric customer growth in Anchorége in the
early 1970s was more rapid thaﬁ total customer growth. No such trend is
apparent for Fairbanks. |

Additional published data on the residential space heating:mode
split in the railbelt is éhown'in Table D.13. This data tends to. con-—
firm information gathered informally in conversations with utility aﬁd
real esfate personnel as well as analyses of utility monthly load curves.
[Matanuska Electric Association (MEA) and Homer Electric Association
(HEA) analyzed monthly:bills in an attempt to identify the number and
average consumption levels for their electric space heafing customers.
The HEA analysis requires‘further work, TﬁelMEA analysis yielded an
estimate of 2,685lspacé heating customers in 1978 and 18,172 kWh annual

consumption for space heating per customer in 1979.]

D-24







TABLE D.13. RAILBELT RESIDENTIAL SPACE HEAT
MODE SPLIT INFORMATION

(percent)
gas oil electric wood other—unknown
Seward 1977° - 96 - 1 3
Kenai-Cook Inlet 1977
Seldovia® - 88.2 3.9 3.9 4
Soldotnaa
City 70.4 25 2.8 .9 .9
Total 57.7 35.8 - L. b 1.5 .7
Kenai 76.2 13.2 9.3 7 .7
Total of v _
Three Cities 66 25 7 1 1
Anchorage 1975
AnchorageABowlb
house 68 17 11.5 .5 : 3
house new
since 1970 77.5. < 6 - 16 : 0 0
trailer ~ 48.5 36.5 7.5 1 ' 6.5
trailer new
since 1970 33.5 55.5 0 11 - 0
apartment 52 8.5 31 0 8.5

Fairbanks 1979° 0 70 12 7

SOURCES: (a) Kenai Peninsula Borough, Profile of 5 Kenai Peninsula
Towns, 1977, Table 72.

(b) Anchorage Urban Observatory, Anchorage Housing Survey,
1975, unpublished data.

(c) Fairbanks North Star Borough, Community Information
Center, Community Information Quarterly, Spring 1980,
Vol. III., No. 1, p. 81.
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Additional information for drawing inferences about the number of

-

electric space heating customers and their annual average consumption
rates can be obtained from several sources. These include the following:
. natural gas consumption data,

2. "typical"” home space heating analysié; and

3. average annual and monthly residential consumption per -
customer information of electric utilities.

. In addition, information on housing unit sizes, in terms of average
square feet, and the relative sizes and heating efficiencies of different-

é;' sized units can be helpful.

Using data obtained from Alaska Gas and Service Company, an analysis
‘of natural gas consumption for space heating was done. This analysis
indicates that for residential gas utility customers (assumed to be
single-family, mobile home, and duplex units and all space heated with
" gas) average annual consumption for space heating (that portion of the
load which varies over the course of the year with heéting degree days)
is about 84 percent of total consumption or 187 mcf/customer/year for
the 1970s and 175 mcf/customer for 1978. Details of this analysis are

shown in Table D.l4.

The analysis further reveals no trend in éonsumption per customer
in the 19705, which might be the result of either larger homes or'better
insulation. ' Personnel aﬁ Alaska Gas and Service Company using national
data estimate the space heat load at 75 percent of the total. Recog-

nizing the imprecision of both the regression model and the national
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TABLE D.1l4.
DETERMINATION OF AVERAGE NATURAL GAS CONSUMPTION
IN THE RESIDENTIAL SECTOR

A. Alaska Gas and Service Company Residential Consumption Data

Heating
Consumption Customers o Average Consumption Degree Days
{(mcf) (mcf) (annual)
Eagle Soldotna/
River Kenai Anchorage Total
1970 2,615,042 12,097 - - - 216.2 10,137
1971 3,406,227 15,233 - - - 223.8 11,879
- 1972 3,817,869 16,231 - - - 235.2 12,016
1973 4,162,662 17,983 - - - 231.5 ° 11,665
1974 4,312,701 20,135 - - - 214.2 10,683
1975 5,402,111 22,779 257 237 - 236 . 237.2 11,308
1976 5,765,871 25,659 . 225 225 225 . 224.7 .10,361 -
1977 5,848,812 27,901 262 243 206 - 209.6 9,394
1978 6,367,015 30,629 199 196 - 209 207.9 - 9,131
1979 6,730,022 33,229 - - - - 202.5 -
Average 1970-1978 - o 222.3 10,730
Normalized by Heating Degree Days ' - ' 226 - 10,911

SOURCE: Annual financial report to APUC and internal company records.
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TABLE D.1l4. (continued)
DETERMINATION OF AVERAGE NATURAL GAS CONSUMPTION
IN THE RESIDENTIAIL SECTOR

Monthly Natural Gas Sales Data

Sales/Customer (mcf) Heating Degree Days (Anchorage)

ath Year Residential Commercial Industfial Current Lagged 1 Month
1974 26 100 NA ' 1,425 : 1,263
1975 37 140 872 1,643 1,425
1975 8 } 31 345 ’ 192 . 354
1975 7 29 360 252 ’ 192
1975 30 109 640 - 1,654 . 1,517
1976 36 136 889 1,485 1,654
1976 7 29 307 184 332
1976 7 25 310 262 184
1976 25 92 706 1,294 1,028
1977 40 - 142 . 606 1,017 1,294
1977 7. 26 306 75 208
1977 6 26 337 ' 144 75
D 1977 32 117 836 1,659 T 1,486
Jan 1978 31 118 813 1,349 1,659
July 1978 9 31 290 186 308
Aug 1978 7 23 281 160 : 186
Dec . 1978 25 90 708 1,344 1,153
Jan 1979 28 . 101 788 1,321 1,344
July 1979 7 24 © 285 NA 265

Aug 1979 6 19 179 - NA

SOURCE: Alaska Gas and Service Compény records.
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data, we average the estimates to obtain 80 percent as the space heat

load of residential natural gas sales.

Table D.15 shows the total number of residential natural gas space

heat customers, including both gas utilities in the Greater Anchorage
Area. Average annual consumption in the residential sector of the Kenai

system was 90 percent of the Anchorage systeﬁ in 1978.

TABLE D.15. 1978 RESIDENTIAL NATURAL GAS CUSTOMERS

Anchorage 27,664
Kenai 910
Soldotna/North Kenai 1,103 .
Eagle River 1,856
Total ' 31,533

SOURCE: Alaska Public Utilities Commission records.

The University of Alaska Fairbanks, Cooperative Extension Service,
has developed a model which is capable of aﬁalyzing the fuel requirements
necessary to héat a typical house with design specifications choSen and
input by the model user. This model has calculated the annual fuel

requirements shown on Table D.16.
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: TABLE D.16.
"TYPICAL" HOUSE SPACE HEATING FUEL REQUIREMENTS

Anchorage Fairbanks
Single Family House
1. 2300 square feet (2 floors
with daylight basement)
natural gas (mcf) | 200 . -
electricity (kWh) © 40,917 52,392
fuel oil (gallons) 1,492 ‘ - 1,910
2. 768 square feet (closed
" crawl space) ‘
electricity (kWh) - 29,042
fuel oil (gallons) A ‘ . - ' 1,059
3. 768 square feet (heated
crawl space)
electricity (kWh) - 26,620
fuel oil (gallons) ' - 970
" Mobile Home
1. 768 square feet (closed
: crawl space) ’
eiectricity (kWh) - 34,873
fuel oil (gallons) ' - : 1,272
2. 768 square feet (heated
crawl space)
electricity (kWh) - ‘ 32,761
fuel oil (gallomns) - 1,194

SOURCE: Axel Carlson, Extension Engineer, Cooperative Extension Service
University of Alaska, Fairbanks, as reported in Fairbanks North
Star Borough, Community Information Center, Special Report #2,
1978, and Special Report #4, 1976.
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Recent trends in average annual residential consumption per customer
are depicted in Figure D.l. The rapid growth for Golden Valley Electric
Association (GVEA), Matanuska Electric Association (MEA), and Homer

Electric Association (HEA) is primarily due to space heating load.

Tablé D;17 shows electric utility monthly residential loads per
customer in 1979 fér_several utilities. The winter—to—sumﬁer month
ratios provide some indication of the space heating load. Copper Valley
Electric Association (CVEA), with no significant space heating load,
has a winter-to-summer ratio of 1.48. The other utilities with space
.heating load have higher winter peaks. Unfoftunately, this information
is not precise enough to allow one to draw inferences about the amount
of load devoted to space heat for the various utilities. An attempf was
made to calculate the space heat load for the average space heat customer;

but the results, shown in the final'row, are implausible.

Information on the average size of units in the housing stqckAis
available for Fairbanks and is shown in Table D.18 along‘with national

averages.

Anchorage retailers indicate that trailer dimensionsbhave been

' increésing §§er time, although it is difficult to use sizes of trailers
sold to estimate size of trailers in place. This is because people
tend to add to trailers in place. Newer trailers are 924 square feet

(14x66), while those soid in the early 1970s are 732 square feet (12x61).
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. Figure D.1.
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TABLE D.17.
MONTHLY RESIDENTIAL ELECTRIC UTILITY LOAD FOR 1979

CVEA CEA AMLP  HEA - MEA GVEA
January 620 1,179 1,131 1,418 2,017 1,308
February 646 1,324 - 762 1,501 1,936 1,495
March 562 1,127 1,062 1,407 1,691 969
April - 525 856 783 1,183 1,396 803
May - 466 779 .678 1,004 1,079 - 637
June 432 741 568 909 903 613
July 371 726 563 740 850 562
August 426 583 482 737 771 592
September ' 432 779 611 720 834 - 671
October _ 434 783 410 849 962 743
November 571 953 - 666 1,002 1,245 887
December 549 1,279 917 1,216 1,590 1,258
" Monthly Average 491 871 716 1,054 1,270 877
Winter-Summer Ratio®  1.48 1.84 1.74  1.73  2.20 2.30
Total 5,892 10,452 8,592 12,648 15,24d 10,524
Nonspace Heat Loadb 5,892 9,828 7,726 11,429 12,090 A8,464
Total Minus ‘
Nonspace Heat 0 624 866 1,219 3,150 2,060
~ Percent Space Heat
Customers® 0 .14 15 30 - 33 6
Space Heat Average - 4,457 5,907 4,063 9,545 34,333

SOURCES: Utility Monthly-Reports to Rural Electrification Association
and internal utility records.

(a) (December + January + February)/(June + July + August)

(b) Based upon the CVEA ratio of total annual sales to sales
in the summer months of June, July, and August (4.79).

(¢c) Author estimate.
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TABLE D;l8. AVERAGE SQUARE FEET FOR VARIOUS HOUSING TYPES
FAIRBANKS AND NATIONAL DATA

\Fairbanksa Nationalb
Single-Family 1,384 1,570
Duplex - 796 - 1,370
Apaftment | 847 900
Mobile Home 919 720

‘Total o 1,116

8pairbanks North Star Borough, Community Information Center, "1978
Fairbanks Energy Inventory," Special Report No. 4, July 1979, p. 40.

bU.S. Department of Energy, Office of Buildings and Community
Systems, Comprehensive Community Emergy Planning: A Workbook, Vol. 1.
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New homes constructed in the Anchorage area tend to be in the range

of 1,600 square feet on average according to real estate personnel.
This includes a mixture of one-story ranch homes, split levels, and
other types. The average house also seems to be getting larger. This
Vis consistent with the hypothesis that the Alaskan.housing stock is
being upgradéd toward the national average. In,1977; the average éize
of new, single-family homes built in the United States was 1;720 square
féet.lo Evidénce that the average size of the Alaskan housing unit was
smaller than the naéional average in 1970 can be inferred from earligr
data from the 1970 census shown in Table D.2 on the median number of
rooms and population per housing unit for Alaska. In all railbelt
census divisions, median nﬁmber of rooms was léwer and population per
occupied housing unit was higher thén the avefage'for the western region
of the United States.
.

Real estate and electric utility personnel indicate that housing

units are smaller in the outlying areés of the railbelt such as Seward,

Homer, and Valdez.

Finally, Table D.19 shows national average estimates of average
size and thermal requirements for various types of structures.  This
table demonstrates the apparent Qariation in thermal requi;ements of
different types of buildings. Also, the very high average electrical
requirements calculated by the author for Anchorage, based upon the
thermal requirements data, bring into question the use of nationally

determined formulas and ratios for the Alaskan railbelt.
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TABLE D.19. NATIONAL AVERAGES: RESIDENTIAL SPACE HEATING

a
Anchorage
Thermal Electrical
Average Size Requirement Requirement
Type of Structure (square foot) (btu/sq.£ft./HDD (kWh)
Single Family Detached 1,570 11.3 56,716
Single Family Attached 1,370 6.2 . 27,154

Multifamily High Rise ‘ 900 : 4.5 ~ 12,947
Multifamily Low Rise 900 5.0 14,386
Mobile Home f ‘ 720 _ 15.0 34,526

8calculated on the assumption of 10,911 heating degree days.
SOURCE: “'Comprehensive Community Energy Planning: A Workbook," prepareé

for the Office of Buildings and Community Systems, U.S. Departy
ment of Energy, Volume 1, pp. 4-7.
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To begin the actual determination of residential electric space
heating, based upon all this fragmentary information, it is possible to
first net out natural gas users in Anchorage and Kenai-Cook Inlet among
single-family, duplex, and mobile home residents. We assume all resi-
dential gas customers use gas for space heating. We can thus calculate

'the non-natural gas customers accofding to Table D.20. 1In order to
divide‘total gas customers among structural types, we nqtégthat trailers

are somewhat less likely to be heated by gas according to the 1975

Anchorage survey and use this information for both census divisions.

In 1970, fuels other than natural gas, electricity, and fuel oil
accounted for 7 percent of space heéting'units in Anchorage and 13 per-
cent in Kenai—Cook Inlet. If we assume no additions to the number of
such units and no conversiohs,_these percentages fall to about 3 and:

8 percent, respectively, by 1978. It seems reasonable to assume that
units burning these fuels would not be multifamily but mighf otherwise
be randomly distributed among different types of‘structures. Netting

these units out leaves only electric and fuel oil-heated units.

Information on electricity and fuel oii for Anchorage consists of
" the census, the 1975 Survey, and all-electric homes data; and these
sources are not consistent. According to the census, 6 percent of
residences were electriqally gpace heated in_l970; while only 4 percent
were all-electric homes in the Anchorage utility service areas. Growth
in the proportions-of all-electric homes was rapid in the early 1970s,

based on new all-electric homes as a proportion of all new homes (about
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TABLE D.20. NON-NATURAL GAS CUSTOMER CALCULATION

Natural Gas Non-Natural Gas

Total Units Customers Customers
Anchorage 39,700 | 29,520 10,180
Single Famil& 28,530 22,437 6,093
Duplex ' 4,581 3,603 978
Mobile Home ) 6,589 3,480 3,109
Kenai-Cook Inlet © 6,177 2,013 4,164
Single Family 3,660 - 1,363 2,297
Duplex 484 180 304
Mobile Home 2,033 , 470 | 1,563

SOURCE: See text.
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17 percentj. If that growth held through the mid-1970s, then using the
all~electric homes information as a base, about 5,800 units would be

all-electric presently, or about 10 percent of the total.

Discussions with realtors indicate a significant proportion of

- multifamily ﬁnits built in the middle 1970s were electrically heated.
The number of 5uilding permits issﬁéd for multifamily units between ;974
and 1977 was 6,855 (including duplexesll ﬁntil 19775 or about 44 percent
of total permits. If their electric space heat installation proportion
was double that of the historical trend, then-anéther approxiﬁately
i,OOO multifamily units were built that were electric. " Apart from these
multifamily units (includiﬁg cond&miniums), electric space heating is
allocated baéedvupon total units of each type (ﬁot heated by propane,
wood, or coal) after an upward adjustment of the total by 3 percent to
account for the discrepancy betﬁeen the census and the Federal Power
Commission's estimates of all-electric homes and the growth in housing

in areas not served by gas.

In Kenai~Cook Inlet, thé census indicates 4 percent electric space
heat in 1970; while the proportion from the 1977 Survey for the three
cities of Kenai, Soldétna, and Seldévia is 7 percent. Average residen-
“tial consumﬁtipn data for Homer Electric Association (HEA) i; indicative
of a substantial growth in space heating load in the last few years. In
1977, a méil survey of their service érea indicated a.33 percent electric
space heat proportion for 7,171 active accounts.12 Based upon consump-

tion data, the 7 percent figure is obviously low, which is logical
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because Kenai and Soldotna have access to natﬁral gas; while Homer
itself does not. We scale down to 30 percent the HEA figure on the
assumption that if might be éomewhat of an over-estimate for 1977 for
first-homes but that the electric heat load trend was upward throughout
1977 and 1978. The load is distributed among all structures propor-

tionately after netting out propane, wood, coal, and other fuels.

For Matanuska-Susitna and Seward, natural gas is not an available
~option. Seward Electric Association estimaéed 2 percent ail—electric
homes, and thé census feported 4 percent.13 We compromise on 3 percent
and allocate them all to single~family and mobile homé units. For
Matanuéka—Susitna, the census reports 1 percent electrically heatéd
homes, but much of the growth in the housing stock éipce then has been
electrically heated units. If all housing added since 1970 was elec—
trically space heated; the proportion could be over 50 percent even
without retrofitting electric systems. A portion of the Matanuska
Electric Association (MEA) service area is in EagievRiver Where.natural
gas is available. Of total MEA residential customers in 1978, aboﬁt
3,500 were located in the Anchorage Census Division and 1,856 of théée
were gas customers. Thus, when MEA calculates 2,685 to be the number of
all-electric customers on their system (26 perﬁent), this converts to
about 40 percent in the Matanuska~Suéitna Borough proper. .  On the bésis
of the criterion used by MEA to identify electric space heat customers
(2,500 kWh or more on the December bill), they may have underestimated
their electric space heating loadl With this in mind, as well as a com-

parison of the average residential bill with HEA which is estimated at
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30 percent electric, we raise our estimate of electric space heating to

- 50 percent. To distribute this among types of units, we assume that use
~of coal, wood, and propane has fallen from 37 to 15 percent of the total
' /

-and is not utilized in multifamily units at all. Thus, the allocation

_is net of this amount.

- For Fairbanks, we have iﬁfofmation from the census and from the
Vall-electric home data, both of which indicate about 7 percent electric
mode split in 1970 énd'the latter which indicates that the proportioﬁ

- remains constant during the early 1970s. A recent mailback survey
Vreported 11 percént late in 1979;14 The Fairbanks utilities say that
growth was rapid in the mid;197OS but that now, because of the high

. price of peak électric power,.they are discouraging the use of electricity
for space heating. In April 1975, Golden Valley Elgctric AssOciatioﬁ |
(GVEA) put a prohibition on further electric space heat installations.
In addition, they arevassisting people to get off electric space heat
aﬁd, as a consequence, the average residential consumption fell from a

peak of 17,332 kWh in 1975 to 10,524 kWh in 1979. (Their average bill

" in 1970 was 10,785 kWh.)

On fhisrbasis, an electric space heat load of about 800 units (the
1970 number) wouid be reasonable for 1979 and a slightly higher number
for 1978. GVEA éstimates that they currently have about 750 electric
~ space heat customers, which would be about 6 percent. - We extrapolate
back to 1978 and estimate 1,000 electric space heat units in th;t year

which would be 8 percent of the total stock served by both utilities.
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To allocate the electrig heat among units, we estimate 20 peréent of the
housing stock is now heated by coal, wood, propane, steam, and othef;but
that those fuels are not used in multifamily units. The eiectric space
heat is evenly distributed among all typeé of units net of these fuels.

The resulting electric sPéce heat mode splits are shown in Table D.21.

Averageréonsumption data is ava?lable for past years from the
Federal Power Commission All-Electric Homes reports, from éngineering
an;iyses,rana from inferences drawn from natural gas consumption. Since
this last sdurce contains the most recent informaﬁion and is from a
known source, it forms the basis for determining average consumption
which will vary according to: .

1. locatioﬁ (heating degree days),

2. type of structufe, and

3. size of structure (square feet of floor space).

The age of the structure and the habits of the occupants are impor-
tant sources of variation which cannot be formally addressed at present.
In addition, the heating load can vary considerably from year—to-year

because of variation in weather conditions.

Using the average annual heat load of 162 mcf calculated for
Anchorage Natural Gas customers in 1978, we convert to kWh of elec~
tricity on the assumption ofA65 percent efficiency for gas space heating
and 95 percent for electricity resulting in an electric equivalent of

approximately 32,400 kWh. This is the average among three types of
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Greater Anchorage Area

Anchorage

Kenai-Cook Inlet

Matanuska-Susitna

Seward

‘Greater Fairbanks Area

Fairbanks

Glennallen-Valdez Area

Valdez-Chitina-Whittier

TABLE D.21. 1978 ELECTRICAL SPACE HEATING PERCENTAGES
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Single Multi-  Mobile

Family Duplex Family Home Total
18.8 18.4 19.9 18.4 19.0
12.9" 12.9 18.9 11.9 14.8

. 30.0 30.0 32.7 . 29.4 30.0
49,5 49.5 58.7 49.5 50.0

- 4.0 0 0 5.0 3.0
7.3 7.2 10.0 7.3 8.0
2 0 0 0 0



structures of different characteristics and sizes. There are estimated
to be 23,800 single-family units, 3,783 duplexes, and 3,950 mobile homes

using natural gas, for a total of 31,533 units.

Using this information as well as average structure size and space
heating efficiency estimates, the average electric heating load for
Anchorage by type of structure can be calculated. This calculation is

shown in Table D.22.

Flobr space is the average of the values for Fairbanks and the
national average. Heating efficiehcy factors for duplexes are based on
the idea that the heafing requirement is a function of wali and roof
surface area, which increases less than proportionally as floor space
increases. Specifically, two duplex units with 1,085 squaré feet each
have a floor area of 2,170 which is 1.47 the area of the average single-
family unit. The duplex wall and ceiling area, however, is about 1.38
times the single-family unit, indicating that heating requirements per
square foot of floor space will be less. 'The ratio of outside wall-to-—-
floor space for the.duplex is about 1.85 and for the smaller siﬁgle—
family house, 2.05. On this basis, one can calculate that the duplex

is about 10 percent more efficient to heat on a square foot basis.

;
Studies in Fairbanks indicate that a mobile home requires 20 percent
more energy to heat per square foot than a single-family unit of the same

size. Using this assumption and the fact that the average mobile home

has a surface area-to-floor space ratio of about 2.35 (which would mean
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TABLE D.22. CALCULATION OF ANCHORAGE ELECTRIC SPACE HEAT
. LOAD BY TYPE OF UNIT

- Avefage Heat Average Average

Average Requirement Space Heat Space Heat
Number Floor Space Total Per Square Foot Load/Square Foot Load
Type of Unit of Units (square foot) Floor Space Relative to Total (kwh) (kWh)
Single-Family 23,800 1,480 " 35,224,000 | 1.0 ‘ 23.53 34,823
Duplex 3,783 1,085 . 4,104,555 ' .9 21.18 3 22,976
Mobile Home 3,950 820 3,239,000 1.38 32.47 26,626

Total 31,533

1,350 42,567,555 . 1.02 - 24 32,400




it consumes about 15 percent more energy per square foot of floor space

than the average single-family home), the average heat fequirement factor

for mobile homes relative to single-famil&'units thus becomes 1.38.

The requirement for a multifamily unit is calculated similarly to
thét of a auplex assunming a; average unit size of 900 square feet and
that the average mulﬁifamily,strﬁcture is 8 units. The ratio of surface
area to floor space:is calculatgd as 1.48. Compared to the single-
family ratio.of>2.05; the heating requirement on # square foot basis
would only be 72 percent as large. Since the floor space of the multi-
family unit ié 61 percent that of the single-family unit, the overall
energy requirement is calculated at 44 percent of the single-family

unit.

Adjustments for other parts of the railbelt are made on the basis
of average size of unifs and average heating degree days. The former is
v directly available.only for Fairbanks, but a general idea of average
size of unit is available from informatioﬁ on median rooms from the
census. Outlying parts of the Greater Anchorage Area have somewhat -
smaller units, and Glennallen-Valdez has considerably smaller units than

Anchorage.

We assume per-unit heating requirements outside Anchorage are
20 percent less for Kenai-Cook Inlet and Seward and 15 percent less for
Matanuska-Susitna than in Anchorage on the basis of smaller average unit

size., TFor Fairbanks, we assume the average size of units is 92 percent
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 of Anchorage, based on actual survey data for‘Fairbankskpn single~family,

~ duplex, and mobile home units.

No difference in heat requirements, based upon variation in héating
~ degree days within the Greater Anchorage Area, is.assumed. The ;atio of
_ heating degree dayé in Fairbanks—to-Anchorage for thebaverage of the
1977 and 1978 seasons was 1.43. This inférmatiOn, in addition to aver-
age unit size igformation, results in an estimate of Fairbanks uﬁit

requirements at 132 percent of those in Anchorage.

For Glennallen-Valdez, we assume the average unit is 75 percent of
the size of an Anchorage unif and_average‘the heating deéfee days in the
different parts of the census division td obtain a ratio to Anchorage of
122 percent. Combining these yields an estimate for Glennallen-Valdez
which is about 91 percent that of Anchorage. The results of these cal-

culations are presented in Table D.23.

For projectibn purposes, it is necessary to adjust the figures on
average annual electric space heating requirements. to account for the
fact that 1978 was a warmer-than—normal year. Adjustment factors,
based on ﬁhe ratio of normal to 1978 heating degree days, are used in

. the projections and presented in Table D.24.

D-49



_ TABLE D.23.
1978 AVERAGE ANNUAL ELECTRIC SPACE HEATING REQUIREMENT

(kWh)

Single Family

GREATER ANCHORAGE AREA

Anchorage 34,800
Kenai-Cook Inlet 27,800 |
Matanuska-Susitna 29,600
Seward 7 27,800
GREATER FAIRBANKS AREA
Fairbanks/Southeast
Fairbanks 45,900
GLENNALLEN-VALDEZ AREA
Valdez-Chitina-
Whittier 31,700
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Duplex Multifamily Mobile Hom

23,000

18,400

19,600

18,400

30,400

20,900

© 15,300

12,200

13,000

12,200

20,200

13,900

26,600

21,300
22,600 .

21,300



VR TABLE D.24. HEATING DEGREE DAY COMPARISONS

Ratio of

Average of 1977-78 ' Normal
and 1978-79 "~ Normal ' to .Recent
Anchorage ' 9,548 10,911 1.14
. Fairbanks 13,719 14,344 . 1.05

Glennallen-Valdez 11,621 ' 12,241 v 1.05

D.3. MAJOR APPLIANCE SATURATION RATES

Present appliance saturation rates (Table b.25) must be based upon
_ past Alaskan trends in saturatiéﬁ rates, trends in other states, and

. national trends in the percentage of wired homes which have at least one
of a particular appliance. This is because current data oﬁ saturation
rétes is not available. Because future saturation rate préjections
-utilize the samé methodology used to develop the present estimates,

~ they are also discussed in this sectiom.

D.3.A. Ranges

The saturation rate is essentially 100 percent for ranges; it is

not assumed to change in the future.

D.3.B. Refrigerators

The penetration rate (number of households with at least one unit/
number of households) for refrigerators is assumed to be approximately

100 percent. The saturation rate'may exceed 100 percent, however,
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' TABLE D.25. ‘
1978 CALCULATED APPLIANCE SATURATION RATES

Appliance . : Census Division

Matanuska- Kenai- E ' Glennallen-
Anchorage Susitna Cook Inlet’ Seward Fairbanks Valdez
Hot Water \' 100 91 94 93 97 91
Clothes Dryers | 71 65 76 73 66 48
Freezers | 42 62 . s6 . 66 42 43
Clothes Washers 76 : 82 85 83 74 65
5 | .
A ' -
N Television Sets 156 108 104 147 149 80
Dishwashers 50 35 31 45 36 11
Ranges 100 100 100 100 ‘ 100 : 100
Refrigerators 100 100 100 100 100 100

Room Air Conditioners ‘ 0 , 0 0 3 1 : 0.




because of multiple ownership. The California Energy Commission, for
éxample, estimates a saturation rate of between 113 and 116 percent.15

It can safely be assumed that the cblder climate of Alaska reduces the

> incidence of second refrigerators below that of California, but a satura-
. tion rate in excess of 100 is still a possibility. Since no information
is currently.available on this possibility, however, it is.éssumed that

the saturation rate remains at 100 percent..

D.3.C. Air Conditioners

The incidence of room air conditiomers is rare in Alaska. The
1970 saturation rates are assumed to continue in all future years

(Table D.26).

D.3.D. Dishwashers

The saturation of dishwashers should be relgted to the rate of
growth of the housing stock since a large proportion of new housing is

built with dishwashers. It should also be related to the incidence of

households with two wage earners because it is a labor-saving device.

FLEER

On this basis, we assume that the growth in the dishwasher saturation

rate since 1970 is slightly in excess of the national average. Imn 1970,

the various Alaskan census divisions were close to or slightly lower

than the national average and the Western Region U.S. saturation rates.

Nationally, dishwasher saturation rates have grown at 6 percent
annugally since 1970, as calculated from data in Table D.27. ¥For Alaska,

we assume 7 percent for Anchorage, Fairbanks, and Seward and 8 percent
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TABLE D.27. PERCENTAGE OF ELECTRICALLY WIRED HOMES
WITH SELECTED APPLTANCES

1960 1965 1970 1973 1974 1975 1976 1977

Room .
Air Conditioners 15.1 ~ 24.2 40.6 48.9  51.6 52.8 54.4 55.3

ﬁishwashers A 7.1 13.5 26.5 34.3 /'36.6 38.3 " 39.6 40.9

Clothes Dryers , S
(include gas) 19.6 26.4 44.6 53.9 °'56.5 57.7 58.6 59.3

Freezers 23.4 27.2 31.2 37.9 41.7 43.5 444 44.8

" Televisions ’ _
{color) - 9.5 42.5 67.1 . 71.5 74.4 77.7 81.3
Televisions ] ( A

(black & white) 89.4 97.1 98.7 99.9 99.9 99.9 99.9 -99.9

‘Clothes Washers 68.3 57.4 62.1 67.8 68.4 69.9 - 72.5 73.3

'vRefrigerators 98.2 99.5 99.8 99.9 99.9 99.9 99.8 99.9

SOURCE: U.S. Department of Commerce,'Statistical Abstract, annual.

o
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for the other smaller census divisions with lower 1970 saturations.

~

Subsequent to 1980, the saturation rate (St) is determined by the

following equation:

) * .02

S, =8+ (1-S

t ) t-1

The parameter .02 is based upon a rough estimate of the long-run national

trend.

D.3.E. Clothes Washers

With respect to clothes washefs'in 1970,.most Alaskan railbelt
census divisions had saturation rates:relatively close ta the national
and Western Region U.S. rates. Thus, the same growth rate observed
nationally between 1970 and 1977 is appiied to Alaskan census divisions
to generate 1978 saturation rates. This procedure is modified only in
the case of Seward, where it would result in a saturation rate in excess

of 100 percent. The saturation rate for Seward is arbitrarily maintained

at its 1970 level of 83 percent.

Subsequent to 1978, the iﬁcrease in saturation rates is assumed to
moderate as a practical upper limit on clothes washer saturation would
be iess than 100 pefcent. This is based upon the assumption that most
apartment units will have washer and dryer units for tenants but at less
than a one-to-one ratio. Consequently, the growth of clothes washer
saturations are based upon the following equation:

S, =8, + (-8 __

*
t t-1 ) -01

1
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D.3.F. Clothes Dryers

The 1970 Alaskan saturation rates for clothes dryers are close to

the national avefage except for Anchorage, where it is considerably
higher. Thus, all census diviéion saturation rates except Anchorage are
assumed to grow at the national average rate between 1970 and 1978.

~ Anchorage alfeady had reached the average nationél satﬁration ratevfor
1978 of 59 percent in 1970. Also, Anchorage figures reflect a higher-
than—-average ratio between clothés dryeré and clothes washers. We base
the Anchorage clothes dryer'estimafe on the clothes washer ‘estimate and

- on- this 1970 ratio.
Subsequent to 1978, it is assumed that the ratio between clothes
dryers and washers will remain constant so that clothes dryer saturations

grow at the same rate as clothes washer saturations.

D.3.G. Freezers

Alaskan freezer saturation rates were consistently and considerably
above the national and Western Region rates for 1970. 1In addition, the
rural census divisions had considerably higher saturations than .the
urban areas, suggestiﬁg that the high saturation might ﬁe partially
attributabie to the unavailability of adequate grocery facilities. It
seems reasonable to assume that this will continue to be an important
factor in determining future freezer séturation rates and; in addition,
that the strong hunting and fishing inte?ests of the typical Alaskan

will contribute to high freezer saturation rates.

LY
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Nationally, the freezer saturation rate has grown about 5 percent
annually since 1970, compared to 3 percent annually in the previousr
decade. These growth rates applied to 1970 Alaskan saturation rates

would give unreasonably high values for 1978 and subsequent szturation

levels.

We assume tﬁat for the Anchorage, Fairbanks, and Valdez-Chitina-
Whittier Census Divisions, the annual saturation rate growth rates are
one percent. For the other census divisions with unusually high 1970
saturation‘fates, we assume that they decline by one percent annually to

reflect growth in those areas close to adequate grocery facilities.

Subsequent to 1978, those census divisions which have increasing

saturation rates continue to grow, based on the following equation:

S .=8._,+ Q-5 .01

t t-1 1)

while those census divisions with declining saturation rates are assumed

to maintain constant saturation rates in future years.

D.3.H. Water Heaters

Alaskan 1970 water heater saturation rates show éurﬁrising varia-
tion among census divisions. Here national data cammot serve as a guide
because the national average is virtuaily 100 percent. This was the
case in Alaska only for Anchorage. One possible explanation for the

relatively low saturation rates might be the fact that a percentage of

D-58




the population in 1970 lived outside utility service areas and also
areas where petroleum products were readily available. This proportion
of the population has been greatly reduced since 1970 as population

growth has centered in the urban areas.

One patﬁern that does emerge from examination of the historical

> Alaskan saturation data is that between 1960 and 1970, the saturation
~rates grew rapidly tdward 100 percent (except in the inéxplicablé case

of Valdez-Chitina-Whittier). On this basis, it is reasonable'to assume

- a.continuation of those growth trends in the 1970s. We assume that

- between 1970 and 1978 ﬁonsaturation (1-8) is reduced by 50 percent ihv
each instance, except for Valdez-Chitina-Whittier which is arbitrarily

set equal to Matanuska~Susitna. Subsequent saturation rate growth results

- in 100 percent saturation by 1990.

D.3.I. Television Sets

The differences in television saturation rates between Alaska

" census divisions and the nation likely reflect the possibility of the

household's receiving a television signal. Thus, Anchorage has a pat-
tern close to the national growth, while the saturation of television

sets in Seward grew dramatically between 1960 and 1970.

Nationally, growth in saturation in the 1970s has been the result
of increased;ownership of color television sets, which nearly doubled
between 1970 and 1977. We assume the same growth rates in the 1970s

[ .

- for Alaskan census divisions, except for Valdez-Chitina-Whittier which
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is assumed to follow the pattern of Kenai-Cook Inlet with an approximate

Ed

ten-year lag.

Future growth of television saturations will be modest if recent
national trends can be used to gauge future trends. 'Alaskan growth will
continue to lead natijonal trends, but Alaskan saturations will not reach

national levels. We assume a growth in saturation as follows:

= ‘D = 7
5, =S,_, + (2-5,_) * .02

D.4. MAJOR APPLIANCE FUEL TYPE MODE SPLIT

Four.appliances—-water heateré, ranges, clothes dryers, and
refrigeratofs——may normally be designed to operate on fuels otﬁér than
electricity. The.appliance mode split, defined as the proportion of
appliances using a particular energy fuel, is determined by current
relative prices of fuels and appliances and consumer tastes, as well as
the past values for these variables. That.is, the current mode split
will partially be a reflection of past patterns of relative prices which
are no longer relevant for the purchase of new appliances so tbat the
mode split observed at any point in time may not be an equilibrium

-split.

Because mode split is determined by these factors, national infor-

mation is not particularly applicable to Alaskan conditions. In order
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to‘calcuiate mode split, we thus ;ely on Alaskén information. Because
‘information on consumption of other fuels in these appliances is rele-
vant to the determination of what percentage of the appliance utilizes
'electficify, it is utilized wherever appropriate. (It is basically used
to provide a éheck on the mode split by insuring that some alternative
fuel has not-been.allocated an unrealistically lafge or small percentage'

of total appliances of a particular type.)

Information to develop the mode split estimates shown in Table ﬁ.28
;comes primarily from the census of housing (Table D.29) and conversations

with utility, home construction, and real estate personnel.

D.4.A. Within the Natural Gas Service Area

The starting point of the analysis is to net out, where applicable,
naturai gas utility sales. No natural gas refrigerator sales have been
identified, except for campers and.recreaﬁional vehicles; so water
. heaters, ranges, and clothes dryers are the éppliances which may be gas.
fired. TFrom the 1970 census and more recent nationai aata, one can
‘calculate ratios between gas spacé heating customers and gas water

heating and cooking customers. These ratios are shown in Table D.30.

They indicate that the choice of gas‘water heat is closely asso-
ciated with the gas space heat decision but that such may not be the
case for cooking fuel. In particular, Anchorage is far -below the

national average for gas ranges among natural gas customers.

&
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TABLE D.28. 1978 ELECTRICAL APPLIANCE MODE SPLITS

CENSUS DIVISION

Greater
Matanuska- Kenai~- _ . Anchorage ‘
Anchorage Susitna Cook Inlet Seward Area Fairbanks Glennallen
Water Heater 33 43 A .35 34 43 40
Range 66 75 35 - 53 64 | 81 40 -
Clothes Dryer 91 96 78 70 90 - 98 . . 75
Refrigerator 100 100 ., 100 ~ 100 100 100 100

o
]
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| TABLE D.29, ' WATER HEAT MODE 'SPLIT TNFORMATION.

PROPORTION OF APPLIANCES USING VARIOUS FUELS®

Utility Gas 0il  Electric Coal  Wood Propane Other
GREATER ANCHORAGE AREA
Anchorage
1960 0 41 39 15 0 4 1
1970 _ ' 45 13 35 1 0 4 2
Matanuské-Susitna
1960 ‘ o 0 19 50 20 7 - 4 0
1970 0 28 .38 11 12 11 0
Kenai-Cook Inlet
1960 ) 0 60 ‘ 21 7 0 12 0
1970 34 17 37 2 0 9 1
Seward
1960 33 : 57 0 0 5 5 0
0 5 0

1970 0 60 35 0

aProportions sum to 100.

SOURCES: 1960 Census of Housing, General Housing Characteristics: Alaska. Tables 29, 30.
' 1970 Census of Housing, Detailed Housing Characteristics: Alaska. Table 63.
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TABLE D.29. (continued)

{ (
WATER HEAT MODE SPLIT INFOﬁMATION

PROPORTION OF APPLIANCES USING VARIOUS FUELS®

Utility Gas 0il Electric Coal | Wood = Propane Other

GREATER FAIRBANKS ARFA
Fairbanks and
Southeast Fairbanks
11960 0 23 19 48 0 9 1
1970 3 33 37 .15 0 8 4
GLENNALLEN-VALDEZ AREA
Valdez-Chitina-
Whittier
1960 0o 56 4 0 0 0 40

1970 : » 0 41 : 36 0 0 23 v 0

aProportions sum to 100.

SOURCES: 1960 Census of Housing, General Housing Characteristics: Alaska. Tables 29, 30.
1970 Census of Housing, Detailed Housing Characteristics: Alaska. Table 63.
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TABLE DY 297" (C6REIAGEEY

PROPORTION OF APPLIANCES USING VARTOUS FUELS®

Utility Gas 0il Electric Coal Wood Propane Other
GREATER ANCHORAGE AREA | -

Anchorage

1960 | 2 8 64 . 0 0 26 0

1970 20 1 65 0 0 14 0
Matanuska—-Susitna

1960 6 7 38 1 15 33 0

1970 o 0 1 44 ' 0 16 38 1
Kenai-Cook Inlet

1960 \ ‘ 21 17 23 8 0 31 0

1970 _ 30 4 24 1 .1 40 0
Seward

1960 0 29 35 0 4 32 0

0 34 0

1970 , 4 15 47 0

aPrbportions sum to 100..

SOURCES: 1960 Census of Housing, General Housing Characteristics: Alaska. Tables 29, 30 .
1970 Census of Hpusiqg, Detailed Housing Characteristics: Alaska. Table 63.

[
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TABLE D.29. (continued)

COOKING APPLIANCE MODE SPLIT INFORMATION

PROPORTION OF APPLIANCES USING VARIOUS‘FUELSa

Utility Gas 0il Electric Coal Wood \Pfopane

Other
GREATER FAIRBANKS AREA
Fairbanks and
Southeast -Fairbanks
1960 '3 2 62 2 2 29 0
1970 4 1 76 0 1 18 0
GLENNALLEN-VALDEZ AREA
Valdez-Chitina-
Whittier
1960 3 19 29 0 14 35 0
0

1970 : 6 6 - 18 0 5 65

aProportions sum to 100.

SOURCES: 1960 Census of Housing, General Housing Characteristicsi Alaska. Tables 29, 30,
1970 Census of Housing, Detailed Housing Characteristics: Alaska. Table 63. '







TABLE D.29. (continued)
CLOTHES DRYING APPLIANCE MODE SPLIT INFORMATION

PROPORTION OF APPLIANCES USING VARIOUS FUELS®

Utility Gas : 0il Electric

GREATER FAIRBANKS AREA i
Fairbanks and
Southeast Fairbanks
1960 1 0 99
1970 2 0 98
>
1
(o))
oo
GLENNALLEN~VALDEZ AREA
Valdez-Chitina—
Whittier
1960 100 0 0
1970 50 0 50

a s '
Proportions sum to 100.

SOURCES: 1960 Census of Housing, General Houéing Characteristics: Alaska. Tables 29, 30.
1970 Census of Housing, Detailed Housing Characteristics: Alaska. Table 63.
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TABLE D.30. PROPORTION OF GAS SPACE HEATING CUSTOMERS
: WITH OTHER GAS APPLIANCES

- Water Heater Range
Anchorage 1970 84 .38
Kenai—Cook,Inlét 1970 | .96 | . .94 .
United States 1970 - 1.00 .89 .
United States 1975 R | .79

SOURCES: 1970 Census of Housing, Detailed Housing Characteristics:
; ' Alaska. : . - '

American Gas Association, Gas Facts, annual.

We assume that since 1§70 the ratios of gas water heafing-to gas
space heating have approached 100 percent and the gas range ratio has
increased in Anchorage and remained constant in Kenai—Cook Inlet.

. Growth in the housing stock in each census division has been about

50 percent since 1970 so that the differences between the national and
local rétios could have déclined by 30-to-50 percent. We assume 50 percent
for water heaters to . arrive at 92 percent fbr Anchoragé and 98 percent

for Kenai-Cook Inlet. Noting the declining ratio in gas ranges nation-
ally, we estiﬁate 50 percent for Anchorage and 90 percent for Kenai-Cook

Inlet.
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This yields the mode split estimates for gas water heaters and

E 3

ranges for 1978, shown iﬁ Table D.31.

TABLE D.31. 1978 GAS APPLIANCE MODE SPLIT ESTIMATES

Gas Space:Heat Gas Hot Water Gas Range
Anchorage .69 ' .63 .35

Kenai-Cook Inlet .33 .32 .30

i e

Comparing these estimates to the 1970 census information on mode

split indicates that the gas mode split has grown in Anchorage and has

remained constant in Kenai~-Cook Inlet. This is consistent with the
observation that growth in Kenai-Cook Inlet has been balanced between

areas accessible to gas and those not accessible to gas.

To determine the electric mode split for these regions and appli-
énces,.use is made of an incrementai mode split calculation using the
1960 and 1970 censuses. These incremental mode splits are calculated as
the increments to the number of a particular appliance between 1960 and
1970 divided by the’increment to total housing units over the same

- period (see Table D.32). Applying these incremental mode splits for
electric water heating and cooking to the increase in housing units
between 1970 and 1978 (about 50 percent) results in average mode splits
which are reasonable when considered in relation to the natﬁral gas mode

splits, except for ranges in Kenai-Cook Inlet. These values are, therefore
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TABLE D.32. INCREMENTAL MODE SPLIT CAiCULATIONS
BASED UPON HOUSING CENSUS DATA

Electric Electric

Buillt-In Space Heating Water Heating  ‘ Electric | ”‘ Electric:
Electric Units Fuel . Fuel ;Cooking Fuel Clothes Dryer
GREATER ANCHORAGE AREA | | | | '
Anchorage - 1403 .1695 . . .2962  .6706  .9841
Matanuska-Susitna .0525 L0676 .2770 : L7669 1.8919
Kenai-Cook Inlet .0815 .0638 4989 | .2378 6410
Sevard . 0.0  _0.0486 1991 1644 - L2431
GREATER FAIRBANKS AREA
Fairbanks/Southeast 3 _ ~ :
Fairbanks .8320 ‘ .5553 1.6292° - 2.0463 2.3406
GLENNALLEN-VALDEZ AREA
Valdez-Chitina- ’ o
Whittier .0427 0.0 7974 -0.1897  .7672

SOURCES: Census of Housing: 1970 Detailed Hdusing Characteristics Final Report HC(1)~B3, Alaska.

U.S. Census of Housing: 1960 Vol. 1, States and Small Areas Final Report HC(1)-3, Alaska.



used as the estimates, except that the Kenai-Cook Inlet range estimate
ol .
is increased based on Homer Electric Association survey data. For gas

clothes dryers, the 1970 mode split is used for 1978.

D.4.B. Outside the Natural Gas Service Area

NS

For Matanuska-Susitna, the information from.fhe census: is difficult
to interpret because, between 1960 and 1970, electric water heaters
declined as a percentage, while those of wood aﬁd propane increased.
Wood and propane also gained as cooking fuels, but electficity also
increased at the expense of oil. One explanation of this phenomenon
would be that the population increase was in relatively inaccessible
areas and, thus, the same pattern of growth might not be expected to

_ have occurred in the more recent decade.

If we can assume that 90 percent of the appliances used by new
residents since 1970 are oil or electric, then the proportions accounted
for by coal, wood, propane, and other fall to about 18 percent for water .

heat and 30 percent for cooking and 4 percent for clothes drying. This

is based upon the observation that the number of residences has essentially
doubled since 1970. In additiom, chanéeovers of existing‘appliances
toward electricity and oil probably occurred, thus further decreasing
the proportions of the other fuels. If this Wés about 25 percent, then
the remaining percentages would be 14 percent -for water heat and 23 per-

cent for cooking, with clothes drying assumed unchanged.
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In the absence of better information, we assume an equal mode split

between oil and electricity for water heat and a continuation of the

,1970 census ratio for cooking.

In Seward, elect;ic ap?liénces made impressive gains,ove; propane
'aﬁd oil in the 1960s és é pfopbrtion of the totals in spite of declines
Viﬁ the total housing stock. At thé same time, o0il maintgined its share
of the water heat market.V‘In the absence of other information, we
"~ assume arcontinuation ofrthé same mode splits for water heatrand clothes
'drying. . For coqking, we assume 75 percent of new hoﬁseholds choose

electricity, which brings the electric mode split up to 53 percent.

Fairbaﬁks.eIECtricity conéumptibn,for water heat increased in the
.19705, as did fﬁel oil consumption; Both‘at the expense of.coal which
was rapidly phased out. We assume thaF_no‘new hbusing since 1970 uses
“coal and that half tﬁe existing coal units have been converted; This
Vleavgs coal with about 4 percent mode split in 1978 since the housing
units in Féirbanks h;ve nearly doubied.in the 1970s. We assume that.the
other fuels, except o0il and electricity, maintaih their 1960 mode splits
and tﬁat 0il and electricity maintain their 1970 ratio, which gives a

43 percent split for electricity.

Electricity is preferred for cooking by the majority of Fairbanks
households. If 85 percent of new households since 1970 chose it, then
the electric cooking mode split would be about 81 percent. We assume

the ‘clothes drying mode split is unchanged from 1970.
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In the Glennallen-Valdez area, electric water heaters become much

i :
»

more popular in the 1960s. On the other hand, the electric mode spiié
for cooking fell. 1In the absence of other information, we assume the
mode splits for the Glemnallen-Valdez area move toward those of similar

parts of the railbelt, as reflected in the 1970 census.

D.5. ELECTRICAL APPLIANCE AVERAGE ANNUAL CONSUMPTION

A reliable library of information on average electricity consump-
tion by various appliances is just now beginning to emerge based upon
manufacturer estimates, modeling efforts, and actual surveys which
monitor consumer behavior. Some of the more widely circulatedigstimates

appear as Table D.33. These estimates are all national averages.

Examination of the various estimates reveals several important
facts. First, only one--the Midwest Research Institute—--is based upon
actual metgring of appliancés; and it shows a considerable variance from
‘other sources for the use of several appliances. Their results for
ranges, dishwashers, and water heaters are below the others and for
refrigeratbrs, considerably above. Tﬁis suggests actual use patterns
may be considerably different from those assumed by manufacturers and

other researchers.

Second, the consumption of electricity by appliances depends ﬁpon

the features of the appliance. In particular, larger refrigerators and
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It is also reasonable to expect that use of electric ranges, clothes
washers and dryers, water heaters, and perhaps dishwashefs would be
related to household size. There is some statistical information and
research to support this hypothesis.l7 The relationship appears most
important for clothes washers where consumption might be estimated as
a simplé multiple of household size; while for the others, there is a

significant "base load" independent of household size.

Common sense and economic theory suggest that households with
higher incomes will prefer appliances with features which may (frost-
free and large refrigerators) or may not (solid state television sets)
be more energy using than the average. This idea is related to the age
of the appliénce stock which is a reflection of past purchase decisions
based upon past inéome levels. As incomes grow over time, the existing
stock of appliances will not accurately reflect present income levels of

households but rate back present and past levels.

There is no direct information available on Alaskan-specific elec-—
tricity consumption in various iarge appliances or how that consumption
may differ from national norms. On the basis of climate, one might
assume higher~than-average use for water heaters and rangesAand.lower-
than-average use for air conditioners and refrigerators. On the basis
of a slightly smaller average household size in Alaska, use of clothes
washers and dryers, water heaters, and dishwashers might be iess than
the average. On the basis of income and the appliance stock, Alaska

could be less than or greater than the national average. Contributing
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o a lower average for Alaska would be the fact'that,.historically,
Aléskan personal income per capita has been less than tﬁe national
averaée. The higher—-than—average per capita income in recent years in
éomﬁination with rapid growth in the appliance stéck coﬁld more than

offset this, however. , -

'Siﬁée tﬁere is no clear direction to adjust theknationalvdata, the
- choice becomes essentially that of choosing among the varioué national
series avaiiable._ Ihe choice makes significant difference only in the
'ECASes of waterrheaters, raﬁges,brefrigerators, and dishﬁashérs>and

clothes washers.

We useAﬁhé California Energy Commiséion's—eétimates of water heat
consumption because they separéte out consﬁmftion related‘tﬁrclothes and
dish washing macﬁines. The latter, we attribute directly to those
appliances based upon thé.probability of aﬁ owner of an electric washer
also owning an elecfric water heater. This couldvberan unaerestimate
because of not counting hot water consumption for dish washing by thbsé
households without dishwashers. To adjust for.this and the added hea;—
ing load caused by a colder-than—-average water inlet temperature, we

adjust the base figure'upward by 15 percent.
We define the appliance entitled "range" broadly to encompass all

- heating for cooking purposes, including electric skillets, etc. This

probably accounts for the discrepancies among the national estimates.
- .
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Variation among estimates for refrigerator consumption is considerable
and is a function of the average size and type of refrigerator assGme& for
the stock. The Midwest Research Institute estiméte may be high because
the sample chosen for metering was 97 percent singlé—family homes and

duplexes.18 The other estimates fall within a much narrower band.

' Variation in freezer use is again a function of the stock although
the various sources are in general agreement as to the averagekstock
characteristics and electricity consumption. Anchorage merchants indi-
cate most of their sales are in the manual defrost category, so we choose

a lower-range estimate.

Clothes dryer consumption may be nearer the high range of estimates
in Alaska because bf the cold climate. Air conditioner consumption will'
be considerably below the national average, and television consumption is
a broad average of all estimates. The values used in the model are sum-~

marized in Table D.34.

TABLE D.34. MODEL VALUES FOR MAJOR APPLIANCE
AVERAGE CONSUMPTION FOR 1978.

Average kWh/Year

Water Heater 3,475

Range 1,200
Clothes Dryer ' 1,000
Clothes Washer 70
Clothes Washer Hot Water 1,050
Refrigerator 1,250
Freezer 1,350
Dishwasher 230
Dishwasher Hot Water 700
Television 400
Air Conditioner 400
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\.ﬁ.6. SMALL ELECTRIC APPLIANCE USE

The average annual élecfricity requirements of several commoﬁ;
?smaller electrical appliahces are listed in Table D.35;' Individually,

: thevelectfiéity used in each is not a large amount; But.in the aggregate,
i.iﬁ can be substantial for a household. Néttingrout the calculated'qﬁan—.
" tities of electricity consumed in the residential sector for large

- appliances and space heating results in fhe amountsvattributable to

small appliénces in 1978 as shown in Table D.36.

: TABLE D.35. AVERAGE ANNUAL CONSUMPTION OF
' VARIOUS SMALL APPLIANCES

(kWh)
Trash Compactor'v' 50
Iron _ 144
Electric Blanket 147
Humidifier : 163
Hair Dryer .« : 14
Clock . _ - 17
Sewing Machine : 11
Vacuum Cleaner 46
Hi-fi (tube) . - 120
Hi-fi (solid state) ‘ 30
Radio (tube) 100
Radio (solid state) 10
. Headbolt Heater - 480
Garbage Disposal o 36
Lighting . _ 720

SOURCE: FEdison Electric Institute, Canadian Wind Energy Program Papers
by the National Research Council of Canada, and Alaska Village
* Electrical Cooperative '"Light Lines," May 1978. '
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TABLE D.36. 1978 RESIDENTIAL ELECTRICITY CONSUMPTION

ATTRIBUTABLE TO SMALL APPLTIANCES : -
kWh/Customer
Greater Anchorage Area ~ 2,010
Greater Fairbanks Area 2,466

Glennallen-Valdez Area 2,333

It is not possible at present to identify the épecific small appli-
ance mix in each region or to account for the interregional_diffepences
in small appliance consumption. - We assume the Alaskan lighting load is
considerab;y greatér than the national average and arbitrarily set it
at 1,000 kWh annually. The remainder is attributed to all other small

appliances.

D.7. COMMERCIAL-INDUSTRIAL REQUIREMENTS

Commercial and industrial electricity requirements supplied by
utilities are combined because of the small industrial base in the
railbelt. Table D.37 presents the distribution of employment by category

and indicates the relatively small size of manufacturing employment in

the railbelt economy. Table D.38 further shows that the total number of
manufacturing establishments is. small (244), that they average 16 employees:

4

and that a large number aré food and kindred products (at least 47) or
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- _ TABLE D,37, 1978 WAGE AND SALARY EMPLOYMENT. .

" Government Trans.-
. Finance- Comm.~
Civ. Mil.* Trade Services Ins.-R.E. Utilities Manuf. Const. Mining Misc. Total

GREATER ANCHORAGE AREA

Anchorage 21,161 11,098 16,865 15,526 5,081 7,924 1,683 6,431 1,874 459 88,040

Kenai-
Cook Inlet 1,414 ‘ 0 1,190 _853 197 574 989 485 805 58 6,565
Matanuska- : _
Susitna 1,220 7 . 639 363 124 307 Kk 235 *% '** . 3,090
Seward ' 313 101 *x 164 16_ *R *k 12 *k Cokk 1,327
o .
%
W GREATER FAIRBANKS AREA
Fairbanks 7,218 5,399 4,072 3,939 1,004 - 2,765 564 1,960 © 54 86 27,061
Southeast ' - .
Fairbanks 570 845 ¥k 157 *k 24 ok *k 0 Sk 1,719

GLENNALLEN-VALDEZ AREA

Valdez-Chitina- . . , o
Whittier 838 0 259 409 56 362 Hk 89 ok dk 2,043

*
Active duty
%

*Information withheld under regulations protecting confidentiality of data for individual firms.

SOURCE: State of Alaska Department of Commerce and Economic Development, Division of Economic Enterprise,
"Numbers: Basic Economic Statistics of Alaska Census Divisions," 1979.







printing and publishing (at least 44). Petroleum processing and seafood
processing are the most visible components of the manufacturing sector in

terms of employees.

Electriéity and other energy end use in the commercial sector is
mostléonvenieﬁtly ﬁabulated on the basis of the energy requirement per
square. foot of floor space. An accurate measure §f this quantity--and
its disaggregation into types of commercial floor sﬁace-—is not available
for any portion of the railbelt at the present timé.19 The only fragment
of information available isran.unpublished stud&pconducted by the Muni-
cipality of Aﬁchorage Planning Department which classified all nonresiden-—
tial fioor spacé by use.20 An attempt was made, shown as Table D.39,
to ﬁodify and update the survey results to make them compatible with the
purposes of this study. The resﬁlt_is an estimate of 37 million square
feet of floor space‘in Anchorage in 1978. This figuré is about 35 percent
higher than would be calculated using Anchorage employment and national
square feet per employee ratios. The_difference may be attribufaﬁle to
a high vacancy rate in Anchorage office and retail space, a large pro-
portibn of newer construction, or the mix>of employment within iﬁdustries.
This result is also considerably higher than a recent informal realtor

21
survey.. : .

Estimates of floor space in other regions of the railbelt can be
based either on national ratios of fioor épace per employee or on the
estimate developed for Anchorage._22 The Anchorage ratio is preferred

£

because it is based, however roughly, on Alaskan data.
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TABLE D.39.
CALCULATION OF ANCHORAGE
COMMERCIAL-INDUSTRIAL FLOOR SPACE

103ft.2
AMATS Survey (Anchorage Bowl, 1975) 42,067
Minus Non-energy Using (parking lots,
cemetaries, etc.) ' 18,918
. 1
Energy Using Floor Space 23,149
20 Percent Adjustment for Underreporting : : 4,630
. 27,779
Sectors not Included in Survey:
1. Girdwood/Indian® v ' 53
2. Eagle River/Chugiak 300
3. Hotels/Motels® d 1,000
4, Assorted Cultural Buildings : ' 500
29,632
Retail Trade 7 6,148
Warehousing 3,722
Education ) 3,528
Wholesale Trade 3,131
Transport-Communication- .
Public Utilities 2,663
Government : 1,405
- Manufacturing : 706
Other : 7,331
Growth Between 1975-1978° (approximately 25 percent) 7,400
1978 Estimated Commercial-Industrial Floor Spacef 37,000
General - 25,120
Education 5,000
Warehousing 4,520
Hotels 1,500
Manufacturing 860

See following page for table notes.
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TABLEAD.39..(continued)

(a)

(b)

(c)

(d)

@

(£)

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

Based on the ratio of the housing stock in 1978 between Eagle
River/Chugiak and Anchorage.

Assumes'Z,OOO rooms at 500 square feet/room. Based on Oak Ridge
National Laboratory, 'Commercial Energy Use: A Disaggregation by
Fuel, Building Type, and End Use," Oak Ridge, Tennessee, p. 40.

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

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 percent in the period 1974 to 1978 and 10 percent 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 percent. Based on the assumption that the rapid employment
increase in 1975 resulted in undersupply of floor space in that

year, we assume a 25 percent 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.
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On this basis, 1978 commercial~industrial floor space estimates for
the railbelt have been developed and are presented in Table D.40, J;iﬁg

the Anchorage estimate of 480 square feet per employee.

TABLE D.40. 1978 COMMERCIAL-INDUSTRIAL
FLOOR SPACE ESTIMATES

Million Square Feet

GREATER ANCHORAGE AREA 42.3
Anchorage | 37.0
Kenai~Cook Inlet 3.2
Matanuska~Susitna 1.5
Seward ' » ' ’ .6

GREATER FAIRBANKS AREA 10.8
Fairbanks . 10.4
Southeast Fairbanks 4

GLENNALLEN-VALDEZ AREA ) : v

Valdez-Chitina-Whittier ' ' 1.0

Because different types of commercial establishments have different

energy use characteristics, it is useful to categorize the commercial-

industrial floor space by type of use. Unfortunately, it is not possible
to do this accurately with the data that is presently available beyond the

general categorization of the preceding Table D.39.

Several studies at the national level and for other regions have
broken the commercial sector into separated categories and have estimated
the annual ehergy requirements for each on a square foot basis or a per-

employee basis. Table D.41 reveals that no consistent pattern has emerged
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TABLE D.41. (continued)

(e) New York State Energy Office, 'Development of a Commercial Sector Energy Use Model for
New York State," 1979. ’ . '

(£) Jerry R. Jackson and William S. Johnson, "Commercial Energy Use: A Disaggregation by
Fuel, Building Type, and End Use," Oak Ridge National Labs., 1978.

(g) NEPOL Load Forecasting Task Force and Battelle Columbus, "Report on Model for Long-
Range Forecasting of Electric Energy and Demand to the New England Power Pool," 1977.

? .
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TABLE D.42.

ENERGY USE IN THE COMMERCIAL SECTOR
NATIONAL PATTERN . P

Space Heating

; o Requirement per

Percent of Fuel Used Square Foot Relative

Commercial Sector For Various Activities? to Office Space

Space Water
Heat  Heat Lighting Other

Office 78 4 15 4 1
Retail-Wholesale - 80 0 13 7 '1.02
Garage & Service _ . |
- Station . 83 0 14 3 . .45
Warehouse - : 84 1 12 3 - W45
Education 80 5 12 3 _ .84
Hospital 72 11 10 7 1.58
Religious 87 1 10 2 .67
Hotel ‘ - 90 5 4 1 1.58
Other 76 '3 18 3 .88
hationally
weighted
average 1.01

%Does not include fuel used for air conditioning.
SOURCE: Jerry R. Jackson and William S. Johnson, "Commercial Energy

Use: A Disaggregation by Fuel, Building Type, and End Use,"
Oak Ridge National Laboratory, 1978.
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2. Anchorage commercial real estate experts use 2-4¢/square foot/
ﬁoﬁth as a rule of .thumb for electricity costs: in the commercial sector.
{fhis converts to between:8 and 16 kWh/square.foot/year if electricity
averages 3¢ kWh. Gas consumption fér space heating is also estimated
' to cost between .8 and 1.2¢/équare'foot/month which converts to between

062 and .093 mcf/square foot/year at a gas price of about $1.56 mcf.

3. Cdnsumption of electricity on the Anchorage Community Collegé
campus in 1975 averaged 20.8 kWh/square foot/year; and for Kenai and

" Matanuska-Susitna, it averaged 17.63 kWh/square foot/year.23

4, Commercial consumption of electricity in 1975 in the Fair-
banks Area averaged 12.3 kWh/square foot/year for 552 thousand square
; feet of space surveyed. In addition, the 1.6 million square feet of
;-space occupied by the University of Alaska averaged 17.4 kWh/square
26 . . . . .
foot/year. Variation in use among consumers was dramatic, ranging

from about 4 kWh to 50 kWh.

5. A 1978 inventory of Fairbanks schoolé/indicates-electricity
consumption of 12.4 kWh/square foot[yeér based on 1.2 million square
feet. 1In addition, space heating plus water heating requirements for
the schools averaged 136 btu/squére foot/year x 103 broken down by
fuél type as follows: 0il - 103 thousand btu, coal - 185 thousand btu,

steam - 70 thousand btu.25
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6. Another Fairbanks survey of public buildings done in 1978
indicates that the space heating requirement in two electrically heated
buildings in Fairbanks is 302 thousand btu/square foot/year (88 kWh);

and for four buildings heated by fuel o0il, the average is 52 thousand.26

7. A sample of electricity and natural gas consumption of build-
ings used by the Anchorage Borough indicates an average consumption of
electricity of 21.8 kWh/square foot/year. The figure calculated for gas

seemed unreasonably high and so is not reported.

8. The Anchorage International Airport reports electricity use

at 51.8 kWh/square foot/year.

No information is availablé on the incidence of-the use qf electricif
as aAfuel for space hgating in the commercial-industrial sector, althoﬁgh
it is generally agreed that it is not signifiéant. Gas supplies the
majority of the load in the Anchorage area,‘supplemented by fuel oil;
and fuel oil, coal, and steam supply the Fairbanks market. Fuel oil

and propane serve Glennallen-Valdez.

On the basis of this small amount of data, it is not possible to

develop a plausible end use model of the commercial sector.

It is, however, possible to substantiate the assertion that there

is little electric space heating in the commercial sector in the Anchor-

age region and to develop a rough suggestion of electricity end use in

-
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the commercial sector. First, we calculate the use of natural gas in

 the commercial-industrial category. The total of such consumption in
1978 was 6,917,786 mcf, including apartments which are defined in this
étudy to be.in the residential sector. Netting out this component of
“natural gas demand27 leaves 5,348,922 mcf. 'Using the school system
~avérage consﬁmption figures as o rule of thumb, this amount of consump-
ition could provide space  heat to 40.9 million.square feet of spacé, or
" over 100 percent of the calculated space in the gas service area.
Adjusting the school district figure upWafd by the ratio of gemeral
~office-to-education building heat_requirements.taken from the Oak Ridge
National Laboratory Report (1.5) yields 27.3 million square feet gas
heated. (Naturai gas use for process heat and air conditioning is very
limited in the Anchorage market.) Thus, at most, somewhat between zero
"and one~third of.commorcial space heating requirements in the Anchofage

area and within the gas utility service district could have electric

space heat.

Second, wé confirm the predominance of gas for space heating by
allocating nonspace heat electricity consumption. Again using the 0Oak
Ridge Nationai Laboratory (ORNL) information on proportions of fuel used
in various activities within a type of oommercial_building, we calculate
the lighting and miscellaneous electricity requirement in various cate-
gories of buildings relative to éducation. We then apply those ratios
to the observed electricity consumption figures for electricity in
Alaskan educational buildings. This results in Alaskan estimates of

nonsPace heating and cooling electricity consumption, which are shown

in Table D.43.
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TABLE D.43. ESTIMATES OF COMMERCIAL ELECTRICITY CONSUMPTION

Sector
Educatibn
Generai
Warehouée
Hotel

. ¢
Manufacturing

“Electricity Requirement

Relative to?
Education

Calculated
Electricity in kWh
Requirement/ft.2/year

1
1.5
.53

.63

1.5

13

19.5

19.5

%Based on Jerry Jackson and William Johnson, "Commercial Energy
Use: A Disaggregation by Fuel, Building Type and End Use," Oak Ridge
National Laboratory, 1978.

bBased on 13 kWh/ft.Z/year assumed for the education sector (a
rough-weighted average of the available. information).

c . .
Assumed to have the same requirement as general commercial space.
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Using-this data and the previously calculated information on square
footage, it is possible to estimate totalvelectricity use for nonspace
Heating in the commércial sector and cohpare ié to the actual commercial
sales. This is done in Table D.44, which also includes comparable cal-
culations for other porﬁions of the railbelt. By neﬁting this use out
- of tofal-salés, the amount remaining must be allocated to eitherAspace,

heating, water heating, air conditioning, or process electricity.

The 165,128 MWh calculated for Anchorage could,\at 36 kWh annually
Ezper“équare foot for space heat (based agéin on ﬁhe Aﬁchoragé School:
:;District_data convérted from gas to electricity and adjusted to cover
:general commercial space using the ORNL data) heat about 4.6 million

- square féet of Greatér Anchorage Area commercial spaée (about»ll perceﬁt).
The comparable figures for Fairbanks and Glennallen would be about 12

and 23, respectively, if the electric heating requirement for Anchorage

is converted on the basis of heating degree days in these other locatioms.

‘The electric space heéting load is lower than-indicated by this
proéedure. There are some industrial an& miscellaneoué users of elec-

- tricity which consume much larger than average amounts of eﬁergy. The
Anchorage International Airpoft, the petroleumrrélated facilities on the

Kenai Peninsula, and the pipeline pump stations in Valdez are examples.
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TABLE D.44. CALCULATING THE POSSIBLE USE OF ELECTRICITY

FOR SPACE HEATING IN THE COMMERCIAL~
INDUSTRIAL—GOVERNMENT“SECTQR

 Unit
Electricity Total Actual 1978 Space Heat
Floor Consumption Electricity Utility - or Processa
Type of Space (non-space heat) Consumption Sales Electricity
Area Building (10 ft.2) kWh/ft.Z/year (mWh) (mWh) (mWh)
GREATER ANCHORAGE AREA - S 721,620 - 886,748 165,128
Anchorage 618,270 677,021 58,751
education 5,000 13 65,000 ' .
. general 25,120 19.5 489,840
hotel 1,500 7 10,500
warehouse 4,520 8 36,160
manufacturing 860 19.5 16,770
Kenai-Cook Inlet - ‘ ~ .
general 3,200 19.5 62,400 129,483 67,083
Matanuska-Susitna v _ ’
general 1,500 19.5 29,250 67,835 38,585
Seward ‘ .
general 600 19.5 11,700 12,409 709
GREATER FAIRBANKS ARFA
Fairbanks and
Southeast Fairbanks _ .
. general 10,800 19.5 210,600 271,726 61,126
GLENNALLEN-VALDEZ- AREA
Valdez-Chitina-Whittier
general 1,000 . 19.5 19,500 28,604 9,104

8pifference between total utility sales and calculated non-space heat sales.
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APPENDIX E. ELECTRIC UTILITY SALES PROJECTION METHODOLOGY

E.1. Residential Nonspace Heating Electricity Requirements

The following appliances are identified in this model:

water heater
range (cooking)
clothes dryer
refrigerator
freezer
dishwasher
clothes washer -
television -
air conditioner
small appliances

.

owvwo~NOoTUBPWLWNE

=

Time is measured iﬁ_five—year increments beginning in 1980, and there
. are three separate regions: Greater Anchorage, Greater Faifbanks, and

Glennallen-Valdez.

The electricity requirement for appliance type j at time t for

region r (the r notation is dropped in all that follows) (REQj ¢ r) is
? ?

the product of five components. It begins with the number of households

(HHt) multiplied by the appliance saturation rate (S, _). This yields

J.t

the total number of appliances of type j (Aj ). The portion of those

t
2
appliances which use electricity is determined by the fuel mode split

for electricity (FMSj

e t), The result is the number of electric appli-
? ? .

ances which is multiplied by average annual consumption (KWHj t) to yield
. > B
preliminary totalf consumption. This is finally adjusted by an average
household size adjustment‘(AHSj t) to yield total consumption. The
. 2

equation is as follows:






was manufactured (and sold). This is impbrtant because appliances of
different vintages may have inherently different energy-use character-
istics. This identification is accomplished by defining the appliance
stock at any time t in terms of the initial stock and additions to the
stock during each subsequent time period. Each vintage of appliances (m)
may have a different scrépping rate (d?,e t) between time m and time t

s .

because of different characteristics. The scrapping rate of the initial

stock*(d?gzot) will differ from that of subsequent vintages because the
3 H

initial stock is composed of appliances of different ages and, thus,

vintages.

For the existing appliance stock, the scrapping rate is also a
function of the past growth rate of the stock. Specifically, if gk is
the historical growth rate of the stock and exjk

‘then the scrapping rate in any year y can be approximated by:

is the average lifetime,

% (1+gj)y—1980 | (E.4)

This equation captures the phenomenon that the observed annual scrapping
rate for a growing appliance stock will be less than (1/average lifetime)
and that for a declining appliance stock the scrapping rate will be greater

than (1/average lifetime).a

“1In practice, it was not possible to utilize this function. The
scrapping rates for the existing appliance stock were based upon a cal-
culation using the scrapping rate for new appliances extrapolated back-
wards and weighted by the post-1970 growth rate of the stock.
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Jse,t

ot

The stock of electrical appliances of type j at time t (A, ) is:

thus as follows:

1980 1985
= * —_ % -
Aje,t = By e 1080 F (mdy o) F AL hggs ¥ (AmdyT D)
+ . . .+ NA, £ (1-45> ) + MA, (E;S)
j,e,t-5 Jse,t Jsest

The number of additions to the appliance stock j at time t using
electricity is the product df thertotal number of new appliances at
time j (NAj,t) and the incremental (or marginal) electrical mode split
(msi, ). This equation is simply,

Jse,t

NAj,e,t = NAj,t * mSij,e,t B ‘ (E.6
The number-of new appliances of type j at time t is the difference

between the stock demahded gt time t, represented by the number of house-~

holds multiplied by the saturation rate, and the éupply of those appli-

anceé which is the stock from the.previous period net of scrapping.

Thus, it is necessary to consider appliances using all types of fuels

in calculating new appliance type j requirements at t. This demand can

also be stated in terms of the initial appliance stock and all subsequent

additions to the stock as follows:

~




1980

= - % C—
Mie T A T 01080 T Ty
| 1985
i NA 1 1085 & (74570 ) = - - - \
£=5
~ I NA. % (1-d® E.7
k J’k’t_s ( Jskst) ( )

.The average annual electricity requirement in kilowatt hours of
;ppliance type j at time t (KWHj,t) is a function of the age distribution
df the appliance stock and the electricity requireﬁent for each vintage.
Four factors are involved in the determination of the electricity re-
‘_quirement for each vintage. AFirst, there is an average electricity

requirement for the existing appliance stock (kwhj ). Second, there

‘ ,1980
is an average electricity requirement for new additions to the stock in
year t (kWhj,t)' Third, the average size of additions to the appliance
stock j may change. This is accoﬁnted for by'a growth rate on average
appliance size subsequgnt to 1985 (l+kwhgj). Finally, mandatory improve-
ments in appliance efficiency may reduce average electricity rgquirements
for new.vintages of appliances. These Federal conservation targ;ts
(csj’t) are implemented beginning in the interval 1980 to 1985. ihe

average consumption of appliance j at time t can thus be expressed as

the following:




* (1 d1980 )1/A; +

KWH, _ = kwh, * [A ~d’
J J’e’t J’e’t

j,e,1980

(1+kwhgj)° * (1-cs, ) % kwh

%
»1985 37,1985

B 1985
[NAj,e,1985 * (1 dj,e,t)]/Aj,e,t + ...

.(1+kwhgj)t-1985

x - * -
(I-esy ) kwhy 1985

[NA, _ _1/A

. E.
1.e,t (

j,e,t

A major portion of electricity use in dish and clothes washer opera-
tion is for water héating; We account for this by separately calcuiating
" this component of electricity use in these appliances. The estimate of
the use of electricity for water heatiﬁg for these appliances is the
product of the water heater saturation rate, the electric mode split,

and the washer saturation rate.

Small appliances are not differentiated. Thus, their electricity
requirement is simpiy the product of the number of households, the initia

consumbtion level (KWH ), and a growth factor [nkwh * (t-1980)].

1980

REQj,t HHt KWHj,t [nkwh (t 1980)] (

Electric light consumption is assumed to be a simple multiple of

the current consumption level per household and the number of households.



E.2. Residential Space Heating Electricity Requirements

Total residential space heating electricity requirements in region r
(not indicated in the algebraic notation for ease of exposition) at
time f (SHREQe,t) is composed of the require@ents galculated separately
for four different types ofAstructufés. Thesé are the following:

T 1. single family
2. duplex
3. multifamily
4. mobile home

The electricity requirement for each type of structure j (SHREQj o t) is
N B . s b

based upon the required heat load measured in btu's /(TOTBTUj ), the

se,t

conversion efficiency of electric devices for producing space heat

(EFF, t), and the conversion constant between btu and kWh.

’e.,

Algebraically, it is

t/EFF. t/CONVe (E.10)

SHREQ. = TOTBTU,
» J J Jse,

»e,t

b ]

In the present use of the model, the conversion efficiency is assumed
constant throughout (no utilization of heat pumps), so the energy require-—

ment can be calculated as kWh throughout.

The space heating requirement for structure type j can be further
defined as. the product of the number of housing units of typé j (HTj),

the proportion utilizing electric space heat (FMSj e t), the average
> >

level of consumption (KWH., ,), and the utilization rate (UT, ).
S Y J,e,t




SHREQ. = HT, _ * FMS, * KWH, _ * UT, E.11
QJ’est J,t Jsre,t J,t Jse,t ( ll)

The number of units of housing type j in year t will be a proportion

(HMSj t) of the first home housing stock in year t (FHUt).
(E.12)

The proportion of housing units of type j at year t using electric

space heat will be simply

FMS, = HT, JHT. E.1

Jse,t Jse,t j,t . (
The number of housing units of type j using electric space heat at

time t will be a function of the initial stock of such installations

'(HT ) plus additions to the stock over time (NHT. ) and net

j,e,1980 i,e,t

of sctrapping from the stock over time (d?

j,e t). The rate of scrapping
2%

is vintage specific for the reasons mentioned in the appliance stock
discussion. Thus, the electric space heat units for strueture type j

at time t can be written as follows:

1980

= % - * .,
BT oot = BTy o 1080 * (mdy . ) + NHT, | 4gg5 * (=457 00)
+ . . .+ NHT % (1-a%™° ) + T (E.
: jse,t et

j,e,t-s



New electric heating units for structures of type j at time t are

determined by the electric incremental mode split (msij e t) applied to
2 3

all purchasers of space heating appliances for housing units of type j
at time t (NHT, )
( 5,070

NHT, _ = NHT, _ * msi, (E.15)
j,e,t it jse,t
New space heating requirements for structures of type.j at time t
are determined by the difference between the total number of hdusing units

type j required at time t (HTj t) and the éxisting stock with space

b4
heating appliances. We assume the scrapping rate for the housing stock
is zero but that there is a scrapping rate for space heating appliances

using different fuel types k. Thus, new space heating appliance demand

in housing units type j at time t is as follows:

: 1980 1985
NH = H - I HT, on ®(1-d, -z ; * (1-d]
Ty T FTy,e T 2T hoa080 * Yy, T D Ny 10ms ¢ (7dy )
- .. .- I NHT, £ (1-a572 ) - (E.16)
k Jjsk,t-5 skt
Finally, the electricity requirement per unit (KWHj t) will be
>
the weighted avérage of the per unit reQuirement of space heating
appliances of all different vintages of the stock. The average per
unit electricity requirement for any vintage will be the product of
. the base year requirement (kwhj 1985)’ the growth rate imn basic unit
b
consumption (kwhgj), the mandated energy savings for the unit (l—csj t)’
3






E.3. Commercial-Industrial Electricity Requirements

Commercial-industrial-government electricity requirements are aggre-—

gated into a single category because of data limitations. Total require-
ments at time t in region r (dropped from equation for ease of exposition)
for these combined sectors (CIREQt)'is the product of nonagricultural wage

and salary employment (EMt) and average consumption per employee (CIKWHt).-
= *
CIREQt EMt CIKWHt . ‘ (E.lg)

Average consﬁmptidn per employee varies as a function of time and

the implementation.of conservation standards. Specifically, new or
incremental electricity users (EMt - EMt—S)’ who represent new commercial-
industrial-government floor space, will have different electricity require-
ments than existing customers. ~Thus, existing customers at the beginning

of the projection will have an average consumption rate (kwh ) different

1980

from incremental customers added in subsequent five-year intervals. A

)

different consumption rate is assigned to incremental customers (kwh1985
“and this consumption rate grows over time linearly at a fixed amount

(nkwh). Efficiency standards at time t (1—cst) are effective on incre-

ments to electricity requirements but not to the total.

The general equation for the éommercial-industrial—government load

can then be written as follows:
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APPENDIX F. ELECTRIC UTILITY SALES
PROJECTION MODEL PARAMETERS

F.l. Projection Model 3arametersAfor Base Case

F.1.A. RESIDENTIAL NON-SPACE HEATING ELECTRICITY REQUIREMENTS

Parameters used in this model are presented in Tables F.l and F.2.

F.1.A.1. Conservation

The Energy Policy and Conservation Act of 1975 and the National
Energy Conservation Policy Act of 1978 direct the Federal Energy Admin-
istration (Department of Energy) to promulgate energyvefficiency targets

for electrical appliances sold beginning in 1980.

The targets are based upon an aggregate 20 percent increase in
the efficiency of energy use for 13 appliances using 1972 as a base
year. The targets for the various appliances differ because each is

determined on the basis of economic and technical feasibility.

For example, the efficiency improving changes in refrigerator
design include improved compressor motor efficiency, improved insula—
tion, improvement of door seals, provision of anAon/off switch for anti-
sweat heaters and elimination of the‘condensor fan motor. Thése changes

were estimated to increase the retail price of the refrigerator by half

the cost of electricity saved in the first year of operation.

The efficiency targets are presented in Table F.3.



F.1l. MODEL PARAMETERS: RESIDENTIAL NON-SPACE HEAT APPLIANCES

* Parameter . Region
Greater Greater Glennallen-
Anchorage Area Fairbanks Area Valdez Area

Saturation Rates (. )

J,t

SWH 1980 . .99 ' .97 ) .91
1985 1.00 .99 - .94
1990+ - 1.00 1.00 1.00

SC 1980+ 1.00 1.00 1.00

SCD 1980 : .71 .67 ' .49
1985 .72 : .69 .52
1990 .73 71 : .54
1995 .74 12 .56
2000 .75 .73 .58
2005 .76 74 .. .60
2010 .77 .75 .62 -

SR 1980+ 1.00 . 1.00 1.00

SF 1980 .46 , .45 _ 46
1985 .48 .48 _ . .49
1990 .51 .51 .52
1995 .52 .53 .54
2000 .55 .55 .56
2005 .57 .57 ) ’ .58
2010 S o .58 .59 .60

SDW 1980 .49 .38 .15
1985 .54 44 .24
1990 ‘ .59 .50 . ) .32
1995 : .63 .55 .39
2000 - .67 .60 . 45
2005 : .71 .64 .51
2010 .74 .68 " .56

KEY: WH Water Heater ~ DWW Dishwasher Water
' C Cooking CW Clothes Washer
CD Clothes Dryer CWW Clothes Washer Water
R Refrigerator TV Television
F Freezer AC Air Conditiomer

DW Dishwasher



1. (Continued)

Parameter

Region

Greater

Glennallen-
Valdez Area

Greater
Fairbanks Area

~Saturation Rates (S, )
J,t

Anchorage Area

S 1980 .77
W 1985 .78
1990 .79
1995 .80
2000 .81
2005 .82
2010 .83
S 1980 1.50
TV 1985 1.55
1990 1.60
1995 1.64
2000 1.68
2005 1.71
2010 1.74
SAC 1980+ 0
Incremental Electrical
Appliance Mode Split (msi, )

. J’e’t
msiWH 1980+ .35
msiC 1980+ .66
msiCD 1980+ .90
msi (other)

1980+

1.0

.75 , .66
.76 .68
.77 .70
.78 .72
.79 T3
.80 .74
.81 .75

1.51 .85

1.56 1.00

1.60 1.10

1.64 1.19

1.68 1.27

1.71 1.34

1.74 1.41
.01 0
.5 A
.85 ' A
.98 .75

1.0 1.0



F.l. (Continued)

Parameter

Region

Greater
Anchorage Area

Average Annual Appliance

Consumption in 1980 (kWhj,198O)

WH
C
CD
R
F
DW

DWW
cw
CWw
TV
AC

Average Annual New
Appliance Consumption (kwhj

,1985)

WH
c
CD
R
F
DW

DWW
cw
CWW
TV
AC

Greater
Fairbanks Area

Glennallen~.

3,475
1,200
1,000
1,250
1,350

230

700
70
1,050
400
400

3,650
1,250
1,000
1,560
1,550

230

740
70
1,050
400
400

Valdez Area.




§.1. - (Continued)

Parameter

Region

Greater
" Anchorage Area

Greater

- Glennallen-—
Valdez Area

Comservation Target
for New Appliances (csj,1985)

WH
c
CDh

R
FE

DW
cw
TV
AC.

Growth in
Appliance Size (kwhgj)

WH
c
CcDh

R
F

DW
CcW
TV
AC

Fairbanks Area

s14

.06
.29
21

.18
.29

.32
.21

.005

.01
.01

.005



F.1l. (Continued)

Parameter Region
Greater Greater Glennallen-
" Anchorage Area Fairbanks Area Valdez Area

Average Lifetime
of Appliance (exj)

WH 10
c ' 10
CD 15
R , : 15
F | 20
W 10
W 10
TV ! 10
AC 10
10

Historical Electric
Appliance Stock
Growth Rates (gj)

WH .05 .03 | .15
c .05 .03 .10
D .06 , .04 ‘ 14
R .05 .03 .10
F | .05 .03 .11
DW .09 .04 .25
cwW .06 .04 .12
v .07 .04 .20
AC 0 .03 - 0

F-6




TABLE F.2. MODEL PARAMETERS: SMALL RESIDENTIAL APPLIANCES

Parameter

Region

Greater
Anchorage Area

Greater Glennallen—
Fairbanks Area Valdez Area

Average Annual Con-—
sumption Level (KWh

1980)
electric lights 1,000
assorted appliances = = 1,010

Annual Increment to
Small Appliance Con-— .
sumption (nKWh) ) 50

1,000 1,000
1,466 1,333
70 70



TABLE F.3. FEDERALLY-MANDATED ELECTRICAL APPLIANCE EFFICIENCY

Percent Reduction in Energy
Consumption of New Appliance

Electrical Appliance : Using 1972 as a Base
1. Refrigerator 32
2.  Freezer - 23
3. Dishwasher 20
4, Clothes Dryer 7
5. Water Heater i5
6. Air Conditioner - 23
7. Television (black & white) ' 65
8. Television (color) 35
9. Range 3

10.

Clothes Washer 32

'SOURCE: Federal Energy Administration, Energy Conservation Program
for Appliances. TFederal Register, Vol. 42, No. 136.




Independent sfudies of the potential for comservation of electricity
iﬁ appliance design conclude that much greater savings in energy is pos-—
sible at modest cost. For example, a Danish sﬁudy.in 1979 concluded thét
a 64 percent savings in elactricity consumption could be obtained from
refrigerator design changes with a payback time of five years. The
design inclﬁded increased insulatién thickness, elimination of automatic
- defroster, and increased condenser efficiency.2 More radical design
changes éould further reduce the electricity consumption of refrigefators

and other appliances.

This study assumes that the Federal guidelines Qill be implemented
during the period 1981 to 1985.3 The target efficiencies are reduced
by 10 percent. to take account of thé fact that the base consumption
_ le&els from which the tafgets are calculated are those of 1972; and in
the interim between 1972 and the present, some. efficiency improvements
have already appeared in ﬁew appliances. For example, the primary
désign improvement for television sets is a conversion to solid-state
circuitry. This ié already happening and,'consequently, the applica-
tion of the target value to the 1980 stock would overestimate the

actual energy savings.

The rationale for assuming implementation of the Federal guidelines
but no additional changes in appliance efficiency is based on the
idea that these are improvements which will, in fact, occur, while

further improvements will require addition-specific programs at the



Federal or state level. Should they occur, they can be subsequently

introduced into the model.

F.1.A.2. Appliance Lifetime

Appliance lifetime estimates are available from the Home Appliance -
Manufacturers Association. Relevant appliance lifetimes are presented
"in Table F.4.

TABLE F.4. APPLIANCE LIFETIMES

Appliance Lifetime in Years

Freezer 20
Refrigerator 15
Electric Clothes Dryer 14
Electric Range 12
Television (color) : 12
Dishwasher 11
Clothes Washer 11
Television (black & white) 11
Room Air Conditiomer 10
Electric Water Heater 10

SOURCE: Richard B. Comerford, "PSE&G Method of Forecasting Residential
Kilowatthour Consumption,"” and George L. Fitzpatrick, "Peak Loa
"Forecasting Methodology," in How Electric Utilities Forecast:
ERPI Symposium Proceedings, March 1979.

Ve Other estimates of appliance lifetimes indicate some variation from

A . 5
these figures, although it is not substantial.
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In this analysis, since appliances of different vintages have differ-
ent energy-use charécteristics,vit is important to identify nbt only the
éverage lifetime but also the pfobability distribution of lifetimes fof
specific appliances. One recent study which has investigated the dur-
ability ﬁrobability distribution for air conditionérs_concluded that it
is é Weibuli distribution which has a mean of apﬁroximately ten years
with 50 pefcent of the population wearing out in the interval between

4.5 years and 1.3.75Ayears.6

We assume the same probability distributions for the durability of
other electrical appliances and use a simplified distribution to dis-
tribute appliance'dispoéals around tﬁe mean lifetime. Since the model
-calculates appliance stocks on a five-year interval, appliance disposals
are assumed to occur in the five-year interval preceeding and the ten-
year interval succeeding the average lifetime which is adjusted to be a

multiple of five years. The typical distribution is shown in Figure F.1.

FIGURE F.l. ©PROBABILITY DISTRIBUTION FOR TYPICAL
APPLIANCE DURABILITY :

40%
25% ' 25%
%
Scrapped
10%
Average = Average Average Average
Lifetime Lifetime Lifetime Lifetime
-5 Years +5 Years +10 Years
Years
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There is no direct information available on changes in the avefage
capacity of appliances in use in Alaska, and the information available
nationally is not necessérily applicable to Alaska because of differences
in existing stock as well as preferences. Some general assumptions may"
be made, however, fér those appliances which may be subject to capacity

éhange.

Dishwashers may include two features which affect electricity con-
sumption for each load. These are the "pots and pans" feature which adds
about 1 kWh per load and a "no-heat dry'" feature which reduces consumption
by about .4 kWh per 1oad.lO There is no current infofmation on the
utilization of these features, although the Department of Energy appli-
ance efficiency guidelines include the "no-heat dry" feature as one of the
compénents of their efficiency target. It is assumed heré that the "pots

and pans"

featurg becomes more commonplace over time on new dishwashers
but is used relatively infrequeatly sd that the average capacity growth
rate is .5 pércent annually for new dishwasher purchases. The average
new dishwasher is assumed to use 1.05 times the electricity of the

existing stock based roughly on this growth rate and our estimate of

average appliance life.

Refrigerator volumes have been increasing over time as indicated

above, and with increasing volumes has come increasing energy consumption.
The inclusion of a freezer and a "no-frost" feature also add to average
consumption rates. Elimination of these features is not suggested in

the Department of Energy appliance efficienéy standard targets.
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of 130 pércent. It also presents information indicating that the growth
rate in annual energy consumption of new refrigerators was 3.7 percent

between 1960 and 1974 and 2.2 percent between 1970 and 1974.13

On this basis and the assumbtion that .the average agé of the
appliance sfock is less in Alaska than nationally, it is assumed that
hew refrigerators operate at 1.25 times the consuﬁption'rate of the
existing stock and that the growth rate in consumption of the new stock

is 1 percent annually.

Freezers vary in size, shape, and whether they have a "no-frost"
feature. The "no-froét" feature adds about 50 percent to average
electfiéity consumption.14 As with refrigerators, elimination of tﬁis
optional feature is not a statedlcomponent of the ;ppliance'efficiency
standards targets of the.Department of Enéfgy. There is no historical
series nationally on the proportion of saleé of freezers which are of
the "no-frost" type and ﬁo data in Alaska on the characteristics of the

existing stock.

Because of this lack of data, the most reasonable assumption would
be to assume the same growth characteristiés for freezers as for refrig-
erators; that is, the new freezers will be more likely to have a larger
capacit& and the "frost—free" feature than the éxisting stock. However, it
is assumed that the standard deviation around the mean of the size distri-
bution of existing freezers is smaller than for refrigerators so that the
~ratio of the average consumption of the new-to-existing ;tock will be
smaller than in the case of refrigerators. It is assumed to be 1.15.

F-15



Water heater size has increased over time, as indicated by ménufac—v
. . 15 . .
turer shipments of domestic gas water heaters, which grew in capacity
by about 1 percent annually during the mid-1970s. Since energy require-
ments will not grow as fast as volume and because average per capita
residential hot water consumption is relatively comnstant except for use

in dishwashers and clothes dryers, continued growth in water heater

energy use should be small. However, because the existing stock may
.continue to be replaced by larger units, a small positive growth rate

is assumed for energy use of additions to the stock. The average con-

sumption of new units is assumed to be 1.05 times the existing stock

based upon this assumption and on estimate of the age of the existing

stock.

Small appliances. Electricity donsumption from the use of small

appliances will increase as additional appliances are purchased by the
average household. Individually, such appliances do ﬁot constitute a
large proportion of total demand, but the combined consumption of

electricity through such appliances could continue to increase as new
appliances, some not even noﬁ on the markeﬁ, become available and are

purchased.

It is difficult to specify a growth rate for electricity consump-~

tion through these appliances because there is no information available
on existing saturation rates and use patterns in Alaska and because of

the following considerations:
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1. Use of electricity in some new appliances may substitute
for electricity use in existing appliances. For example,
increased use of microwave ovens may partially reduce
electricity use for conventional r;nges.

2. Use patterns for smaller appliances ﬁgy change significantly
iﬁ the future. For example, a more dispersed population

~would result in greater use of electricity in water pumps
to bring well water to the surface.

3. It is not possible to anticipate all future uses of electricity
in the home. Humidifiers, large-screen televisions, an&

trash compactors are examples of recent additions to small

appliances in use in the residential sector.

An annual increase of 5 péréent of the 1978 consumption level for
small appliances is assumed for future growth. The base figure used in
this.calculation varies between the regions because éf different climate,
'preferences, and other unidentified factors. These differences are

assumed to persist.

The average household use of electricity for lighting is assumed:

to remain constant over time.

F.1.A.4, Appliance Saturation Rates

Deviation of appliance saturation rates is discussed in Appendix

D, Section 3.

F-17



F.1.A.5. Incremental Mode Split

To calculate incremental mode splits for water heaters, ranges, and
¢lothes dryers, we rely upon the same sources of information used in
the development of the 1978 end use inventory. We begin by comparing

the average mode split reported in the 1970 Census (Table D.29) to the

incremental mode split calculated‘for the period 1960 to 1970 (Table
D.32). When the average aﬁd increﬁgntal mode splits thus calculated
are approximately equal, the market fpr the appliance is in equilibrium
with respect to the fuel types used. Unfortunately, it was not gen-—

erally the case that such an equilibrium could be identified.

Table F.6 shows the incremental mode splits used in the model.
They remain constant throughout the projection period on the assumptions
that the relative prices and availabilities of the various fuels will

not change and that preferences for various fuels does not change.

The Anchorage splits have been relatively comnstant historically
with only electric water heaters losing ground to gas. The census-

calculated incremental mede splits are utilized.

The census-reported information for the Matanuska-Susitna Borough -
ig not useful because of the rapid subsequént growth there which has
relied heavily on electricity. We calculate the water heater and
range incremental mode splits on the assumption that the pride advan-
tage enjoyed by electricity over fuel oil will persist and the majority

of purchasers will choose electricity. Electric ranges will be slightly
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. TABLE F.6.
INCREMENTAL ELECTRICAL APPLIANCE MODE SPLIT

8Census calculated incremental mode split.

bHEA survey estimate.

\

Water Heater - Range Clothes Dryer Refrigerator
Anchorage .302 672 .982 1.00
Matanuska- d. d
Susitna 5% .80 .96° 1.00
- Kenai- a b
Cook. Inlet .50 407 .90°¢ 1.00
Seward .35°% .75% .70°% 1.00
‘Fairbanks .508 .85% .988 1.00
h h e
Glennallen- 40 .40 .50 1.00
Valdez

cAssumesa shift away from gas toward the pattern observed for

Anchorage.
dBased on price advantage of electricity.
. ,
1970 Census.
fAssumes shift toward electricity.
gBased on growth since 1970.

hBased on shift toward electric range preference.
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more preferred than electric water heaters. The electric clothes dryer

mode split is taken from the 1970 Census.

In Kenai-Cook Iniet,:we.utiiize the increméntal mode split calcu-
lated from the census for water heaters reflecting a shift in preference
toward electricity. The electric range split is taken from an end use
survey conducﬁed by Homer Electric Association in 1977 bécaﬁse the
census figures appeared low based upén the general pattern of growth
since 1970. The clothes dryer mode split presumes a shift away from

natural gas toward electricity in a reflection of Anchorage preferences.

For Seward, the 1970 Census data was used to calculate water heater
and clothes dryer mode splits while a shift toward a preference for
electricity for cooking was assumed on the basis of cleanliness and con-

venience.

For Fairbanks, the 1970 wéter heater electric mode spiit was 37
percent and the end use inventory calculated a 43 percent split in 1978.
The increméntal split over the interval would thus be about 50 ﬁercent.
We assume this for future projections, although the recent electricity
price increases might result in a shift in preference back to fuel oil

in the future. Electricity is preferred for cooking in Fairbanks based

upon the census-calculated incremental mode split which shows a substan-
tial electric range retrofit between 1960 and 1970. We assume a continua-~
tion of the trend toward electric ranges with an 85 percent incremental

mode split. For clothes dryers, we use the 1970 Census information.
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The Glennallen-Valdez census data is out-dated because of the

répid post-1970 growth, but subsequent information is not currently
available. We assume a shift toward electrical appliances occurs in
" reflection of trends observed elsewhere in the railbelt. The clothes

‘drying mode split is based on the 1970 Census.

rF.l.A.6. Household éize Adjustment Factor
Clothes washers, clothes dryers, and water heaters are used more
intensively by lafger households. A study conducted by ;he Midwest
Research Institute calculated average annual electricity requirements
for these applianceg as a linear function of household size using
mgtered appiiances.16 These equatidns are converted to use in this
model by: |
1. annualizing fhem (they are based on &aiiy consumption);
2. normalizing them by a 1980 average household size of three
persons; and -
3. calculating a ratio by which to adjust calculated consump~
tion to accoupt for changing household size.
The adjustment factor is a function of the rgtio of average household
size in year t to 1980 (AHHt) and is formed from the equations of

Table F.7.
F.1.B. RESIDENTIAL SPACE HEATING ELECTRICITY REQUIREMENTS

Parameters used in the residential space heating model are pre-

sented in Table F.8.
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TABLE F.7. EQUATIONS TO DETERMINE HOUSEHOLD SIZE
ELECTRICITY CONSUMPTION ADJUSTMENTS

Appliance Equation
Clothes washer 1% AHH
Clothes washer water 25 + .75 * AHH
Clothes dryer .25 + .75 * AHH
Water heater | 51 + .49 * AHH
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Parameter

e et

- Average Annual
Unit Consumption

SF

DP

MF.
M

Average Unit lifetime

SF
DP
MF
MH

DP Duplex
MF Multifamily
MH Mobile Home

F.8. MObEL PARAMETERS: RESIDENTIAL SPACE HEATING

Region

Greater

Anchorage Area

Growth in Unit Size (kwhgj)

(exj)

" KEY:  SF Single Family

(Egisting Units) (kwhj’ 1980)

SF 36,500
DP 24,200
MF 17,100
MH 27,300

Average Annual

Unit Consumption

. (New Uglts) (kwhj,l985)
SF ' 40,100
DP . 26,600
MF 18,800
MH 30,000
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Greater
Fairbanks Area

Glennallen-

Valdez Area

48,200
31,900
21,200
36,900

53,000
35,100
23,300
40,600

.01
.01
.01
.01

20 .
20
20
20

33,300
21,900
14,600
25,400

36,600
24,100
16,100
27,900



F.8. (Continued)

Parameter

Region

Greater
Anchorage Area

Greater
Fairbanks Area

Incremental Electrical

Appliance Mode Split (mSij,e,t)
mSicr, 1980+ +19
mSinp. 1980+ P
mSiME,l980+ : .19
mSdyh,1980+ | -19

Conservation Target -
for New Appliances (csj

)

»1985

SF
DP
MF
MH

Utilization Rates (UT, )
_ Jse,t

UTgp 1980+

UTpp . 1080+

UTvr, 1980+

Ul 1980+
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F.8. (Continued)

Parameter . Region
Greater Greater Glennallen~

- Anchorage Area Fairbanks Area Valdez Area

Retrofitting Coefficients

V m
t.
(re Jsest>

.~ 1980 ’ A

retsr 1085 .02 .04 .03
1980 : : |
T®'pp,1985 0 0 0

1980 : .
retMF,1985 0 0 0
1980 0 0 0

Tetym, 1985
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F.1.B.1. Conservation

Conservation enters into the determination of the residential
space heating load through assumptions about retrofitting of existing
units with energy saving improvements and the application of efficienéy

standards to new housing units.,

Retrofitting existing structures to reduce the required heat load
~ will be a function of the quality of the housing stock, the expectéd
length of housing unit ownership, the amount of information available
to individuals iﬁterested in retrofitting, and the cost of fuel saved
compared to the infestment in supplies and labor required to do the

retrofit.

Several federal and some current state pfograms are designed to
stimulate retrofitting in the residential sector. Among the important
federal-programs aré a tax credit of 15 percent of the first $2,000
expended for comnservation measures, a home improvement loan progfam
for energy conservation measures, and a weatherization grant program

for low income families.l7

The most important state program is a 10 percent residential fuel
conservation tax credit for capital improvements to reduce the heat

load of residential buildings. Several studies have attempted to

assess the impact of retrofitting on energy requirements for space
heating. In 1974 a study by Arthur D. Little estimated that nationally-

applied retrofitting measures based upon current reasonable technology
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and cost could reduce the electric space heating load by 26 percent,
-20 percent, ahd 17 percent for single family, multi-family, and mobile
home type units, respectively.18 A 1977 study estimated at 20 percent

savings in energy consumption from retrofitting 20 million single family

19

Vunits'Between 1977 and 1990.

.Unfdrtunately, theserestimétes are not based upon actual observed
human behavipr‘but, rather, are based upon simple engineering models. A
study reported by theVCéliférnia Energy Commission indicates that the
actual,responsérto retrofit conserﬁation programs and actual énérgy
savings may beronly about 50 percent of what engineering models would

. 20
suggest.

The only information cﬁrrently available concerning retrofitting
of the housing stock is available from state tax returns for 1977 and
1978, The number of returns, percentage claiming credits, average
credit claimed, and implied value of capital investment in retrofitting

equipment are shown in Table F.9.

Since this data is not regionally divided and specific fuel used
is not speéified, it is not possible to accurately estimate the impact

of this program on electric space heat consumption.

If we assume an even distribution statewide, an even distribution
.among all types of. fuels, and a 5-year payback for investments (with

no discounting), then in 1978 about $975 thousand was spent for railbelt
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TABLE F.9. STATE OF ALASKA RESIDENTIAL FUEL
CONSERVATION CREDITS

1977 - 1978
tax returns 195,394 183,725
percent claiming credit 5.6% 8.1%
number claiming credit 10,942 14,882
average credit $74.10 $57.61
implied éapital investment '
(@ 15% credit) $741 $576
implied total capital investment $8,108,070 $8,571,873

Source: Alaska Department of Revenue, "Fuel, Comnservation, and
Industrial Credits Relative to the Individual Income
~ Tax," 1980.
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electric space heat unit retrofits. This saved $195,000 in electric
bills. If the average cost of electricty was 5¢, then about 3,900 MWh
of\electricty were conserved by-the retrofit program, og lgssrthan 1
percent of residential electric space heat requifemeﬁts. This is ob-
'Vviously only on order of magnitude estimate, but it suggests that_tﬁe
_impact of the ekisting state retrofit program'én aggregate consumptiqn
- of electricity is probably modest. The impaét couldrquiﬁé po$sibly
 be much smaller with a longef_pgyback period or if a smaller percentage

of credits were taken by electric space heaters than assumed.

A further problem with using national estimates of the potential
savings from retrofitting is that the thermal integrity of the typica;
Alaskan»hoﬁsé may be much better than the national average; It is
clearly a younger than average étock, so few homes would be yithout in-
sulation as in the lower 48. Therharsh winters would suggest more con-
~cern during construction for thermal integrity, but this may not have

been the case in fact.

On the basis of this spotty information, it is not-possible to
assume a Subétantiai impact on electric space heating of the existing
federal and stéte retrofitting programs. Obviously, somé of the impact
has already occurred, and to project an estimate of the full impact of
these programs into the futﬁre would involve some double counting of

conservation.
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We assume that retrofitting is confined to single family residences
and occurs on the existing housing stock during the period 1980 to i985.
It isrtwice as i@portant in Fairbanks as in Anchorage because the higher
price of electricity in Fairbanks creates an extra incentive there. The
impact on Glennallen-Valdez falls midway between the 4 percent saving

for Fairbanks and 2 percent saving for Anchorage.

The appliéation of mandatory construction or performance standards
to new housing in order to improve their thermal integrity has been
under consideration for several years by the federal government. The

sets of standards which may be implemented are either the American

Society of Heating, Refrigerating, and Air’Conditioning Engineers (ASHRAE):
90-75 standards or standards developed by the U.S. Department of Housing:
and Urban Development (HUD). These standards now are supposed to become

effective in 1980.

National studies have estimated the impact of these mandatory stan-
dards on energy consumption. The Arthur D. Little study estimated po-
tential savings of 35 percent, 45 percent, and 40 percent in mobile homes;
single family units, and multi-family units, respectively. - A 1977 study
estimated savings of 11 percent for single family units and 46 percent
for multi~family units under the ASHRAE 90-75 standards and 20 percent
and 51 percent savings under the HUD standards.22 Substantial savings
are thus apparently possible, but there are nd precisé estimates of

what the savings would be from standards.
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An attempt has been made to estimate the impact of the two afore-
mentioned standards on Alaskan energy consumption, but the conclusions
of the study were qualitative rather than quantitative and suggested

only that substantial savings would be possible.23

We éssﬁmelthat a program of mandatory.stanaards is:implemented in
1981 which has ﬁﬁe effect dfrreducingAthé heat load in new constfuétion
(except for mobile homes) by 5 percent independent of other factors.
This percentage takes into account the assumption that-Alaskaﬁrhousing
g is already mofe therﬁally,efficient than the national avégage; the’fact
that actual savings observed will be less than savings in theory, and
the»idea that it will take some time to actually implement the program.

" No conservation is assumed for mobile home units.

F.1.B.2. Heating Appliance Lifetimes

For ease of calculation, the demolition rate for tﬁe existing housing
-étock is set at zero. This is not significantly different from actual
:: ratios as indicated from building permit information. The assumption
also applies to the heat distribﬁtion system for the home. The héat
generating system (boiler, furnace, etc.) is assumea to have an average
lifetime of 20 years, independent of type or fuel used. This is based
on Home Appliance Manufacturers Association data, and, as with other
appliances, the actual time of scrapping of an appliance is determined

by a probability distribution centered at the average lifetime.
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F.1.B.3. -Average Housing Unit Size and Consumption

‘The average housing unit size was estimated in Appendix D, Secgion'
2, and electricity consumption for space heéting was assumed to be a
function of the average unit square feet of floor space. (An adjustmen;v
factor was calculated to account for the fact that 1978 was a warmer

than normal winter. See Table D.24.)

- We assume that the average electricity requirement for new units
constructed after 1980 (independent of conservation) is 10 percent
greater than existing units because new construction is assumed to con~

sist of larger units on average than the existing stock of housing units

Two sources of information confirm the observation of an increasing

average size of the housing stock. In Table F.10, the average consump-

tion of natural gas per heating degree day is presented for recent years

The consumption growth in the 1970s of between 2 and 3 percent
annually can be attributed to growth in the average size of the housing‘
stock (or to deteriofétion in the thermal integrity of the housing
stock). Second, as noted in Appendix D, Section 2, the average size of
new single family units nationally is larger than the average for the

existing stock by about 10 percent (1720/1570).

We assume new housing of all types constructed after 1980 will be
on average 10 percent larger than the existing stock based upon this

national ratio.
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TABLE F.10. RESIDENTIAL CONSUMER NATURAL GAS CONSUMPTICON
FOR SPACE HEATING PER HEATING DEGREE DAY

-Average Annual : , : Consumption/
) Consumption for . Heating Heating Degree

Year : Space Heating (mcf) Degree Days Day

1970 ' 172 . 10,137 .0170

- 1971 S , o 180 11,879 .0152
1972 191 12,016 .0159
1973 © 188 .- 11,665 .0161
1974 ' 170 10,683 .0159
1975 : 193 ©11,308 .0171

- 1976 o181 -7 10,361 . .0175
1977 _ 166 9,394 .0177
1978 164 9,131 .0180
1979 , 159 9,430 .0169

Source: Alaska Gas and Service Company annual financial reports and
internal company records.
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In subsequent years, new additions to the housing stock are larger
by 1 percent annually. »This‘is a balance of several factors which can
be identified but not quantified. Increasing disposable incomes will
increase the demand for larger housing units, but the increasing cost
of housing will partially offset this. The role of the federal and
state governments in stimulating home ownership through various programs
could increaée the size of new additions to the housing stock or reduce
it, depending on the particulars of the program. The.declining averaée
houséhold size in future years should reduce the demand for. larger
units somewhat. The Alaskan climate which requires that people spend
a large proﬁortion of their time indoors during the winter months sug~

gests a strong preference for larger housing units.

The Arthur D. Little studyrof.1975 assumed that these various
factors would céncel one another out so that the size of new housing
was projected to remain constant in future years and that only replacé-
ment of demolitions would increase the average size of the stock by
4 percent between 1975 and 1990. We assume the disposable income effect
the climate—related preference, and the presence of state intervention
into the housing market predoﬁinate and result in an increasing size

for increments to the housing stock.

F.l.B.4. Incremental Mode Split*®

We assume that the Greater Anchorage Area space heat mode split

is in equilibrium. Thus, the incremental mode split will be equal to

*See also Section F.2 for a discussion of the space heating mode

choice decision.
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the averége mode split for electricity. The Greater Anchorage Area
average of 19 percent electric residential space heating is gssumed for
all housing types. This is a slight decline from the existing,mul;i—
family stock of 19.9 percent (see Table D.21) but a slight increase
fo;vthe other type of units. This assﬁmption presumes no shift in the’
geographic aiétribtuién of new housing units either toﬁard or away from
" areas where natural gas is*availableror the extension of natural gas
Vservice into new areas. Growth in ;he mid-1970s in -these outlying areas
haé been relétively rapid, but it is not clear whether this is a ﬁem—
porary phenomenon or represents the emergence of a long—term trend.
Growth has decelerated in the last year, but that could be a reflection

of the génegal softening of the Alaskan economy.

’IanairﬁanksJ Golden Vallef Electric'Aésociétion (GVEA) has pﬁt a
ban on new electric space heat hookups. This is assumed ﬁo be permanent
in the absence of new generating facilities powered by fuels other then
fuel bii because éf thé high incremental cost of #ower from this source.
Neverthelesé, we assume that 1 perceﬁt bf new and replacement single
family and mobile home units are heated by electricity. This represents
a gradual decline in the electric space heat load occurring over a
‘vperiod of about 20 years as existing units wear out and are replacéd.
GVEA in their own load grdwth estimates assumes that all of their resi-
dential space heat customers will be shifted off‘of electriéiQy by

1982.
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There is very little electricity used for space heating in the
Glennallen-Valdez service area because of its relative price. ‘We
assume the same incremental mode split for electric space heating as

the present average.

F.1.B.5. Utilization Rates

We assume utilization rates are unchanged from current levels.
That is, people do not manually set back their thermostats at night,

etc.

F.1.C. COMMERCIAL-INDUSTRIAL-GOVERNMENT ELECTRICITY REQUIREMENTS

Model parameters for the component are shown in Table F.1l.

F.1.C.1l. Conservation

Conservation measures in the industrial sector consist of effi-
ciency standards for new appliances, construction or performance stan—
dards for new construction;'and retrofitting of existing structures to
increase the thermal efficiency and reduce the electricity load in the

various building systems such as the heating, ventilating, and air com- .

ditioning systems (HVAC). Because detailed end use information is not
currently available, it is not poésible to identify in detail the impact
on electricity consumption of specific conservation measures. Becauée
federal conservation programs are and will be in effect, however, it is

necessary to try to quantify their impact.

The major comservation programs of the federal government specifi-

cally targeted to the commercial, industrial, and government sectors
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TABLE F.11l. MODEL PARAMETERS:
COMMERCIAL-INDUSTRIAL-GOVERNMENT SALES

Parameter ' Region
Greater Greater - Glennallen-
Anchorage Area  Fairbanks Area Valdez

“Average Consumption Rate
for Existing Stock (KWh

1980

) 10.675 10.983 9.178

Average Consumption Rate
for Increments to
Stock,(KWh1985) 15.156 ‘ 18.537 = 12.979-

~ Subsequent Increases to

Incremental Consumption
Rate (nKWh) - : ‘ 3.020 _ 3.707 2,596

V,Design and Performance -
Efficiency Targets (CSt)

1985 _ 0 0 0
1990 .05 . .05 .05

1995+ o .1 W1 A .1
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include grants to schools and hospitals for improving energy efficiency, -
a local public building energy audit ﬁrogram, conservation requirements

for federal buildings,Aenergy efficiency labeling of industrial equip-"
ment, stimulatiqn of cogenerétion, business energy tax credits, and per-
formance standards for new commercial'buildings similar to fhe residentia

2
sector. 4

_Nationai studies have attempted to measure the pdtential impact of
these federal programs. A 1979 analysis of the National Eneréy Plan
estimated the growth réte of energy use in the commercial sector could
be reduced from 4 to;3.2 percent annually as a result of implementation

of the plan.25

The Arthur.D. Little‘study previously mentioned éétimated potential
energy conservation factors for several types of commercial buildings.
These factors, shown in Table F.12, are the proportion of energy
s#vings possible using "praétical methods and existing materials in
addition to allowing for soﬁe technological improvements in selected

HVAC and electrical components between now and 1990."26

These calculations are based upon a technical analysis of possi-
Bilities, but the study also includes a discussion of the institutionai 
setting within which energy conservation in thé commercial sector would
be addressed and provides some insight into the problems which imple-~
mentation of energy cpnservation would entail. Specifically, the

relative complexity of the typical commercial structure makes it
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TABLE F.12. ENERGY CONSERVATION FACTORS FOR
COMMERCTAL BUILDINGS '

(1970 = 1.0)
Existing New
Buildings Construction
Office Buildings
Lighting - .80 .50
Auxilliary equipment -95 .90
. Space heating i : _— . .78 .60
Cooling .82 .53
- Hot water heating .95 7 .90
Retail Establishments
Lighting ' .70 .50
Auxilliary equipment _ ' .95 v .90
Space heating .76 ) .50
Cooling ) L .77 .54
Hot water heating - ' ' .95 .90
Schools, Educational
Lighting . ' .80 .50
Auxilliary equipment . .95 .90
Space heating .79 - .50
Cooling .81 .59

Hot water heating .95 © .90

Source: Arthur D. Little, "Residential and Commercial Energy Use
Patterns: 1970 to 1990," for Federal Energy Administration,
1974, p. 156. '
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difficult to calculate actual energy consumption of the Various systems
in the building and to determine potential savings from design changes.
(For example, the lighting syétem waste heat provides some space heat.)
In addition, the design of a building normally involves the attempt

to meet a largebnumber of objectives, only one of which would be energy
efficiency. The implementation of this objective requirés the close
intéraction af clieht,'architect, and engineers designing the various
building systems. - It is-clear'from'the discussion in the Arthur D.
Little report that energy conmservation was not a major concern in buildipg
design and maintenance in the early 1970s. This was reflected in the
fact that architects consulted were sensitivg to conservation issues
bu; lacked "the detailed knowledge to apply conservation measures with

any degree of sophistication."27

The heterogeneity of this component of electricity consumption
is a further problem, makihg it difficult to analyze electricity use and
pdtential savings. Finally, consumption is dramaticaliy effected by
building.use patterns. The same building, from a design standpoint,
can have energy and electricity consumption differences of over 100

percent, depending upon the patterns of use of the building.28

We assume that the majority of'electricity used in the commercial-
industrial~government sector is for lighting, in conjunction with space
conditioning systems, and for auxilliary electrical equipment. The
new construction conservation potential in these areas is significant,

but we assume that the impact of currently-planned federal programs,
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including design or performace stapdards, will be mofe modest and will
take considerable time in implementation due to institutional constraints
to development of the standards and immediate implementation when they
become available. We»assume ab peréent reduction in electricity.re—
quireﬁents for new construction during the period 1985 to 1990 (indepen-
dent of othef growﬁh factors),‘increased to 10 percent in the following
decade. - This suggeété é higher conservation ﬁotential in tﬁis sector
than the residential space heat séctor but a lopger time for implementa-

tion.

At the same time, because of the absence, particularly in the Greater
Aﬁchorage Aréa, of a strong price incentive, retrofitting measures in the
Vcommercial sector are a;sﬁmed to ﬁave no_impact bn.electricity éonsump-
tion. (See next section concérning assumptions regarding growth 6f
consumption by e#isting customers,) In other words,rthe\neWAconstruction
standards program is the measure which results in conservation in this

sector.

F,1.C.2. Commercial-Industrial-Government Utility Sales Per Customer
'Historic;l annual utility sales per customer data for the major
railbelt regions and the U.S. as a whole are compared in Table F.13.
The average Alaskan customer consumes about 70 percent more electriéity
in a year than thosé in the U.S. as a whole,‘and over the long run, the
growth rate in éverage sales has-Eeen realtively equal for Alaska and
the U.S. In the period of the 1970s, thé Alaskan growth ratés have been
more rapid, but this has been offset by apparently slower growth rates

in the late 1960s.
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TABLE F.13
COMMERCIAL/INDUSTRIAL UTILITY SALES PER CUSTOMER

(MWh)
Greater | Greater
Anchorage Area Fairbanks Area - ' U.S.A.a
1950 . - : - 9.3
1955 . - ) - 12.7
1960 - - 17.0
1965 47.2 , 41.2
1966 . © 52.0 ~ 40.5
1967 ' 55.2 -
1968 » 57.7 53.0
1969 61.7 57.8
1970 - 62.7 - 62.8
1971 69.1 69.0
1972 73.7 67.9
1973 . 80.6 : 73.4
1974 - 79.8 72.1
1975 85.1 : 90.0
1976 - 87.6 86.6
1977 85.8 84.8
1978 86.5 85.0

a_ .. . . . . )
Edison Electric Institute, Statistical Year Book, annual.
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It would be premature to identify the period of the mid-1970s as
a per customer peak for commercial sales in Alaska,{but‘there is a
noticeable deceleration of growth rates in more recent years. This
cduld partially be the résult of ﬁore rapid than normal growth during
the‘Aljeskaroil pipeline boom years or a succession 6f abnormally warm
V-Winters (in.Anchorage) in. the late 1970s or both. These are tempbréry
phenoména which should no£ form the basis forvanalysis of underlying

trends.

Examination of the year-to-year growth ratés of‘coﬁméréial sales
nationally reveals a very rapid gfowth rate.in consumption historically
"and also the possibility of a new long-term trend after the watershed
years of 1973-1974 (the time of  the great,recession’and oil:embargo).
The average annual growth rate in the 1970s before the embargo was 6
percent, while afterwards it was 4.3 percent. Again, it’is preﬁature
to emphatically call ﬁhis a shift in long-term trend, butAft is sug—

gestive of that. ' ‘)

In order to facilitate analysis of various conservation programs
and trends in new commercial structures, we calculate sales estimates
for the existing stock of comﬁercial—industrial—government buildings
and for increments to the stock. For ease of calculation, wé assume a
zero rate of demolition of the stock. For the exisfing stock, the
average consumption rates in 1978 are utilized in the projectioms.
This assumes, therefore, that all growth in consumption.is the result

of additional hookups at higher consumption rates and that commercial-
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industrial-government consumption is not sensitive to heating degree

days. (1978 was a warmer than normal year.)

The annual consumption per hookup for incremental customers is
assumed to gfow at a rate cpnsistent wi?h theAperiod between 1973 and
1978. ‘Specifically, the follqwing equation was sélved in Gfeafer '
Anchorage anerreater Fairbanks to obtain the average sales per cus-

fomer of customers added to the systems after 1973.

average sales per customer N g :
for customers added after = total 1978 sales - total 1973 sales
1973 customers added after 1973

This value was then compared to the 1973 average to arrive at an esti-
mate of the growth in average sales to incremental customers. These

results are summarized in Table F.14.

TABLE F.1l4. CALCULATIONS OF ELECTRICITY SALES TO
INCREMENTAL COMMERCIAL-INDUSTRIAL~GOVERNMENT CUSTOMERS

Average Sales Average Incremental

1973 Sales (1973-1978) Ratio
(MWh) (MWh)
Greater Anchorage 80.557 ' 97.903 1.22

Greater Fairbanks 73.429 : 114.806 1.56

Thus, assuming that existing customer sales remained constant, new cus
tomers between 1973 and 1978 on average purchased 22 percent more

electricity in Anchorage and 56 percent more electricity in Fairbanké{
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TABLE F.15. COMMERCIAL—-INDUSTRIAL~GOVERNMENT
CONSUMPTION PER EMPLOYEE DATA

Av. sales/ Succeeding 5

Rate of employee for yr. increments
1978 1978-198¢0' 1980 1973-1978 1981-1985 . to sales to
average sales growth in  average sales i1ncremental to  incremental incremental
/employee sales/empl. /employee 1978 av, sales customers customers

(MWh) (%) (MWh) ' (MWh) (MWh)
Greater Anchorage 10.071 6% 10.675 1.13 15.156 3.020
/ Greater Fairbanks 10.768 2% 10.983 1.35 18.537 3.707
Glennallen-Valdez 10.085% ~9% 9.178 1.13° 2.596

a8,000 MWwh of pipeline pump station sales netted out.
bASSume the same relatlonship as Anchorage.

“Based on recent trends in average sales growth.
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TABLE F.1l6. RATIO OF NON-AGRICULTURAL WAGE AﬁD EMPLOYMENT
(NET OF MILITARY) TO COMMERCIAL-~INDUSTRIAL-GOVERNMENT HOOKUPS

Greater Anchorage Greater Fairbanks Glennallen-

Area Area Valdez
1965 - 8.55 8.73 5.37
1966 ' 8.63 8.02 -
1967 - - . 8,79 - -
1968 : 8.34 - 8.43 -
1969 8.50 - . 8.80 -
1970 7.79 7.61 3.58
1971 | 8.37 7.59 4.37
1972 8.46 7.78 -
1973 8.54 7.54 ©2.66
1974 : « ' 9.12 8.81 4.32
1975 10.12 13.14 11.18
1976 9.45 12.15 17.69
1977 8.94 - 9.06  8.55
1978 8.59 7.90 412
Average >' 8.72 8.89 . 6.87
'Average net of 1975-1977 8.52 8.12 4.07
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F.1.D. MISCELLANEOUS ELECTRICITY REQUIREMENTS
This very small category consists of street light and second hoﬁe
sales. Street light sales are assumed to be 1 percent of the sum of

all other components of sales.

-Thé electricity fequirements for second homes is éifficult to
identify for séveréi feasons. First, as discusszd in Appendix D,
Section 1, it is difficult to identify from the existing housing stock.r
studies just what is a second home or a vacation home. Spécifically,
what the census defines as a year-round housing unit may actually be a
second or vacation home. It is possible from ﬁhe census to determine
the number of households/within a census division which own a second
home, bu£ not its location. Most utilities do not have separate rate 
schedules for second homeé, and if tﬂey did, the uﬁility definition
would not necessarily be the appropriate one since it might cover
seasonal units rather than units used year-round but infrequently.

It is also difficult to estimate average electricity requirements for

second homes because of this lack of data.

We make the following very rough éstimates to calculate second
.home electric utility sales:
1. 25 percent of households have second homes, based on census
information;
2. 50 percent of the second homes are located within the

railbelt;
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3. ' 50 pércent of the second homes in the railbelt are serviced

by electric utilities.

The average annual consumption per second home is 500 KWh, based

upon conversations with utility personnel.

F.2. Assumptions for the Price Induced Shift

Toward Electricity Consumption Case

F.2.A. FACTORS INVOLVED IN APPLIANCE CHOICE FOR SfACE HEATING

| The most impoftant variable in armédel of appliancevchoice for space
heating or any other function is the system cost, including both the
initial éurchase price énd lifetime. fuel costs for system operation.
Other characterisﬁics are important and will affect the éhoice but will
not be explicitly considered_he;e. Some of these other considerations
are as follows:

Heating System

1. Heat distribution within the building

2. Amount of space occupied by the heating system

3. Multiple controls capability

4. Integration with other appliances (hot water,
humidifier, air conditiomer)

5. Comfort factor (annoyance of hot air, for example)

6. Reliability .

7. Compatability with auxilliary heating systems

Fuel

8. Fuel availability
9. Maintenance cost
10. Safety of fuel
11. Cleanliness
12. Convenience
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3. For individuals who own their homes for only a short
time before moving, the lifetime operating costs of
the heating equipment in those homes is less important
than initial system cost.30

4, Lack of information about the least—cost system may
prevent people from switching to it.

5. Individuals may not act consistently with the actual
opportunity cost of money. In other words, a system
choice with a high initial cost may have a rate of
return in terms of money saved (compared to the next
best alternative which has a lower initial cost but a
higher operating cost) which exceeds the return the
purchaser could receive investing the same amount of
money alternatively. Yet, for some reason, the con-
sumer chooses the system with the lower initial cost
but higher lifetime cost. In other words, the ob-
served discount rate used by the consumer exceeds his
opportunity'cost.3l

6.. Promotional activities of utilities.

"In general, electric baseboard heating is the cheapest system to
.;nstéll followed by hydronié and then-warﬁ air systems. Both hydronic
andAwarm air systems require a flue and a distribution system. The

initial cost of o0il relative té natural gas'depends upon the cost of
connecting the residence to the gas main compared  to the cost of oil
storage tanks and the somewhat higher cost of an oil burner. This may

vary with location.

Based on this discussion, it can be seen that the proportion of a
particular type of heating system in place at any time may exceed what
would appear to be economically justified based upon total system

lifetime cost.
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TABLE F.17.
EQUIVALENT DELIVERED PRICE FOR SPACE HEATING
USING VARIOUS FUELS

6 Electricity Fuel 0il Crude 0il © Natural Gas
$/10° btu . ¢/kWh $/gallon $/barrel $/mef
-1 .5 14 © 5.88 1.53
2 1 .28 11.77 3.06
3 1.5 .42 : 17.64 4,59
4 2 .56 23.54 ‘ 6.12
5 2.5 .70 29.40 7.65
6 3 .84 35.28 9.18
7 3.5 .98 41.16 10.71
-8 4 1.12 47.07 12.24
9 4.5 1.26 52.92 13.77
10 5 1.40 : 58.80 - 15.30
11 5.5 1.54 64 .68 16.83
12 6 1.68 70.56 18.36
13 6.5 -1.82 . 76.44 19.89
14 7 1.96 82.32 21.42
15 7.5 2.10 88.20 22.95

Notes: 1) Furnace conversion efficiencies:
‘ electric : .95
gas and oil .65

2) BTU content of fuels:
1 kWh = 3,413 btu :
1 gallon fuel oil = 138,000 btu
1 mef gas = 1,005,000 btu
1 barrel crude oil =-5,800,000 btu

3) No refinery margin netted out of crude oil price
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TABLE F.18.
PRICES OF ALTERNATIVE FUELS FOR RESIDENTIAL SPACE HEATING

Natural Gas® Fuel Oilb Electricityc

$/mcf $106btu $/gallon $106btu ¢/kWh $106btu

GREATER ANCHORAGE AREA

Anchorage
1980 - .98 7.10 -
1979 - - ' 2.98/% 8.73/4
: 2.49/ 7.30/
, 4.52 13.25
1978 1.89 1.88 ’ - - :
Kenai-Cook Inlet
1980 - .9 6.80 -
1979 - - - 3.52/f 10.32/
' . 3.75/ 10.99/
R : 4.23 12.40
1978 2.01 2.00 - -
Matanuska~-Susitna
1980 " unavailable 1.07 7.75 . - -
1979 unavailable - 4,52 13.25
GREATER FAIRBANKS AREA
Fairbanks
1980 unavailable _ .84 6.09 - -
1979 unavailable - 3.50/8 10.26/
: 7.97 23.37
GLENNALLEN-VALDEZ ARFA
1980 unavailable .98 7.10 - -
1979 unavailable - 12.1/h 35.47/
13.82 40.52

See following page for table notes agi sources.
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Table F.18 (Continued)

Table Notes: (a) 10 mcf monthly bill
(b) 500 gallons delivered
(¢) 1,500 kWh monthly bill
(d) CEA/AMLP/MEA
(e) ANG
. (£) HEA/SES/HEA (Kenai)
" (g) TFMUS/GVEA
(h) CVEA (Valdez)/CVEA (Glennallen)

SOURCES: Electricity: State of Alaska, Division of Energy and Power
Development, '"1980- Alaska Power Development Plan." .

Gas: Alaska Public Utilities Commission, Annﬁal Report, 1978.

Fuel 0il: Survey by authors and Fairbanks North Star Borough,
" Community Information Quarterly, Vol. III, No. 1, Spring 1980.
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In Fairbanks, fuel oil and electricity generated by fuel oil have
been most susceptible to price increases in the 1970s. The price of
electricity generated by coal has been less susceptible to increases in

the 1970s.

In Glennallen-Valdez, electricity is produced by fuel oil and, thus,

the two prices move together. -

This review suggests that a substantial change in the existing fuel
mode split for space heating would require a large change in the rela-
tive price of electricity. Specifically, for electricity to become
the least expensive space heating fuel, the following price changes
would be necessary;

Anchorage - the relative price of natural gas would need to
increase at least 3 times;

Fairbanks ~ the relative price of fuel o0il would need to increase
at least two and one-half times; and

Glennallen-Valdez — the relative price of fuel o0il would need
to increase at least three and one-half times.

On the other hand, it is possible that a large increase in the

price of all fuel will result in a shift away from the "conventional"

fuels—o0il, gas, and electricity-~—~toward more conservation or auxilliary

systems such as efficient fireplaces and wood stoves. This phenomenon

may be beginning to occur(in.the outlying parts of the Greater Anchorage

area and in Fairbanks.

F-56




This introduces the second group selecting a space heating fuel-—-—
the retrofit market. This consists of households wﬁose existing system
has worn out as well as those whose systems are still functioning but
ibecause of changed operating costs decide that a system replacement is

cost effective.

Fuel retrofits arebrelativeiy'common whenrthé switch is between.
oil and gas in hot air or hydroﬁic systems. For example, a large
portiqn of the Anchorage residential market has been retrofit from
0oil to gas. This required only switching the burner and connecting

the unit to the gas main. Switches to an electric resistance furnace

could similarly be relatively inexpensively accomplished.

System retrofits in which one type of heating system is replaced

with another are far less common, and the feasibility of such a switch

will depend upon the construction of the building.

For example, in a house built on a concrete slab, it would be

virtually impossible to retrofit a hydronic or hot air system because

there would be nowhere for the placement of the pipes or ductﬁork. In

replacing an electric resistance system with a hydronic or hot air system,

it is necessary both to locate a place for the furnace and to install a
flue. Generally, the cheapest system retrofit is to electric resistance
heating since the installation of the required wiring is less com—

plicated than that of pipes or ductwork.
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66-4

Fuel System From
Cas Warm Air
Hot Water
: Béseboard
Electricity Warm Air
Warm Air
0il Hot Water

TABLE F.19.

CONVERSION COSTS OF RESIDENTIAL HEATING SYSTEMS

(dollars)

\IS Gas
Warm Air Hot Water

X 3,300

2,600 X

2,600 3,300

1,000 3,300
400 3,300

2,600 400

Electricity
Baseboard Warm Air
1,500 1,500
1,500 3,100

X 2,700
1,100 X
1,500 1,500
1,500 3,100

SOURCE: Arthur D. Little, "Project Independence: Residential and Commercial
Energy Use Patterns 1970-1990," for Federal Energy Administration,
1974, p. 175.

o1l
"Warm Air. Hot Water
650" 3,400
2,700 650
2,700 3,400
1,100 3,400
X 3,400
2,700 X






was cheaper than fuel oil; but in respomse to‘competition; the fuel oil
distributors lowered their price. This, in combination with the fact
that residents of short tenure would not recover their capital costs:
of conversion from an oil to gas boiler in spite of the reiatively low
cost, kept the rate of conversions low. The limiting factor does not
appear to héve been the speed at which gés mains couid be laid to the

various neighborhoods.32

Over a period of>15—to—20 years, as indicated by Table F.21, there
was a substantial shift toward natural gas space heating as a result of
both new units choosing gas and retrofitting of gas bufners where fuel
oil had previously been used. The retrofitting df gas burners continues
today but is asymptotically app;oaching zero, bUnfortunately,.because
of a lack of intercensal housing stock daté for the 1960s for Anchorage,
it is neither possible to trace the exact time pattern of the retro~
fitting of gas burners nor possible to correlate the rate of retrofitting
wiﬁh-the relative prices of fuels or other variables in an attempt to
develop a model for predicting possible future responses to relative

fuel price changes.

F.Z;B. ASSUMPTIONS FOR A HIGH ELECTRIC SPACE HEAT SCENARIO_

Given the present structure of relative fuel prices in the rail-
belt, the electric portion of the residential space heatingiload should
remain relatively constant over time. This is predicated on the follow-

ing assumptions:
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TABLE F.21.
GROWTH OF USE OF NATURAL GAS FOR
ANCHORAGE RESIDENTIAL SPACE HEATING

Dwelling Units Percentage of
(not including . Residential Residences
Year multifamily) Gas Customers Using Gas
1960 16,313 0 0
1965 19,876 5,922 .30
1970 24,216 12,097 50
1975 33,894 22,779 67
1978 - 39,702 30,629 77

SOURCES: 1960 Census of Housing, General Housing Characteristics:
Alaska. '

1970 Census of Housing, Detailed Housing Characteristics:
Alaska.

Anchorage Urban Observatory, University of Alaska. 1975
Housing Study.

Alaska Gas and Service Company Annual Reports.
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Retrofitting of fuel oil for electric space heating
in Fairbanks will continue, but more slowly than in
the years since 1975 when a ban on new residential
electric space heating was imposed by Golden Valley
Electric Association (GVEA). This is because of the
high cost of conversion from resistance electric
heating to a fuel oil boiler. Some switching will

" be partial conversions not to an alternative central

heating system but rather to room-by-room heating

units.

Retrofitting of natural gas for electric space heating
in Anchorage will continue but also at a slow pace
because not only is the conversion cost high but also
because a large portion of the electric space heating
load is in multifamily units where conversion may be
relatively more expensive and the incentive to the
owner less if the tenant absorbs the cost of the fuel.
The conversion of such units to condominiums might
speed the conversion process but not guarantee it.

The existing natural gas utility service areas do not
expand significantly and thus capture a larger market
share from the electric utilities. Such expansion
might occur north into the Matanuska Valley, south

into the Homer area, or into thinly populated portions
of the Anchorage Borough such as the Hillside area and
Girdwood. Such expansions would be a question of regu-
Jatory policy and the economics of laying new gas mains.
This relates to the fourth assumption.

The distribution of the population within the regions

of the railbelt (particularly Anchorage) does not change
significantly. 1If all fudture population increase asso-
ciated with economic growth in the Municipality of
Anchorage settled in the Matanuska Valley, then the use

of electric space heating would expand relatively rapidly.
However, this growth, particularly if it were accompanied
by an increase in the density of settlement, would be a
stimulus to the extension of gas service into the Matanuska
Valley, thus reducing the electric space heating proportion
in favor of gas.

New natural gas utilities do not make natural gas an avail- "
able alternative in either the Fairbanks or Glemnallen-
Valdez areas.

Presently available fuels, particularly natural gas, will

continue to be available for residential space heating
purposes.
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The amount of recoverable reserves of natural gas remaining in Cook
Inlet is the subject of some controversy. This is understandable since
exploration is still proceeding and new reserves may be discovered. The

total is obviously finite, but the proportion of existing reserves

annually utilized for Anchorage space heating is relatively small. In
1979, for example, of 266 million mecf utilized; only 14 million was
marketed to consumers for épace héating and other ﬁses.33 Thus, to the
extent space heating is a priority use of natural gas, relatively modest
reserves and feserve additions would be sufficiént to satisfy even a
rapldly growing market. To a certain extent, the spéce heating priority
ié automatically bqilt into the gas distribution structure. Gas sales
from the gas ﬁtility to the electric utilities are under interruptible
contract so thatrif supply constraints develop, the shortfall will occur
in the availability of ga; for electricity generatiéﬁ (at least in the-

short run).34

A reliable published estimate of currently proven recoverable reserv
of natural gas in Cook Inlet does not exist. Recent past estimates are
as follows:

1. 7.044 trillion cubic feet as of January 1, 1977.35

2. 6.413 trillion cubic feet as of January 1, 1977.36

Estimates of undedicated reserves are as follows:

1. 3.919 trillion cubic feet as of January 1, 1977.37
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2. 4.236 trillion cubic feet as of January 1, 1978,
from the currently producing fields.3

3. 5.422 trillion cubic feet as of January 1, 1978.39

Estimates of potential additional resources are from 6 to 29 trilliom

cubic feet.'40

On the basis of existing reserves, the supply of gas in Cook Inlet
is sufficient to meet demand growth.thrcugh 2000 if a large proposed
LNG export-fagility were not built. If it is built to preliminary de-
sign-capacityAand consumes 3.2 trillion cubic feet of gas over a twenty-~
year lifetime, then the existing éupply will not be able to meet all

expected demands.41

If the availabilitf of alternative fuels (iﬁcluding natural gas,
fuel oil, but also wood) is reduced or if the relative priées of alter-
‘native fuels rise and thus make electric space heétingrmore economically
attractive, éheﬁ the proportion of space heating needs-met electrically

might increase.

It is clearly impossible to identify all of the conditions under
-which such a change might actually take plaée. Thus, it is also
impossible to quantify the impacts on electricity use of all possible

scenarios of changing relative electricity prices.

The factors determining relative prices could be divided into four

categories as follows: Alaskan market conditions (supply and demand),
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national and international market conditioné, national energy regula-
tions and policies, and Alaskan energy policies. Both Federal and éfate
policies will undoubtedly alter the relative prices and availabilities
of fuels which would result from normal market. forces over the next

thirty years.

The state is in a central position in terms of being able to affect
fuel prices and availabilities because of both its substantial surplus
revenue position and its ownership of significant energy resources.

The state government could, in the short run, easily subsidize the total
energy requirements of the entire population out of ekxcess revenues.
It can provide fugl resources such as coal, oil, and natural éas to
local markets‘at below market prices. Whether it will choose to do

these things is a political question.

Federal regulations. and policies may act to make particular fuels
more expensive or unavailable for specific uses. Environmental regula-
tions on coal are one example of the former, while possible prohibition

on the use of gas in the generation of electricity is another.

Absent such government induced changes in energy fuel marketé, the
long-run trend in prices will likely be towards comparability and equa}iﬁ
with world oil prices. In particular, it is plausible to assume that
fuel oil prices and domestic oil prices will gradually approach the
level of world oil prices as decontrol of prices is phased in. Prices
of other fuels can thus be examined in relation to the fuel oil price.
Examining region—by—region, the following price scenario is reasonabié
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Anchorage. WNatural gas prices will rise relative to fuel oil as
existing contracts expire and as pricing provisions of existing contracts
are activated which require that all purchasers pay the same price as
the highest priced purchaser from a field.42 The effect of these trends
will be to raise the delivered ﬁrice to the consumer of both natural gas
and electriéity since electricity is gas generated. Because of different
contracts, the exact relative effects cannot be estimated accurately.

The advent of the Pacific LNG facility has been estimated toAhave a
larger price impact on electricity users rather than gas users, but
overall price increases are not so easily estimated.43‘ In any event, as
iong as gas is used to generate electricity and current space heating
practices are maintained, gas will be the less expensive space heating
fuel. It is possible, but not likely, that gas'érices will reach'parity
. with fuel oil. 'Working.against such parity is the cost of transportation
of gas to its alternative market on the West Coast. Working toward price
parity'is the fact that the market for gas on the West Coast may value -
the gas at its peak rather than baseload value. In this case, gés in

Anchorage would lose its attractive price relative to-fuel oil, but not

electricity.

In order for electricity to be the cheapest fuel of the three, it
must be produced by a means other than natural gas or fuel oil such as
coal or hydropower. Electricity thus generated has the potential for

being least cost, although it is by no means assured.

Fairbanks. As fuel oil prices rise, electricity prices will also

increase because the present generating mode in Fairbanks utilizes fuel
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oil for incremental electricity generation. To the extent that electri-
city consumption alsé grows, the cost of electricity will continue fb
exceed the fuel oil cost for space heating purposes. This link will be
broken, and the cost of electricity made independent of the fuel oil
price if an alternative fuel such as coal or hydropower is used to
genefate electricity. In such a case, electricity may become a less

costly fuel for space heating than fuel oil.

Glennallen-Valdez. "The cost of electricity is presently tied to
that of fuel oil because fuel oil is used to generate eléctricity. In
the’ future, this will no longer be the case since a hydroelectric
facility is cﬁrrently under construction in the area. In the short rua,
the integration of the elecfricity from hydropower is not anticipated té
reduce the price of electricity. If the price is stabilized at its
current level, the price of fuel oil would have té increase by three
-times before electricity would be priced equivalent to fuel oil for
space heating. This would occur in twenty years at a 6 percéﬁt rate of
fuel price increase, or ten years at a 13 percent rate of fuel price

increase.

Under these assumptions, a significant shift toward use of elec~

tricity could occur under the following conditions:

Anchorage. Decreased availability and/or increased price of gas

result in the addition of coal and/or hydroelectric baseload electric
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generating facilities by 1990. The electricity price does not fall
relative to that of gas until 2000, however, because:

1. The initial cost of those capital-intensive facilities
is large.

2. The main source of electricity will continue to be gas—~
fired turbines which, since the gas will have become

expensive, will keep the average price of electricity
high.

Fairbanks. Increased demand -or very rapid increase in the price
of fuel oil makes a coal plant attractive. If’it‘is in place by 1990,
it could immediately '"back oﬁt" high priced oil, but the electricity
price would not immediately fall relative to that of alternatives
becausg;

1. The initial cost of the capital~intensive coal plant
will be large.

2. The cost of the fuel oil-fired generation facilities
will still be a part of the price of electricity.

Glennallen-Valdez. By 1990, the fuel oil price may have increased

sufficiently to make electricity from hydropower relatively attractive.
For this to happen, any additional generating capacity requirements must

also be met by low cost modes of generation.

This study cannot predict these outcomes since they are obviously
dependent upon not only the level of demand but also upon costs of supply,
taking into account not only the cost of additions to systems but the

impact on system cost of those additioms.
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We can, however, analyze the case presented above where electricity
becomes relatively inexpensive as a fuel. Based upon the foregoing,awe
assume a shift towards electricity for space heating beginning in the
period 1995~-2000 for Anchorage and Fairbanks and 1990-1995 for Giennalle

Valdez.

The price advantage for electricity is assumed to be real and lasti
but not of a substantial magnitude. Thus, the shift to electric space
heating follows the pattern observedin Faitbanks in the early 1970s,
rather than tﬁe pattern in Anchorage in the 1960s during the shift~to
natural gas;l That is, new installations are predominantly electric, bu
existing units are not retrofitted to electric space heat. This is pri
marily because of the cost of retrofitting to electric space heat (com—
pared to switching from an oil to a gas burner, for example) combined

with the relatively short average tenure by an owner in a home.

In addition, electric appliances became more attractive relative/
to natural gas and fuel oil. The electric incremental mode splits
for water heaters, ranges, and clothes dryers increase at the same -
_time that the shift to electric space heating occurs. The commerciaf—
industrial—goternment.sector projections are similar to those of the

base case.

The parameter changes for this case are summarized in Table F.22.
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TABLE F.22. PARAMETER VALUES: THE PRICE INDUCED SHIFT
TOWARD  ELECTRICITY CONSUMPTION IN THE RESIDENTIAL SECTOR CASE

Parameter Region

Greater Greater Glennallen-
: Anchorage  Fairbanks Valdez
SPACE HEAT
incremental mode split (msij t)
Ed
-SF : o
1985 ' .19 .01 .02
1990 S .19 .01 . .02
1995 .19 .01 .9
2000+ ' .9 .9 .9
DP v . :
1985 : .19 0 0
1990 .19 0 0o -
1995 .19 0 .9
2000+ .9 9 .9
MF _ A
1985 19 0o 0
1990 : ' .19 0 0
1995 - .19 0 . .9
2000+ , : .9 .9 .9
MH -
1985 <19 .01 0
1990 .19 .01 0
1995 : .19 .01 .9
2000+ .9 .9 .9
~  APPLTIANCES
" incremental mode split (msi, )
_ Jre,t
WH . _ : :
1985 ' : .35 .5 v 4
1990 .35 .5 A
1995 .35 .5 .9
2000+ g “9 : .9 .9
C .
1985 : .66 .85 4
1990 .66 .85 4
1995 .66 .85 .9
2000+ . .9 .85 .9
SF = single family MH = mobile home
DP = duplex WH = water heating
MF = multifamily C = cooking
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TABLE G.1l. AVERAGE ANNUAL MILITARY
PERSONNEL IN ALASKA

(thousand)
1940 1 1960 33
1941 8 1961 : 33
1942 60 1962 33
1943 152 1963 34
1944 104 1964 35
1945 60 1965 ' 33
1946 19 1966 - 33
1947 - 25 1967 34
1948 : 27 - 1968 33
1949 " 30 1969 32
1950 _ 26 A 1970 31
1951 38 1971 30
1952 50 . 1972 31
1953 50 1973 C 27
1954 - 49 1974 26
1955 - 50 - 1975 25
1956 45 1976 A 24
1957 48 - 1977 25
1958 35 1978 23
1959 34 1979 23

Source: 1940-1959 - George Rogers, The Future of Alaska: The Economic b
Consequences of Statehood, Resources for the Future, 1962, p. 9

1960-1965 - George Rogers, "Alaska Regional Population and
Employment,' ISER, 1967, p. 42. :

1960-1969 ~ MAP model data.

1970-1979 ~ Alaska Department of Labor, "Alaska Population
Overview, December 1979, p. 50.




The Air Force conservation goal is to reduce their total energy
requirements by 20 percent by 1985, according to the Alaskan Air
Command. The Army may have a similar conmservation goal. It is not

clear what impact this policy will have on electricity consumption.

Because of these difficulties which make detailed projections of
military electricity requirements questionable, we assume the current
level of net generation in all future years. Current requirements are

shown in Table G.2.

G.2. Self-Supplied Industrial Requirements

The largest industrial users of self-generated electricity in the
railbelt are, with one exception, in the category of petroleum production,
processing, and transportétion. The University of Alaska, Fairbanks

campus, is the only large public, non-utility generator of electricity.

Table G.3 shows tﬁat most of the self—suppliea'electricity is
centered ip the Greater Anchorage Area. Offshore and onshore drilling
and producing petfoleum rigs contribute a major portion of’the total
load, along with the pipelines and other facilities for transporting
and tfansshiping the petroleum. The major industrial facilities at
North Kénai, consisting of two refineries, an LNG plant, and a fertilizer

plant, complete the list of major consumers.

In Valdez, the oil pipeline Pump Station 12 and the facilities at
the pipeline terminal are the major consumers.
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TABLE G.2. RAILBELT MILITARY ELECTRICITY NET GENERATION

(FY 1979)
(103 MWh)
Greater Anchorage
Fort Richardson Army Base 56.7
Elemdorf Air Force Base 98.8
Total 155.5
Greater Fairbanks
Fort Greely Army Base 14.4
Fort Wainwright Army Base 36.8
. Eilson Air Force Base 47.0
Clear Air Force Base : 80.0
Total 178.2

Total Railbelt ; ' : ~ 333.7

Source: Military and Alaska Power Authority records.
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TABLE G.3. RAILBELT SELF-SUPPLIED
' NET GENERATION

INDUSTRIAL

(103 MWh)
Area 1977 1978
North Kenai © 69.5  94.6
Valdez 39.4 54,8
Cook Inlet : 208.9 .226.7
Interior Alaska 25.7 37.9
Total ’ 343.5  414.0

Sdurce:

Alaska Power Authority worksheets.

1979

94.6

. 54.8

226.7

37.9

414.0



In Fairbanks, the University and pipeline Pump Stations 8 and 9

are the major consumers.

‘In some cases, an industrial facility will both generate its own
electricity and pufchase power from the local utiliﬁy. For example,
Alyeska Pump Station]lZ uses electricity provided by Copper Valley
"Electric Association for all its needs except the pumps themselves,
which are powered by self-supplied gemeration. In other’instanceé;
the facility may purchase power but maintain its own backup generation

capability.

The difficulties in attempting to project self-supplied industrial
electricity are that addiﬁions over time have been "lumpy" (large
but infrequéﬁt) and that there is noﬁ always a clear criterion to deter-
mine whether a particular consumer will choose to provide his electricityf
from self generation rather than from utility purchased power. In some
instances, such as the case of offshore drillingvand production plat-
vforms,_self—supplied electricity is the only practical method of ob-
taining power. In other éases, however, the iﬁdustrial facility faces
a choice, and the decision will depend upon the cost of self-generated
electricity vs. the-price of purchased electricity. Each instance will
be different depending upon, among other things, the type of load, the
capacity and load characteristics of the utility, and the resources
available to the facility for generating electricity compared to those

which the utility has available.




The utilities are presently supplying a portion of the largé indus~
trial consumer load, even though in total the load is relativeiy small.
This is the case in Fairbanks for the refinery and a portion of oil
pipeline requirements, in.Valdez for a portion of oil pipeline require-
ments, and in the Greater Anchorage Area for the refineries and the LNG
plant as weil as somé.petroleum prodﬁction and transportation facilities.
Thus, a portion of increments to industrial requirements is already
included in the utility load projections.  Self-supplied industrial
* requirements should be limited to new industrial uses that would not
ﬁormally be picked up by the utilities given the same general market

conditions in the future as in the past.

Having thus narrowed the definitién of_self—supplied industrial
requirements, it is still possible to identify two types of industrial
facilities. The first is anyvfacility which chooses to locate in the
railbelt independent of the price of eleétricity, while the secdnd is
any facilify wﬁich chooses to locate in the railbelt because of price
of electricity 6r the availability of electricity. Wg address ourselves
" to and consider only the first type of facility because the determina-
tion of whether such "electricity intensive" indﬁstries will locate in
Alaska in the future ié a function of, among other things, future

electricity price, which is beyond the scope of the present study.

Table G.4 presents the self-supplied electricity requirements for
. those facilities identified in the economic scenarios. Three have

relatively small requirements which we assume to be incorporated in



TABLE G.4.

Facility

PROJECTED ADDITIONS TO RAILBELT SELF-SUPPLIED
INDUSTRIAL ELECTRICITY REQUIREMENTS

(103 MWh annual)

Economic Scenario

Minimum Likely - : ' Maximum

Consumption Start Consumption Start Consumption
- (103 Mwh)  Date (103 MWh)  Date _ (103 MWh)

Start.
Date

Pacific Alaska
"~ LNG2

Alpetco Refineryb

Cook Inlet 0il
Development

Fairbanks Petro-
chemicals

Northwest Alaska
Gas Pipeline

State Capital Move

Beluga Coal
Development

- 127 1985 127

. 30 1985 306
- 0 - 46
- 0 - 88

Incorporated in utility sales forecast.

Incofporated in utility sales forecast.

Incorporated in utility sales forecast.

%Homer Electric Association, Power Requirements Study, 1977.

bCalculated from Alpetco Refinéry Environmental Impact Statement,

Volume II, p. 343 and 413. Assuming 51.5 MW operating at.80 percent
capacity, 85 percent of the year for high case. Authors' estimate of
basic refinery requirement for medium case.

c . .
Assumes a 20 percent increase from present requirements.

dWith a capacity for processing 200 million cubic feet/day of
royalty gas and if 8 percent of input is used for processing and if

25 percent of processing is steam and electricity, 4.0 x 10
would be used. (Based upon same proportions as the Alpetco refinery.)
This can be converted to electricity by assuming a 25 percent conversion

efficiency and 80 percent load factor.

btu daily

1985

1985

1990

1990



the utility projections. Of the other faciiities, they éll could have
their electricity requirements met by utilities if it were available,
except perhaps in the case of additional oil development in the Cook
Inlet. Their requirements are large enough, however, that they should
be treated, for ?rojection purpose, as additions to, rather than com-

ponents of, the utility eléctricity requirement.



APPENDIX H

HISTORICAL ELECTRICITY SALES AND ECONOMIC DATA




1965
1966
1967

1968
1969
1970

1971
1972
1973

1974
1975
1976

1977
1978
1979%

(GWh)
GREATER ANCHORAGE AREA
Chugach .Anchorage _ ‘Matanuska Homer Seward
Electric Municipal Electric . Electric Electric

Association Light & Power Association Association System
165 . 133 34 31 6
190 143 36 39 7
207 159 39 49 7
235 170 39 67 8
262 190 44 82 9
309 222 50 93 10
368 254 61 - 103 11
435 288 72 99 - 13
485 326 81 105 14
517 350 92 112 14
596 405 118 133 17
668 468 147 _ 161 18
727 492 172 194 17
781 498 223 224% 120 »
803 523 232 247 -

RAILBELT TOTAL ELECTRICITY SALES TO FINAL CONSUMERS ‘

pPreliminary, based on data from various sources,

* :
Approximate,

Total

369
415
461

519
587
684

797
906
1,010

1,086
1,270
1,463

1,603
1,747



- TABLE H.1l. (continued)
RATLBELT TOTAL ELECTRICITY SALES TO FINAL‘CONSUMERS (Continued)

(GWh)
GLENNALLEN-
GREATER FATIRBANKS AREA ‘ VALDEZ AREA
Fairbanks Alaska Power
Golden Valley Municipal and Copper Valley
Electric Utilities Telephone Electric
Association System Tok Total Association
1965 50 47 ‘ 1 98 6
1966 - 59 49 *% 108 _ Sk
1967 66 v &% ‘ %% ) 66 %
1968 ‘ 84 58 *e 141 e
1969 104 ' . 66 : Xk 170 T
1970 136 75 2 : 213 9
1971 175 f76 *k 251 10
11972 190 70 2 : 262 6x%%
1973 206 81 3 290 11
- 1974 231 88 3 322 14
1975 300 - 110 3 413 ‘ 24
1976 306 114 3 423 33°
1977. 324 118 5 447 42
1978 310 116 5 432 38
19797 302 - - 37

( pPreliminary, based on data from various. sources.

RATLBELT TOTAL

473
523
527

661
758
907

1,059
1,174
1,311

1,422
1,707
1,920

2,092
2,217




TABLE H.2. HISTORICAL RESIDENTIAL UTILITY SALES




- GREATER ANCHORAGE AREA
RESIDENTIAL ELECTRICITY CONSUMPTION

Chugach Electric Association (CEA)

Energy Delivered . - Year-End

To Final Customers Customers Consumption/Customer

(MWh): © - (kwh)
1965 _ 111,587 15,446 7,224
1966 128,484 - 16,487 . 7,793
1967 134,985 . 17,037 7,923
1968 148,591 19,893 o 7,470
1969 - 166,146 . 22,036 7,540
1970 198,856 24,682 o 8,057
1971 236,857 25,761 9,194
1972 269,252 ' 28,687 . 9,386
1973 287,484 - 29,077 - - 9,887
1974 305,739 31,779 : 9,621
1975 - 359,922 34,031 ' 10,576
1976 -~ 397,846 35,960 11,064
1977 432,070 - 41,025 10;532
1978 472,040 * 43,542 10,841

19797 477,189 42,761 11,161

PPreliminary, based on data from various sources.

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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1965
1966
1967

11968
1969
1970

1971
1972
1973

1974

1975
1976

1977
1978

GREATER ANCHORAGE ARFA

RESIDENTIAL ELECTRICITY CONSUMPTION

Anchorage Municipal Light and Power (AMLP)

Energy Delivered Year-End

- To Final Customers Customers Consumption/Customer
| (Mh) (KWh)
34,656 6,664 5,201
35,056 "~ 6,516 5,380
38,426 6,894 5,574
42,825 7,544 5,677
47,781 8,043 5,941
54,518 8,477 6,431
63,038 9,295 6,782
72,993 10,130 7,206
82,663 10,838 7,627
89,946 11,674 7,705
105,214 11,803 8,914
119,475 12,353 9,672
117,986 13,605 8,672
115,638 14,374 - 8,045
116,211 13,517 8,597

1979P

pPreliminary, based on data from various sources.

NOTE: Year-end customer data overstated in 1977 and 1978 due to a
computer error within Municipality of Anchorage.

SOURCE: Federal Energy Regulatory Commission, Power System Statement. -
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GREATER ANCHORAGE AREA
RESTIDENTTAL ELECTRICITY CONSUMPTION

Matanuska Electric Association'(MEA)a

Energy Delivered , - Year-End

To Final Customers Customers. Consﬁmption/Customer

(MWh) o (kWh)

1965 16,628 2,688 6,186
1966 18,012 2,707 _ 6,554
1967 19,623 3,022 , 6,493
1968 20,760 3,174 6,541
1969 24,861 3,611 : 6,885
1970 , 29,416 3,975 7,400
1971 37,791 4,281 8,828
1972 44,147 : 4,669 9,455
1973 51,026 5,045 10,114
1974 59,764 . 6,153 . 9,713
1975 77,592 6,834 11,354
1976 96,280 , 7,681 : 12,535
1977 . 112,662 8,321 13,539
1978 152,133 - 10,152 .+ 14,986
1979° 157,889 10,362 15,237

2palmer and Talkeetna stations.
bFarm (including irrigation) and nonfarm residential.
pPreliminary, based on data from various sources.

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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1965
1966
1967

1968
1969
1970

"1971
1972

1973

1974
1975
1976

1977
1978
1979%

GREATER ANCHORAGE AREA

RESIDENTIAL ELECTRICITY CONSUMPTION

Homer Electric Association (HEA)a

Energy Delivered .’ Year-End
To Final Customers Customers Consumption/Customer
(MWh) (kWh)
7,526 1,569 4,797
9,809 1,753 5,596
12,402 2,441 5,081
17,673 . 3,182 5,554
20,200 3,296 6,129
22,768 3,312 6,874
27,267 3,431 7,947
28,299 3,491 8,106
30,849 3,708 8,320
© 33,752 - 4,215 8,008
44,008 4,773 9,220
55,859 5,508 10,141
70,742 7,346 9,630
94,846 7,904 12,000
108,973 8,764 12,434

a . .
Homer and Kenai statioms.

b - . .
Farm and nonfarm residential customers.

pPreliminary, based on data from various sources.

SQURCE: Federal Energy Regulatqry Commission, Power SyStem Statement.
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: GREATER ANCHORAGE AREA
RESIDENTIAL ELECTRICITY CONSUMPTION

Seward Electric System (SES)

Energy Delivered Year-End :
" To Final Customers " Customers Consumption/Customer
(MWh) ' . (kwh)
1965 3,169 649 4,883
1966 : 3,073 : 656 > 5,439
1967 2,987 634 4,711
1968 . 3,179 . 650 . 4,891
1969 s 3,481 667 5,219
1970 7 3,771 ) 705 5,349
1971 4,101 ' 718 ' 5,712
1972 4,535 : - 730 6,212
1973 4,711 765 . 6,158
1974 4,664 ' 785 5,941
1975 5,120 885 5,785
- 1976 5,632 911 6,182
1977 6,020 978 6,155
1978 ) 6,807 1,027 6,628
1979 *. ' * *

%
Not available

SOURCE: Federal Energy Regulatory Commission, Power System Statement.

H-9



GREATER ANCHORAGE AREA
RESIDENTIAL ELECTRICITY CONSUMPTION

Total Anchorage Area System

Energy Delivered Year-End 7
To Final Customers Customers Consumption/Customer
(MWh) (kWh)
1965 173,566 27,016 6,425
1966 194,434 28,028 6,937
1967 208,423 ~ 30,028 6,941
1968 233,028 : 34,443 6,766
1969 262,469 37,653 6,971
1970 309,329 41,151 7,517
1971 - 369,054 43,486 8,487
1972 419,226 47,707 8,788
1973 456,733 49,433 9,239
1974 493,865 54 606 N 9,044
1975 591,856 58,326 10,147
1976 675,092 62,413 10,817
1977 739,480 71,275 10,375

-1978 841,464 76,999 ' 10,928
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GREATER FAIRBANKS AREA
RESIDENTIAL ELECTRICITY CONSUMPTION

Golden Valley Electric Association (GVEA)

Eﬁergy,Delivered. Year-End
To .Final‘ Customers Customers Consumption/Customer
Qith) | ()
1965 123,142 4,036 . 5,734
1966 29,184 4,213 6,927
1967 33,444 4,402 7,597
1968 41,917 4,957 8,456
1969 54,569 5,459 9,996
1970 - - 67,123 : 6,224 10,785
1971 81,960 6,741 12,158
1972 96,702 6,947 13,920
1973 ' 106,882 - 7,382 ' 14,479
1974 - 127,873 . 8,643 14,795
1975 160,199 : 9,243 17,332
1976 162,369 10, 680 15,203
1977 168,275 12,443 13,524
1978 150, 804 , 13,030 11,574
1979F 142,960 13,711 10,427

pPreliminary, based on data from various sources.

'SOURCE: Federal Energy Regulatory Commission, Power System Statement.

H-11



GREATER FATRBANKS AREA
RESIDENTIAL ELECTRICITY CONSUMPTION

Fairbanks Mundicipal Utility System (FMUS)

Energy Delivered Year-End

To Final Customers - Customers Consumption/Customer
(MWh) ~ (kWh)
1965 16,172 4,147 3,900
1966 17,485 3,957 4,419
1967 * * ' *
1968 19,461 4,387 4,436
1969 22,327 o 4,564 4,892
1970 : 23,419 4,532 5,167
1971 24,456 4,443 5,504
1972 24,248 4,540 A 5,341
1973 25,952 4,443 ; - 5,841
1974 « 25,909 4,618 5,610
- 1975 30,181 4,634 6,513
1976 31,302 4,739 6,605
1977 . 29,497 4,754 6,205
1978 . 27,109- 4,494 6,032
1979 * * *

%
Not available

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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GREATER FAIRBANKS AREA
RESIDENTIAL ELECTRICITY CONSUMPTION

Alaska Power and Telephone, Tok

Energy Delivered + Year—-End

To Final Customers Customers 'Consumption/Cuétomer
(MWh) (kwh)
1965 142 * *
1966 * * *
1967 * * *
1968 * * ®
1969 * * *
1970 279 * *
1971 * * %
1972 396 * *
1973 411 * *
1974 470 * ' *
1975 603 v * *
1976 730 * *
1977 795 155 5,129
1978 870 * . *
1979 * o o % ) *®

*
Not available

SOURCE: TFederal Energy Regulatory Commission, Power System Statement.
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GREATER FAIRBANKS AREA
RESIDENTIAL ELECTRICITY CONSUMPTION

Total Fairbanks Area Systema

Energy Delivered -Year—End

To Final Customers Customers Coﬁsumption/Customer
(MWh) (kih)

1965 39,314 8,183 , 4,804
1966 46,669 8,170 5,712
1967 * 2 x
1968 61,378 9,344 6,569
1969 76,896 » 10,023 7,672
1970 90, 542 10,756 : 8,418
1971 106,416 11,184 ' 9,515
1972 120,950 11,487 10,529
1973 132,834 11,825 11,233
1974 153,782 . 13,261 ~ 11,600
1975 190,380 13,877 13,719
1976 193,671 15,419 12,561
1977 197,772 17,197 11,500
11978 177,913 17,526 10,153

8Net of Tok

*
Not available

H-14




GLENNALLEN-VALDEZ AREA
RESIDENTIAL ELECTRICITY CONSUMPTION

Copper Valley_Electric Association (CVEA)a

3

Energy Delivered Year-End -
To Final Customers Customers Consumption/Customer
(MWh) : (kWh)

1965 1,445 432 3,34
1966 * % R
1967 * % *
1968 * * *
1969 * * %
1970 2,133 561 : 3,802
1971 2,611, - 676, 3,862
1972 1,528 324 4,716
1973 2,887 : 680 4,246
1974 - 3,751 o 935 4,012
1975 7,656 1,487 5,149
1976 10,234 1,758 . 5,821
1977 10,895 1,601 6,805
1978 ' 9,545 1,539 6,202
1979P 9,354 1,588 - | 5,890

8Glennallen and Valdez stationms.

p'Preliminary; based on data from various sources.
* v *%

Not available Valdez only

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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TABLE H.3. HISTORICAL COMMERCIAL—INDUSTRIAL-
' GOVERNMENT CONSUMPTION DATA
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GREATER ANCHORAGE AREA
COMMERCIAL-INDUSTRIAL-GOVERNMENT
ELECTRICITY CONSUMPTION

Chugach Electric Association (CEA)

Energy Delivered - Year-End

To Final Customers Customers Consumption/CustomerC
- (MWh) . - (kWh)
1965 © 52,920 964 51,605
1966 60,601 1,047 53,626
1967 - 71,561 1,135 57,532
1968 84,513 1,381 " 55,652
1969 94,565 1,678 51,544
1970 108,298 -~ 2,040 53,087
1971 128,675 2,126 60,525
1972 163,566 2,449 - - 66,789
1973 194,973 2,579 - 75,600
1974 208,855 2,835 ' 73,670
1975 231,377 3,036 76,211
1976 264,731 3,494 75,767
1977 289,394 4,208 68,772
1978 . 303,263 4,331 70,021
1979® . 320,365 4,414 72,579

aCommercial and other (public authofities).
bOther only since 1970.

“other only since 1970.

pPreliminary, based on data from various sourceé.

SOURCE: Federal Energy Regulatbry Commission, Power System Statement.
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- GREATER ANCHORAGE AREA
COMMERCIAL~-INDUSTRIAL~-GOVERNMENT
ELECTRICITY CONSUMPTION

Anchorage Municipal Light and Power (AMLP)

: Energy belivered Year-End
To Final Customers Customers Consumption/Customer
(MWh) : (kWh)

1965 - 92,889 " 2,071 44,852
1966 104,663 2,058 50,857
1967 116,157 2,060 56,387
1968 121,490 | 2,107 57,660
1969 135,306 2,115 63,974
1970 - 159,538 2,159 . 73,894
1971 181,374 2,226 : 81,480
1972 205,288 2,315 88,677
1973 233,312 2,350 99,282
1974 - 250,409 2,417 103,603
1975 289,296 2,464 117,409
1976 339,550 2,675 126,935
1977 365,510 2,800 ' 130,539
1978 372,511 2,885 : 129,120
1979° 396,811 2,933 135,292

a L . -

Commercial and industrial.
Pprelimi d on data f io es
Preliminary, based on data from various sources.

SOURCE: Federal Energy Regulatory Commission, Power System Statement.

-H=18




GREATER ANCHORAGE AREA
COMMERCIAL~INDUSTRIAL-GOVERNMENT
ELECTRICITY- CONSUMPTION

Matanuska Electric Association (MEA)a

Energy Delivered . Year-End )
To Final Customers. Customers Consumption/Customer
(MWwh) ' (kWh)

1965 16,441 412 39,905
1966 17,187 425 40,440
1967 18,172 490 37,086
1968 ' 17,471 500 34,942
1969 . 18,148 511 35,515
1970 19,311 594 32,510
1971 - 22,239 599 ' 37,127
1972 26,264 675 -38,910
1973 28,252 739 ' 38,230
1974 30,630 800 , 38,288
1975 38,756 980 39,547
1976 48,296 1,128 ‘ 42,816
1977 57,263 1,265 45,267
1978 66,699 1,307 : 51,032
1979° 71,255 1,315 54,186

a .
Palmer and Talkeetna statioms.
pPreliminary, based on data from wvarious sources.

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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GREATER ANCHORAGE AREA
COMMERCIAL-INDUSTRIAL-GOVERNMENT
'ELECTRICITY CONSUMPTION

Homer Electric Association (HEA)a

Iy

Energy Delivered . Year-End c d
Tc Final Customers - Customers Consumption/Customer
(MWh) (kWh)
1965 23,419 416 ' 44,647
1966 28,707 493 48,032
1967 30,705 : 561 52,989
1968 49,421 687 ' 63,086
1969 63,155 ' 705 72,852
1970 69,887 813 85,962
1971 75,955 861 88,217
1972 70,382 797 88,308
1973 74,194 : 831 89,283 .
1974 78,517 981 80,038
1975 88,714 , 1,066 83,221
1976 ~ 105,239 1,232 ' 85,421
1977 122,512 1,355 90,415
1978 129,493 1,422% 91,064
1979° 137,727 Ak Kk

®Homer and Kenai statioms.
Commercial, industrial, and public buildings.
“Public buildings only since 1970ﬁ
dPublic buildings only since 1970.
pPreliminary, based on data from Qarioﬁs sources.
%%

%
Yearly average Not available

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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GREATER ANCHORAGE AREA
COMMERCIAL-INDUSTRIAL-GOVERNMENT
ELECTRICITY CONSUMPTION

Seward Electric System (SES)

Energy Delivered a Year-End
To Final Customers Customers Consumption/Customerc
(MWh) (kWh)
1965 , 2,989 131 15,349
1966 4,109 124 17,702
1967 4,267 117 14,197
1968 4,367 129 » 14,969
1969 4,814 116 18,552
1970 ' 5,695 178 X : 31,994
1971 6,513 ' 194 : 33,572
1972 -7,680 184 41,739
1973 8,436 - 194 43,485
1974 ' 8,640 199 43,417
1975 11,174 204 54,775
1976 12,080 260 46,462
1977 10,842 232 46,733
1978 12,409 274 45,288
1979 * * Sk

aCommercial, industrial, and public authorities.
bPublic authorities only since 1970.

“Public authorities only since 1970.

*Not available

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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GREATER ANCHORAGE AREA
COMMERCIAL~INDUSTRIAL-GOVERNMENT
ELECTRICITY CONSUMPTION

Total Anchorage Area System

Energy Delivered Year-End :
To Final Customers Customers Consumption/Custc,>me‘r'a
(Mwh) ‘ (kWh)
1965 188,658 4 3,994 , 47,235
1966 215,267 4,147 51,909
1967 240,862 4,363 55,206
1968 277,262 4,804 57,715
1969 315,988 5,125 61,656
1970 362,729 5,784 ' - 62,713
1971 414,756 6,006 69,057
1972 473,180 6,420 73,704
1973 539,167 6,693 80,557
1974 577,051 7,232 79,791
1975 659,317 . 71,750 85,073
1976 769,896 : 8,789 87,598
1977 845,521 9,860 . 85,753
1978 884,375 10,219 ' 86,542

aNumber of customers are slightly underreported and
average consumption calculations are slightly overestimated
prior to 1970 due to incomplete information prior to 1970 omn
the following customer categories: Chugach "other," Homer
public buildings, and Seward public authorities.
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GREATER FAIRBANKS AREA
COMMERCIAL-INDUSTRIAL-GOVERNMENT
ELECTRICITY CONSUMPTION

Golden Valley Electric Association (GVEA)

Energy Delivered Year-End
To Final Customers Customers Coﬁsumption/Customer
(MWh) | (kWh)

1965 25,850 523 49,426
1966 28,982 591 49,039
1967 30,830 576 53,524
1968 41,585 - 634. 65,915
1969 49,284 | 703 70,105
1970 - 69,064 - 844 81,829
1971 84,295 914 92,226
1972 92,758 916 101,264
1973 98,744 973 101,484
1974 102,342 1,132 90,408
1975 133,972 | 1,209 | 110,812
1976 138,735 1,365 101,637
1977 155,426 1,649 94,255
1978 157,202 1,675 93,852
19797 155,436 * *

pPreliminary, based on data from various sources.
. .

Not available

SOURCE: Fedefal Energy Regulatory Commission, Power System Statement.

H~-23



GREATER FAIRBANKS AREA
COMMERCIAL-INDUSTRIAL~GOVERNMENT
ELECTRICITY CONSUMPTION

Fairbanks Municipal Utility System (FMUS)

I}

Energy Delivered a Year-End . o
To Final Customers Customers Consumption/Customer
(MWh) : (kWh)
1965 29,348 795 A 27,810
1966 30,394 876 25,862
1967 ' * * ' *
1968 36,321 835 33,101
1969 41,928 876 36,397
1970 49,496 1,044 47,410
%% &%
1971 48,761, 1,015, 48,040
1972 43,115 1,086 39,701
1973 52,079 1,081 48,177
1974 59,273 1,110 . 53,399
1975 76,787 1,133 _ 67,773
1976 80,440 1,165 69,047
1977 85,037 ' 1,185 71,761
1978 85,466 1,179 72,490
1979 * * *

aCommercial and other (public) categories.
bOther only since 1970.
“other only since 1970.

* %

Not available. Based on author's estimate of street
lighting requirements due to aberration in reporting method for
these years.

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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GREATER FAIRBANKS AREA
COMMERCIAL-INDUSTRIAL-GOVERNMENT
ELECTRICITY CONSUMPTION

Alaska Power and Telephone, Tok

Energy Delivered _ Year-End .
To Final Customers Customers Consumption/Customer
.(MWh) (kWh)

1965 1,343 * *

1966 * * *

1967 * - * %

1968 - % ok %

1969 * : ' * *

1970 1,537 * *®

1971 - * * %

1972 - 1,949 L% _ *

1973 2,663 - * %

1974 2,526 * | %

1975 2,652 * *

1976 2,730 * _ *

1977 4,089 75 54,520

1978 4,514 * *

1979 ® ® *

aCommercial, industrial, and other categories.
* 3
Not available

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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1965

1966
1967

1968
1969
11970

1971
1972
1973

1974
1975
1976

1977
1978

GREATER FATRBANKS AREA .
COMMERCTIAL-INDUSTRIAL~-GOVERNMENT
ELECTRICITY CONSUMPTION '

Total Fairbanks Area Systema

Energy Delivered Year-End

To Final Customers Customers Consumption/Customerb
(MWh) (kWh)
55,198 1,318 ‘ 41,880
59,376 1,467 40,474

* * *
77,906 1,469 53,033
91,212 _ 1,579 57,766

118,560 1,888 ’ 62,797
133,056 1,929 68,977
135,873 2,002 67,869
150,823 2,054 73,429
161,615 2,242 72,085
210,759 2,342 89,991
219,175 2,530 86,630
240,463 2,834 84,849
242,668 2,854 : 85,027

8Net of Tok and University of Alaska.

bNumber of customers are slightly underreported, and average
consumption calculations are slightly overestimated prior to 1970
due to incomplete information prior to 1970 on the following cus-
tomer categories—-FMUS other (public).

*
Not available
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GREATER FAIRBANKS AREA
COMMERCIAL-INDUSTRIAL-GOVERNMENT
ELECTRICITY CONSUMPTION

University of Alaska

Energy Delivered To
Final Consumers

(MWh)
1965 *
1966 %
1967 *
1968 *
1969 %
1970 21,768
1971 *
1972 . 29,567
1973 31,913
1974 27,646
1975 28,259
1976 27,195
1977 25,644
1978 %
1979 , *

*
Not available

SOURCE: TFederal Energy Regulatory Commission, Power System
Statement. '
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GLENNALLEN-VALDEZ AREA
COMMERCIAL-INDUSTRIAL-GOVERNMENT
ELECTRICITY CONSUMPTION

Copper Valley Electric Association (cvEA)?

Energy Delivered Year-End

To Final Customers  Customers Consumption/Customer®
(MWh) : (kWh)

1965 4,188 . 141 29,702
1966 * * *

1967 % g % %

1968 * * %*

1969 % %* *

1970 7,235 240 . 30,146
1971 7,657, 249, : 30,751
1972 - 3,842 122 31,492
1973 8,130 371 : 21,914
1974 10,193 354 28,794
1975 16,062 426 . 37,704
1976 22,465 455 49,374
1977 : 31,307 491 63,762
1978 28,604 495 57,786
1979° 26,917 492 54,709

8Glennallen and_Valdez stations.

Commercial, industrial, and other (public bgildings).
Cpublic building customers only since 1970.
pPreliminary, based on data from various sources.

*Not available **Valdez only

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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TABLE H.4.
MISCELLANEOUS ELECTRICITY CONSUMPTION

(Primarily Street Lighting)

(Mh)

GREATER GREATER GLENNALLEN-

ANCHORAGE AREA FATRBANKS AREA : VALDEZ AREA
1965 6,907 . : 2,429 : 0
1966 5,439 2,585 *
1967 ' 6,322 1,560 | *
1968 8,875 : 2,207 . *
1969 10,257 2,216 %
1970 - 11,845 2,289 115
1971 13,682 11,197 136
1972 14,086 - 2,984 . : 134
1973 15,940 3,361 151
1974 ' 16,609 3,354 ' 97
1975 18,619 8,945 130
1976 18,542 : | 7,193 152
1977 17,707 3,467 : 171
1978 21,362 5,864 182

2Golden Valley Electric Association only.
*
Not available.

SOURCE: Federal Energy Regulatory Commission, Power System Statement.
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TABLE H.5. HISTORICAL RAILBELT EMPLOYMENT
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GREATER ANCHORAGE AREA
NONAGRICULTURAL WAGE AND SALARY EMPLOYMENTZ

(thousand)

Census Division -

Matanuska-—

i_Year- Anchorage Kenai-Cook Inlet " Susitna Seward Total
1965 . 30,704 . 1,756 1,085 621 34,166
1966 31,519 2,465 © 1,139 645 35,768
- 1967 32,958 3,678 1,075 638 38,349
1968 34,021 4,470 988 602 40,081
- 1969 37,789 4,144 1,002 626 43,561
1970 39,667 3,546 ' 1,142 689 45,044
1971 44,616 : 3,454 1,415 774 50,259
1972 48,252 3,818 1,447 ° 809 54,326
1973 50,630 4,049 1,610 862 57,151
1974 58,716 4,487 1,786 ' 934 65,923
1975 - 69,561 ‘ 5,595 2,149 1,152 78,457
1976 73,019 6,473 2,398 1,137 83,027
1977 76,997 7,340 2,653 1,155 88,145
1978 76,942 - © 6,565 3,083 1,226 87,816

3poes not include active~duty military or self-employed.
SOURCES: 1975 through 1978: Alaska Department of Commerce and Economic
Development, Division of Economic Enterprise, 'Numbers: Basic

Economic Statistics of Alaska Census Divisions,”" November 1979.

1965 through 1974: Alaska Department of Labor.
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- GREATER FAIRBANKS AREA a
NONAGRICULTURAL WAGE AND SALARY EMPLOYMENT

(thousand)

Census Division

Year : Fairbanks Southeast Fairbanks Total

1965 - - o 11,511
1966 - - 11,767
1967 . - - ' 11,929
1968 - - 12,383
1969 - - 13,901
1970 - - | - 14,377
1971 - ‘ - 14,648
1972 - . - 15,583
1973 - | - 15,480
1974 , - - 19,749
1975 28,740 2,044 30,784
1976 28,118 ‘ 2,615 30,733
1977 24,868 819 25,687
1978 21,662 874 22,536

%poes not include active-duty milifary or self-employed.
SOURCES: 1975 through 1978: Alaska Department of Commerce and
Economic Development, Division of Economic Enterprise,
"Numbers: Basic Economic Statistics of Alaska Census
Divisions," November 1979.

1965 through 1974: Alaska Department of Labor.
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GLENNALLEN-VALDEZ AREA a
NONAGRICULTURAL WAGE AND SALARY EMPLOYMENT

(thousand)

Year Valdez-Chitina-Whittier
1965 ' 757
1966 _ 826
1967 773
1968 ' 667
1969 : : 786
1970 859
1971 ‘ ' 1,087
1972 906
1973 988
1974 : 1,529
1975 4,763
1976 8,049
1977 ' ' 4,199
1978 2,043

aDoes not include active-duty military or self-employed.
SOURCES: 1975 through 1978: Alaska Department of Commerce and
Economic Development, Division of Economic Enterprise,

"Numbers: Basic Economic Statistics of Alaska Census
Divisions,'" November 1979.

1965 through 1974: Alaska Department of Labor.
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TABLE H.6. HISTORICAL RAILBELT HEATING DEGREE DAYS
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GREATER ANCHORAGE AREA
HEATING DEGREE DAYS

(Annual)
Anchorage Homer Talkeetna
_ Season
1960-61 10,261 10,026 11,160
1961-62 11,524 10,696 12,621
1962-63 10,406 9,966 11,304
1963-64 10,781 10,108 11,845
1964-65 11,064 . 10,577 11,991
1965-66 11,174 10,840 12,499
1966-67 11,384 10,278 . 11,947
1967-68 9,997 9,793 11,364
1968-69 10,779 10,410 11,851
1969-70 9,351 9,446 10,631
1970-71 11,670 11,340 13,280
1971-72 12,077 11,471 13,406
1972-73 11,555 - 12,203
1973-74 11,223 10,807 12,235
1974-75 10,868 - 10,389 12,081
1975-76 11,115 _ 10,694 12,340
1976-77 9,050 8,901 10,268
1977-78 9,701 ‘ 9,668 10,984
1978-79 9,395 - -
Normal 10,911 10, 364 11,708
SOURCE: '"Local Climatological Data,' National Oceanic and Atmospheric

Administration, Environmental Data and Information Service,
National Climatic Center, Asheville, N.C.
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GREATER FAIRBANKS AREA
HEATING DEGREE DAYS

(Annual)

Fairbanks
Season
1960-61 14,009
1961-62 14,786
1962-63 13,692
1963-64 ' 14,912
1964-65 15,009
1965-66 ) . 15,688
1966-67 14,544
1967-68 - 13,671
1968-69 o 14,664
1969-70 -12,939
1970-71 15,215
1971-72 : 15,141
1972-73 ' 13,547
1973-74 14,391
1974-75 ' 13,808
1975-76 . 14,683
1976-77 12,674
"1977-78 13,635
1978-79 : 13,802

Normal ' 14,344

SOURCE: '"Local Climatological Data,”" National Oceanic and Atmospheric
' Administration, Environmmental Data and Information Service,
National Climatic Center, Asheville, N.C.
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GLENNALLEN-VALDEZ AREA
HEATING DEGREE DAYS

(Annual)
Gulkana Valdez
Season

1960-61 13,707 -

1961-62 14,551 . -

1962-63 13,227 -

1963-64 14,183 -

1964~65 14,062 -

1965-66 15,054 o=

196667 14,527 -

1967-68 13,290 : -

1968-69 14,594 -

1969-70 12,975 -

1970-71 . 15,002 ' .-

1971~-72 ' 15,810 -

1972-73 14,266 -
1973-74 - . - 10,682
1974-75 13,768 _ 9,911.
1975-76 14,061 10,255
1976~77 - 9,130
3 1977-78 13,966 . 9,422
! Normal 13,937 10,545

SOURCE: "Local Climatological Data," National Oceanic and Atmospheric
Administration, Environmental Data and Information Service,
National Climatic Center, Asheville, N.C.
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TABLE H.7.
SEASONAL VARIATION IN ELECTRICAL ENERGY GENERATION

Summer . ) : Winter
July-August Sales December-January Sales
Percent Percent of Percent Percent of
of Annual Monthly Average of Annual Monthly Average
SQUTHCENTRAL
1964 13.1 78.6 21.1 126.6
1965 13.6 81.6 20.9 125.4
1966 14.2 85.2 : 21.0 126.0
1967 13.5 - 81.0 ) 21.1 126.6
. 1968 13.1 78.6 : 22.0 132.0
1969 13.5 ) 81.0 21.0 126.0
1970 13.4 80.4 : 22.1 - 132.6
1971 12.8 76.8 21.3 127.8
1972 12.5 75.0 - 21.9 131.4
1973 : 12.9 77 .4 .20.8 - 124.8
1974 13.2 79.2 - 20.8 124.8
1975 13.0 78.0 v 21.7 - 130.2
1976 13.0 78.0 20.2 121.2 .
1977 12.8 76.8 21.7 130.2 -
1978 13.6 81.6 . .
INTERIOR
1964 14.4 86.4 ) 21.2 - 127.2
1965 - 12,5 75.0 21.4 128.4
1966 13.0 78.0 , 22.3 133.8
1967 14.9 89.4° ' 21.4 1128.4
1968 -14.6 87.6 o 22.5 135.0
1969 12.0 72.0 ' 22.9 137.4
1970 11.7 70.2 25.1 150.6
1971 11.1 , 66.6 22.9 -137.4
1972 11.4 " 68.4 : 23.6 ' 141.6
1973 1.5 . 69.0 ' 22.2 133.2
1974 11.2 67.2 23.7 142.2
1975 10.8 64.8 24.0 . 144.0
1976 11.9 71.4 21.8 130.8
1977 12.6 75.6 23.3 139.8
1978 12.9 77 .4

SOURCE: Compiled from data supplied by the Alaska Power Administration.
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APPENDIX I. A REVIEW AND COMPARISON OF

. RAILBELT ELECTRIC POWER REQUIREMENT PROJECTIONS
% I.1. Susitna River Basin: A Report on fhe Potential Development of
. Water Resources in the Susitna River Basin of Alaska by U.S.

Department of Interior, sponsored and prepared by the Bureau
of Reclamation, Alaska District Office, 1952.

This report did mnot presént a defailed analysis of the electricvload
.. beyond the accompanying Figure I.l which depicts a 30-year forecast.
Residenﬁial.space heating was assumed to be 50 percent electric by 1970,
G resulting iﬁ an average residential use of 10,000 KWh annually and total

| consumption of 635,000 MWH. The market area (equivélent to the present
study minué the Giennallen~Valdez-area) was projected to have a popula-

tion of 260,000 in 1970. Farm requirements were projected at 66,000 MWh

based on 3,800 to 4,000 farms by 1970. Commercial and municipal require

ments wereAprojected at 256,000 MWh for the same year. Projected large
industrial electricity users included an electrified railroad, minerals,

petroleum, synthetic fuels from coal, and local industries together con-

suming 1,732,000 MWh in 1970.

I.2. Devils Canyon Project: Alaska, Feasibility Report by U.S.

Department of Interior, Bureau of Reclamation, Alaska District,
1960.

Gross generation requirements in this study are projected for 22 years
for utilities, large industry, and military as shown in Figure I.2 and

Table I.1. Simple growth rates ranging from 10 to 12 percent annually were

































































































Glennallen-Valdez projections were made using the 1976 Copper Valley
Electric Association Power Requirements Study as a base. Total energy
was projected to be 74,000 MWh in 1980, 134,000 MWh in 1990, and

240,000 MWh in 2000.

I1.10. Differences Between Present and Previous Studies

I.10.A. ECONOMIC PROJECTIONS

Differences exist in the economic projections among the various
studies because of both different predictions about what large scale
projects will be undertaken within the state and when they will occur
(the gas pipeline construction is an exaﬁple) and different assumptions
about how the support sector of the economy and the population responds

to economic development.

In both fhese areas, the present study has some benefit of hind-
sight which earlier studies have not. The 1979 APA study, for example,
utilized a 1980 statewide population estimate ranging between 500,000
and 514,000. Present projections place the number closer to 420,000.
Part of the error was the result of overly optimistic projections of
large project activity which have not yet materialized but whichbto a
large extent the present study expects to occur in the early 1980s.

A second component of error was the fact that the enti;e cyclical
pattern of economic behavior in response to the construction of the

0il pipeline was not captured in the economic projection technique.
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the Alaska Situation." Rather than a projection, the report is simply
a list of potential projects with their related energy requirements;
Such a "list" is not felt to be appropriate as the basis for sound

electric power requirements planning.

1.10.D. DEFINITIONS

The present study projects total sales of energy to final consumers.
This is a smaller quantity than net energy for system which is the con-~
cept used in some earlier studies. The difference is transmission and

distribution losses and energy unaccounted for.
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