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I. INTRODUCTION

The present report is a preliminary analysis of electric power demand
forecasts for areas potentially served by the proposed Susitna dam power
project, There are three main tasks undertaken. First, a conceptual discus-
sion of electric power demand forecasts is provided in Part II, based on
elementary economié theories of demand for the individual and for the market.
This discussion provides a framework for the evaluation of existing power
demand forecasts, which is the second task of this analysis. The third -
objective of the study is to focus specifically on power demand forecasts
developed through the use of the Institute of Social and Economic Research
© (ISER) Man in the Arctic Program (MAP) model, This part of tﬁe analysis
involves two sub-tasks: a discussion of the properties of the model itself,
and a review of the forecasts developed to date using the model. This effort
is contained in Part III. The analysis of ISER powerbdemand forecasts
developed as part of the overall Susitna Power Alternatives Study is contained
in Part IV. A brief summary and conclﬁsions is presented in Part V,

We now turn to a discussion of factoré influencing demand. Readers

familiar with the economics of demand can skip to Part ITI.



II. FORECASTING ELECTRIC POWER DEMAND

Power demand forecasts can conceptually be disaggregated into four
user defined components: residential, commercial, industrial, and military.
Each of these categories will respond to a different set of facfors aﬁd
will be considered separately.

Residential Demand

The analysis of residential demand will first consider factors affecting
the individual household, and then treat the aggregation of household
demand, i.e., the market residential demand for electric power, The demand
schedule for the household can be specified as follows:

QD = f (P, PSub, Pcomp, Y, Tastes, Random Factors)

Verbally, this states tha;»the quantity demanded (QD) is some function
of (or depends upon) the price of electricity (P), the price of substitutes
for electricity (Psub)’ the price of complementary goods or services (Pcomp)’
the disposable income of the household, the tastes or preferences of the
household, and various random factors. We will consider each of thesé vari-
ables in turn,

First, the quantity of electricity demanded, over some specified tiﬁe
period, depends on its price. As the p;ice of electricity goes down,
assuming all other factors are held constant, then the quantity demanded
will increase.

This raises an important question with respect to how semsitive, or
responsive, demand will be to changes in price. The economic concept used
to measure this is known as elasticity of demand and is defined as the per-

centage change in quantity demanded divided by the percentage change in the

price. 1t should also be noted that the elasticity will depend on how long



we are willing to wait for the effect to take place.

For example, in the short run there may be little ;hat.the consumer
can do in response to an increase in price, except to lower the thermostat
or turn out the lights, etc. Over the longer run, the consumer has the
option of substituting other types of space heating, converting to gas
hot water, adding insulation, etc. Over an even longer period, changes
in building design, use of new technology, etc. becomes possible, In shorf,

“the elasticity of demand will tend to increase over time..

The second variable in the demand function is the price of substitute
sources of energy. In the case of residential demand, substitute sources
of energy for space heating would include, for example, natural gas, oil,
solar, and wood. These may be total or partial substitutes. |

In general we would expect that as the price of substitutes declined,
all other factors remaining the same, the demand for electricitf woul& also-
decline as consumers substitute relatively cheaper forms of energy. Respon-
siveness of changes in demand to changes in the price of substitutes can be
measured by the cross elasticity of demand, defined as the percentage change
in quantity demanded divided by the percentage change in the price of the
substitute. Again, the elasticity tends to increase with the length of
the period of adjustment,

The price of complementary goods is the third variable in the demand
equation, Complementary goods refer to goods used in conjunction witﬁ elec-
tricity, such as power tools and electric home appliances, etc, As the
prices of compleﬁentary goods decrease; the quantity of electricity demanded
increases, other variables being held constant. Once again, the sensitivity

of this relationship can be measured by the cross elasticity of demand,



defined in this case as the percentage change in the demand for electricity
divided by the percentage change in the price of complementary goods. This
elasticity will also increase as the length of the adjustment period
increases,

Disposable income of the household is also an important variable in
explaining the quantity demanded. In most cases (including the demand for
electricity) as income increases the quantity of electricity demanded also
increases., This is so because as income rises (other factors held constant)
households will have larger houses, more ;pfliances, etc. The concept éf
income elasticity measures the respénsiveness of change and is defined as
the perceﬁtage change in qﬁantity'demanded divided by the percentagevchange
in income.

The next variable in the demand function is taste, or prefeéences.
This variable reflects the fact that individual likes or dislikes exert a
real effect on household consumption patterns. Generally spéaking these
tastes are not measurable and the variable is not specified in a quantitative
(or empirical) demand function.  The justifying assumption is that tastes
are relatively stable and can therefore be assumed constant,

This a;sumption may be more valid than it appears at first glance.
Suppose that in response to appeals ﬁo "set the thermostat" at 650, iﬁstead
of 700, we observe that households, on the average, have in fact set the
thermostat at 65°. Can we conclude that this reflects a change in "tastes"
in response to a perceived energy crisis? The answer is no. While it may
reflect a change in tastes it may just as well reflect the fact that the
price of electricity is increasing.

The final variable in the equation reflects the effects of various



factors such as weather (which impacts on heat and light requirements)
and the age-size chafacteristics of the household. More will be said on
this later.

Before turning to a discussion of market demand two points should
be addressed. The earlier assumption fall other factors held constant"
should be commented upon., The purpose of this assumption is to isqlate
the effect that a change in one variable has on another, not to suggest
that other variables do not change. In some instances it will be possible
to prediét the impact of several variables changing at once on the quantity
demanded. For example, the quantity demand varies directly with changes
in income and the price of substitutes, and inversely with the price of
electricity and the price of complements. Thus, for example, knowledge that
both the price of substitutes énd income had increased would tell us that
QD would also increase. However, if the price of substitutes increased but
income decreased, we could not say, without additional information, what
the impact on demand would be,

A second instance in which we can deal with more than one variable
changing relates to relative prices, rather‘than absolute prices, Fpr
example, 1f the pfice of electricity increased, by an amount proportionally
less than an increase in all other prices, then we might still seé an in-
crease in the quantity demanded. In other words, there is a tendency to
substitute the good or service that becomes relatively cheaper as the result
of price changes, even if the absolute price of the item has increésea.

With these comments in mind we can proceed to the discussion of market
{as opposed to household) demand. The market demand schedule, at any point

in time, 1is conceptually equal to the sum of individual demand schedules.



However, if we wish to look at the market over time, certain adjustments
must be made. For example; the size of the market changes with respect

to population growth or decline, A second'type.of adjustment is appropriate
if the market is not homogeneous (i.e., distinct sub-markets exist). For
example, heating~degree days are thought to be a significant variablé in
determining total power demand., If sigpificant geographic variation occurs
within the.market‘area.(aﬁd hence dégree-days) then this should be accounted
for.

Aﬁother example of non-homogeneity is reflected (for the Anchorage
Bowl area) by the availability (and perhaps reliability) of public util-
ities. Some areas are not served by natural gas, and so consumers are more
limited in their choice of space heating. Thus, changes in the availability
of the utility (or source bf.energy) over time or growth of residential
areas where the range of alternatives is restricted, will have an impact
on electric power demahd.

A final illustration of factors that affect market demand relates to
the housing stock., Over time the housing stock changes, both in terms of
its size/composition and in terms of its efficiency with respect to the
use of energy. This will impact directly on heating energy requirements
and the demand‘for eiectricity.

We can summarize the preceding discussion of residential electric power
deﬁand as follows, The demand (market) for residential electric power
depends upon the price of electricity, the prices of substitutes and com-
plements, income, and various factors influencing the size of the market
and specific characteristics of the market or submarkets. Predicting future

demand depends upon our ability to measure the effects of the different



variables and to forecast future values for these variables.

Our discussion has attempted to provide a general frame-of reference
for the analysis of electric power demand forecasts and is not intended
to be a specific forecasting device., Particular forecasting equations may
vary greatly and will depend upon the relative importancé of individual var-
iables, and the availability of data withvwhich specific relationships can
be determined., However, the discussion is indicative of the types of
variables that should be considered in demand forecasting for residential
consumption.

Commercial -~ Endogenous Industrial Demand

In addition to residential demand we specified commercial and industrial
demand for electric power asvreflecting distinct components of the total
demand for electric power. Commercial demand relates to the consumption of
electricity by retail-wholesale trade establishments, office Buildings,
banks, etc. More generally we are implying consumption by the businesses
included in the broad industry classification of wholesale-retail trade;
finance, insurancé,and real estate; servicgs; government; and elements of
transpdrtation, communications, and public utilities., This is roughly anal-
ogous to the economic base methodology distinction between basic and non- |
basic (or.support sector) activity.

Certain industrial demand also .is included.wifhin ﬁhe support sector
and is classified as endogenous industrial demand. The bulk of this activity
is included in manufacturing, such as concrete block products, furniture;
apparel, printing and publishing, etc.

By way of contrast, exogenous industrial demand is répresented by

consumption of power by industry activity classified as exogenous (production



for export from the region)., In Alaska such activity includes petroleum
industry production (excepﬁ for locally consumed. nmatural gas products),
fish processing, pulp and wood products, and similar export oriented pro-
duction.

The distinction between the two categories is not always precise,
but is important for purposes of forecasting, Furthermore, data that
distinguish between the two types of activities are not readily available.
However, it appears that the bulk of power supplied by utilities at present
(not going to residential demand) goes to the commercial-endogenous indus~
trial category of demand, Major exogenous industrial users for the most
pért supply their éwn poweral/

We can now turn to ‘a discussion of commercial-endogenous industrial
demand. There are both micro- and macroeconomic dimensions to the analysis
of demand for the commercial/endogenous industrial seétor. Basic micro
theory assumes that the firm operates so as to maximize profité, defined
as total revenue minus total costs, Within the context of the present
analysis it is reasomnable to assume that the firm's total revenﬁe is largely
independent of its use_of electric power and hence we can focus on the
relationship between total costs and the cost of electricity. Given this
assumption the question becomes one of how the firm minimizes its total
costs of production for any specific level of output.

As in the case of the household, there are both short run and long run

dimensions to the problem, but in either instance the task is to minimize

1/

~'Institute of Social and Economic Research, Electric Power in Alaska, 1976-

1995, pp. 3~116 - 3-118.,



the total costs of inputs. Basically this means that inputs that become
relatively cheaper will be substituted for those that have become relatively
more expensive., If the price of electricity increases relative to other
factor prices then firms will attempt to reduce the uée.of electricity
relative to other factors to the extent possible. In the short run the
range of options is fairly limited, particularly in view of tﬁe fact that
the bulk of demand is related to space heating and lighting.

Over the ldnger run the possibilities of substitution incréase., For
example, as new structures are constructéd, alternative sources of energy
for space heating are possible.‘ Also, building designs that are more effi-
cient in terms of overall energy utilization can be employed. Greater use
of insulation, use of heat from iighting for space heating, and general
designs to reduce heat loss or conserve on space requirements are'just a
few examples. Incorporation of new materials or new technologyvalso expands
the range of options.

Just as in the case of residential demand we can also talk about the
responsiveness of demand for electricity with respect to factor prices

"and the prices of factor substitutés. Tﬁese elasticities tend to be more
complicated than those of the consumer demand function, bu; two generalities
can be stated. First, the elasticity will depend on the ratio of electricity
costs to total costs of the firm. The greater the ratio, the greater the
elasticity. Second, the élasticity will depend on the range of substitutes.
The greater the range of substitutes the greater the elasticity. The
elasticity will also increase with the period of adjustment.

There is a final point to be made with respect to electricity as an

input to production. Its demand is referred to as "derived" demand. In



other words, this demand depends‘upon the demand for some set of final goods
and services. This point will be more apparent when we talk about market
demand.

In summary, demand for electricity by the firm in the commercial/
industrial sector will depend on demand for the product(s) of the firm, the
price of electricity itself, the range and price of substitutes for glec—
tricity, and the importance of electric costs relative to totél costs.

As in the case of residential demand, aggregate, or market‘demand by
the commercial/industrial sector is the sum of individual firm demand sched-
ules. Again, adjustments must be made to reflect changes in markep size
over time and non—homogenéity of_the market, Changes in market size can
occur elther as a result of an inérease of the'number of firms or from an
increase in the size of firms, or some combination of both. For forecasting
purposes, however, it is the total size of the market that is of concern.

The queétion of homogeneity of the market (over time) must also be
considered. 1In part this is the same question as raised with respect to
residential demand. Geographic differences must be considered. Also of
concern is the overall composition of commercial/industrial activity as the
economy expands (or contracts). The central éuestion is how economic growfh
affects the types of economic activity within the commercial/industrial sector
and whether or not changes in the composition of the sector affect average
demand per unit (aside from size of unit considerations).

The 1ssue of homogeneity also raises the question of gfficienéy in
terms of the use of electricity. For example, the stock of.office Euilding
space and retaill trade space undergoes continual expansion over time. As

the composition of this stock ("old vs. newer' structures) changes, is'the
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efficiency of the stock, in terms of electric power consumption, and in
terms of electricify as an input, changing? If so, forecasts should reflect
this,

A final topic with respect to forecasting demand in the commercial/
endogenous industrial sector concerns the overall growth of the sector
relative to the growth of the economy as a whole. This issue can be addressed
most directly in the context of economic base analysis.

For a given time period (e.g., the year) total economic activity can
be divided into two components: exogenous activity, primarily associated
with direct government purchases of goods and services, private and public
sector investment., and the sale of goods and services for export (i.e., ééles
to buyers outside of the economic region being considered). Endogenous
activity results from the direct and indirect spending of in;omes generated
by activity within the exogenous sector (plus any set transfer payments into
the region). |

Roughly speaking, the commercial/endogenous industrial sector that has
been under discussion corresponds to the endogenous sector 'defined above,
Thus the question of how the commercial/industrial sector grows is essen-—
tially the same as how endogenous economic activity grows relative to total
"economic activity of the region.

There is substantial reason to believe that endogenous sector groth
will occur at a somewhat greater rate than the exogenous sector. This is
generally attributed to possibilities for import substitution that occur as
the total level of economic activity, or the total market, grows. In other
words, goods and services that historically were purchased from other regions
can now be produced within the region because markets have become sufficientiy

large.
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The significance of this for purposes of forecasting electric power
demand is twofold. Firstly,_the size of the commercial/industrial sector
may not . grow in direct proportion to total economic activity., Secondly,
‘growth of the sector will probably be accompapied by changes in the compo-
sition of activity within the sector. This in turn suggests that demand
for electric power may not vary directly with the size of the sector,
This, of course, is a question that can be answered empirically (assuming
that déta can be found) and should be considered in demand forecasts.

Our discussion of demand forecasts for the commercial/endogenous
industrial sector has suggested that the following factors should ideally
be considered in the ahalysis of demand forecasts. First, at the micro, or
individual\firm level, sensitivity of demand to the price of electricity
itself, the range and price of substitutes for electricity, and the impor-
tance of electric power costs relative to overall costs are of interest,
At the macro or market level changes in the market itself must be consid-
ered, including the.size of the market and changes in the composition of
firms within the market.

Exogenous Industrial Demand

Exogenous industrial demand relates to potential or existing demand
by major industrial firms producing primarily for export (from the economic
region). Thus forecasting demand in this category is directly related to
forecasting the development of new exogenous industrial activity.
A second issue arises in this instance that also must be considered. =
Industrial users of the type envisioned here generally have the option of
producing their own power., This will be the case if the cost is comparable

to purchased power, if significantly greater reliability can be achieved,
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or if purchased power is simply not available. Thus, the analysis of total
demand for utility produced power will have to make an assessment of the
competitiveness of that power relative to potential power generated by the

industrial user.

Military Demand

Military demand for power is also exogenous demand. Historically
the military has produced most of its own power requirements,vand essentially
has been an independent element in total electric power demand. Invthe
past it is probable that the military has produced its own power for one of
two reasons, Either ﬁnational security" motives dictated an independent
system, or sufficilent power was not available from local utilities.

Existing géneratiﬁg capacity appears to be sufficient to meet anti-

cipated demand, at least to 1995, according to the ISER (Electric. Power in

Alaska: 1976-1995)study. Whether or not utility produced power cquld sub~
stitute for this power deserves to be considered however.

This somewhat detailed discussion of the economic deterﬁinants of demand
for electric power serves two purposes. First, it provides an introduction
to the subject for readers without a working knowledge of basic demand
theory. Second, it provides a conceptual framework for the evaluation of
existing electric power demand fbrecasts and for influencing future forecasts.
Before turning to a review of existing forecasts we will attempt to summarize
the elements of the framework for review,

1. Demand forecasts should be disaggregated to include at least

four components, reflecting the different economic behavior
of the different types of buyers, The components are: resi~

dential, commercial-endogenous industrial, exogenous indus-
trial, and military.
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2. Forecasts of residential demand should deal with the price
of electricity, the price of substitutes, the price of
complementary-goods, per capita or household income, and
measures of total market size such as total income or popu-
lation, and the sensitivity, or elasticity of demand with
respect to these variables. Because the forecasts are
long run forecasts, emphasis on long run elasticities is
appropriate., 1In particular, long run possibilities for
energy substitution should be addressed.

3. Commercial-endogenous industrial demand forecasts should
deal with the price of electricity and the price of other
factors of production, the long run potential for factor
substitution in response to changing factor prices and
technological change, changing market size, and the com-
position of commercial and industrial activity within the
sector over time,

4, With respect to exogenous industrial demand there appear
to be three fundamental questlons.

- a. What types of activity and what are the associated
electric power requirements,

b. If such industry locates within the region will they
choose to supply their own power or buy from utili-~
ties, and

c. To what extent will the availability and price of
utility generated power be a factor in the industrial
location decision?

5. Under what conditions would the military become a purchaser
- -of utility power and how much would the military purchase?

In examining this framework for review it is cléar that three variables
play an important role in future demand. - These are fhe price of electricity
itself, the prices (and availability) of substitutes, and market size and
composition, Whiie other variables may also be important, it suggesfs that
considerable effort be devoted to the analysis of the three vafiables cited.

One final issue that needs to be considered relates to the price of
electricity itself. Our discussion has implied that there is a single price
for electricity, and this clearly is not the case. Rather, there is a com-

plex structure of prices, dependent upon the type of user and the quantity
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of electricity consumed. Thisvfactvintroduces two problems related to
forecasting future demand.

First, the structure of prices can be instrumental in influencing
peak load demand, and hence the amount of generating capacity necessary to
meet o&erall service requirements at given levels of reliabili;y. This is
essentially a question of the timing of demand over the short run,

Second, the level of aggregate demand will also be responsive to the
structure of prices. In other words, price is.a function of the.quantity
demanded, The result of this is that, conceptually, we do-not have .the
single equation demand model as discussed above, but rather two simultane~-
ously determined equations. From an empirical standpoint there may not be
much that can be accomplished in attempting to deal with this problem, but
it is a point that should be considered in the qualitative assessment of

demand forecasts,
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I1I. A Review of Electric Power Demand Forecasts

In this section several forecasts of electric power demand will be
reviewed in the context of the discussion set forth in Part II. Before
considering specific forecasts a few comments are necessary. First, regional
comparabiiity of the forecasts is not exact, but in general the aggregate
region under consideration is the railbeltbarea. For present purposes this
includes the Fairbanks area, the railbelt, Anchorage, and Southcentral
Alaska., While the specific studieé have different geographical boundaries;
the dominant centers of population and demand are comparable. Second, the
forecast periods are not always directly comparable, although in most cases
the 1980-2000 period is covered.

A third point to note ‘is that the various forecasts are not independent.
Rather,uwhat is observed are two "families" of forecasts, the first of which
is an outgrowth of the 1974 Alaska Power Administration Alaska Power Survey
study. The second group are based on economic forecasts prepared utilizing
the Institute of Social and Economic Research (ISER) Man in the Arctic
Program (MAP) econometric models, At least one recent forecast reflects a
blend of the two approaches, We will first look at the APA family.

The first study considered is the 1974 Alaska Power Survey - Future

Power Requirements: Report of the Technical Advisory Committee on Economic

Analysis and Local Projections (Alaska Power Administration). The study

will be referred to as the 1974 APS study for short.

Total annual demand estimates are developed for three components:
utility, industrial (exogenous) aﬁd national defense, at both the statewide
and regional levels, The two regions of interest in the present case are

the Southcentral and the Yukon (interior) planning regions as delineated by
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the Alaska Power Administration (APA). While these regions extend beyond
areas likely to be served by the Susitna project, the bulk of potential
demand within the planning region is contained Within the area of probable
Susitna impact. |

Exogenous industrial demand includes hypothetiqal‘major new,industrial,
activity, related tovresource extraction and processing; new energy-
intensive industries, or heavy manufacturing., Low, mid-ranéé, and high
development scenarios are constructed, based upon a study prepared by the
Alaska Department of Economic Development entitled "Power Demand Estimators,
Summary and Assumptions for the Alaska Situation", by E, 0. Bracken (1973).
The derived power requirements, by yeaf and industry type, are shown in
Table III-l. It should be noted that these are statewide figures. However,
the regional industrial annual demand for power (Table III-2) indicates that
the bulk of the activity will be located in the Southcentral and Southeast :
regions. The high range estimate for Southcentral includes a uranium enrich-
ment plant for 1990 and 2000 which accounts for about 65% of the total
industrial power requirements.,

Thus, for the year 2000, industrial demand has a range of 22,990 million
KWH (MKWH) which, from a planning standpoint, is little or no help at all,
Elimination of the enrichment facility (which many wﬁuld agree is warranted) °
narrows the range to 5,470 MKWH., To put the figures in perspective, achieve-
ment of the high industrial demand figure for 2000, net of the uranium
enrichment plant, implies an annual growth rate of over’12.7% per year from
1972,

Whether or not the implied rates of industrialization in the different

scenarios will be achieved is at best a matter of speculation. Certainly
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TABLE ITII-1

Assumed New Industrial Power Requirements, 1972-2000

Actual Requirements ‘ Estimated Future Requirements
1972 1980 , 1990 2000

. Industry 1000 KW - 1000 KW 1000 Kw 1000 Kw

Higher Range Estimate

Timber 46 110 160 250

Mineral : 360 3,870 3,990

Petroleum . 58 160 260 560
Total 104 620 , 4,290 : 4,800 .

Mid Range Estimate

| Timber o 80 110 160

. Mineral 120 - 360 1,300
~ Petroleum ! 130 160 260
Total 330 620 1,720

Lower Range Estimate

| Timber | S 50 80 | 110
! Mineral 60 . 120 , 360
! Petroleum 100 130 160
i ' _

' Total . 210 330 620 -

f Note: Adapted from "Power Demand Estimators, Summary and Assumptions for
! Alaskan Situation," E. O. Braken, Alaska Department of Economic
Development, April 1973,

"Petroleum" includes all petroleum and petrochemical industries.

Source: APS 1974, p. 84.
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TABLE TI1I-2

1974 ALASKA POWER SURVEY POWER DEMAND FORECASTS
1972-2000, in Million KWH

, 1972 9/ 1980 ' 1990 2000
REGION (ACTUAL) - LOWw— MID HIGH LOW MID HIGH LOW MID HIGH
SOUTHCENTRAL - ,
Utility 1037 2340 2670 2990 4290 5350 71903/ 6430 9710 15740
Industrial 254 490 910 1820 910 1820 23340~ 1820 5330 24810
National Def, 174 209 209 209 243 243 243 260 260 260
Total 1465 3039 3789 5019 5443 7413 30773 8510 15300 40810
YUKON (Interior)
Utility 307 680 780 870 1200 1500 2020 1730 2610 4230
Industrial -0- 210 280 490 280 490 1680 490 1680 2450
National Def, 235 253 253 253 284 284 284 317 317 317
Total 542 1143 1313 1613 1764 2274 3984 2537 4607 6997
"RAILBELT“l/ s .
Utility 1344 3020 3450 3860 5490 ~ 6850 9210 8160 12320 19970
Industrial 254 700 1190 2310 1190 2310 25020 2310 7010 27260
National Def. 409 462 462 462 527 527 527 577 577 577
Total 2007 4182 5102 6632 7207 9687 34757 11047 19907 47807

Source: Computed from Tables 20, 21 and 23; 1974 APS.

Notes: 1. Railbelt is the sum of the Yukon (interior) and Southcentral planning regions of APA.
2. Low, Mid, and High refer to the lower, mid range and higher rates of growth cases as set forth
in the 1974 APS study and described in the text.

3. This is not a typographical error.

power demand of 17,520 million KWH, for 1990 and 2000.

Rather it reflécts a nuclear enrichment plant with an annual



the "high'" case is closer to a wish 1is£ than to a projection., Even the
low and mid-range cases are‘nOt assﬁred._ Industrial location decisions are
extremely complex under the bestvof circumstances and there is no attempt
at such analysis represented in the 1974 APS study. While some of the
projects speculated abbut may occur there is no basis in the report to

even guess as to which would occur. In particular, there is no considera-
tion giQen to the role that the price of electricity (or other power) would
pléy in the location decision.

Another concern that might be expressed with these estimates is that
(dimplicitly) no adjustment has been made for changing efficiency of indus-
trial use of electricity. To the extent that gains in efficiency are bos—
sible then the demand estimétes will be overstated. Finally, if the concern
of the forecasting effort is in part aimed at planning for future utilit?
generated power requirements, then the study misses an important link.
Specifically, what part of new industrial power demand would be served by
the utilities?

forecasts of demand for utility generated power were developed from
forecasts prepared for each of the utilities. These individual forecasts
fall in three categories: individual utility preparéd forecasts; APA fore-~
casts baséd on 1972 generation and assumed rates of growth; and utility
estimates based on REA power requirements studies, and various consultants'
studies. Individual utility forecasts generally covered the 1972-1982
period, but reflect a wide range of assumptions about future growth ratés,
future industrial development, etc. In other words, there is no homogeneity

of assumptions common to each of the individual utility forecasts.
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These forecasts were then aggregated to obtain a 1980 statewide mid-
range estimate of demand that served as the basis for all other projections,
The 1980 mid-range estimate of 4,100 MKWH implies a growth rate from 1972
of 12.3%, The 1980 higher rate of growth figﬁre is 4,600 MKWH, which sup--:
posedly reflects the assumption that the high growth rate is 20% above the
mid-range growth rate of 12,37, or 14.8%, for the 1972-1980 period. How-
ever, the figures presented indicate a growth rafe of 13.97%, or a high
growth scenario 137 above the mid-~range, not 20% as indicated. A similar
discrepancy exists with the lowér rate of growth, which appears to be 177
below the mid-range growth rate, not 20% as suggested in the report.

In any event, the 1980 demand estimates for each scenario were then
projected to 1990 and 2000 using assumed future rates of growth, as summar-
ized in Table III-3. |

| TABLE III-3

ASSUMED GROWTH RATES, UTILITY DEMAND:
1980-1990, and 1920-2000, 1974 APS STUDY

1972-1980 1980-1990 1990-2000
High Range 14,.8% 9% 8%
Mid-Range 12.3% 7% 6%
Low Range 9.8% 6% 47

Source: 1974 APS, p. 71.

There 1s no pretention that these growth rates are anyfhing more than
"educated guesses". The fact that the rates drop substantially below the
1972-80 rates was in part due to an assumption of greater efficiency and
conservation of electricity in the future. However, also buried in these

figures are implicit assumptions about future population growth, future



energy prices, saturation rates, etc., that make it impossible to make
any real quantitative assessment of the forecasts. Statewide estimates
were then disaggregated to the regional level. The diéaggregation was
accomplished By reference to historic trends in regional power markets
“over the 1960-72 period. No explicit‘account of any regional economic
growth indicators is‘suggestéd, éxcept as implied by historic electric
power ‘demand changeé. See Table III-2 for relevant region forecasts.

In summary, there is no way to judge the "goodness" of the forecast
in respect to any underlying economic considerations. While the 1980 base.
mid-range figure does reflect the cqllective judgment of thé utility
industry, and hence may be a reasonably accurate estimate, the rest of the

‘"forecast" is pure assumption on an aggregate level and there is no way
to assess the assumptions without more assumptions. While one of the
forecasts may turn out to be reésonably accurate it will largely be a
matter of chance,

The third component of demand is national defense demand. These
forecasts were provided by the military, and reflect military produced
p&wer. (See Table III-2.) It is clear .that military demand drops signi-
ficantly as a proportion of total demand, even in thé low growth rat€ case,
and is not a éignificant factor in future demand.

Aggregate electric power demand for the regions in question is also
indicated in TaBle III-2, and some general summary comments regarding the
forecasts are necessary. Firét, there is no way to judge'the quantitative
validity of the forecasts based on material contained within the study.

No links to future values of economic variables are established in the

utility demand analysis. The industrial demand component of the analysis
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is really based on nothing more than a wish list of hypothetically possible
future industrial development. Again, there is no analysis of the economic
probability of such events occurring. |

A further complication is that there is no way of determining from
the study what proportion of future industrial demand might potentially
be served by utility supplied power., In othe; words, what industrial
projects will be so remote aé to be unable to purchase power at competi—
tive rates.

The 1974 APS study served as the basis for the next demand forecasts

considered, contained in the Interim Feasibility Report: Southcentral Rail-

belt Area Alaska Upper Susitna River Basin. Appendix 1, Part 2 (Army Corps

of Engineers, Dec. 1975) Section G ~ Marketability Analysis, This study

will be referred to as the 1975 MA study.

The principal distinction between the two studies relates to the
treatment of industrial demand, and remedies one of the deficiencies of
the 1974 APS étudy. (See thé Appendix for a history of industry assumptions;)
In particular, future industrial demand was adjusted to include only those
assumed projects that would be reasonably served by an interconnected
railbelt power system., Minor adjustments to utility and military demand
were also made to reflect 1973 and 1974 data not available at the time of
the 1974 APS study. The results of these adjustments are summarized in
Table III-4. fhe list of industrial projects and associated ﬁower demand
is contained in the Appendix. Utility demand that would not be part of
an interconnected railbelt system has also been eliminated. This adjust-

ment eliminates remote cities and villages.
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TABLE III~4

1975 INTERIM FEASIBILITY REPORT — MARKETABILITY ANALYSIS: :
RATLBELT ELECTRIC POWER DEMAND FORECASTS 1974-2000, IN MILLION KWH  ~

1974 1980 1990 2000
AREA (ACTUAL) LOW MID BIGH LOW .MID HIGH Low MID HIGH
ANCHORAGE _ :
Utility 1305 2410 2580 2850 4420 5210 6880 6570 9420 15020
Industrial 45 140 350 710 350 710 20390 710 2870 20460
National Def. 155 170 170 170 190 190 190 220 220 220
Total 1505 2720 3100 3730 4960 6110 27460 7500 12510 35700
FAIRBANKS _ :
Utility 330 610 660" 700 ~ 1050 1270 1660 1530 2230 3500
Industrial - - - - o= - - - - -
National Def. 197 220 220 220 240 . 240 240 260 260 260
Total 527 830 880 . 920 1290 1510 1900 1790 2490 3760
RAILBELT _ _
Utility 1635 3020 " 3240 3550 5470 6480 8540 8100 "11650 18520
Industrial 45 140 350 710 350 710 20390 710 2870 20460
National Def. 352 390 390 390 430 "~ 430 430 480 480 480
Total 2302 3550 3980 4650 6250 7620 29360 9290 15000 39460

Source: 1973 Interim Feasibility Report, Marketability Analysis.




The effect of these adjustments i1s to reduce the range of forecasts
by 6,590 million KWH of annual demand, but the range of the forecast is
still extremely large (30,170 million KWH). If the assumption of the uran-
ium enrichment plant is dropped then the range of forecasts narrows con-
siderably. In the year 2000 the range would become 12,650 million KWH,
and the total high demand figure becomes 21,940 million KWH.

While the 1975 MA study does adjust for utility and industrial demand
that would not be served by a railbelt interconnected system, the principal
deficiencies of the 1974 APS study remain. Utility demand growth is based
upon assumed rates of demand growth and industrial demand is hothing more
than a summation of hypothetical projects that may or may not occur. In
short, there is no empirical link between the generalizea discussion of
possible future economic activity and theidemand forecasts., Furthermore,
the discussion of future economic condition is of such a general.néture
that widely different forecasts would be quite consistent with the same
economic scenarios.

We now shift from APA forecasts to a consideration of forecasts devel-
oped using the MAP mbdels of ISER. The initial study of concern is Electric

Power in Alaska, 1976-1995: A Report for the House Finance Committee, Second

Session, Ninth Legislature, State of Alaska (Institute of Social and Econ-

omic Research, University of Alaska; August, 1976). We will refer to this
as the ISER 1976 study.

There are several steps inyolved in the process of developing these
forecasts, but essentially it is a two stage process: First, economic
forecasts are developed using the MAP regional model. Stage two links the

economic forecasts to forecasts of future electric power demand, covering
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the period through 1995. It should be apparent that the forecasts are
dependent upon both the economic forecasts and the conversion of economic
forecasts to electric power demand, and both stages will be reviewed.

The forecasts of future etenomic a;tivitylare dependent uﬁon two
major considerations: the properties of the model itself, and the assump-
tions about exogehous'economié activity in the future that in effect drive
the model.

Let us first consider the model. To so do it must first be noted
thét the required economic model is a .sub-model of a larger system involv-
ing (in addition to the economic model) a fiscal model and a population
model. The three are interdependent, as shown schematicallybin Figure

I11-1.

FIGURE III-1

.Economic
Model
\
Population > Fiscal
Model ‘ Model

In essence, this states thét the economic model receives input from the
fiscal and population models, the fiscal model receives input from the
economic and population models, and the population model utilizes input
from the economic model, but not directly from the fiscal model. Thus,
when we talk about the economic¢c model we are really describing the inter-
acti§n of three models. To simplify things somewhat we can describe the

important linkages between submodels and then consider the economic model
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in more detail.

The population~economic model link is the source of population esti-
mates that are of direct interest, and reflect both natural population
change and migration induced by changes in economic conditions. The popu-
lation estimates are also usgd by the economic model for purposes of
computing various pér capita values for economic variables.

The significant link with the fiséal model relates to the role of
state government expenditures as a source of major economic stimulus to
the aggregate level of economic activity. In turn, state government (and
local government) expenditures are dependent upon two key factors, the
overall level of economic activity and the level of activity in the petro-
leum industry. The system allows for a variety of policy choices regarding
state government spending and is one of the key points to consider in
“assessing economic forecasts.

We can now turn to a consideration of the economic model component
of the system.

The MAP regional model belongs to a class of econometric models that
are known as disaggregate economic base models. 1In essence, economic acti-
vity is classified as either endogenous or exogenous (or basic) (as de-
scribed’in Part II). Exogenous activity determines the level of endogenous
activity, and the specific relationships between the two components of
economic activity are what make up the system of equations that are the
econometric model. These models can be quite simple or rather complex,
and the MAP reg;onal model falls in fhis latter category. It is possible
to get a feel for the regional model by considering the MAP statewide

model, which is structurally similar, but models the state as a whole,



rather than by region; See Figure TII-2,

—28-



A

FIGURE II1I-2

MAP STATEWIDE MODEL
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Source: MénjLEfThe—Arctic Program Alaskan Economic Model Documentation
(ISER, 1979).
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As can be seen in Figure III-2, determination of industrial produc-
tion involves the impact of exogenous sector activity, which includes
forestry, fisheries, agriculture and other manufacturing, as well as
federal government wages and salaries. Other exogenéus sector activity
includes thevpetroleum industry and components of contract construction
such as major pipelines. State and 1ocal government expenditures may also
be considered as exogenous for diséussion purposes, although there is
some interdependence between these expenditures and total economic acti-
vity. It should be hoted that in constructing scenarios fo% forecasting
or projection purposes it is primarily these exogenous variables that must
be provided.

These exogenous variables combine with demand from the support sector
and endogenous construction to generate total industrial production.
Industrial préduction, through a series of steps, determines employment
and income, and finally real disposable personal income, which in turn is
a determinant of support sector and endogenous construction economic acti-
vity. This meéns that aggregate production depends on both exogenously
determined and endogenously determined economic activity, where endogenous
activity dependé>on total acfivity. As such, the system is a simultaneous
equation structure,

It should also be noted that certain other variables enter the model
as well., 1In particular, wage rates are used in determining total wage
and salary payments, where the wage rates are in part dependent upon U. S.
wage rates, which are determined exogenously, It should also be noted

that the model is particularly sensitive to the wage rates used.
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As stated earlier, the MAP regional model is structur;lly similar
to the statewide model except that the model is disaggregated to seven
regions. fhis means that scenarios (or future values for exogenous vari-
ables) must be specified on a regional basis and that forecasts of endogenous
variables (such as income, employment, and population) will be generated
on a regional-basis. Otherwise the models are similar.

We can now consider the actual scenarios used and the forecasts of
economic activity that resulted. Tﬁere are three major elements to each
scenario: .(1) the level and composition of petroleumlindustry activity;
(2) state government expenditure policy; and (3) assumptions about the
exogenous eectof activity.> Two general scenarios were developed; where
fhe only’difference between the two was in the structure of the petroleum
cqmponent.‘

| The first petroleum scenario is referred to as the limited petroleum

development scenario and is described as follows. (This is reproduced

froﬁ the ISER 1976 Electric Power in Alaska Study, page 3-24,)

Present developments are continued in Cook Inlet and Prudhoe
Bay. Federal govermment activity is limited to leasing of
Lower Cook Inlet and Federal areas in the Gulf of Alaska.

The state and private interests (essentially the Native cor-
porations) lease and develop in the areas adjacent to exist-
ing producing fields and near existing pipeline facilities. .
The state leases in the Beaufort Sea and North Slope Upland
Area and Native leasing occurs in the North Slope Uplands as
well as in the Yukon-Kandik and Copper River areas. Under
this scenario, total production of oil rises from 2 million
barrels/day in 1980 to nearly 3.6 million barrels/day by 1990.
A gas .pipeline is constructed from Prudhoe Bay through Canada.
A LNG facility is constructed to process Gulf of Alaska gas.

The second scenario, titled the accelerated petroleum development

scenario, is described as follows. (Same source.)
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The accelerated development case, in addition to all the
activity in-the limited development scenario, includes acti-
vities related to the opening of Naval Petroleum Reserve #4
for development by the Federal government., As a result of
this, a second pipeline is constructed from the North Slope
to carry oil on a route closely parallel to the existing
trans~Alaska pipeline, Federal government activity includes
further leasing in Lower Cook Inlet as well as the Bering
Sea, the Beaufort or Chukchi Sea, and Pet 4., The state
leases adjacent areas including the Gulf of Alaska, Beaufort/
Chukchi, and west of Pet 4, Native leasing occurs on the
North Slope in the vicinity of Pet 4. O0il production in
this case rises from 2 million barrels/day in 1980 to 7.3
million barrels/day in 1990.

Other exogenous sector activity, primarily related to forestry, fiéh—
-eries, non-petroleum mining, and other manufacturing, is not assumed to be
a significant driving force in the economy. An initial grdwth rate of 6%
for this sector declines to about 2.5% by the end of the 1975-1990 period.
Hence, little, if ény, of the industrial development assumed in the 1974
APS study is implicit in this scenario. This scenario was used with both

the limited and accelerated petroleum development scenarios,
The third element of the scenarios, govefnment éxpenditure policy,'is

generally as follows. (Pages 3-25 ~ 3-26, ISER 1976.)
It is assumed that the structure of state and local taxation
remainsg basically unchanged in the future, and that the pat-
tern of total state and local government expenditures remains
the same in terms of the proportion of the budget going into
various categories. Nonpetroleum related revenues will be
spent in the year they accrue. It is assumed that 25 percent
of recurrent revenues in the form of royalties, production
taxes, and property taxes will be saved after 1978 when Prud-
hoe Bay oil begins flowing. Of non-recurrent revenue, essen-
tially the lease bonuses, 50 percent will be saved. The
income from the reserve fund is spent as it accrues. Since
state olil revenues are sensitive to the wellhead price of oil,

this is assumed to be $5/barrel for all new reservoirs in the
state, ’

These scenarios, when used to determine future values of endogenous

variables (the "forecast™), are summarized in Tables III-5 and III-6.

~32~



TABLE III-5

SALIENT STATISTICS OF MAP PROJECTIONS

Limited Development Accelerated DevéTopment

o784

‘ ' : 350.659 350. 659
' 533?133132 2th°"5a"d Personsg - 159. 886 159. 886
Wages and Salaries (real million $) 973.9 : - 973.9
Petroleum Production (thousand b/d) 200 .200
State and Local Government :
Expenditures (nominal million $) 793.2 793.2
1980
' tion (- 456.927 471.429
gopglab]oz'ﬁt"°”5a"d Pers°“$§ | 219.712 - 229.249
el 1,506.9 ‘ 1,586.3
Wages and Salaries (real million $) oot : Y
Petroleum Production (thousand p/d) - 2,066 2,066
State and Local Government , R
Expenditures. (nominal million §$) 1,973.3 2,058.1
1985 .
| ‘ ) | 547.913 ' 614.81
2§g¥l§;é:2_ithousand persons) . 265.412 ~300.916 -
ies, (real million $)- 1,970.0 - 2,260.8
’ri’aegtersolaenuzn LsParloaJUcetSio (thousand b/d) 3,033 4,930
State and Local Goyernment ‘
- Expenditures (nominal million $) 3,408.8 4,084.4
1990
I .344 738.004 .
Population (i cand persons) - g?; 237 361.399 -
Erployment | . 2,506.2 2,919.2"
Wages and Salaries (real millign $). o £93V0. . 7.299-
Petroleum Product1on_(¥housan b/d) 3,597 : s
State and Local Government’ : IS - 6.197.1
Expenditures (nominal million $) 5,026.1 2 197.

Source: ISER 1976, p. 3-28.



TABLE III-6

(a) POPULATION FORECASTS, BY REGION, 1975—1990

* (Thousands of Persons)
LIMITED DEVELOPMENT SCENARIO

Total

-3~

o o Other = .
Year Anchorage Southcentral Fairbanks of Regions
1975 163.9 53.6 57.8 275.3
1980 214.9 - 64,2 62.2 341.3
: A1985‘_ 272.0 78.8 70.0 . ‘ 420.8
1990 - 342.4 85.1 76.8 504.3
' Source: 'ISER, Electric: Power in Alaska, 1976~1995.
(b) EMPLOYMENT FORECASTS, BY REGION, 1975~1990
' (Thousands of Persons)
LIMITED DEVELOPMENT SCENARTO
. Other . , Total
Year AnchorageAb Southcentral Falrbanks of Regions
1975 79.2 21.5 27.5 128.2
1980 104.9 25.4 29.8 160.1
. 1985 133.6 30.9 34.2 198.7
1990 168.5 . 32.9 37.8 239.2
Source: ISER, Electric Power in Alaska, 1976-1995.



- We are now in a position to evaluate the economic forecasts generated
by the model. Table III-7 contains some approximate values for 1980

population and employment which can be used for comparison to the fore-

casts.
TABLE III-7
APPROXIMATE VALUES FOR POPULATION AND
EMPLOYMENTL/ (IN THOUSANDS), 1980
Alaska v Anchorage ¢ ‘Fairbanks -
Population ' 416 186 " 56
Employment 161 ' 75 17

) / ’ E . : .. o

Source: Alaska Department of.Labor.uJ%mployment data are for December,
1979. Population data are for July 1, 1978, but are thought to
approximate the current population levels.

1t is cleé; that both the statewide and regional forecasts.are high,
both fér fhé limited and accglerated cases, Statewide population fbrgcasts
for the liﬁitéd and accélerated cases exceed estimated current poﬁﬁlation  .'
by. 10% and. 13% respectively. Comparable employment estimates are-14% an&
20% high., The ISER employment projections include'military employment and
self-employed, -while the data in Table III—7 include nonagricultural wage
and salary empléyment only. The comparisons of employment forecasts hayé
been adjustéd accordingly. In the limited growth scenario Anéhorage's
poﬁulétion forecast is about 167 high, while that pf Fairbanks is abéut il%
high. Employmenf projection errors were of the same approximate level of
maghitudé.

in évaluating these discrepancies two basic questions must be ad-

dressed: first, are the problems with the model itself, or second, are the
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errors due to_fhe scenarios, or some combination of both factors? A review
of the.limited.écenario for pétroleum development indicates that current
‘levels of activity have fallen short of‘tﬁose suggested in the 3cenarib for -
1980. The increased leasing of Native lands has not occurred, oil produc-
tion is‘shbrt of the 2 million barrels perAdéy 1ével; and the gas-pipgline
and,LNé facility to process Gulf of Alaska natural gas have not matefialized_'
»(fOr obvious reasons). | .

:ﬁowever, othér_factors may have occurred that would 1afge1y offset
some Of.the "non-events" of ihevscenario. In particular, the wellhead
’pricé of o0il is substantially above the 5 dollar per barrel assumed figufe,
‘and'récent state government revenues have expeeded expectations of those
: heid in.l976. It is not possible to determine if other assumed;exogenous
industry activity has grown at projected rates, but even if they have not,
~the missing impact shoul& be slight. In the aggregate, however, it would
appear thét fhe.limited scenario assumbtions were not met, and at least
some of the forecast error can be attributed.tb this causé.

Ongoing<researchvwith the MAP models (and in particulér, the statewide -

model) has led to the conclusion fhat some of the error should‘be attri-
buted to propertiesvof the model itself. Earlier we noted some of tﬁe
critical points of the model, and it is in these areas that somé of.the
problems with the 1976 version 6f the model lay. The fiscal policy model
‘ligkagés,.depeﬁding upon the pﬁlicy "rules" utiliéed, could lead to signi-.
ficant over-~forecasting. A second point of concern was the sensitivity of-

the model to wage rates, and in particular the role of U. S. wage rates,

Long run forecasts with the model (particularly in the later periods of a
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given forecaét) seemed to over-respond to projected U. 5. wage rates.: In
the early periods of the forecastvthis should not be a significant problem,
nor an explanation of the present forecast error.

Two other Questions about the properties of the model should also
be noted. First, population is strongly affected by migration, and this
has proved to be a difficult variable to forecast, both in terms of magni-
tude and timing. Lag effects on thg down side of the boom period were not
fully anticipated by the model. Second, there is a question as to whether
the model adequately reflected the proceés of structural change and import
substitution that occurred over the historiCal period and duriﬁg the fqre—'
cast period to 1980. It is not clear, however, that this difficulty would
‘bias the' forecasts upward, as appears to be the effect of the other préblems
noted.zll:l/

In summary, several prdperties of the 1976 version of the'MAP.modéls.
have been noted which appear to have resulted in an upward bias to the
forecasts., While it is.not cerﬁain, it.also appears that the effects
tended to be cumulative (i.e., forecast error would tend to beééme'propor—
tionatéiy greater in later time periods of the forecast). The'only real
test of this would be to reconsfruct'the scenario to fit what actually
occurred and re-run the forecast. Aside from the cost of such an under-
taking, there is a broblem in terms of obtaining reliable data for some of

the variables (especially population and some types of employment).

lil:l/These,criticisms of the model, it should be noted, have been provided

in discussions with ISER personnel, and reflect the fact that the models
have been subject to ongoing research and revision. : :
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As noted above, the ﬁodels have been updated and adjusted to com—
pensate for at least some of the difficulties déscribed above, and it is
reasonable to expect thaE the long run forecasting properties h§ve im—
proved substantially,

The sedond major element of the electric power demand forecasts by
VISER involves linking. economic projectioﬁs to electric power deﬁahd.

Conceptﬁally, the process can be described as follows:

Electric power demand =.average consumption per customer
X number of customers.,

Where:
Number of customers = saturation rate X population.

Thersaturation‘rate_is defined as the number of hookups divided by ‘the popu-
lation, Thus, forécaning‘demand is dependent upon forecasts of consumption
per hookup, the saturation_rate,‘and population,

In‘déveloping their forecasts, these variables were disaggregatéd by
region and by type of customer. Three classes of customers were distin-
guished: reéidential, commercial/industrial, and other (primarily includ-
ing government). itvshould.also be noted that the study is‘projecting
utility demand. Industrial demaﬁd is thus analogous to endogenous indus-

- trial demand. Speqific demands for éxogenous industrial demand are not
estimated, Hénce, such demand is only incorporated to the extent tﬁat the
‘economic scenarios incorpbrate\exogenous industrial demand. Impliéitly,
such demand would be met by utility generated power. The regions of in~
‘terest in the present case are Fairbanks, Southcentral, and Anchorage.

The forecasts of residential demand involved a thorough.analysis of
both average consumption of electricity and saturation rates. Available

data were rather exhaustively analyzed, particularly in respect to average
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consumption per customer. Analysis of elasticities suggested that con-
sumption is responsive to changes in the price of electricity and to the
level of income in the manner expected.. A detailed analysis (relative to
data availability) of other féctors affecting demand was also carried%qut,v
considering such factors as geogréphic influences, electric appliance
saturation levels, degree of electrification for space heating, etc.

Based on this analysis, four electrification scenarios were constructed:
growth as usual, moderate electrification, low electrification, and no
growth. The growth as usual case, based bn regression analysis of historic 
data ({implicitly assuming low electricity pfices, increasing appliance
stocks, and extensions of service to new customeré‘at historic rates)
resulted in_projections of unrealistically-high magnitudes, ahd are not
considered further. .

The méderate and low electrification scenarios incorporate assumptions
regarding ceilings on new hookups‘(i.e., saturation rates) and higher future
relative electric prices.. The no growth scenario assumes no fufure growth
in the average consumption per customer (implying rapidlyvrising eleétricity
prices) and a ceiling on the saturation rate,

For commercial/industrial demand two scenarios were constructed, a

growth as usual and a minimum electrification case. In the growth as usual
scenario, both the number of customers and the use per customer were esti-
mated using regression analysis, where the independent variables were either
emﬁloyment or wages and salaries for the region. The scenario probably
overstates future demand, for reasoﬁs similar to those explored in the resi-
dential growth as usual case, The minimum electrification scenario assumes

a reduced level of growth in average use, due to higher electricity prices,
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and a léveling off of the saturation rate.

fhe "other" demand component was'e§timated using regression analysis,
where the independent.variable‘wés either population'or employment. - The
regression equations were safistically good, and since this component of
demand is relatively small, other scenariés were not constructed.

Eight électrificatibn scenario combinations are possible, which, with
two economlc scenarios, yieldvsixteen different sets of possible forecasts.,
To simplify matters fbur electrification cases were selected, Case 1
combined residential growth as usual with commefcial/industrial growth as
usual, Case 2 reflects residential moderaté electrification with commer—
cial/industrial growth as usual, Case 3 combines residential low electri-
fication with minimum commercial/industrial electrification. The final
case explores no growth residential with minimum commercial/industrial
‘electrifiCAtion. The results of this effort are summarized in Table III-8.
The accélérated growth economic.scenario-resulté are not included since it
" appears to be an improbable situation.

These results will be compared to other fbreéasts later in the chap-
tef, but®in passing it is worth noting that the rate of gro&th of deménd
decreases substantially in all cases (reflecting the declining economic
growth rates of the economic forecést) and approaches the growth rates of
the 1990-2000 period of the 1974 APS study for the low and mid-range cases.
While these ﬁrojectioné reflect a significant improvement in the quality
of electric power forecasts for Alaské, certain qﬁestions regarding these
forecaéts should be raised.

First, assumiﬁg that the linkage components of the foreéasts ére

accurate, the previously discussed tendencies of the economic model to
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TABLE III-8

Utility Sales: Anchorage, South Central, Fairbanks Regions
(tillions of kih)

Case 1 Case 2 ___Case 3 , Case 4

. timited  Accelerated Limited  Accelerated Limited  Accelerated Limited  Accelerated
Year Development Development Development Development Development Developrient Develepment Development
ANCHORAGE ' : '
1974 (Actual) 867 867 867 .. 867 867 867 867 857
1280 2,124 2,286 2,012 2,147 1,664 1,723 1,529 1,580
1935 3,734 4,822 3,245 4,076 2,550 2,924 2,347 2,679
1990 7,326 8,637 5,096 6,749 3,810 4,628 3,625 4,273
1935 10,633 15,350 7,982 11,514 6,071 7,416 5,679 6,918
FAIRBAHKS - |
1974 (Actual) - 319 . 319 319 ; 319 319 - 319 319 . 319
1980 631 658 598 616 . 485 495 , 446 455
1985 1,032 1,248 833 - - 950 650 : 727 602 €69
1990 71,534 1,89 1,090 . 1,256 £61 977 803 907
1995 ‘ 2,247 2,834 1,410 1,640 1,157 1,334 : 1,088 1,250
SOUTH CENTRAL |
1974 (Actual)- 282 - 282 . 282 282. 282 282 ) 282 282
1980 762 933 ‘ 17 849 563 612 503 544
1985 1,302 1,701 1,131 1,432 835 966 748 857
1990 1,659 2,178 " 1,390 1,774 1,087 1,267 987 1,142
1995 2,114 2,791 1,716 2,205 1,436 - 1,686 1,323 1,545
TOTAL
1974 (Attua]) 1,468 1,468 1,468 1,468 1,4€8 - 1,468 1,468 1,468
1980 : 3,517 3,877 3,327 - 3,612 2,712 2,830 2,478 2,579
1985 6,068 , 7,767 5,209 6,458 4,035 4,617 3,697 4,205
1990 9,519 12,706 7,576 " 9,779 5,858 16,872 5,415 6,322
1995 14,994 20,975 11,108 14,999 8,664 10,440 8,090 9,712

SOURCE: Electric Power in Alaska, 1976-1995.
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overforecast suggest that the power demand forecasts may be high. Second,
tﬁe range of forecasts is still substantial and it would be heipfql if it
were possible to be more selective in the choice of scenarios.

Narrowing the range of scenarios would require that more precise rgla—
tionships between the demand for electricity and selected economic variables
be established, and that more reliable forecasts of the relevant economic
variables be developed. To some degree. the latter problem has been addressed
in the ongoing work on the MAP models. Whether or not significant improve-
ments in the electric power demand linkages can be achieved without new
data is another question.

| We will conclude the review of forecasts by considering two final

studies, The first is the Phase 1 Technical Memorandum: Electric Power

Needs Assessment (Draft), Southcentral Alaska Water Resources Study (Level

B), dated March 27, 1979. The second report is the Upper Susitna River

Project Power Market Analysis, (U. S. Department of'Energy,'Alaska Power
Administration) dated March, 1979. Upon inspection.it is observed that the
two sﬁudies (at least as far as power demand forecasts are considered) are
essentiaily.the same, Hence,'énly the latter study will be comsidered.

The demand forecasts are disaggregated into three components: utility
demand, exogenous industrial demand, and military demand, by region. The
regions considered are Anchorage-Cook Inlet and Fairbanks-Tanana Valley.
The sum of the two regions is the "Railbelt" forecast.

The utility power demand forecasts are developed in‘twp general sfeps.
First, historic data covering a variety of dimensions of electric power
production and use are analyzed, by region, to develop key ratios for foré—

casting purposes. From this analysis it is determined that the growth rate
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of net generation per capita ratio is suitable for forecasting purposes.
Using historic growth rates, assumed future growth rates over the forecast

period (1980~2025) are specified. These are presented in Table III-9.

v

TABLE IIT-9

ASSUMED GROWTH RATES IN NET GENERATION
PER CAPITA (KWH/CAPITA) 1980-2025

Time Period A  High Mid " Low

1980-1985 4.5% ' 3.5% 2.5%
1985-1990 | 3.5% 3.0% 2.0%
1990-1995 3007 2.5% 1.2
1995-2000 R - 2.5% | 2.0% o 1.0%
2000-2025 2.0% 1.0% 0%

Source: 1979 Power Market Analysis (APA).

A 1980 low, high andAmid—range projection of the KWH/capita figure is
also developed, based on historic data analysis. The 1980 figures, when
adjusted by the growth rates for Table III-9, provide estimates of KWH/
capita for the respective forecast periods and assﬁmed growth rates{

The seéond step of the fofécast is to develop population projections
for the respective high and low scenarios for each of the time periods. For

the Anchorage~Cook Inlet region population estimates developed by ISER's
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regional model were used. These eStimates were developed for the South-
.central Alaska Water Resources Study (Level B), and}did not include a mid-
range scenario at the‘time the Power Market Analysis study was conducted,
nor didvit include estimates for the Fairbanks’region. Fairbanks population
estimates were obtained from a companion statewide forecast for the South-
central Water Study, where the Fairbanks prulation was assumed to grow at

the statewide rate. The population estimates are shown in Table II1-10.

TABLE I1I-10

POPULATION ESTIMATES FOR THE RAILBELT AREAS
1980-2-25 (IN THOUSANDS OF PERSONS)

Year Anchorage~Cook Inlet Fairbanks—Tanaqa Valley Railbelt
High - Low High Low High Low
1980 270 239 62 60 T332 299
1985 320 261 77 68 397 329
1990 407 299 95 75 502 374
1995 499 353 114 82 613 435
2000 651 424 140 90 791 514
2025 904 491 179 99 1083 590

Source: Upper Susitna River Project Power Market Analysis, p. 34.°

These population figures are not directly compérable to the population
data of Table ITI-7. However, reference to the source document indicates i
that the'bopulation apd empioyment projections for 1980, using the ISER model,
are Somewhét high. - The low case population for Anchorage was estimated
to be 205 thousand, and non—agricultufal wage and sélary employment was 84
thousand, When compared to the data of Table III-7 it appears that employ~

ment was ovérestimated by about 12%, while population was high by about 10%.
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As was the case with the discussion of the 1976 ISER forecast the
question is Whether'the'error should be attributed to thé growth scenario,
to proﬁlems with the model, or to some combination of bqth. A review of
the low case scenario suggests thét part of the problem may be in overly
optimistic assumptions. However, given .that we are looking at, at most,

a 2 year forecast, where presumably initial conditions were reflected by
relatively current data, it'is somewhat disturbing that the forecasts appear
to be so high in the early period of the forecast. This would suggest that
problems remain with the regional model.

There’is another factor that may also be at work that should be men-
tioned. Thé:ISER models are long run models, and ‘may not capture the
effects of short run variations in economic activity. 1In other words, the
average long run accuracy of the models may be significantly greater than
its accuracy for any specific year. 1In the present situation we simply do
not have a long enough series of actual observations to test- this hypo~
thesis.

A final comment relates to the availability of cﬁrrent data by which.
to check model performance. Specifically,'the data of Table III-7 are
approximate, Modest érrors in those data could substantially affect the
size of our percentage error in forecasts computation.

To derive the utility electric demand forecasts, the KWH/capita ratio
is multiplied by the population estimates. This was done for each scenario
(high, mid, low KWH/capita factors) and the high-and low economic scenarios.
Of the six possible cases only the results of two were presented; the high-l
high and low-~low. The mid-range was estimated as the average of the two.

The exogenous industrial demand was estimated using the techniques of



the 1975 MA study, as modified in Alaska Electric Power: An Analysis of

Future Requirements and Supply Alternatives for the Railbelt Region

H

(Battelle Pacific Northwest Laboratories, for the Alaska Division of Energy
111-2/ |

and Power Development, March, 1978). The list of assumptions and’
-projeCts utilized is included in the appendix. In general, the high -
scenario includes a broad range of new industry activities, including an
aluminum smelter (or other energy intensive industry) utilizing up to
280 MW of peak power. The low range'ié substantially‘more mode;t but still
appears optimistic.-

Military (national defense) demand is also assumed to grow at specific
rates (1% for the high caée;ﬂ-lz for the low casé, and 0% for the mid—fange
case). This demgnd decreases in’significance over time.

The forécasts fof comﬁonents of demdnd, by region, and for the rail-
belt are presented in Table III~11. Several comments aré in order regard-
ing these forecasts. First, there remains the question with regard to theﬂ
population forecasts. To thé extent that these are overstated, then the
utility demand forecasts (assuming the accuracy of the KWY/capita ratio)
will be overstated. Second, the assumed KWH/capita ratios reflect a broad
array of aSsumptions about'futﬁre energy use, including future prices of
electricity, gains in efficiency, and gains from conserVation; While the
assumptions appear reasonable, there is still no underlying empirical anal-
ysié that would help choose among alternatives. Ih other words, explicit

links between economic variables and the demand for electricity are not

established.

lll:g/The report contains a useful comparison of several of the power demand
forecasts reviewed in this study, but does not develop significantly differ-
ent forecasts of its own, and was therefore not included in the present study.
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TABLE I17-11

RAILBELT ELECTRIC 'POWER DEMAND, 1979 POWER AARKET ANALYSIS STUDY
1980—2025 (MILLION KWH)

2000

Total

20734 .

Region ) 1980 1990 ‘ 2025
Low High Low High Low High Low High
ANCHORAGE-COOK INLET _ B .
Utility 2300 2720 3590 6630 5770 139290 6670 31700
Industrial 141 170 370 2100 550 3590 1310 8490
National Defense 127 135 115 140 104 165 81 211
Total 2568 3025 - 4075 8879 6424 17675 8061 40401
FAIRBANKS
Utility 620 690 960 1570 1300 3000 1440 6320
National Defense 46 49 42 54 38 59 29 76
Totall/ 666 739 1002 1624 1338 3059 1469 6396
RAILBELTZ/
Utility 2920 3410 4550 8200 7070 16920 © 8110 38020
Industrial 141 ‘170 370 2100 - 550 3590 1310 8490
National Defense 173 184 157 203 142 224 110 287 .
3234 3764 5077 10503 7762 9530 46797

Source: Upper Susitna River Prdject Power Market Analysis (APA, 1979).

U

E/Sum of Anchdrage—Cook Inlet and Fairbanks.

="No industrial demand indicated for Fairbanks region.
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Finally, the exogenous industrial‘demand coﬁponent is of little use
for"planning purposes. ‘There is no baéis for deciding Whét specific pro—
jéCtéIWOuld reflect potential buyers frdm utilities. Whether or not the
.availability'of bo&ér‘at specific pfices would affect'indusfriai location
‘decisibns is also not addfessed. | | o .

It should also be observed that there is at least a minor problem of

" double counting implied in the analysis. Specifically,vtﬁe high industrial
scenario:and the high ISER scenario overlap. The result is that industrial
Ademand in the ISER séenafio results in populatidn increases which lead ;o'

increased demand for utility suppiied power. This demand should be netted

out  of the:induStrial scenario.

To summarize this lengthy discuésion of power demand forecaéés Table
III—IZIhés been compiled.v It presents tﬁe.forecasts of the foﬁr major
studies considered fof the common period of the forecasts (1980-2000).
Demand by type for the high and low cases, for thé railbelt area of each
study, provides the basis for comparison.

With respect to utility demand forécasté there is reasonably good
agreement among the forecasts, although to some extent this is a result of
the interdependénce’of.the 1974 APS and 1975 Market Analysis étudy, and
the somewhat lesser interdependence of the 1976 ISER and 1979 Power Market
Analysis stﬁdies. However, the range between high and low cases is still
large enough to present real problems in terms Of_planning;

The disparifies among the industrial forecasts is much'greater,.par—
ticularly with respect to fhe high scenarios. Agaiﬁ,‘this p£esents major
difficulties for long run planning. |

- More generally, there are several comments that should be made in
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TABLE II1~12

COMPARISON OF FORECASTS
- (MILLION KWH)

1980 - 1990 S 2000

My a1 " L ) .
"Railbelt” Region Low  High - Low . High . Low High
1974 APS , , , :
Utility - 3020 3860 5490 © 9210 8160 19970
Industrial 700 2310 1190 25020 2310 27260
Totall/ - T4182 6632 7207 34757 11047 47807
1975 MARKET ANALYST _ .
Utility ‘ - 3020 3550 5470 8540 - 8100 18520
Industrial ' ' 140 710 350 20390 - 710 20460
Totall/ 3550 4650 6250 29360 9290 39460
1976 ISER?/ . :
Utility 2478 3517 5415 . 9516 11849 23521
| 1979 POWER MARKET ANALYSIS B : .
Utility ) T2920 3410 - 4550 3200 7070 16920
Industrial 141 170 _ 370 2100 550 3590/

 Totall/ 3234 3764 75077 . 10503 7762 20734

Source: Computed from Tables in text.

1/

~'Total includes national defense,

2 . - . ' 3
—/ISER 2000 data extrapolated at the 1985-1995 growth rate.
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atteﬁpting to summarize and evaluate the forecasts. In Part II §f the  .
papér evaluation criteria were suggested and it is worth reflecting on
these;" The first suggested that demand should be cbnsidered»on‘a diéag~'_
gregate basis. To some extent this has been the case, altﬁough the dié_'
' aggregation has not always been carried out to the leﬁel‘desired; In
partiéular;'the commercial/endogenous sector has generally ;eéeivéd
inSufficient_analysis. A primary obstacle to this has been évlagk of
data. _This_suggesfs that future analyses may have to address the ﬁroblem
directly. |

... The second point of‘reference focused oﬁ the relationship‘of ecoﬁdmic
variables; both of a micro and macro nature, that influence demand. Only.
:the ISER 1976 study addressed this problem directly. Difficulties with
data again were a major problem, and while much of the analysis was pro-
ductive, subsequent efforts have not built in those results. |

Asva consequence, we still do not have quantitative knowledge as to
how demand is going to réspond to future electric prices, and at least as
‘serious a problem is that no effort has been devoted to the analysis of
future electric pricés or prices bf alternative energy sources. The problem
has been "assumed" away, perhaps with reasonable assumptions, but neverthe;
less, with asSumptions.

‘Equally serious is the fact that the analyses are also generally 1aék—
ing Qith réspéct to other key factbrs influencing future demand. - In par-
ticular, gains in efficiency and gainsvfrom conservation efforts are tréafed
by éssuﬁption. It is of courée much easier to point Qut.the brobleﬁs than
to déal-with them, but the deficiencies remain, and are potentially serious.

Finally, the question of future industrial demand is dealt with in a
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toéally unsatisfactory manner. Constructive forecasting of inddstrial
demand must come to grips with the whole problem of industrial location
decisions, Under what conditions will industry locate in the railbelt
area and will tﬁe industries be buyers of utility produced power? Until
such questions are addressed seriously aggregate power demand forecasts

will be of little use for decision making.

PART 1V, THE LATEST PROJECTIONS

As part of the Susitna Power Alternatives effort, ISER has undertaken
a major effort to improve both thé methodology and qpality of electric power
demand forecasts for the railbelt area, The present section of this
review will consider two décuments that are presently available reporting on
the study effort. These are: |

1. Electric Power Consumption for the Railbelt: A Projection of

Requirements - Executive Summary, by Scott Goldsmith and Lee

Huskey; Institute of Social and Economic Research (May 16, 1980).

2, Electric Power Consumptioﬁ for the Railbelt: A Projection of

Requirements - Technical Appendices, by Scott Goldsmith and Lee

Huskey; Institute of Social and Economic Research (May 23, 1980).

In the following discussion, three major tasks will be undertaken. TFirst,
we will attempt to provide a cohesive overview of the methodology and assump-
tions underlying the study. Second, the projections will be reviewedf Third,
these projections will be compared to those developed in earlier studies.

The methodology underlying the present study is based upon two major

compoﬁents. The first of these -utilizes the MAP econometric model to generate

-51-~



regional estimates of population, employment, and hdusehold formation. From
these estimates regional housing stocks are projected. These estimates in
turn serve as the building block for the: second major component - the end use
model.

The end use model projects demand for electric power by disaggregating
demand int9 several components, including household consumption, commercial-
industrial consumption, and other comsﬁmption. Particular emphasis is placed
on household consumption, which is further disaggregated by type; space heating,
major appliances, small electric appliances, and lighting. By following this
approach it is possible to incorporate a substantial amount of information
regarding factors affecting electric demand, by end use. It also imposes major
data requirements,

The above provides only a general déscription of the methodology. To more.
‘accurately access.the overall approach'itbis necessary to consider the componénts
in some detail. The basic element of the economic projection is the MAP model.
This has already been described in detail in Part III. Comments here will be
limited to changes that have been made for the present study.

Several changes have been made in the basic model itself, TFirst, it has
been updated by re-estimating equations to include 1978 data and to include
revised time series. Second, some equations have been respecified to deal
with problems that weré noted in our earlier discussion of the model. These
include changes related to exogenous wage rates and production. Third, the
fiscal model component has been adjusted to reflect recent changeé in State

tax laws and operation of the Permanent Fund.
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Other modifications and additions need to be noted. A household formation
sub-model has been added which generates projéctions of household formation
at the statewide level. Next, a regional allocation model has been developed
that disaggregates stateWide projections of employment, populatidn, and house~-
holds to regional levels. This modification was developed to provide a more
satisfactofy process for regional disaggregation than could be acﬁievéd;using
the earlier regional econometric mbdel.

Finally, the model has incbrpofated a housing stock model that utilizes
the regional household formation estimates to generate estimates of regional
housing stocks, Thé housiné stocks are diséggregated into one family,'duplek,
multifamily and mobile home units.

Utilization of the model involves threermajor sets of assumptions. Thg
MAP model itself is dependent upon the assumed exogenous economic scenarios
and the fiscal policy éssumptions. 'The sub-models, and in particular, the
household formation and housing stock modéls are dependent upon a sizable set
of parameters, some of which are set by assumption.

The present study, as was the case with earlier iSER studies, utilizes
low, moderate, and high economic scenarios for the 1980-2000 period, and
utilizes assumed growth rates for the period after 2000. It is impossible to

summarize the scenarios (they are contained in the Technical Appendices).

However, it should be noted that the scenarios do reflect a broad spectrum of
judgment of individuals involved in the analysis of state economic activity,
both private and public., They appear to reasonably bracket probable ranges of

development.
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- Three fiscal policy scenarios were also utilized in initial projections,
but for power demand projections only one was used. It assumed that real
per capilta state expenditures increase at the same rate as real per capita
incqme. This was the '"middle" assumption, and may turn out to be somewhat
conservative,

Parameters related to the household formation and housing stock sub-models
were based on a thorough analysis of available information. In many instances
such information was dated or of limited quality. In view of the circumstances
there is not much that can be done until better information becomes available.
-Furthermore, while inaccuracies may affect the allocation of demand, they
probably do not affect the aggregates seriously.

We can now turn to the second major eleﬁent of the methodology, the end
use model. As explained above, the end use médel builds an estimate of total
demand by aggregating demand for detailed end use components. Three broad
catagories are treated and will be looked at in some detail. The first covers
household demand, including space heating, major appliances, small electrical
appliances, and lighting.

Demand for space heating wiil be dependent on a broad array of factors
including, for example; the mode split (electric veréus other types), size and
type of dwelling, effeciency, and heating degree days. Projections must
reflect how each of these variables will change over time (with the exception
of heating degree days, which can be assumed constant). Projections of the
housing stock are provided by the model, but the mode split and effeciency

are projected independently,
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Determination of electric power demand‘fof major appliances is cafried
out in ‘a somewhat similar fashion. Nine major appliances are included, such
as; water heater, cooking range, refrigerator, freezer, dishwasher, etc.
Several variables are involved in projecting demand, including (for eaeh type
of appliance, by region) mode split, change in effeciency; average annual
consumption, the saturation rate, the number of households, and the average
size of households. Because the demand for electricity also depends on the
composition of the stock of appliances this must also be incorporated. ‘While
the housing stock and size distfibution is obtained from the MAP model compon-
ent several of the other parameters must be supplied independently. Small
appliances and lighting demand are treated in much less detail.

It should be clear from the above discussion that the data requirements

of the household component of the end use model are substantial. The Technical

Appendices provide a detailed analysis of both the parameters used and the

sources of the parameter estimates. Not surprisiﬁgly, major data gaps existed,

not only at the regional and statewide level, but nationally.

The comﬁercial—industrial component of end use was treated at a much
greater level of aggregation. Basically, this involved looking at power
consumption per square foot of commercial-industrial floor space, or at power
consumption per employee. While greater disaggregation, that would reflect
differences in demand by type of dindustry weuld be desired, data simply do not
exist that would permit this analysis., However, design and effeciency targets
were assumed that would reflect possible improvements due to conservation

efforts,
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The study also provides estimates of military net generation and self-
supplied industry net generation. Both comﬁonents are included as exogenous.
The military estimate assumes that present level§of net generation will hold
for future yeérs.

Self~supplied industrial demand was projected for the low, medium and
high scenarios, based on four specific préjects. These were the Pacific Alaska
LNG terminal, the Alpetco Refinery, Cook Inlet 0il Development, and Fairbanks
petrochemical production. It should also be noted that the Northwest Alaska
Gas Pipeline project, the State Capitol move, and Beluga coal development were
incorporated in the utility sales forecast,

We can now turn to a discussion of the forecasts. This will be done in
two stepg. First, projections of the MAP modei itself will be considered.
Second, the electric power demand forecasts generated by the end use model will
be reviewed.

As discussed earlier, three economic/fiscal scenarios were utilized to
generate projections of population, employment, and household formation. The
"medium" fiscal scenario was used in each case, in conjunction with the low,
middle,-and high economic scenarios. It should be re-emphasized that this
approach was used for the 1980-2000 period only. )

To place these projections in perspective, they are compared to earlier
projections developed by the MAP model. Table IV-1l compares statewide
projections for the 1980~1990 ﬁeriod, based on the ISER 1976 and 1980 studies.

Two conclusions are immediately apparent. First, the 1980 figures for the
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TABLE IV~1

COMPARISON OF ISER 1976 and 1980 STATEWIDE POPULATION
AND EMPLOYMENT PROJECTIONS, LOW SCENARIO
(in thousands)

1976 ISER : 1980 ISER
Year Population Employment Population Employment
1980 456.9 219.7 421.7 210.0
1985 547.9 265.4 481,3 243,7
1990 641.3 312.7 511.6 254,5
Annual Growth- : A ,
Rate 3.4% 3.6% 1.95% 1.94%

Source: Computed from Table III-5 and Tables C.10 and C.1l1, ISER, 1980.

TABLE 1V-2

COMPARISON OF RAILBELT POPULATION PROJECTIONS: 1979
POWER MARKET ANALYSIS AND ISER, 1980 STUDY; LOW AND
HIGH SCENARIOS
(in thousands)

Power Market Analysis ISER 1980

Low : High - . ‘Low: -.------. High-
1980 1299 332 278 278
1985 329 397 319 354
1990 374 502 340 403
‘1995 435 613 375 480
2000 ‘ 514 : 791 422 546
Annual Growth

3.4%

Rate 2.72% 447 2.1%

'Source: Computed from Table III-10 and Tables C.13 and C.14, 1980 ISER Study.
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1980 study are about 8% lower than in the 1976 study. Second, the rate of
‘growth of population and employment are substantially less. One result of

this 1s that the 1990 projections for the current study are about 20% below

the 1976 study projections. While part of this difference can be attributed

to differences in the scenérios for the two studies, it appears that a substan-
tial part of the difference is also due to respecification of the model. It
should also be noted that the 1980 study initial projections start with
relatively current data, whereas‘the 1976 study projections reflect a five-
year forecast.

Table IV-2 compares railbelt population projections for the period
1980~2000, based on the 1979 Power Market Analysis report and the 1980 ISER
Study. Similar differences exist again. The base périod estimates are lower
and the average annual growth rates are less in the 1980 ISER Study'than in the
1979 Power Market Analysis. Again this reflects differences in the scenarios,
in which the 1980 ISER scenarios are probably somewhat more conservative.

More importantly, howéver, the projections reflect the effects of respecifica—
tion. -

There is no way to measure the accuracy of the new forecasts. -However,
frow a judgmentalperspective, it would appear that the new estimates are an
imprdvement. First, the projections are somewhat more consistent with the
long run history of the state. Second, re-estimation of equations with
more recent data should tend to reduce pdtential upward bias due to pipeline
construction. Third; respecification of problem‘equations with better

information should improve the predictive accuracy of those equations.,
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While the performance of the model has probably been improved, it
should be re-emphasized that the projections are dependent upon the given
economic and fiscal scenarios. It has already been indicated that the
economlic scenarios have been developed with considerable caré and reQiew.
One question that should be raised concerns the fiscal scenario. In particular,
the use of the middle fiscal scenario should at least be reviewed in light of
_the current legislative session.

It is not possible to compare prospective levels of State government
~ spending for tﬁe coming fiscal year directly with the middle fiscal policy
scenario. Neither is it possible to predict whether or not future Legislatures
will maintain presently indicated patterns. However, it is not unreasonable
té guess that if future years reflect the current year, thét the high fiscal
scenarios might be more appropriate.

The impact of this can be substgntial. For example, the low economic/
moderate government scenario»yieldé a population fo 636 thousand (statewide)
in the year 2000, a growth rate of 2.1%. The low economic/high government
séenario results in a population of 680 thousand, and a growth rate of 2.47%.
In the case of the high economic/moderate government scenario population is
831 thousand in the year 2000. The high economic/high government scenario
yields a population of 908 thousand., The respective growth rates are 3.4%
and 3.9%. Clearly the choice makes a significant difference.

Let us now look at the electric power demand forecasts. Table IV-3
reproduces the suﬁmary forecasts of the study. More detaiied estimates by
utility sales components are not available, although hopefully they will be

included in the final report.
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TABLE 1IV-3

TABLE B. PROJECTED ELECTRIC UTILITY SALES AND MILITARY
PLUS SELF-SUPPLIED INDUSTRIAL NET GENERATION

(10° Mih)
Utility Sales
Total Military Self-Supplied
: Anchoraget Glennallen— Utility Net Industry Net
Year Anchorage Fairbanks Fairbanks Valdez Sales Generation Generation
1978 1,747 427 - 2,174 38 2,212 334 414
1980 1,907 446 2,353 37 2,390 334 414.
1985 : '
L 2,249 619 2,868 53 2,921 414
M 2,438 669 3,107 64 3,171 334 571
H 2,676 769 3,445 116 - 3,561 847
M-E 2,438 669 3,107 64 . 3,171 571
1990 :
L 2,510 666 3,176 60 . . 3,236 414
M 2,782 742 3,524 75 3,599 334 571
1 3,249 914 = 4,163 119 4,282 981
M-E 2,782 742 3,524 , 75 3,599 571
1995 . _
L 3,097 813 3,910 66 . 3,976 : 414
M 3,564 . 949 - 4,513 88 4,601 334 571
H 4,438 1,227 5,665 124 5,789 981
M-E 3,564 949 4,513 104 4,617 . 571
2000 _ '
L 3,981 1,040 5,021 80 5,101 414
M 4,451 1,177 5,628 102 5,730 334 571
H 5,519 1,537 7,056 - 136 7,192 ' 981
M~E 4,973 1,416 6,389 136 6,525 571
2005
L 4,375 1,154 5,529 88 5,617 414
M 5,226 1,397 6,623 119 ' 6,742 334 571
H 7,013 1,988 9,001 176 9,177 981
M-E 6,220 1,834 8,054 165 8,219 ' 571
2010 _
L 4,807 1,277 6,084 ’ 95 6,179 414
M 6,141 1,671 7,812 140 7,952 334 571
H 8,927 2,586 11,513 223 11,736 981

M-E 7,624 2,318 9,942 200 10,142 571

o
l

= Minimum economic growth
= Likely economic growth M-

= Maximum economic growth

Likely economic growth with shift to elec-
tric space heat and appliances in residential
sector

[ e
it

=
|

Source: ISER 1980, Executive Summary.
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Before comparing these forecasts to others, a few comments are in
order., While we are relatively comfortable with the economic projections,
with the exception of the question raised in regard to the choice of the fiscal
scenario, it is difficult to evaluate tﬁe results of the end use model. TFirst,
the model requires an extremely detailed set of parameters and assumptions.

The data requirements to estimate the parameters are large, and the quality
of the data was often lacking. Even so, the parameter estimates were researched
in as great detail as possible, and there were no gross errors apparent,

A second question relates to the effect of collective errors in thev
parameters as opposed to individual errors. Intuitively, one can appeal to the‘
law of large numbers and assume that errors in parameters tend to be self
canceling. However, there is no guarantee that this will be the case.

One approach to resolving the question is sensitivity analysis. Basically
this consists of varying the parameters, one by.one, by a specified percentage,
and comparing the before and after projectioné. Practically speaking, such
a process would be extremely costly given the number of parameters involvedf
An intermediate solution is to judgementally select thoée parameters that
can be expected to have the greatest effect and test those. No sensitivity
analysis has been carried out, or at least none has been reported to date.

Before turning to a comparison of the various studies, it is appropriate
to return to the question of the choice of fiscal scenarios. 1In particular,
it is of interest to_considér utility demand under the high government scenario,
The study does not report pﬁwer demand for the high government scenarios, but
we can at least estimate these by using ;he population estimates that were

generated. For example, under the high economic/moderate govermment scenario
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per capita electric consumption for the railbelt was 12.9 thousand KWH
per year for the year 2000.

Population for the railbelt under the high/high scenario was approximately
597 thousand in 2000. Hence the estimate of power demand is about 7701
thousand MVH. This is about 9% above the high economic/moderate government
projection of 7056 thousand MWH. Thus, the understatement does not appear
serious i1f the wrong scenario has been selected.

Let us now look at a comparison of the 1980 ISER projections with
those of earlier stﬁdies reviewed., Table IV-4. Several observations can be
noted immediately. First, the base year (1980) utility demand figures are
substantially below all of the other studies except the low scenario of the
1976 ISER study. Second, the rate of growth of both the low and high scenarios
is substantially below that of any of the other studies. In fact, the high
scenario growth rate is generally close to the low scenarios in the other studies.
Third, the range between the high and low projections has been drastically
reduced. Finally, the self-supplied industrial component is only a small
fraction of that in the earlier studies that specifically identified that
compomnent,

There are two general reasons that might explain these major changes.
First, the aggregate level of econmomic activity, and in particular population
and employment is lower in the ISER 1980 study than in previous studies,
Second, the difference may be attributed in part to differences in per capita
consumption of electricity. While we cannot directly determine which of these

factors is responsible for a particular share of the change in the projection,
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TABLE IV-4.

COMPARISON OF FORECASTS
(MILLION KWH)

Average Annual Growth

"Railbelt" Region . 1ese 1990 2000 1980-2000
, Low . High Low High , Low High Low High
1974 APS
Utility 3020 3860 5490 9210 8160 19970 5.1% 8.6
Tndustrial 700 2310 1190 25020 2310 27260 6.5 13.1
Totall/ 4182 6632 7207 34757 - 11047 47807 5.0 10.4
1975 MARKET ANALYSIS
Utility 3020 3550 5470 - - 8540 8100 18520 5.1 8.6
Industrial 140 710 350 20390 710 20460 8.5 18.3
Totall 3550 4650 6250 29360 9290 39460 .9 11.3
1976 ISERZ/
Utility 2478 3517 5415 9516 11849 23521 8.1 10.0
1979 POWER MARKET ANALYSIS
Utility 2920 3410 4550 8200 ‘ 7070 16920 4.5 8.3
Industri7l 141 170 370 2100 550 3590 7.0 16.5
Totall 3234 3764 5077 10503 7762 20734 4.5 8.9
1980 ISER STUDY3/ .
Utility 2353 3176 4163 5021 7056 3.9 5.6
Industri71£/ 359 359 675 359 675 0.0 3,2
Totall 3101 3869 5172 5714 8065 3.1 4.9

Source: Computed from Tables in text.

1/ Total includes national defense.

2/ ISER 2000 data extrapolated at the 1985-1995 growth

3/ Excludes Glennallen-Valdez

4/ Exzcludes Glennallen-Valdez

rate in the 1976 ISER study.
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it is possible t§ make some indirect estimates of the relative importance of each.
The approach that has been followed in doing this is as follows.

Railbelt per capitavconsumption of electric power was estimated, using the

demaﬁd and population figures of the 1980 ISER study. This was done for the

high and low scenarios. These per capita figures are then multiplied by the

population figures of the 1979 Power Market Analysis. If the differences in

demand are due solely to differences in population levels then we should get

demand estimates equivalent to those in the 1979 Power Market Analysis.

Inspection of Table IV~5 reveals that this is not the case.

TABLE IV-5

COMPARISON OF ISER 1980 ADJUSTED AND 1979. POWER
MARKET ANALYSIS PROJECTIONS (MILLION KWH}

ISER 1980 1979 Power
Period ISER 1980 Adjusted Market Analysis
Low High Low High ‘Low ° High

1980 2353 2353 2530 2809 2920 . 3410
1990 : 3176 4163 3493 5171 4550 8200

2000 5021 7056 6117 10204 - 7070 16920

Source: Computed by Author. See text for details.

Rather, a major difference in the two sets of projections must be attributed
to differences in per capita consumption, since lesé ﬁhan 1/3 to 1/2 of the
variance 1is explained by differences in population levels. It is not possible
to pinpoint the sources of these differences, but two general factors appear to
be at work., First, the per capita consumption for 1980 in the 1979 Power Market

Analysis is about 9.77 (thousand KWH) as opposed to 8.46 in the 1980 ISER study.
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Since the TSER 1980 study had access to more recent data on both population

- and power consumption, the estimate is presumably more accurate. The net

effect is that the 1980 ISER projections start from a lower Base and a lower
implicit per capita consumption figufe.

The second factor is the growth rate of per capita comnsumption. For the low
scenarios of both studies the averagé annual growth rate of per capita consumption

is about 1.7%. However, in the high scenario of the 1979 Power Market rate is

about 3.7%, while for ISER 1980 it is about 2.1%. This, in conjunction with the
lower base year figure explains the major differences. It does not, however, |
explain why the rates are so different. The 1979 Power HMarket rates were set
by assumption, and the low case appéars to conform well withvthe ISER results,
The same is not true with respeét toithe.high scenario. Since the ISER 1980 study
reflects extensive and thorough analysis of a broad range of factors influencing
demand (aﬁd per capita -consumption) chsiderably more weight éhould be given
to those results than results based oﬁ pure assumption,

The majority of our discussion has focused on a comparison of the'lgzg

Power Market Analysis and the ISER 1980 study. This was due mainly to the

recency 6f the Power Market study and the domparability of some of the
methodological components. 1In additibn, as discussed before, the methodological
credibility of some of the earlier studies is open to question.

In summary, the 1980 ISER Study reflects a substantial improvement in the
levellof power demand_projectioné. ‘fhis stems both from improvements in the MAP
model itself and frém the development and utilization of the end use model.

The projections certainly reflect a.degree of "reasonableness" that has

been lacking in earlier studies. At the same time questions do remain, both

-65—



with respect to the ISER 1980 effort and more broadly with the question of

future demand in general.

PART V. SUMMARY AND CONCLUSIONS

The present paper has attempted, in relatively non—téchnical terms, to
provide economic framework within which to review the major electric power
demand forecasts for the railbelt region of Alaska. In addition, those studies
have been reviewed and evaluated in the context of that framework. In general
those studies reflect a progression in both methodological approaches and the
inclusiveness of analysis. This is not to suggest that all qﬁestions and issues
have been resolved.

There are several points that should be mentibned. First, it is worth
re~emphasizing some of the comments at the close of Part III. The reéponse of
future demand to changes in prices and income is still not known, nor has there
been a detailed analysis of possible future electricity prices. Whether
efforts to obtain such information is warranted may be a question, since in the
absence of major changes in relative prices impacts on aggregate demand might
be modest in any event,

Second, with res?ect to the ISER 1980 study, the two principal questions
relate to the choice of thevfiscal scenario and fhe sensitivity of the end use
model to parameters used,

‘A third, énd cohtinuing concern éenters on treatment of exogenous
industrial demand.  While the ISER 1980 study reflects a reasonable set of
assumptions related to exogenous industrial demand, tﬁe central question is not
addressed. Specifically, for what industries, and at what prices, would

availability of electric power be a significant factor in the location decision,
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and hence on total demand for electric power?

With these comments in mind, what can be séid about the use of these
projections in regard to the Susitna proposal? Clearly, accurate demand pro-
jections are an essential element in the overall analysis. The ISER 1980
projections appear to be sound, and with some further analysis should provide
a reasonable guideline for planning purposes. The primary point of concern
relates to exogenous industrial demaﬁd. If "low cost" power were to be a
significant factor in the location decision and major exogenous demand were to
materialize, it would seriously understate aggregate power demand.

This may or may not be.a serious problem. If utility demand, as projected,
appears sufficient to absorbvthe bulk of_the Susitna project output, then in one
sense the exogenous demand question is moot, In the broader context of
planning for total railbelt power ngedé, the exogenous industrial demand issue

remains significant,
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1 , . APPENDIX

! L Table 12. /\,ssum(:d Industrial Development

. RATE OF
f IRDUSTRY GROWTH ' ASSUMPTION
! Kenai Peningula:

“ Chemical Plant: =  Low Existing, with planned expansion by 1980,
; : then, no change to 2000. - .
. .

o “Mid Existing, larger expansion assumed by 1980,

continued expension to 2000.
‘High Existing, largest yet expension assumed
by 1980, larger expansion to 2000.
LKG Plant: Low Existing, with no change assumed to 2000.
Mid Existing, no change before 1980, steady
~ expan31on thereafter.
High Existing, expansion assumed before 1980
and continuing to 2000.
Refinery: Existing, plus same sssumptions as LNG plant.
Timber : . ,
Processing: Low Small start before 1980, expansion to
' h;gh value by 2000.
Mid . Larger start before 1980, expansion to
- high value by 1990.
High Lgrgest start before 1980, no change
' to 2000.
' e
[ 2
. i U. S. Corps of Engineers <
“ ' 1975 Interim Feasibility Report Appendix I
o TABLE G-12
G-49




Table ]2, Assumed Industrial Development

INDUSTRY

Other Vicinities:

Mining and Mineral
Processing:

LNG Plant:

- Beluga Coal
Gasification:

Huclear Fuel
Enrichment;

Timber:

Now City:

Appendix 1
G50

(continued)
RATE OF
GROWTH ; ASSUMPTIOR
Low Start-up after 1980, five-fold expansion
by 2000.

Mid . Start-up by 1980, five-fold expansion

" . by 1990, double by 2000,
High Large start-up by 1980, double by 1990,

: no change to 2000.

Low _ Start-up after 1980, no change to 2000.
Mid Start-up before 1980, no change to 2000.
High . 11 1] 1] " ” ” » " "
Low Pilot project power between 1990 and 2000.
Mid - Pilot project by 1990, full operation by 2000.
High Pilot project before 1980, full operation

by 1990, no change to 2000.

High Start at full operation before 1990, no
change to 2000.
Low Start-up after 1980; full operation by 2000.
Mid Start-up before 1980, full operation by 1990,
no change to 2000. »
High Full operation start-up before 1980, no
change thereafter. . ‘
Low Initially loaded after 1980, load tripled by 2000.
Mid Initially loaded before 1980, tripled by 1590

2 1/3 expansioa by 2600.

High Larger initial load before 1980, 2 1/3
expansion by 1990, no change to 2000,




Table 13. Estimated Industrial Power Requirements

____Industrisl Capocity in MW

Rate of . 4
Levelopment Low Range Mi@ Range High Range
e Year 1980 1990 2000 1960 1990 2000 1980 1990 2600

Anchorage Ares:
Kenai Peninsula:

Chemical Plant 1/ 11 11 11 12 1k 16 13 16 20
LNG PLant / LA b .k L .5 .6 .5 .6 T
New Plant ‘ 10 10 10 10 10 10 10 10
1 ,
Refinery / 2.2 2.2 2.2 2.2 3 L 3 4 5
i 1/ ‘
Timber = 2 3 5 3 5 5 > 5 5
Other Vicinities:
Coal Gasification : ' 10 10 250 10 250 250
Mining and Mineral
Processing 5 25 5 25 50 25 50 50
Nuclear Fuel ‘ . ‘
Enrichment - _ . 2500 2500
Timber 5 T 5 1 T T T T
New City it 30 10 30 70 30 70 70
TOTAL (rounded) 20 S0 100 50 100 k1o 100 2910 2920
' .
: Fairbanks Area 2/
€
“ Source: 1974 Alaska Power Survey Technical Advisory Committee Report on
Economic Analysis and Load Productions, pages 81-89.
1/ Existing Installations ‘
m 2/ Timber processing and oil refinery loads totaled less than 10 MW.
g ; Appendix 1
TABLE G-13
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National Defense - Historical data from Army and Air.Forece installations
in the Anchorage and Fairbanks areas - indicate rcasonable energy
assumptions to be:

1. . 0 percent annual growth for mid-raage forecast, 1 percent for high
range, and -1 percent for low range.

2. A 50 percent load factor was assumed for use with energy (net
generation) to obtain peak load.

Self-Su . lied Industries - The following assumptions were developed from
existing' data and conditions, consultations with many knowledgeable
people in pgovernment and industry, and from reports on future
developments. '

1. - Industries will purchase power and energy if econémically feasible.
2. Forecast based on listing in the March 1978 Battelle report.

3. "High range includes existing chemical plant, LNG plant, and
refinery as well as new LNG plant, refinery, coal gasification plant,
mining and mineral processing plants, timber industry, city and aluminum
smelter or some other large energy intensive industry.

4, Mid-range includes all of the above except the aluminum smelter.

5. Low range includes all listed under high range exceprt the aluminum
smelter and the new capital.

6. In some instances, high, mid, and low range may be differentiated
by amount of installed capacity as well as the type of installations
assumed.

7. No self-supplied industries -are assumed for the Fairbanks-Tanana
Valley area. Any industrial growth has been assumed either (1) included
in utility forecasts or (2) not likely to be interconnected with the
area power systems. '

8. Net generation forecast calculated from forecasted capacity and a
plant factor of 60 percent. :

The 1ISER model assumed the following Cook Inlet area industrial
scenario. It is compared to industries assumed for the self-supplied
industrial forecasts of this report.

1979 Power Market Analysis
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" Cook Ihlet Industrial Scenarios

Assumptions
ISER ) ' Self-Supplied Industries Forecast
HIGH RANGE

011 treatment and shipping facilities Existing refinery (2.4 MW) )
Small LNG - ’ Existing LNG plant (.4 to .6 MW)
Beluga Coal (40 employees in shipping) Coal gasification (0 to 250 MW)2/
New capital (2,750 employees 1982-84) New city (0 to 30 MW)

Refinery~petrochemical complex 1/ New refinery (0 to 15.5 MW)

Pacific LNG : New LNG plant (0 to 17 MW)’

Bottom fish industry

0il lease development Mining and mineral plants (5 to 50 MW)
No new pulp mills or sawmills Timber (2 to 12 MW)

Existing chemical plant (22 to 26 MW) ;
Aluminum smelter or other energy intensive
“industry (0 to 280 MW)

MID RANGE 3/
LOW_RANGE

Pacific LNG : '~ New LNG plant (0 to 17 MW)
Existing refinery (2.4 MW)
Existing LNG plant (.4 MW)
Existing chemical plant (22 MW)
- Coal gasification (0 to 10 MW)
New refinery (0 to 15.5 MW)
Mining and mineral plants (0 to 25 MW)
Timber (2 to 12 MW) '

l/ A recent decision by ALPETCO changes this to the Valdez area.
The changes involved were not enough to warrant forecast revisions.

2/ Part of coal gasification could be equivalent to "Beluga Coal," but
it is much more than "40 employees in shipping."

3/- At the time this forecast and analysis was performed, no ISER mid-range
-projections of populations and employment had been developed.
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