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1 - INTRODUCTION

1.1 - Background

The Acres American Incorporated Plan of Study {P0S) for the Susitna Hydro-
electric Project was issued by the Alaska Power Authority for public review and
comment in February 1980. Revision 1 to the PCS was issued in September 1980 to
take account of modifications made as a result of comments received from various
sources. These modifications included removal from the original scope of work a
substantial portion of Task 1, Power Studies in which load forecasting and power
alternatives had originally been proposed. Load forecasting was consequently
carried cut under separate contract by the Institute of Social and Economic
Research of the University of Alaska (ISER). However, Subtask 1.01 which deals
with the selection of an energy growth forecast for the south-central Alaska
Railbelt Region was retained in its entirety as a part of the POS.

This report presents the work undertaken by Acres American Inc. {Acres) and its
sub-contractor Woodward-Clyde Consultants (WCC) in Subtask 1.01, Review of ISER
Work Pian and Methodologies. The report contains a review of ISER's projections
of electricity power consumption for the Railbelt and addresses specific issues
related to the methodology. The report also recommends a range of electricity
consumption projections, for use in subsequent tasks of the PUS for the proposed
Susitna Hydroelectric Project.

1.2 - Report Contents

This report is structured in five sections. Section 2 is a summary of the work
undertaken and the findings that have been obtained. Section 3 describes in
detail the scope of work, approach employed and a historical record of
significant events that occurred during the study period. A critigue of ISER's
work is presented in Section 4 where specific Jissues are raised and implications
discussed. In Section 5 a comparison is made of ISER's forecast with those
developed by others in recent years and the main reasons for the differences
between them are discussed. Finally, Section 6 concludes with the main findings
that have been obtained and recommendations for further work.

An in-depth review of ISER's model structure, assumptions and results is

conducted in Appendix A. In a further series of Appendices, B through F,
critiques of the ISER forecast, by WCC and other agencies, are also presented.
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2 - SUMMARY

This section summarizes the work undertaken in Subtask 1.0l and the findings
that have been obtained.

2.1 - Scope of Work

As stated in the February 1980 Plan of Study for the Susitna Project, one of the
main objectives of Task 1 - Power Studies was to select forecasts of electric
load growth in the Railbelt and determine the future need for electric power in
the region. To support this overall objective, Subtask 1.0l was defined as a
review of the ISER forecasting methodology with the intent to develop a sound
understanding of the methodology and projections. An additional objective of
this study is to establish a basis for development of appropriate future
generation expansion scenarios for the Railbelt Region.

2.2 - Electricity Consumption Forecasts

The results of ISER's work were documented in a final report to the House Power
Alternatives Study Committee of the State of Alaska and the Alaska Power
Authority, which was issued in June 1980. The ISER forecasts were based on
economic growth projections for three areas which comprise the Railbelt: the
Anchorage region, including the Matanuska-Susitna, Kenai and Seward Census
Divisions; the Fairbanks and Southeast Fairbanks Census Divisions; and the
Valdez Census Division. ISER expects electric power consumption of the Alaskan
Railbelt to continue to grow over the next 30 years as the economy expands. The
rates of growth will be conditioned by a large number of economic, demographic,
and electricity consumption factors. To bound the alternative rates of growth,
ISER defined three alternative economic futures as the likely economic
conditions under which future electricity power consumption would occur.
Electrical energy sales for the Railbelt Region are projected to grow from a
1980 value of 3,101 GWh to a minimum of 4,807 GWh and respective medium and

max imum values of 6,141 GWh and 8,927 GWh, by 2010. The results are summarized
in Table 2.1, and are substantially less than previous forecasts prepared by '
other agencies such as the Alaska Power Administration.

2.3 - ISER Forecasting Mode]

ISER's projections of electricity power consumption for the Railbelt are a
product of five linked components:

MAP, which is a state-of-the-art econometric model of Alaska's economy.

A model of household formation.

A regional allocation model which estimates economic activity and population
in the Railbelt and its subregions given the MAP forecasts.

A housing stock model which estimates housing stock by type.

A model of utility load growth using a detailed end-use approach for the
residential sector, and aggregate consumption approaches for the commercial-
industrial-government and miscellaneous sectors.

2-1



To run these model components, two sets of input information were used. The
first is a set of assumptions concerning future economic activity in Alaska's
basic industries and future levels of State Government expenditure. The second
is a series of assumptions concerning fuel and appliance choice and capacity for
the end-use sectors. These different assumptions resulted in nine economic
growth futures and two electricity end-use scenarios. Only three of the nine
economic growth futures were run entirely through the models.

2.4 - Findings and Recommendations

[SER's model was subjected to a detail evaluation. This evaluation was focused
on three areas: model structure, data base and economic scenarios, and model
parameters. A number of significant areas of concern emerged:

- The full range of economic scenarios has not been estimated by the model.
Only three scenarios representing moderate government expenditure and
alternat ive economic growth were used in projecting future Railbelt
electricity power consumption.

- The existing set of scenarios does not sufficiently cover a feasible range of
alternat ive futures. The high economic growth and high government expenditure
scenario is conservative. A higher growth scenario can be formulated to
represent stable industrial growth with higher government expenditure without
necessarily depleting the State's fund balance. At the same time, the Tow
growth scenario can be made lower by formulating a scenario representing a
contraction of the Alaskan economy.

- There is a paucity of data for calibrating an econometric end-use model in
Alaska. The data base 1imits the robustness of the model, particularly the
end-use components of the model.

- Recognizing that the poor data base in Alaska limits the ability to structure
an econometric end-use model in sufficient detail, the existing model is
weakest in the commercial-industrial-government component. This component at
present is highly aggregated and cannot sufficiently respond to the specific
assumptions developed in the ecaonomic scenarios. Since this component
currently accounts for about 52 percent of total Railbelt utility sales, this
deficiency is significant.

- The parameter fuel mode split presently employed in the model is based on
judgmental assumptions. This parameter is too important to be made on this
basis. Fuel choice is determined on the basis of relative fuel prices and
fuel availability, which also change over time. These have not been
explicitly entered into the fuel mode split parameter. Hence, the accuracy of
the assumed existing fuel mode split values cannot be realistically tested.

- The model contains many assumptions about other parameter values, such as
household formation rates, appliance saturation rates, growth in appliance
size, etc. which have not been fully tested. At the same time no sensitivity
analysis was conducted to understand the impact of these assumptions.
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The inplications of these problems in predicting future Railbelt electricity
requirements require a thorough analysis. However, some of the outcomes of
these problems can be estimated or deduced. These are: '

- The upper and lower bounds of the existing scenario set have been evaluated as
approximations to the model estimations. These are estimated to be 14.0
million MWh for the upper bound and 5.4 million MWh for the lower bound in
year 2010. The range of forecasts is therefore wider than that provided by
[SER. (See Figure 2.1).

- The inclusion of a scenario with stable industrial growth and a higher
government expenditure, will drive electricity consumption projections to a
level higher than the ISER upper bound. The opposite results would occur for
an economic depression scenario, where future consumption levels would be
Tower than the ISER lower bound. The range of forecasts will therefore be
wider than the existing set, covering a more feasible range of alternatives.

- A thorough investigation of the fuel mode split parameter may lead to
different values than those assumed. If an analysis of price and availability
of fuels indicates that future electricity prices will be lower than those of
other substitutable fuels, the fuel mode split would drive the electricity
projections to levels higher than the existing set. If the price of

electricity is more expensive relative to other fuels, the opposite results
would occur.

Other problems such as a poor data base, inadeguate structural detail in the
commercial-industrial-government component, and untested parameter assumptions
cannot be reliably assessed without further detailed analysis. The quality of
the data base can only improve with time, but for the present only reasonable
assumptions in the model can alleviate the problem. Other problems require a
thorough analysis to understand the extent of the implications.

In view of these problems, there are doubts concerning the efficacy of ISER's
projections. However, many of these problems are not insurmountable and can be
put to rest with time and effort. Hence it is recommended that these issues be
investigated and resolved so that applying these projections to electricity

generation planning in the Railbelt can be undertaken with reasonable
confidence.
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TABLE 2.1  SUMMARY DF ISER FORECASTS (GWh) w
4
Military
Net Gen- Self-supplied Industry
Railbelt Utility Sales eration Net Generation w
LM o4 oM oM L oM M |
1980 2,350 2,390 2,390 2,390 334 414 414 414 414 -
1985 2,921 3,171 3,561 3,171 334 414 571 847 571
1990 3,236 3,599 4,282 3,599 334 414 57 981 571 -
1995 3,976 4,501 5,789 4,617 334 414 571 981 571
2000 5,101 5,730 7,192 6,525 334 414 S 981 571 -
2005 5,617 6,742 9,177 8,219 334 414 S71 981 571 P
2010 6,179 7,952 11,736 10,142 334 414 57 91 571
Abbreviations: )
L = Low Econamic Growth - Moderate Government Expenditure. "3
M = Moderate Economic Growth - Moderate Government Expenditure. -
H = High Economic Growth - Moderate Government Expenditure. =
ME = Moderate Ecgnomic Growth - Moderate Govermment Expenditure with :
shift ta electric space heat and appliances in residential sector.
s |
-
4
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3 - SCOPE OF WORK

3.1 - Gbjectives

As stated in the POS, this task has the following objectives:

Critically review the work of ISER in forecasting electricity power
consumption in the Railbelt.

Reach a thorough understanding of the assumptions used by ISER in its work.

Coordinate with ISER on electricity consumption forecasts required by Acres
in its subsequent work.

3.2 - Approach

The approach that has been adopted in satisfying these objectives is straight-
forward. The approach is comprised of the following steps:

- Review ISER's forecasting methodology to develop a sound understanding of
model structure, assumptions, and the data base.

- Evaluate ISER's methodology and identify issues that affect the efficacy of
the projections.

- Assess the implications of these issues in projecting electricity power
consumption for the Railbelt.

- Compare Railbelt electricity projections in recent years to posit ISER's
forecasts and identify the basic differences between them. :

These steps ‘lead to understanding of the efficacy of the ISER projections so

that subsequent tasks in the proposed Hydroelectric Power Project can proceed
apace.

The work was undertaken by Acres through its subcontractor Woodward Clyde
Consultants (WCC) and in close consultation with ISER and other Alaska agencies
staff.

3.3 -~ Record of Events

A number of events took place during the execution of the Subtask which had
significant impact on the outcome of the study. The major events are summarized
below:

January 1, 1980 ~ Commencement of Susitna Hyroelectric Project.
January 7, 1980 -~ Meeting at ISER offices in Anchorage to discuss ISER
approach to energy use forecasting. Attendees: Scott

Goldsmith, Lee Huskey (ISER); Jim Landman (Acres); Craig
Kirkwood (WCC).
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February 15, 1980

February 20, 1980

March 14, 1980

March 20 and 21,
1980

April 1980

April 14 and 16,
1980

April 18, 1980

May and June, 1980
June, 1980

June 10, 1980

June 11, 1980

Meeting of Alaskan economists at ISER offices in

Anchorage, to participate in discussions of the State's
economic future. :

Meeting at WCC offices in San Francisco to exchange ideas
on improvement of ISER methodology. Attendees: Craig
Kirkwood, Perry Sioshansi, Gary Smith (WCC); Peter Sandor
(Acres); Scott Goldsmith ISER).

ISER releases draft report.

Meeting at Acres' and ISER offices in Anchorage to discuss
ISER draft report and possible improvements. Atftendees:
Jim Landman (part time), C.A. Debelius (part time), Peter

Sandor (Acres); Scott Goldsmith (ISER); Robert Mohn (APA,
part time).

Woodward-Clyde issues critique on ISER draft report.

Meeting at ISER offices in Anchorage to discuss ISER draft
findings. Attendees: C.A. Debelius, John Hayden, Jim
Landman, John Lawrence (all part time), Songthara Omkar,
Alex Vircol (Acres); Scott Goldsmith (ISER).

Meeting at WCC offices in San Francisco to discuss ways of
improving Subtask 1.0l work. Attendees: Jim Landman,
Songthara Omkar, Alex Vircol (Acres); Craig Kirkwood,
Perry Sioshansi, Gary Smith (part time) (WCC).

ISER releases final report.

Alaskan Legisiature withdraws funding from Acres Susitna
Hydroelectric Project study for power study work.

Meeting held in APA offices in Anchorage with Railbelt
utility managers and ISER to discuss ISER forecast.

Public workshop held at Anchorage Community College for
discussion of ISER forecast.

3-2
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4 - CRITIQUE OF ISER MODEL

In this section a summary review and critique of ISER's forecasting methodology
on future Railbelt electricity requirements is presented. The purpose is to
address specific issues in the methodology that may have a significant impact on
future electricity requirements in the Railbelt. The critique covers three main
areas: model structure; database; and economic scenarios and model parameters.

“An assessment of the implications of the issues raised in the critique is also

included. Critiques made by others will also be discussed.

4,1 - Model Structure

ISER's econometric end-use model is based on the proposition that energy is
consumed to pursue human activities which are dependent on underlying economic
conditions. ISER's model, therefore, begins with a projection of State
employment, population and households (MAP and Household Formation Models).
State projections are then regionalized to produce Railbelt projections
(Regional Allocation Model). Railbelt projections of households and population
are then input into the housing stock model to determine future housing stock
and distribution by type. Finally, all economic projections together with
end-use parameters are entered into the end-use models to forecast electricity
consumption for residential space heating, residential nonspace heating,
commercial-industrial-government reguirements, and miscellaneous requirements in
the Railbelt. A review of the ISER model is presented in Appendix A and
illustrated diagrammatically in Figure A.1l.

The basic structure of the model is quite logical and allows a delineation
between economic models and electricity consumption models. The critigue
follows this delineation.

(a) Economic Models

Economic models in this context consist of the MAP, Household Formation,
Regional Allocation and Housing Stock models. The present relationship
between these models implies that the Regional Allocation Model and
Househould Formation Model are both linked to the MAP Model and Housing
Stock Model, but not to one another. This means that the Regional
Allocation Model only regionalized the MAP projections of population and
employment while future household formation is regionalized downstream in
the Housing Stock Model. This is unnecessarily complicated and it would be
simpler to regionalize households in the Regional Allocation Model. Hence
this requires the Household Formation Model to be linked to the Regional
Allocation Model and not the Housing Stock Model. Although this
modification would lead to a more elegant structure, it would not
necessarily improve the quality of the forecasts.

The structure of the individual economic models deserves some comment. The
MAP model is probably the best macroeconomic model available in Alaska at
this time and hence its use is highly appropriate. The remaining economic
models are developed specifically for the task at hand and these are simple
and practical models. For example, the Household Formation Model is an
accounting model which is driven by assumed household formation rates,
while the Regional Allocation Model is a regional shares model which
reflects the comparative advantage and scale of the regional economy. In




the Housing Stock Model a stock adjustment procedure is employed which is
driven by scrappage rates, vacancy rates, and housing choice. -Scrappage
rates and vacancy rates are assumed to follow the national trend while
housing choice is a function of family size and age of household head in
the region.

Because of the simplicity of these models, the question arises whether
those other than the MAP model sufficiently explain the variation in the
endogenous variables and whether more underlying economic factors should be
incorporated. One way of investigating this is to review the statistical
performance of those models that were subject to statistical estimation.
The Regional Allocation Model and Housing Stock Model were two such models
and the results obtained by the former satisfied most statistical criteria
while the Tatter did not. Specifically, the housing choice equations of
the Housing Stock Model gave poor explanatory power. Nevertheless the
independent variables such as family size and age of household head were
statistically significant in some cases. A respecification of housing
choice equations employing housing income and family size variables, might
be more appropriate and lead to statistically valid results. In the case
of the Household Formation Model no statistical estimation was conducted as
this is an accounting model based on assumed household formation rates.

End-Use Models

The end-use models have six components:

- Residential Nonspace Heating Electricity Requirements.

Residential Space Heating Electricity Requirements.

Commercial~Industrial-Government Electricity Requirements.

Miscellaneous Electricity Sales.

Military Net Generation.

Self-supplied Industry Net Generation.

The present relationship between economic models and end-use models is that
economic models would predict the basic consumption units such as
household, housing stock and employees, for input into electricity end-use
models. The structure at present implies a direct linkage from economic
projections to electricity requirements, hence bypassing the development of
a total energy demand component by end-use sectors and the splitting of
energy demand by fuel type. The drawback with such an approach is that it
does not allow an explicit investigation of interfuel substitution for
various end-use sectors which can take place because of technological
considerations, price changes, or government energy policies. These are
crucial factors in determining future energy demand by fuel type,
particularly in the long run.

The first four models listed above forecast total utility sales for the
Railbelt, while the two remaining models forecast self-supplied electricity
requirements. In discussing these individual models, the focus will be on
sales models.
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Residential Nonspace Heating
Electricity Requirements

This sector in 1978 consumed 635,000 MWh which accounted for 29
percent of total electricity sales in the Railbelt. To forecast how
much electricity this sector will consume in future years, a detailed
end-use model was developed. The model disaggregates household
appliances into water heaters, clothes dryers, refrigerators, etc, and
the electricity requirement for each type of appiiance is calculated
as a function of households, appliance saturation rate, fuel mode
split, average annual consumption and household size. Several of
these variables such as the appliance saturation rate and fuel mode
split have economic content and require an analysis of consumer
preferences. This is important in order tc understand future changes.
However, this has not been done in any explicit way.

Residential Space Heating
Electricity Requirements

In 1978, residential space heating in the Railbelt consumed 395,000
MWh. This represents 18 percent of total utililty sales in the
Railbelt. Future electricity requirements for residential space
heating are projected by an end-use model which is disaggregated into
housing types such as single family, duplex, multi-family, etc.
Electricity space heating requirements for each housing type are
determined as a function of number of housing units, fuel mode split
and average consumption levels. This model is therefore guite
detailed. Again, several of these factors have economic content,
particularly fuel mode split, but the model does not incorporate them

in any explicit way. Hence, this model is more of an engineering
end-use model. '

Commercial-Industrial-Government
Electricity Reguirement

Electricity consumption in this sector amounted to 1,156 MWh in 1978
or 52 percent of Railbelt utility sales. This is a large end-use
sector compared to 29 percent for residential nonspace heating and 19
percent for residential space heating. However, the model employed to
forecast future electricity requirements for this sector is simply a
function of nonagricultural wage and salary employment and average
electricity consumption per employee. Future levels of employment are
obtained through the economic models while average electricity
consumption per employee 1is. calculated as a function of time and
energy conservation standards of new buildings.

This model is highly simplified and is not a true end-use model. It
does not distinguish between space heating and nonspace heating, nor
does it differentiate between various types of buildings (e.g.
shopping plazas, office buildings, institutional buildings, industrial
facilities, etc.) which have heterogeneous electricity requirements.

A number of reasons warrant a departure from the existing structure to
a more detailed structure. First, the electricity consumption per

4-3



employee variable as presently defined, assumes a homogeneous
electricity consumption pattern for commercial, industrial and
government sectors while in reality the intensity of electricity usage
varies substantially between sectors and type of buildings. Second,
future empioyment grows at different rates for different economic
sectors with different electricity intensities, thus rendering the use
of an average electricity consumption per employee highly restrictive.
Third, an end-use sector such as this which accounts for 52 percent of
Railbelt utility sales warrants a more rigorous analysis with a
greater level of disaggregation of end-uses.

(iv) Miscellaneous Flectricity Requirements

This is a small component of Railbelt electricity consumption which
accounted for about 1 percent in 1978. The model is disaggregated
into street lighting and recreational home electricity reguirements.
Street lighting is calculated as a fixed percentage of future
residential and commercial-industrial-government requirements while
recreational home is calculated as a function of household electricity
consumption and a proportion of households. Because it is a small
component, the model does not reguire a detailed structure.

4.2 - Database

In general an EEU model requires a large data base for calibration. The data
base must have a sufficiently long time series with information at a micro
level. In this section some observations are made on the data base used for
calibrating the ISER model.

(a) Economic and Demographic Data

This refers to all of the data required to calibrate the economic models.
The MAP Model, which is a moderately detailed econometric model of the
Alaskan economy, is run on time series data, The data series, however, is
limited in length but the statistical results of the estimated equations
are adeqguate by conventional statistical criteria. The Household Formation
Model is an accounting model based on Alaskan household formation rates
derived from the 1970 census with yearly changes to these rates keyed to
future national trends prepared by the Bureau of the Census. The Regional
Allocation Model employs pooled time series cross section data based on
Alaska Yabor divisions from 1965 to 1976 to capture the effect of time and
structural differences in the regional economy. The Housing Stock Model
requires more substantive data because of the larger number of variables.
Future housing vacancy rates and removal rates are assumed to follow
national trends; an additional set of vacancy rates was also used to
represent maximum rates based on the Anchorage Real Estate Report, 1979.
Data for housing choice equations were based on the 1978 survey of
Anchorage population conducted by the Urban Observatory of the University
of Alaska.
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It is therefore apparent that only the MAP and Regional Allocation Models
were run on time series data. The Household Formation and Housing Stock

Models were run on data based on assumptions keyed to national trends or

cross section data for a specific year. There is a need to collect more

Alaskan data covering a longer historical period for calibration so that

the robustness of the models can be ascertained.

End~-Use Model Data

The database required to run end-use models is extensive. A Tlarge number
of parameters such as appliance saturation rates, fuel mode split,
electricity consumption levels, etc. were included. To obtain the current
values for most of these parameters, calculations were performed with data
from a variety of sources. These sources include utility authorities, the
Alaskan Census of housing statistics, studies conducted elsewhere, etc.
Some of the data used covered a sufficiently long historical period (e.qg.
utility sales) while others were older data covering a shorter period (i.e.
1960 and 1979 Census of Housing, Detailed Housing Characteristics: Alaska).
There is indeed a paucity of data especially at the micro level, to
calibrate the end-use models. Little can be done at this point, except to
make reasonable assumptions for the models.

4.3 - Economic Scenarios

Three economic growth scenarios and three state government expenditure scenarios
were formulated to provide a total of nine scenarios. Economic growth scenarios
and state government scenarios are addressed separately below.

(a)

Economic Growth Scenarios

Three alternative futures of basic sector industry growth were formulated
to represent high, moderate and low scenarios. These were based on
different assumptions concerning future employment and output of basic
sector industries. It is useful to understand the nature of these
scenarios by examining the timing and growth of basic sector industries.

The assumed growth of basic sector industries for the three scenarios are
illustrated on an industry-by-industry basis in Figures 4.1 to 4.3. By
comparing between figures, the relative rate of development for each
industry for the different growth scenarios can be inspected. Basic sector
industry employment are also consolidated for the high, moderate and low
scenarios and illustrated in Figure 4.4. It is evident from these figures
that the economic development is assumed to take place mainly during 1980
to 1985 and thereafter grow more slowly to 2000.

Annual growth rates of total exogenous employment for these scenarios are
also calculated at 5-year intervals and shown in Figure 4.4. These growth
rates illustrate more clearly the bunching of special projects and economic
events during 1980 to 1985. This is most conspicuous for the high scenario
which has an annual growth rate of 5.4 percent during this period. This is
followed by a decline until the period of 1990 to 1995 when economic growth
increases again, particularly in the moderate and high scenarios when Outer
Continental Shelf Petroleum development takes place. The period 1995 to
2000 experiences a decline.
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It is clear that these scenarios do not depict two other possibilities:
stable industrial growth in the State, and economic depression in the
State. These two scenarios warrant inclusion to the existing set, so that
the alternative economic futures of Alaska are bounded consistently. In
formulating these scenarios, it is possible that the stable industrial
growth scenario should at least include a “special project" to supply the
State energy base {such as the Susitna Hydroelectric Project or other
alternative[s]) together with a stable expansion of the industrial base.
On the other hand, the depression scenario could depict an economic
contract ion of the Alaskan economy.

State Government Expenditure Scenarios

(c)

Three State government expenditure levels were defined to represent high,
moderate and low scenarios. These scenarios assume that real per capita
expenditure consume a growing, constant, and declining proportion of real
per capita income. Alil scenarios lead to a positive fund balance for the
State by year 2000, with the lowest level at %48.8 billion (current
dollars) for the high economic growth and high government expenditure
scenario. Although the State is currently legislativly bound to retain a
fixed proportion of 0il1 royalties in this fund, it is reasonable to expect
that this legislation may be altered in the future to have some 1imit on
the total amount retained.

Scenarios for Model Runs

4.4 -
(a)

Although nine economic scenarios were defined, not all were run through the
entire model. The MAP and Household Formation Models were run on all nine
scenarios. However, the Regional Allocation Model and the end-use models
were run on only three economic scenarios. These scenarios are those with
the moderate State Government expenditure and the alternative economic
growth scenarios. The reason given is that these were the more likely
scenarios. [t is difficult to rationalize why this course of action was
chosen. At the very least the upper and lower bounds of the nine scenarios
should have been included so that the full range of forecasts can be
defined.

Model Parameters

Fuel mode Split

This parameter is defined as the proportion of appliances using a
particular energy fuel in the ISER model. Current values of this parameter
were estimated from the 1960 and 1970 Alaskan Census of housing data and
information from utility, home construction and real estate personnel.
Future values were estimated in increments -- that is, fuel mode split for
new appliances coming into the stock -- based on assumptions reflecting
past trends observed in 1960 and 1970, and future preferences for electric
appliances. However, in reality. the future fuel mode split will be
influenced by relative prices of fuels, relative prices of appliances,
consumer tastes, etc. The methods employed have not made these factors
explicit.

In the case of relative fuel prices, it has been implied that the current
price of electricity relative to other fuels will remain in effect
throughout the forecasting period. An alternative to this scenario was
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also formulated whereby a price induced shift toward electricity would take
place. Neither of these assumptions are considered adequate for
forecasting future electricity consumption. Relative fuel prices play a
crucial role in interfuel substitution and consumer purchase decisions, and
therefore must be analyzed explicity. The analysis must provide a better
understanding of the prices and availability of fuels that could compete
with electricity in end-use applications.

(b) Other End-Use Parameters

These include a large number of parameters such as appliance saturation
rates, appliance size, appliance electricity consumption rates, etc. In
calculating the future values of these parameters, a number of assumptions
were made. These assumptions are important as the end-use models are
driven by them. However, no analysis was conducted to determine whether
the electricity forecasts were sensitive to these assumptions. Some
sensitivity analysis is warranted to provide an understanding of the
sensitivities involved,

4.5 - Implications of Model Limitations

In this section, the limitations that have been pointed out above are assessed.
Some of these limitations will have significant implications on the forecast,
while others are difficult to assess without a thorough investigation. For
those Timitations that can be assessed at the present time, the implications
will be expressed in terms of directional change of electricity forecasts.

(a) Economic Scenarios

There are three problems associated with economic scenarios:

- The Upper Bound (High Economic Growth and High Government Expenditure)
and Lower Bound (Low Economic Growth and Low Government Expenditure) of
scenario sets were not run.

- The existing scenario set does not incorporate alternative futures
depicting stable industrial growth and economic depression.

- The future State Government expenditure for the high scenario is not
sufficiently high.

(i) Upper and Lower Bound Limitations

To assess the impact of the upper and lower bounds of the existing
scenario set, estimates of electricity consumption for these scenarios
have been prepared. These estimates were calculated by the following
steps:

- Regionalize future State projections of employment, households and
housing stock (Tables 4.1 to 4.3).




(i)

(iii)

- Calculate future electricity requirements per consumption unit for
residential space heating, residential non space heating, and

commercial-industrial-government electricity requirements (Tables
4.4 to 4.6)

- Multiply future electricity requirements per consumption unit for
residential space heating, residential non space heating, and

commergial-industria1-government electricity requirements (Table 4.4
to 4.6

- Multiply the sum of residential electricity requirements and
commercial-industrial-government electricity requirements by a fixed
percentage to obtain miscellaneous utility sales (Table 4.7).

- Sum)a]l end-use components to obtain future utility sales (Table
4.7). :

- These estimates, which are approximations of the upper and lower

bounds of the scenario set, indicate a wider range of alternative
utility sales than those developed by ISER. Figure 4.5 illustrates
these differences graphically.

Economic Growth Scenario Alternatives

The second problem is associated with the formulation of economic
growth scenarios. ATl of these scenarios indicate a relatively rapid
increase in economic growth during the period 1980 to 1985 followed by
a much slower growth thereafter. However, none represent the two
possible extreme economic futures in which future industrialization
occurs with greater expansion of energy intensive industries to tap
the State’s vast energy resources or that of a gloomy future with
economic contraction.

Treatment of these futures is essential so that the implications for
electricity generation planning can properly be assessed. It is
possible to deduce what the impact on utility sales will be for these
extreme futures. The industriatization case will lead to greater
economic growth and hence drive up future utility sales to a level
higher than the existing upper bound. In the other extreme, an
economic contraction will depress future utility sales to a level
lower than the existing lower bound.

Future State Government Expenditures

The assumption on future State Government expenditures also warrants a
reexamination. At present, the high State Government expenditure and
high economic growth scenario gives a fund balance of $48.8 billion
{current dollars) in the year 2000, which is the lowest of all
scenarios. This is a large surplus which indicates that the State
Government could still increase its expenditure substantially.
Admittedly, this is largely a matter of government policy and hence
difficult to predict. However, this is well within the realm of
possibility and should be included so that the range of alternative
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{b)

(c)

futures can be ascertained. The implication of a higher State
Government expenditure is that the econometric end-use model will
produce higher electricity sales forecasts.

Model Structure

Although a number of problems on model structure have been identified, the
most serious lies with the commercial-industrial-government component.
Currently, this is an aggregate consumption model which combines the three
sectors together. It would be far more meaningful and sensible to
disaggregate into individual sectors and relate electricity requirements to
square footage per employee. The main reason for such a disaggregation is
that the degrees of energy intensiveness between different sectors are
widaly different. Even in the industrial sector, energy intensiveness
varies according to specific industries, e.g. the aluminum industry is
highly electricity intensive compared to forestry or fisheries. This
approach is warranted even if it means collecting some original data.

About 52 percent of current electricity sales is attributed to this
component and hence greater effort is required. At present it is not
possible to deduce whether a more detailed approach would lead to higher or
lower forecasts, but the need for such efforts is clearly required.

Fuel Mode Split

Two crucial but interrelated factors affecting the fuel mode split, are
relative prices and the availability of fuel. The concept of opportunity
cost could be applied to determine future fuel prices and hence lead to a
better understanding of consumer preferences on alternative fuels. At
present, the future values of the fuel mode split are predicated on two
assumptions: that existing relative prices of fuels will continue into the
future, and a shift towards electricity will occur because electricity will
become relatively inexpensive. These assumptions need to be tested through
such an analysis. If it is found that electricity prices are less
expensive than other competing fuels, then the fuel mode split for
electricity will shift upwards and drive electricity sales to higher
levels. [If the relative price of electricity is higher, then future
electricity sales will be lower. It is not possible to predict which event
will occur in the absence of a thorough analysis, but it is clear what the
alternative directional changes could be.

Other Model Parameters

A large number of parameters employed in the electricity end-use and
electricity aggregate consumption models are engineering end-use data.
Others such as appliance saturation rates and utilization rates have
economic content. Since the values of these parameters were based on
assumptions derived from a limited data base, the degree of certainty that
can be attached to these. values is difficult to ascertain. At a minimum, a
detailed sensitivity analysis should have been conducted based on
alternative assumptions. Alternatively, a more rigorous approach could be
adopted in which these parameter values are statistically estimated with
microdata on price, income, temperature, etc. Without further analyses it
is not possible at this time to state what the implications will be in
regard to future electricity consumption.
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(e) Data Base

In general, there is a paucity of data in Alaska to adequately calibrate an
econometric end-use model of electricity power consumption. The problem is
most acute in the household formation, housing stock, and end-use models,
The quality of the data base will improve with time, as the time series
lengthens and more data is accumulated at the micro level. For the
present, sound judgement on assumptions and sensitivity analysis are the
only tools available to counter this problem.

4.6 - Critiques by Qthers

Apart from the foregoing, a number of critiques on the ISER forecasts have also
been made by individuals and agencies which are involved in one way or another
in the future growth of electrical demand in the Railbelt. Copies of these
critiques are attached as Appendices B through F to this report. The sources of
these ¢ritiques are:

- the Alaska Pacific Bank

- Woodward-Clyde Consultants

- Energy Probe

- Golden Valley Electric Association

- Alaska Rural Electric Cooperative Association
- Anchorage Municipal Electric Light & Power

- Public issues raised during workshops

The points raised in these critiques are many and varied. Although each
critique differs somewhat in perspective, two main points emerge which
essentially support the finding of the Acres review:

- the ISER model has certain deficiencies which regquire resolution

- the range of ISER forecasts is not sufficiently wide.
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TABLE 4.1: RAILBELT FMPLOYMENT ESTIMATES FOR LOWER AND UPPER BOUNDS(10°)
LOWER BOUND'
Low Economic Growth - Moderate Government Expenditure Low Economic Growth ~ Low Covernment Expenditure

State Railbelt Rat io State Railbeit

Year (1) (2) (3) = (2)+(1) (4} (5) = (3)x(4)

1980 210 133 .63 210 133

1985 243 150 .62 230 143

1990 254 157 .62 238 147

1995 287 180 .63 259 163

2000 332 209 .63 287 180

2005 - 220 - - 189

2010 - 230 - - 199

UPPER_BOUNDZ
High Economic Growth - Moderate Government Expenditure High Economic Growth - High Government Expenditure

State Railbelt ‘Ratio State " Railbelt

Year (1) (2) (3) = (2)+(1) (4) (5) = (3)x(4)

1980 210 133 .63 210 133

1985 293 183 .63 304 191

1990 330 203 .62 354 219

1995 404 249 .62 445 276

2000 454 285 .63 510 321

2005 - 334 - - 390

2010 - 393 - - 475

(1)For 2000 and beyond, estimates based on 1 percent annual growth rate

(2)

For 2000 and beyond, estimates based on 4 percent annual growth rate



TABLE 4.2: ESTIMATING RAILBELT HOUSEHOLDS FOR LOWER AND UPPER BOUNDS(10%)

LOWER BOUND'

Low Economic Growth - Moderate Government Expenditure Low Economic Growth - Low Government Expenditure
1 State Railbelt Ratio State Railbelt
Year (1) (2) (3) = (2):(1) (4) ©(5) = (3)x(4)
1980 133 a7 ‘ .65 133 87
1985 158 108 .68 153 104
1990 174 122 69 167 115
1995 200 138 .69 186 128
2000 235 163 .69 211 146
2005 - 17 - ~ 153
2010 - 179 - - 161

UPPER BOUNDZ

¥ High Economic Growth -~ Moderate Government Expenditure High Economic Growth - High Government Expenditure
hey State ~Railbelt Ratio State Railbelt
Year (1) (2) (3) = (2)+(1) (4) (5) = (3)x(4)
1980 133 87 .65 133 87
1985 175 116 .66 179 118
1990 210 141 .67 221 148
1995 262 177 .67 282 189
2000 312 212 .68 343 233
2005 - 245 - - 283
2010 - 294 - - 345
(])For 2000 and beyond, estimates based on 1 percent annual growth rate
(2)

for 2000 and beyond, estimates based on 4 percent annual growth rate
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TABLE 4.3: RAILBELT HOUSING STOCK ESTIMATES FOR LOWER AND UPPER BOUNDS(10%)
LOWER BOUND
Low Economic Growth - Moderate lLovernment Lxpenditure Low Economic Growth - Low Government Expenditure
| Railbelt Households — Rallbelt Housing Stock  Ratio Railbelt Households  Railbelt Housing Stock
Year D (2) ) = (1)+(2) (4) (5) = (4)+(s)
1980 87 90 .96 87 90
1985 108 108 1.0 104 104
1990 121 117 1.034 1% 1M1
1995 138 138 1.0 128 128
2000 171 171 1.0 153 153"
2005 171 m 1.0 153 153
2010 179 178 1.0 161 161
UPPER BOUND
High Economic Growth - Moderate Government Expenditure High Economic Growth - High Government Expenditure
Railbelt Households  Railbelt Housing Staock  Ratio Railbelt Households  Railbelt Housing Stock
Year (1) (2) (3) = (1)s(2) (4) (5) = (4)+03)

1980 87 90 .96 87 90
1985 116 1é 1.0 118 118
1990 141 141 1.0 148 148
1995 177 177 1.0 189 189
2000 212 213 1.0 233 233
2005 249 249 1.0 283 283
201§ 294 296 .99 345 348




TABLE 4.4: RAILBELT RESIDENTIAL NONSPACE HEATING ELECTRICITY ESTIMATES FOR LOWER AND UPPER BOUNDS

LOWER BOUND

Low Fconomic Growth - HModerate Government Expenditure tow bconomic Growth - Tow Gavernment Expenditure
Households tlectricity Reg. Electricity Req./Household Households Electricity Req.
(103) (103 MWh) (w3 Mih) (103) (10° Mih)
Year (1) (2) ) = (2)+(1) | (4) (5) = (4)+(3)
1980 87 671 7.7M a7 671
1985 108 826 7,65 104 796
1990 122 950 7.78 115 895
1995 138 1136 8.23 128 1054
2000 163 1404 8.61 146 1258
2005 171 1553 9.08 153 1389
2010 179 1711 9.55 161 1538

LUPPER BOLND

o
I
= High Fconomic Growth -  Moderate Government Expenditure High Fconomic Growth - High Government Expenditure
Households ETectricity Reg. Electricity Reg./Household Households Electricilty req.
3 3
(10°) (10° M) (107 Mwh) (10)) (10" Muh)
Year (1) (2) (3) = (2)+(1) (4) (5) = (4)s(3)
1980 87 671 7.7 87 671
1985 16 913 7.87 118 929
1990 141 195 7.20 148 1065
1995 177 1478 8.35 189 1578
2000 212 1851 8.73 233 2034
2005 249 2282 9.16 283 2592
2010 294 2835 9.64 345 3326
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TABLE 4.5; RAILBELT RESIDENTIAL SPACE HEATING ELECTRICITY ESTIMATES FOR LOWER AND UPPER BOUNDS
LOWER BOUND
Tow Economic Growth -  Moderate Government Expenditure Low Economic Growth - Low Government Expenditure
Housing Stock Electricity Reg. Electricity Reg./Housing Unit Housing Stock Electricity Reg.
3 3 3 3 3
(1a7) (10" Mwh) (107 Mwh) (107} (10" Mwh)
Year (1) (2) (3) = (D) (4) (5) = (4)x(3)
1980 90 446 4.95 90 446
1985 108 524 4,85 104 505
1990 17 583 4,98 11 553
1995 138 680 4.93 128 631
2000 141 841 5.22 144 752
20095 171 917 5.36 153 820
2010 178 995 5.59 161 900
UPPER BOUND
High Economic GrowEh - Moderate Government Expenditure High Economic Growth - High Government Expenditure
Housing Stock tlectricity Req. Electricity Reg./Housing Unit Housing Stock Electricity Reg.
3 3 3
(107) (18”7 Mvh) (10" Mwh) (i0") (107 Mwh)
Year 4D (2) (3) = (2)+(1) (4) (5) = (8)x(3)
1980 90 446 4.95 90 446
1985 10 569 5.17 118 610
1990 141 686 4,86 148 720
1995 177 881 4,98 189 941
2000 213 1104 5.18 233 1208
2005 249 1350 5.42 283 1534
2010 296 1646 5.56 345 1918




TABLE 4.6: COMMERCIAL-INDUSTRIAL GOVERNMENT ELECTRICITY ESTIMAIES FOR LOWER AND UPPER BOUND{;

LOWER BOUND

Low Fconomic Growth -~ Moderate Government Expenditure Low Economic Growth - Low Government Expenditure
Emp loyment Elect¢icity Reg. “tlectricily Req./Employee Employment ETectricity Regq.
(10°) (10° Min) (10> Min) (10%) (10° win)
Year (1) (2) RO EROIG (4) (5) = (8)x(3)
1980 133 1248 9.38 133 1248
1985 150 1541 10.27 143 1469
1990 157 1670 10, 64 147 1563
1995 180 2119 11.77 163 1919
2000 209 2803 13.41 180 2414
2005 220 3089 14.04 189 2654
2010 230 3410 14,83 199 2950

UPPER BOUND

=S .
L High tconomic Lrowth - Moderate Government txpenditure High tconomic Lrowth - High Government Expenditure
s Emplogment Electricily Keg. Electricity Rgg./Employee Fmpln);ment I-Tlectrlr.;ity Reg.

‘ (107) (10° M) (107 Muh) (107) (107 MHh)

Year (1) @ | (3) = (2)+(1) (4) (5) = (4)x(3)

1980 133 1248 9.38 133 1248

1985 183 2042 : 1.16 191 2131

1990 203 2423 11,93 219 2614

1995 249 3370 13,53 276 3735

2000 285 4163 14.61 321 4689

2005 334 5451 16.32 390 6365

2010 333 7136 18,16 475 8626
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TABLE 4.7: RAILBELT UTILITY SALES ESTIMATES FOR LOWER AND UPPER BOUNDS (10° Mwh)
LOWER BOUND
Residential Nonspace Residential Spacs Commercial-Industrial Miscellaneous Total Utility
Heat ing Heating - Government Reg. Reg. Sales
Year (N (2) (3) (4)=((1)+(2)+(3) ]x.01 (5)=(1)+(2)+(3)+(4)
1980 671 446 1248 24 2389
1985 796 505 1469 28 2798
1990 895 553 1563 30 3041
1995 1054 631 1919 36 3640
2000 1258 752 2414 44 4468
2005 1389 820 2654 49 4912
2010 - 1538 900 2950 54 . 5442
UPPER BOUND .
. !
Residential Nonspace Residential Space Commercial-Industrial Miscellaneous Total Utility
" Heating Heating - - Government Reg. Reg. Sales
Year &) (2) (3) (8)=0(1)+(2)+(3) Ix. 01 (5)=(1)+(2)+(3)+(4)
1980 671 446 1248 24 ‘ 2389
1985 929 610 213 37 3707
1990 1065 720 2674 44 4443
1995 1578 941 3735 63 6317
2000 2034 1208 4689 79 8010
2005 2592 1534 6365 105 1059
2010 3329 1918 8626 139 14009
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5 - COMPARISON OF RAILBELT ELECTRICITY
CONSUMPTION FORECASTS

In this section electricity consumption forecasts developed for the Railbelt in
recent years are reviewed. These reviews will be brief and include a comparison
of forecasts. The purpose is to compare ISER's forecasts with previous work and
to understand some of the factors that cause basic differences between them.

5.1 - Recent Forecasts

Electricity consumption forecasts developed since 1975 are reviewed briefly
below:

(a) Southcentral Railbelt area, Alaska: Interim Feasibjlity Report:
Hydroelectric Power and Related Purposes for the Upper susitna River Basin,

Alaska District Corps of Engineers, Department of the Army, 1975.

This study is an update of a previous Alaska Power Administration report*
with some changes in assumptions which result in a Tower demand projection.
In this study, only the Railbelt was analyzed and hence the Southcentral
and Yukon regions defined in the previous study were exluded. The most
significant change is a reduction in the projected industrial load. A
population growth rate of 3 percent annually was assumed in the study,
resulting in estimates of 410,000 in 1980 and rising to 740,000 in 2000,
Projections of load growth are shown in Table 5.1

{b) Electric Power in Alaska, 1976-1995, Institute of Economic and Social
Research, University of Alaska, 1976.

This study forecasted electricity requirements for Alaska based on a model
of the State economy and detailed assumptions concerning customer growth
and average consumption rates. Two sets of economic assumptions and four
set of electricity use assumptions were employed. Economic assumptions
were based on 3.4 percent and 4.8 percent population growth. Military
electricity requirements were assumed to remain constant over time while
self-supplied industrial.requirements were not forecasted. The range of
utility sales is shown in Table 5.2.

{c) Alaskan Electric Power: An Analysis of Future Reguirements and Supply
Alternatives for the Railbelt Region, Battelle Pacific Northwest
Laboratories for Alaska Division of Energy and Power Development and the
Alaskan Power Authority, 19/8.

This study did not conduct an analysis of load growth but instead based its
forecasts on earlier studies, including those of ISER, Alaska Power
Administration and several Railbelt utilities. Industrial scenarios were
modified to reflect developments at the time. The resulting projections
are shown in Table 5.3.

* 1974 ATaska Power Survey, U.S. Department of Interior, Alaska Power
Administration, 1974. '
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(d) Upper Susitna River Project Market Analyses, U.S. Department of Energy,
Alaska Power Administration, 1979

This study is a continuation of the previous work done by the Alaska Power
Administration. Electricity power consumption was projected for utility,
military, and self-supplied industry sectors. Utility requirements were
projected on the basis of population estimates (provided by ISER
econometric and demographic models) and average annual consumption per
capita estimates. Future annual consumption per capita were assumed to
decline because of conservation measures, appliance saturation, etc. Three
different growth rates were used to represent this trend. Future
population estimates were based on high and low growth.

Military requirements were projected on the basis of assumptions
representing high, moderate and low growth. The growth rates of +1%, 0%
and -1% were used to represent high, moderate and low growth respectively.

The self-supplied industrial load projections were based upon earlier work
by Battelle and the Alaska Power Administration.

The results are summarized in Table 5.4,

5.2 - Comparison of Forecasts

A comparison of these recent projections is shown in Table 5.5. These figures
are extracted from ISER's recent study. Using 1980 as the base year for
comparison, it can be seen that all of the previous forecasts were significantly
in excess of the actual 1980 demand.

5.3 - Differences between Current ISER Forecasts
and Previous Forecasts

The growth rates of the current ISER forecasts are significantly lower than
previous forecasts. The differences are mainly attributed to assumptions
concerning economic growth and electricity consumption rates.

Differences in economic growth among the various studies have given rise to
widely different economic projections. These differences are mainly due to
inconsistent assumptions on the type, size and timing of projects and other
economic events. In general, the present ISER projection of economic activities
is Tower than previous studies.

Differences in electricity consumption projections are mainly due to different
assumptions on per capita consumption growth rate. The present ISER study has
generally lower growth rate assumptions because of explicit estimates of
saturation, end-use patterns and conservation measures.
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Type of Load

Area
Utilities

Anchorage
Fairbanks
Jotal

Anchorage
Fairbanks
Total

Anchorage
Fairbanks
Total

TABLE 5.1: ALASKA POWER ADMINISTRATION FORECASIS, 1975
Actual Requirements Estimated Future Requirements
1974 i 1980 1990 2000
Peak Annual Peak Annual Peak Annual Peak Annual
Demand Energy Demand Energy Demand Energy Demand Energy
1000 kw  Million/kwh 1000 kw Million/kwh  1000kw Million/kwh 1000 kw  Million/kwh
High Rate of Growth
284 1,305 650 2,850 1,570 6,860 4,430 15,020
83 330 160 700 380 1,660 800 3,500
387 1,635 g0 3,550 7,950 8,540 ) 18,520
Likely Mid-Range Growth
590 2,580 1,190 5,210 2,150 9,420
150 660 290 1,270 510 2,230
740 3,240 1,480 6,480 2,660 11,650
Lower Rate of Grawth
550 2,410 1,010 4,420 1,500 6,570
140 610 240 1,050 350 1,530
90 3,020 1,250 5,470 7,850 )

1



TABLE 5.1: (continued)

Actual Requirements Estimated Future Requirements
Type of Load 1974 1980 1990 2000
Peak Annual Peak Annual Peak Annual Peak Annual
Demand Energy Demand Energy Demand Energy Demand Energy
Area 1000 kw Million/kwh 1000 kw Million/kwh  1000kw Million/kwh 1000 kw Million/kwh
National Defense
Anchorage 33 155 35 170 40 190 45 220
Fairbanks K1) 197 45 220 50 240 25 260
Total 75 352 B0 350 90 430 100 480
Industrial High Rate of Development Assumed
Anchorage 10 45 100 710 2,910 20,390 2,920 20,460
fairbanks - - —— — - - - -
Mid-Range Development Assumed
\n
& Anchorage 50 350 100 710 410 2,870
Fairbanks - - - - - -
Low Development Assumed
Anchorage 20 140 50 350 100 710
Fairbanks - - - - - -
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TABLE 5.1: (continued)

Type of Load

Area

Anchorage
Fairbanks
Total

Anchorage
Fairbanks
Tot al

Anchorage
Fairbanks
Total

Actual Requirements

Estimated Future Requirements

1974 1980 1990 2000
Peak Annual , Peak Annual Peak Annual Peak Annual
Demand Energy Demand Energy Demand Energy Demand Energy
1000 kw Millipn/kwh 1000 kw Million/kwh  1000kw Million/kwh 1000 kw Million/kwh
Combined Utility, National Defense, and Industrial Power Requirements
Higher Growth Rate
327 1,505 785 3,730 4,520 27,460 6,395 35,700
124 527 205 920 430 1,900 855 3,760
oST Z,032 990 4,650 4,950 79,360 ) s
L ikely Mid-Range Growth Rate
675 3,100 1,330 6,110 2,605 12,510
195 880 340 1,510 565 2,490
BT0 3,980 1,670 7,620 3,770 15,000
Lower Growth Rate
605 - 2,720 1,100 4,960 1,645 7,500
185 830 290 1,290 405 1,790



TABLE 5.2: 1976 ISER ELECTRIC POWER REQUIREMENTS PROJECTIONS

4
Ancharage,
Southcentral, Average Annual
& Fairbanks Total Epergy Sales Growth Rates ""
1975~ 1975~ 1975~
1974 1985 1995 1980 1985 1995
LOWEST 1,468 3,697 8,092 9.1 8.8 8.5 '
HIGHEST 1,468 7,787 20,984 17.6 16.4 13.5
o
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TABLE 5.3: RANGE OF RAILBELT ANNUAL CONSUMPTION

(Includes use by utility and industrial customers likely to be part of an
system. Excludes national defense and non-intertied users).

intertied

Year

1974
1980
1990
2000

Annual Consumption

[

6 to 3.4 8 kM
to 10.

0 to 22.

4
B B Kuwh
5 B kWh

B kWh

h

Compound Annuyal Growth Rate

B.4 to 13.4 (1974-1980)
9.6 to 15.3 (1980-1990)
4.0 to 10.2 (1990-2000)




TABLE 5.4: RAILBELT AREA ENERGY FORECAST
(GWHY
1977 1980 1990 2000 2025 '
(HiStoric) - - - -
Utility:
High 3,410 8,200 16,920 38,020
Mid 2,273 3,155 6,110 10,940 17,770
Low 2,920 4,550 7,070 8,110 -
Nat ional Defense:
High 348 384 425 544
Mid 338 338 338 338 338 e
Low 330 299 270 210 ;
Self-Supplied Industry:
High 170 2,100 3,590 8,490
Mid 70 170 630 1,460 3,470
lLow 141 370 550 1,310
Total:
High 3,928 10,684 20,935 47,054
Mid 2,681 3,663 7,078 12,738 21,578
Low 3,39 5,219 7,890 9,630
Trend @ 197377 annual/growth: (3,215) (10,270) (33,000) (601,000)
ﬂ
.
-
4
-

5-8 -y




1

J—

|

-~

TABLE 5.5: COMPARISON OF PAST PROJECTIONS OF RAILBELT ELECTRIE POWER

REQUIREMENTS (1980 Base Year}(1)

Annual Growth Rate of

3 (2) Net Energy Between Percent
Net Energy (10" MwH) Forecast Year & 1980 Ertor in
) forecast of
Year of Year of Forecast Implicit in Growth Rate
Case Publication Forecast for 1980 Forecast Actual to 1980 (%)
(a) 1975 1,851 . 3,240 11.9 7.3 + 63
(b) 1976 2,093 2,985 2.3 5.9 + 58
(e 1978 2,397 3,000 11.9 4.8 +148
(d) 1979 2,469 3,155 27.8 6.5 +328

(1) Assuming 1980 MNet Energy consisting of 2,390 Mwh of sales plus 10 percent

losses.

(2) Net Energy figures calculated from sales plus 10 percent for losses.
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6

- FINDINGS AND RECOMMENDATIONS

6.1 - Findings

In the preceding sections of this report ISER's projections of electric power
consumption for the Railbelt have been reviewed and evaluated. A number of
significant areas of concern have emerged:

The full range of economic scenariocs has not been estimated by the model.
Only three scenarios representing moderate government expenditure and
alternative economic growth were used in projecting future Railbelt
electricity power consumption.

The existing set of scenarios does not sufficiently cover a feasible range of
alternative futures. The high economic growth and high government
expenditure scenario is conservative. A higher growth scenarioc can be
formulated to represent stable industrial growth with higher government
expenditure without necessarily depleting the State's fund balance. At the
same time, the low growth scenario can be made lower by formulating a
scenario representing a contraction of the Alaskan economy.

There is a paucity of data for calibrating an econometric end-use model in
Alaska. The data base limits the robustness of the model, particularly the
end-use components of the model.

Recognizing that the poor data base in Alaska limits the ability to structure
an econometric end-use model in sufficient detail, the existing model is
weakest in the commercial-industrial-government component. This component at
present is highly aggregated and cannot sufficiently respond to the specific
assumptions developed in the economic scenarios. Since this component
currently accounts for about 52 percent of total Railbelt utility sales, this
deficiency is significant.

The parameter fuel mode split presently employed in the model is based on
judgemental assumptions. This parameter is too important to be made on this
basis. Fuel choice is determined on the basis of relative fuel prices and
fuel availability, which also change over time. These have not been
explicity entered into the fuel mode split parameter. Hence, the accuracy of
the assumed existing fuel mode split values cannot be realistically tested.

The model contains many assumptions about other parameter values, such as
household formation rates, appliance saturation rates, growth in appliance
size etc. which have not been fully tested. At the same time no sensitivity
analysis was conducted to understand the impact of these assumptions.

The implications of these problems in predicting future Railbelt electricity
requirements are not easy 1o assess. They regquire a thorough analysis.
However, some of the outcomes of these problems can be estimated or deduced.
These are:
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- The upper and lower bounds of the existing scenario set have been evaluatad
as approximations to the model estimations. These are estimated to be 14.0
million MWh for the upper bound and 5.4 million Mkh for the Tower bound in
year 2010. The range of forecasts is therefore wider than that provided by
ISER.

- The inclusion of a scenario with stable industrial growth and higher
government expenditure, will drive electricity consumption projections to a
level higher than the ISER upper bound. The opposite results would occur for
an economic depression scenario, where future consumption levels would be
lower than the ISER lower bound. The range of forecasts will therefore be
wider than the existing set, covering a more feasible range of alternatives.

- A thorough investigation of the fuel mode split parameter may lead to
different values than those assumed. If an analysis of price and
availability of fuels indicates that future electricity prices will be lower
than those of other subsitutable fuels, the fuel mode split would drive the
electricity projections to levels higher than the existing set. If the price
of electricity is more expensive relative to other fuels, the opposite
results would occur,

Other problems such as a poor data base, inadequate structural detail in the
commercial-industrial-government component, and untested parameter assumptions
cannot be reliably assessed without futher detailed analysis. The quality of
data base can only improve with time, but for the present only reasonable '
assumptions in the model can alleviate the problem. Other problems require a
thorough analysis to understand the extent of the implications.

6.2 - Recommendations

In view of these problems, the efficacy of ISER's projections of Railbelt
electricity power consumption is questioned. However, many of these problems
are not insurmountable and can be put to rest with greater effort. Hence we
recommend that these issues be further investigated and resolved so that the
application of the resulting projections to electricity generation planning in
the Railbelt can be undertaken with reasonable confidence.

(3]
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APPENDIX A - REVIEW OF ISER FORECASTING
MODEL

In this Appendix a detailed review of ISER's electric power consumption model
for the Railbelt region is presented. The purpose is to obtain a comprehensive
understanding of how electric power consumption forecasts in the Railbelt were
developed by ISER. The review is organized in three parts:

- Model Structure

- Scenarios and Model Parameters

- Economic Projections and Electricity Consumption Forecasts.

A.1 - Structure of the ISER Model

ISER's electric power consumption forecasting model for the Railbelt region
employs an econometric end-use (EEU) approach. EEU is based on the proposition
that energy is consumed by capital items (e.g. household appliances, space
heating systems, automobiles etc.) which perform specific activities (e.q.
cooking, heating, transportation, etc.). It has two distinct features:
econometric models which forecast future levels of economic activities and
end-use models which forecast future amount and type of energy consumed in the
pursuit of economic activities. '

In ISER's model structure, the prediction of future levels of economic activity
(e.g. employment, population, households, and housing stock) by region is
obtained by four models in the following sequence: ‘

- the Man-in-the-Arctic Model (MAP)

- Household Formation Model

- Regional Allocation Model

- Housing Stock Model.

Future levels of electricity consumption are projected by end-use models which
consist of six components:

- Residential Non-space Heating Electricity Requirement

- Residential Space Heating Electricity Reguirement

Commercial Industrial Electricity Requirement

Miscellaneous Electricity Requirement

Military Net Generation.

Self-sufficient Industry Net Generation

The summation of the first four end-use components will produce total utility
sales for the Railbelt region: the total electric power consumption for the

A-1



region is obtained by adding Military and Self-Supplied Industry Net Generation
to total utility sales.

The basic structure of ISER's econometric end-use model is illustrated in Figure
A.l1. A brief description of the individual moaels is provided below.

A.1.1 - The MAP Economic Model

MAP is an econometric model of the State of Alaska developed by ISER for
the Man-in-the-Artic Program. The model consists of three interrelated
components:

- economic model

- demographic model

- fiscal model

The significance of MAP lies in its projection of future economic activity
which is used for electricity consumption forecasting.

In the economic model, the economy is divided into basic and non-basic
sectors. The basic sector is comprised of the following industries:

mining

agriculture - forestry - fisheries

manufacturing

federal government

export component of construction and transportation.

The level of output in the basic sectors is determined outside the economic
model. The non-basic sectors of the model are:

wholesale and retail trade

- finance - insurance - real estate

- services

- communication

- utilities

- endogenous construction and transportation.

The level of economic model simultaneously determines income, output and
employment Tevels for the State.

The demographic model projects population levels on the basis of future
births, deaths and migration. Future births and deaths of the civilian
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population are determined by age-sex-race fertility rates and survival
rates; the national increase in population is the number of births net of
deaths. Total civilian population is obtained by adding net civilian
migration to the national increase. Net migration is determined by the
relative economic opportunities in the state. Finally, total population is
obtained by adding total civilian population with an exogenous estimate of
military population.

The fiscal model is the final component in the MAP model. The model cal-
culates taxes, personal expenditures, state government employment and
government expenditures on capital improvements. These calculations are
based on an assumed state spending rule. The model is linked to the as-
sumed economic model by providing information on taxes and capital improve-
ment expenditures; the former is used to calculate disposable income, while
the latter is used to determine part of construction employment.

In the present study, the MAP model has been updated to incorporate the
most recent information. This updating included a respecification of
equations in order to capture the buoyancy of the economy in the post pipe-
line period. The fiscal model has also been modified to reflect changes in
tax regulations which essentially eliminated individual income taxes for
State residents.

A.1.2 -~ Household Formation Model

The household formation model determines future household levels on the
basis of future population and the age-sex distribution. It is an
accounting model which depends on the cohort specific rate of household
formation, and changes in those rates. Input is required from the MAP
model in the form of projected level and age-sex distribution of the pop-
ulation. The structure of the model is presented in Table A.l.

A.1.3 - Regional Allocation Model

This model regionalizes the economic projections to determine the level of
economic activity in the Railbeit. The method used is a regional shares
model. Regional shares are estimated as a function of basic sector
activity and dummy variables representing comparative advantage and scale
of regional economy. The estimation is based on pooled-time series cross-
section technique because of short data series and the need to capture
regional variation.

The model consists of four eguations which regionalize the following:

direct support sector employment including construction and trans-
portation (RESA)

?ther)support sector employment, e.g. trade services, finance, etc.
RESB

population (RPOP}

State and local government employment (REGSL).
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The functions of these eguations are specified as shown in Table A.2.

The regions defined in this model are Anchorage, Kenai, Seward, Matanuska,
Fairbanks and Valdez. Regional totals are obtained by multiplying State
totals with regional shares.

A.l.4 - Housing Stock Model

The housing stock model projects the number of households by region and the
distribution of households by housing type. The housing types included in
this model are single-family, dupiex, multi-family, and mobile homes.

The projection of total number of households for different regions by the
model is obtained by dividing the regional population by population per oc-
cupied dwelling unit. On-base households are assumed to be constant over
the forecasting period and subtracted from total households to find total
of f-base households {see Table A.3).

Housing stocks are projected for off-base households only. The methodology
is based on stock adjustment technigue. The technique attempts to incor-
porate factors such as income, family size, tenure, and changes in housing
type distribution.

A series of equations make up the model as shown in Table A.3. Initially,
the model postulates that the demand for housing type T T is
the product of the total housing units (HH;) and the demané coefficient
for type T (HDT ). Next, the initial stock of housing of type i in any
pefiod is defined as 1ast period's housing stock of that type

i ( )) minus the removals from the s%ock since the previous
period. The net demand for_type T ND is defined as the total
demand of ?ou51ng type T (HT) less the 1n1t1a1 housing stock of
type el i

Construction of new housing is determined by the net demand. If the net
?nd for all types of housing is positive, new construction
Cj) equals net demand plus the equilibrium amount of vacant
hou51ng However, if the net demand for a particular housing type is neg-
ative, an adjustment is required. The adjustment assumes that single-
family mobile homes, multi-family, and duplexes are close subsitutes.

This means that when one housing type has excess supply, it is filled by
households with the other housing type demand. Once these adjustments are
made, new construction occurs.

A.1.5 - Residential Nonspace Heating
Electricity Requirements Model

This model includes the following appliances:
- water heater

- rdnge {cooking)
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- clothes dryer
- refrigerator

- freezer

- dishwasher

- clothes washer
- television

- air conditioner

small appliances

The electricity requirement for appliance type j at time t for region r is
the product of five factors:

number of households (HHy)

appliance saturation rate (Sj )

fuel mode split (FMS j,e,t)

average annual consumption (KWHj,t)
- average household size (AHSjt).
The equation is shown in Table A.4 (a).

Note that AHSit equals 1 for clothes washer, water heater and clothes
dryer, and 0 %or others. Total electricity requirements is the sum of all
appliances Jj. :

This model is linked to the MAP model through the household variable
(HHt). The remaining variables such as appliance saturation rates
(Sjt), fuel mode split (FMS j o t) and average annual

consumption (KWHj t) are exogéndusly determined. A brief explantion
is given below.

Saturation rates on major appliances were estimated for 1978 to represent
current usage rates since current data on saturation rates were not
avaitable. The estimation was based on past trends in saturation rates in
Alaska, other States and national trends; two years' data, 1960 and 1970,
were used. Future Alaskan saturation rates were projected in a similar
manner following the long-run national trend.

Fuel mode split was calculated as the proportion of appliances of type j,
which use electricity. Data to calculate current fuel mode split for

major appliances were not available and hence 1960 and 1970 Alaskan Census
of Housing data were used. An important element in calculating future mode
split is the future stock of appliances using electricity. The future
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stock is estimated by a stock adjustment method which embodies an explicit
assumption on proportion of new appliances using electricity.

Average annual electricity consumption of appliances is calculated as a
function of the age distribution of the appliance stock and the electicity
requirement for each vintage. In estimating electricity requirements for
new appliances added to the stock, Federal mandatory improvements in

appliance efficiency and changes in appliance size are two important
factors taken into account.

A.1.6 - Residential Space Heating
Electricity Requirements

The residential space heating model is disaggregated into four housing
types:

single family

duplex

multi-family

mobile home.

The electricity space heating requirement for housing type J is defined as
the product of the following factors:

- number of housing units of type j (HTj)
- fuel mode split {FMSj o t)
- average level of consumption (KWHj ¢).

The model is Tinked to the housing stock model through the housing unit
variable. Other components are determined exogenously and a brief
explanation is given below.

The fuel mode split is calculated as the proportion of houses using
electricity for space heating in housing type j. The number of houses
using electricity in future years is obtained by a stock adjustment method.
Implicit in this method is the assumption concerning fuel mode split of new
houses of type j added to the stock.

Electricity requirement per unit of housing type J is calculated as the
weighted average of the per unit reguirement of space heating appliance of
the different vintages in the stock. The electricity reguirement for each
vintage is based on, among other factors, the Federal mandatory energy
savings.

A.1.7 - Commercial-Industrial-Government
Electricity Reguirement Model

Total electricity requirements for the commercial-industrial sector are
defined as the product of non-agricultural wage and salary employment and
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average electricity consumption per employee (see Table 4.4.(b)).
Electricity consumption per employee is a function of time and
implementation of conservation standards. This implies that new
electricity users in this sector will have different electricity
requirements than previous customers,

A.1.B - Miscellaneous Electricity
Utility Sales Model

This model estimates two remaining sectors of electricity consumption:
street 1ighting and recreational homes. Street 1ighting reguirement in
time t is calculated as a fixed percentage of the total of residential
(space heating and non-space heating) and commercial-industrial-government
electricity requirement. Recreational home consumption is calculated as
the product of a fixed level of electricity consumption and a fixed
proportion of households in time t.

A.1.9 - Military Electricity
Requirements

For a number of reasons, including a lack of historical data series, no
model was built to correlate military electricity consumption with causal
factors. Hence, future electricity requirements for the military are
assumed to be the same as the current level.

A.1.10 - Self-Supplied Industrial
Electrical Requirements

No model was built to project future self-generated electricity for
industry. Existing users are identified and current electricity
consumption is determined from APA sources. New users and consumption
levels are identified from economic scenarios.

A.2 - Economic Scenarios

Three economic growth scenarios and three state government fiscal scenarios were
formulated for MAP. These-represent a total of nine economic scenarios.

The economic growth scenarios describe the alternative futures of basic sector
industries in the state economy. Different assumptions on future employment and
output for basic sector industries such as mining manufacturing, agriculture,
forestry, fisheries, federal government, exogenous construction and exogenous
transportation define high, moderate and low growth scenarios. In defining
these scenarios, special projects and other economic events expected to occur
prior to 2000 were identified. The following is a brief description of the
timing and nature of future projects for each scenario.

A.2.1 - Low Economic Growth
Scenarios

Low growth assumes the following events to take place for each of the
exogenous industries. (See also Figure 4.2).
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(a)

(c)

(d)

Mining

Prudhoe Bay Petroleum Production - Production from the Sadlerochit

formation and Kaparuk formation is assumed. Construction of the
project will take place during 1982 to 1984 with peak employment

of 2917 in 1983. Mining employment for 1980 to 2000 assumes a long
run average of 1802 per year.

- Upper Cook Inlet Petroleum Production - Declining oil production
will be replaced by rising gas production to maintain current Tlevels
of employment. Employment for 1980 to 2000 will be 705 workers per
year. -

- Other Mining - Reduction in mining employment will take place as a
result of Tand policy or world market conditions. Employment will
decline at 1 percent per year from present levels.

Agriculture -- Forestry -- Fisheries

- Agriculture - Unfavorable conditions for agricultural development
will occur. Agriculture will disappear in Alaska by 1992.

- Forestry - This is a small component and is discussed under
manufacturing industry.

- Fisheries - Existing fishery industry levels will be maintained but
no bottom fish deveiopment will occur. Employment will remain at
1000 per year.

Manufacturing

- Seafood Processing - Moderate growth in seafood processing will take
place to accommodate the expanding catch in existing fisheries. A
22 percent increase is assumed during 1980 to 2000.

- Lumber--Wood Products--Pulp - Japanese market conditions and the
Forest Service allowable annual cut will increase employment levels
to accommodate production of 960 million board feet of Tumber.

- Petrochemicals - Current developments in Kenai will continue. No
expansion 1S expected.

- Other Manufacturing - Extension of existing production for local
markets is assumed. Output will grow at 1 percent per year.

Federal Government

Civilian employment is assumed to grow at .05 percent per year while
military employment levels will stay constant.

Exogenous Construction

This portion of the industry is that which serves special projects.
Two projects are envisaged:
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TransAlaska Pipeline - Although completed in 1977, additional

construction of four pump stations is assumed. Construction will

be completed by 1982 with employment for 90 workers annually.
Pipeline operations will also employ 1000 people annually during the
forecast period.

Northwest Gasline - Construction of a natural gas pipeline from

Prudhoe Bay and an associated gas facility on the North slope from
1981 to 1985 will take place with peak employment of 7823 in 1983.
Operations will begin in 1986 continuing to 2000 with employment for
400 petroleum workers and 200 transport workers. )

(f) Exogenous Transportation

This portion of transportation is that which serves special
construction projects. These are the TransAlaska Pipeline and the
Northwest Gasline. Only the operations employment levels are included
as exogenous transportation.

A.2.2 - Moderate Economic Growth

Scenario

This scenario reflects a faster growth rate than the low scenario. The
economic events envisaged to take place during 1980 to 2000 are described
below (see also Figure 4.2).

(a) Mining

Prudhoe Bay Petroleum Production - Same as in Low Growth Scenario.

Upper Cook Inlet Petroleum Production - Same as in Low Growth
Scenario.

National Petroleum Reserve in Alaska Petroleum Production -
Pertroleum production will continue in two fields with 1.2 billion
barrels equivalent of oil and gas. Leased between 1995 and 2013,
development will begin in 1998. Average mining employment of 286 a
year from 1998 to 2000 is assumed.

Quter Continental Shelf (0CS) Petroleum Production - Production in
six OCS Tease scale areas i1s assumed, with mining employment peaking
at 4,900 workers in 1990.

Beluga Coal Production - Moderate development of coal for export is
assumed, with operations employment of 210 per year from 1988 to
2000.

Other Mining - No expansion is assumed. Employment will stay"
constant at current level of 2350 per year.

Agriculture--Forestry~-Fisheries

Agriculture - Low development is assumed because of priorities to
recreation or lack of markets. Employment will grow to 1037 by
2000.



Forestry - Discussed in manufacturing sector.

Fisheries - Existing fishery levels will be maintained and

bottom-fishery industry will expand. Employment levels will
increase to 1228 by 2000.

Manufacturing

Seafood Processing - Expansion of existing fisheries and

bottom-fishery will lead to increased outputs for existing fisheries
by 149 percent and for bottom-fishery by 49 percent, between 1980
and 2000.

Lumber-Wood Products-Pulp - Same as in low scenario.

Petrochemicals - Expansion is assumed to take place with the

development of a Pacific LNG facility, a fuels refinery in the
Alpetco project and LNG facilities associated with OCS activity in

Western Alaska. The Alpetco and Pacific LNG projects will create

operations employment of 518 per year starting in 1985 and 100 per
year starting in 1986, respectively.

Other Manufacturing - Expansion of manufacturing of locally consumed

goods will take place. Output will increase at 2 percent per year.

Federal Government

Same growth as in low scenario.

Exogenous Construction

Northwest Gasline - Same as low scenario.

Alpetco Project - Construction employment will be 900 per year from

1982 to 1984.

Pacific LNG Project - Construction will take place during the period
from 1982 to 1984, with peak employment of 1323 per year in 1984.

OQuter Continental Shelf Petroleum Production - Construction
employment wili peak at 3,300 workers in 1992.

National Petroleum Reserve in ATaska - Construction employment is
mentioned but no figures are given.

Beluga Coal Production - Construction will take place during the
period from 1985 to 1[990, with peak employment of 400 in 1987.

Exogenous Transportation

As in low scenario, this sector includes the operations employment
for the TransAlaska Pipeline and the Northwest Gasline,
Transporation employment in OCS petroleum development is also
included.
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A.2.3 - High Economic Growth

Scenario

This scenario represents the fastest rate of economic growth. Greater
economic expansion in the state is envisaged. The nature and timing of
economic events are described below {see also Figure 4.3)

(a)

Mining

- Prudhoe Bay Petroleum Production - Same as low and medium scenario.

- Upper Cook Inlet Petroleum Production - Same as low and medium
scenarios.

- National Petroleum Reserve in Alaska - Production is assumed in five
fields with a total reserve of 2.5 million barrels equivalent of oil
and gas. This project will begin in 1985 with average mining
employment of 460 per year.

- Quter Continental Shelf Petroleum Production - Production is assumed
In eleven OCS lease scaie areas with different start-up dates
beginning in 1979. Mining employment will peak at 9066 per year in
2000.

- Beluga Coal Production - Major development of Beluga coal for export
will take place during 1988 to 2000, with mining employment of 379
per year.

- U.S. Borax Mining - Development and exploration is assumed to begin
in 1980. Mining employment of 440 per year will begin in 1993.

~ Other Mining ~ Other mining opportunities will expand with
employment growing at 1 percent per year.

Agriculture--Forestry--Fisheries

- Agriculture - Major development of agriculture will take place in
EiasEa. Employment will reach 4600 by 2000.

- Forestry - Discussed in manufacturing sector.

- Fisheries - Level of employment in existing fisheries will be
maintained. Major development of bottom fishery will take place,
with employment in fisheries increasing to 1350 by 2000,

Manufacturing

- Seafood Processing - Because of expansion in fisheries, the seafood

processing industry will increase output by 157 percent between 1980
and 2000.




- Lumber-Wood Products-Pulp - Due to favorable markets and increased

annual allowabte cut, employment will expand to accommodate an
annual cut of approximately 1.3 million board feet by 2000.

Petrochemicals - Two petrochemical projects over and above that
described in the medium scenario are included. The first is a
moderate petrochemical facility at Fairbanks employing 600 workers
per year between 1987 and 2000. The second is a major development

of the Alpetco project employing 1925 workers per year between 1987
and 2000.

Other Manufacturing - OQutput in other manufacturing is assumed to
increase at 3 percent per year to serve local markets.

(d) Federal Government

Civilian federal government employment is assumed to grow at 1
percent per year. Military employment will remain constant.

(e} Exogenous Construction

Northwest Gasline - Same as low and medium scenarios.

Alpetco Project - Major development will increase construction

activity from 1982 to 1986. Construction employment will peak at
3,500 per year.

Pacific LNG - Same as medium scenario.

Quter Continental Shelf Petroleum Production - Increased development

will require construction empioyment to peak at 5,300 per year in
1992.

National Petroleum Reserve - Construction employment will increase
because of increased development.

Beluga Coal Production - Construction will peak at employment of 400
in 1987.

State Capital Move - The movement of the state capital to Willow
will begin in 1983 and be completed in 1996. Construction
employment will reach a peak of 1560 per year in 1990.

(f) Exogenous Transportation

A.2.4.

Employment in exogenous transportation is assumed to be higher than
the medium scenario. This increase is attributed tc-expansion of
(CS production in eleven lease scale areas.

- State Government Scenarios

In defining scenarios for State government expenditures, ISER mentions that
past state fiscal policy is not appropriate for determining future
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policies. Two reasons are given: first, the production at Prudhoe Bay has
led to state revenues overtaking state expenditures and this will continue
to increase in future; second, the establishment of the Permanent Fund, tax
reduction programs, and wealth sharing programs will constrain the use of
petroleum revenues.

ISER, therefore, assumes that future state fiscal policy can follow one of
three separate directions. These directions are defined by the growth of
real per capita state expenditures. They assume that real per capita
expenditures consume a growing, constant, and declining proportion of real
per capita income. Hence, three scenarios for state government expenditure
representing high, medium and low are established.

A.3 - Housing and Population

Model Parameters

A.3.1 - Household Formation

This model requires two sets of parameter assumptions: initial household
formation rates and yearly changes in those rates. The initial set of
household formation rates is derived from the 1970 census (Bureau of
Census, 1970 Census of Population Detailed Characteristics: Alaska, 1972).
The yearly changes in household formation rates are based on estimates by
the Bureau of Census (Bureau of Census, Projections of the Number of
Households and Families 1979 to 1995, 1979) and are assumed to be constant

throughout the forecast period. Both sets of parameters are shown in
Tables A.5 and A.6.

A.3.2 - Regional Allocation

Regional shares for population (RPOP), direct support sector employment
(RESA), other support sector employment (RESB), and State and local
government employment (REESL) are estimated by a pooled time series-cross-
section technigue. These equations are reproduced in Table A.7 (DA, DK,
DS, OM, DF and DF represent dummy variables for Anchorage, Kenai, Seward,
Matanuska, Fairbanks, and Valdez, respectively).

A.3.3 - Housing Stock

Housing stock projections are determined by the following parameters:

number of pecple per occupied dwelling

- number of people per occupied dwelling unit (PPODU) to determine the
number of households in a given regional population

- removal rates to determine proportion of houses removed from the housing
stock

- vacancy rates to determine number of vacant housing

- housing demand coefficents (HDT) to determine demand distribution by
housing type.
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The initial people per occupied dwelling unit rates are shown in Table
A.8. Future housing removal rates were assumed to grow toward the U.S.
average of between two and four percent for a five-year period. These
rates are shown in Table A.9.

Two vacancy rates representing normal and maximum vacancies were used. The
normal vacancy rates were based on ten-year U.S. averages for owner and
renter units (Bureau of the Census, Housing Vacancies: Fourth Quarter,
1979, 1980). Maximum rates were based on Anchorage experience {Anchorage
Real Estate Research Report, 1979). The assumed rates are also shown in
Table A.9.

Housing demand coefficients by housing type were determined by housing
choice regressions. [ata from existing survey data for Anchorage and a
1978 Anchorage Population survey conducted by the Urban Observatory of
Alaska were used in the regression. Housing choice was specified as a
function of age of household head and family size. The derived equations
are shown in Table A.10.

A.4 - Electricity Model Parameters:

A.4.1 - Base Case

Energy consumption.behavior in the base case is based on a number of
assumptions which generally reflect a continuation of existing trends and
federal energy conservation programs. One of the most important
assumptions in the base case is that the present relative price of
electricity is projected to continue into the future so that no major shift
toward or away from electricity usage occurs. Detailed assumptions
employed are discussed in the ISER report. The following presents the
parameter values assumed by ISER:

{a) Residential Non-Space Heating

A Targe number of parameters enter this model. These are divided into
major appliances and small appliances. For major appliances the

par ameters are:

- appliance saturation rates

- conservation target fof new appliance

- appliance lifetime

- appliance capacity growth rates

- incremental mode split

- household size adjustment factor

- appliance consumption in 1980

- average annual new appliance consumption

- historical electric appliance stock growth rates.

A-14

o |

o |

[

PR |

FENS |

wed

. |



T

g

??r""“"]

For small appliances, the parameters include:

- average annual consumption level in 1980

- annual increment to small appliance consumption.

These parameters are shown in Table A.11 and A.12. The assumptions
and data used to calculate these parameters are discussed extensively

in Appendix E.1 of the ISER report.

Residential Space Heating

Parameters used in this model consist of the following:

average annual unit consumption in 1980 by housing type

- average annual unit consumption in 1985 by housing type

- growth in unit size

- average unit lifetime

- incremental mode split

- conservation target for new appliances

- retrofitting co-efficients.

These parameters are reproduced in Table A.13. The assumptions and

data sources used in the calculation are comprehensively discussed in
Appendix E of ISER's report.

- Commercia]-Industria1-Governmenf

Parameters used in this model are:

average consumption per employee for 1980

average consumption per employee for 1980-1985

subsequent increases to incremental consumption per employee

design performance efficiency targets.

Electricity consumption parameters are estimated by using historical
Railbelt employment data and historical electricity consumption data
for commercial-industrial-government customers. Incremental
consumption in future are assumed to reflect trends during the period
1973 to 1978. Design and performance efficiency standards are based
on a review of national studies on potential energy conservation
impacts of Federal conservation programs in the commercial, industrial
and government sections. The review leads to a set of assumptions on



electricity requirement reduction for new buildings. The calculated
paraneters are shown in Table A.l4. e

(d) ~ Miscellaneous

This small category consists of street 1ighting and second homes
electricity sales. Street lighting is assumed to 1 percent of all

e ]
other end-use components. For second homes, the parameters are 3
difficult to estimate because of intractable data. It is therefore b
assumed that 25 percent of households have second homes {based on
census information) and that 50 percent are located in the Railbelt. ?%
o
A.4.2 - Case of Price Induced Shift to Electricity
-y
For this scenario, ISER conducted a background review of factors involved L
in the choice of space heating. A number of factors were identified, o
the most important being the system cost, which includes the initial
capital outlay and lifetime fuel costs. Recent relative prices of fuel in ~
the Railbelt were examined and it was discovered that natural gas was 3

cheapest wherever it was available, while fuel 01l and electricity varied
according to different parts in the Railbelt. In most areas, the price of ™
electricity was higher than fuel oil. Where the prices of fuel 0il and ‘
electricity were comparable the electricity was produced by cheap natural
gas or coal. :

B

e
For electricity to become the lease expensive space heating fuel in .
different parts of the Railbelt, it was found that the prices of fuel 0il
and natural gas would have to change in the follcwing directions: o
- Anchorage - relative price of natural gas to be increased 3 times i
L]
- Fairbanks - relative price of fuel o0il to be increased 2-1/2 times v
- Glennallen-Valdez - relative price of fuel 0il to be increased 3-1/2

times. -

In an attempt to provide greater insight into future changes of relative

prices and availabity of fuel, the conditions under which such changes -
could take place were reviewed. However, no attempt was made to analyze i
how these cenditions would change in future; instead, it was assumed that o
electricity would become less expensive than other fuels.

-
4
(a) -~ Parameters for Price o
Induced Shift
L8
Parameter values are based on the assumption that the price 4
advantage of electricity will occur during the forecast period but ¢
will not be of a substantial magnitude. This leads to a shift
towards electricity for space heating beginning in the period 1995 ?@
to 2000 for Anchorage and Fairbanks, and 1990 to 1995 for .
Glennallen- Valdez. The shift is assumed to follow the natural gas
pattern observed in Fairbanks in the early 1970's where new -
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installations were predominant but existing units were not
retrofitted. In addition, the relative price advantage of
electricity will enable electric appliances tc be more attractive.
Therefore, the incremental mode splits for water heaters and cooking
appliances also increase during the pericd. It is also assumed that
the shift towards electricity will take place only in the
residential sector.

A.5 -~ Economic Projections

The forecasts obtained by the ISER model are presented below:

A.5.1 - MAP Projections

The MAP model projects future economic activity for the period 198C to
2000, Nine economic scenarios were formulated to bound the continuum of
alternative economic growth scenarios in Alaska. Accordingly, nine
projections of population and employment were cbtained. Three projections
representing high, moderate and low economic growth plus moderate
government expenditure scenarios and two projections representing upper
{(high economic growth and high government expenditure) and Tower bounds
(Tow economic growth and low government expenditure) are shown in Table
A.16.

As a check for consistency in these projections, ISER examined whether the
State could make the required level of expenditure without running out of
money or requiring large increases in taxes. The check indicated that the
State's fund balance is positive in all scenarios in 2000. The lowest
level of fund balance is $48.8 billion {current dollars) and this occurs in
2000 for the high economic growth-high government expenditure scenario.

A.5.2 - Future Household Formation

Nine projections of household formation based on alternative economic
scenarios were produced by the household formaticn model for the period
1680 to 2000. Three projections representing moderate government
expenditure plus alternative economic growth scenarios, and two projections
representing upper and lower bounds are shown in Table A.17.

A.5.3 - Regional Growth

The projections of state population and employment were regionalized by the
regional shares model for Anchorage, fFairbanks and Valdez regions.

Although nine economic scenarios were formulated, only three scenarios were
run through the regional shares model for the period 1980 to 2000. These
scenarios are those representing high, moderate, and low economic growth
with moderate government expenditure. The reason given for choosing thess
scenarios is that they reflect the most likely range of future growth.
percent Projections beyond 2000 were assumed to grow ai 1 percent, 2
percent and 3 percent for the three scenarios. These projections together
with future households by regions (estimated by housing stock model), are
shown in Table A.18.



A.5.4 - Future Railbelt Housing

Stock

Future Railbelt housing stocks are projected by the housing stock model for
three economic scenarios. The scenarios are the same as those used in
regional projections, and the forecasts are broken down by housing type and
different regions of the Railbelt. The projections are shown in Table

A.19.

A.6 - Future Railbelt Electricity Consumption

A.b.1

- Base Case

Model parameters representing the base case are combined with three
econamic scenarios to produce electricity consumption farecasts by end-use
sectors. The forecasts are discussed below:

(a) -

Residential Nonspace Heating

Electricity consumption forecasts are produced for major and small
appliances for Anchorage, Fairbanks and Valdez regions. These
forecasts are shown in Table A.20. Large appliances consistently
consume more electricity than small appliances for all scenarios.
In terms of regions, Anchorage consumes more elactricity for
appliances compared to other regions because of greater household
concentration. For the Railbelt as a whole, this end-use sector is

expected to consume electricity ranging from G.7 million MWh to 1.1

million MWh in 2010.

Residential Space Heating

Future residential space heating electricity reguirements for
Anchorage, Fairbanks and Valdez regions are shown in Table A.Z21.
Anchorage accounts for a substantial portion of electricity
consumption because of greater household concentration. Electricity
consumption in this end-use sector for the Railbelt will range from
a Tow of 1 million MWh to a high of 1.6 miilion Mkh in 2010.

Commercial-Industrial-Government

Future electricity reguirement in this sector is shown in Table
A.22. Again, Anchorage accounts for a substantial portion followed
by Fairbanks and Valdez. For the Railbelt region, electricity
requirement is expected to range from a low of 3.4 million Mdh to a
high of 7.1 million MWh in 2010.

Miscellaneous

This sector which accounts for street lighting and electricity for
recreational homes is relatively small. Forecasts are shown in
Table A.?23.
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te) - Military and Self-Supplied
Industrial

The forecasts for these two sectors are shown in Table A.24.

A.6.2 - The Case of Price-Induced Shift Toward
Electricity

The shift toward electricity case is estimated only for the residential
sector with a moderate growth scenaric. The forecasis are shown in Table
A.25.

A.6.3 - Summary of Electricity Consumption
Forecasts

Future total utilitly sales for the Railbelt by end-use sectors are shown
in Table A.25. Future utility sales by regions in the Railbelt and
military plus self-supplied industrial net generation are summarized and
shown in Table A.26.
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TABLE A.1 - HOUSEHOLD ORMATION MODEL

(CNNP;; - CPGD;;) HHR;j; + (NAIPy; - NPGO;

ij
+ MG

j?

total number of households in the State
civilian non-natives in sex cohort j and age cohort 1.

civilian non-natives in group quarters in sex cohort i and age
cohort j.

civilian non-natives household formation rate in sex cohort i and
age cohort j.

natives in sex cohort i age cohert j.
natives in group quarters in sex cohort i and age cohort j.

natives household formation rates in sex cohort i and age cohart
J-

military household in sex cohort i and age cohort j.
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TABLE A.2 - REGIONAL ALLOCATION MGDEL

RESA; = f (LRPOP;, L298;, Di)

RESB; = f (RR3EB;, LRPOP;, Di)

RPOP = f (RESBJ, RReEBj, Di)

REGSLi = f (LRPOPi, Di)

where:

RESA = direct support sector emplayment including construction and
transportation

RESB = other support sector employment, e.g. trade services, finance etc.

RPGP = population

REGSL = state and lacal government employment

LRPOP; = lagged share of population in region i

L298; = lagged share af change in total employmént in region

D; = dummy variable for region i

RR3EB; ; share of basic sector employment in region i
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TABLE A.3 - HOUSING STOCK MODEL **j
{a) Number of Households r%
THH; = POP;/PPOOU Y
HH; = THH; - BHHj
where: S
[ ]
THH; = total number of households in region 1
POP; = population in region i
PPD&Ui = population per occupied dwelling unit in region i
HH, = total off-base households in region 1
BHHi = on-base households in region 1
(b) Demand ”%
— P
T T e
H. = HH * HD -
i i i
T T T ! %
S, =5 (-1) -5 % -
i i i
-
TooT T o
ND, =H, -5 \
1 1 1
NCT = NDT + ¥ o HT'
i i i i
where:
~
LA
HI = demand for housing type T in region i 4
HDl = demand coefficent for type T in region i -
SI = initial stock of housing ‘yé
r = number of removals
ND; = net demand |
NCI = new unit housing
ViHI = unit, minimum amount of vacant homes. f@

g

v d

o
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(a)

{b)

TABLE A.4: ELECTRICITY REQUIRMENTS MODELS

= HHe * Syp * FMS * KWH; o * AHS;

= The electricity requirement for appliance type j

= total electricty requirements for appliances j

= commercial-industrial-electricity

nonagricultural wage and salary employment in time t

Residential NonSpace Heating
REQs, ¢ k
REQe = E.j REQj, t
where:
REQ; ¢ °
J» N X
at time t for region r
HH. = number of households
Sjt = appliance saturation rate
FMSj,e,t = fuel model split
KNAj t = average annual consumptiocn
’
AHSj,t = average household size
REQg
Commercial -Industrial-Government
CIREQy = EMg * CIKWH
where:
CIREQ:
EMt =
CIKWH

= average electricity consumption in time t
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TABLE A.5: 1970 ALASKA CIVILIAN POPULATION HOUSEHOLD FORMATION RATES (HHR, ;)

NON-NATIVE NATIVE
Male Female Male Female

0-1 o g 0 0
1 -9 0 0 o) 0
5-9 D 0 0 0
10-14 .001 .007 .003 0
15-19 040 .018 .017 .006
20-14 .583 .107 .238 .069
25-29 . 900 .109 .576 .082
30-34 .933 .17 . 746 .095
35-39 .955 126 .881 119
40-44 .962 133 .894 .120
45-49 L963 . 148 .907 .139
50-54 . 964 164 .922 . 149
55-59 .956 .207 .947 .296
60-64 .956 245 .926 313
85 + .885 .320 .B16 .385
SOURCE: Bureau of the Census, 1970 Census of Population Detailed

Characteristics: Alasks, 1972, Table 155,
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TABLE A.6: YEARLY PERCENT CHANGE IN HOUSEHOLD FORMATION RATE (CHHR; ;)

NON-NATIVE
Male Female

g -1 8] g
1 -5 g 9]
5 -9 0 0
10-14 1.002 1.045
15-19 1.002 1.045
20-14 1.002 1.045
25-29 1.000 1.045
30-34 1.001 1.040
35-39 1.000 1.027
40-44 1.000 1.027
45-49 1.001 1.012
50-54 1.001 1.012
55-59 1.001 1.000
60-64 1.001 1.000
85 + 1.001 1.000
SOURCE :

NATIVE

Male Female

0 0

o 0

0 0
1.001 1.028
1.001 1.028
1.081 1.028
1.002 1.028
1.001 1.024
1.000 1.016
1.000 1.0186
1.000 1.006
1.000 1.006
1.000 1.000
1.000 1.000
1.000 1.000

Bureau of the Census, Current Population Reports Series P-25, No. 805,
Projections of the Number of Household and Families, 1979 to 1995, May 1279.
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TABLE A.7: REGIONAL ALLOCATION MODEL PARAMETERS

REGSL = .246 * ] LRPOP + .224 % ] DA + .124 * QF .025 * DK
{3.48) (6.99) (10 a7} (3. 56)

+ .027 * OM + .06% * DS + .018 *1DV
(3.15) (1.41) (Z.x8)

RESA = 1. 357 * 1298 + .744 T LRPOP + .148 * DA + .045 * OF

(4.73)" (3.44) (1.67) (1.27)
+ .025 % DK - ,008 * DM - .003 * DS + .003 * DV
(2.36) (-1.07) {-.45) (.45)

RESB = .269 * LRPOP + .086 * RR3EB + .409 * DA + .111 * DF
(3.26)] (1.31) (11.46)" (1.9431

+ 017 * DK + .007 * DM + .004 * DS + .06 * Dy
(3 74) (1 95) (1 19) (1. 94)
RPOP = .290 * RESB + .157 = RR3EB + . ]3 * DA + 073 * DF
(4. 70) (7 93) {5.78) (4. 58)

+ 2029, % DK + .022 * QM + 005 * DS + .012 ¥ DV
(7.38)1 (6.81) (1.59) (3.45)]

1+ statistic in parentheses significant at greater than 55 percent.
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TABLE A.8 INITIAL PEOPLE PER QCCUPIED DWELLING UNITS

1 2 3 4
Greater Anchorage Fairbanks Valdez Rest of State
3.03 3.0 3.1 3.5

1Weighted average of rates found in: Anchorage Municipality, 1978 Population
Profile, 1978 (for Anchorage): Kenai Borough, Profile of five Kenal Peninsula
Towns, 1977 (for Kenai and Seaward): and Rivkin Assoclates, WoTkbook on Ehe
Economic and Social Impacts of the Capital Move aon Juneau and the Mat-ou

Borough, 1977 (Tor Matanuska-5usitna;.

ZAssumes Fairbanks pecple per occupied dwelling decreased at same rate as the
U.S. average between 1970 and 1%77; the 1977 rate was .91 less than in 1970 for
the United States.

M. 8aring-Gould, Valdez City Cenus, 1978
4yeighted average for the nonrailbelt area of the state in the 1970 census

{3.7) assumed to decline at one-half the rate of the decline of the United
States.
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TABLE A.9 ASSUMED HGUSING REMOVAL AND VACANCY RATES

Removal Rates

1975-1980 1980-1985 1985-1990 1950-1995
1.0% 1.25% 1.50% 1.75%

Vacancy Rates

Single Family 1.1 3.3
Multifamily 5.4 16.0
Duplex 3.3 10.0
Mabile Home 1.1 3.3
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TABLE A.10: HOUSING CHOICE REGRESSIONS

Single Family
SF = .461 - .303 * ST - ,175 % 52 + .08 * S4 + .182 * A2

(70.36)] (20.52)1 (1.87y  (12.2a)]
+ 317 * A3 + 380 * A4 ﬁz ~
(47.33) {43.85) -
Multifamily
MF = .383 + .225 * ST &+ .086 * S2 - .09 * S4 ~ ,203 *» A2
1 1 1
(50.75) (6.46) {3.07) {19.84)
=2
- .280 ? A3 - .3521* AL R =
{(47.96) (49.02)
Mobile Home
MH = .097 + .068 * ST + .039 * S2 + .014 * S4 + .008 * A2
1
{7.0m) (1.98) {.121) {.043)
-2
.020 * A3 - 0716 * A4 R =
(.366) (.151)
Family Size Age of Household Head
51 <2 A2 25-30
S2 -3 A3 30-55
S4  5¢ A4 55¢<

153

.128

.0a5



TABLE A.17: MODEL PARAMETERS: RESIDENTIAL NON-SPACE HEAT APPL IANCES ey
Parameter Region
rarameter s
Greater Greater Glennallen- s
Anchorage Area Fairbanks Area Valdez Aresa
Saturation Rates (Sj ) -
WATER 1980 .99 .97 91 k!
HEATER 1985 1.00 .99 .94
1990+ 1.00 1.00 1.00
o=
COOKING 1980+ 1.00 1.00 1.00 ;
CLOTHES 1980 .71 .67 .49
DRYER 1985 .72 .69 .52
1990 .73 .71 .54 -
1995 .74 .72 .56 i
2000 .75 .73 .58
2005 .76 74 .60
2010 .77 .75 .62 -
REFRIG- 1980+ 1.80 1.00 1.00
ERATOR
1980 .46 45 .46
1985 .48 .48 .49 e
1990 .51 .57 .52 S 2
1995 .52 .53 .54 s
2000 .55 .55 .56
2005 .57 .57 .58
2010 .58 .59 .60
DISHWASHER 1980 .49 .38 .15 i
1985 .54 44 .24
1990 .59 .50 W32
1995 .63 .55 .39
2000 .67 .60 W45
2005 .71 .64 .51
2010 T4 .68 56
A-30
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TABLE A.11: (continued)

Parameter

Reaion

Greater Greater
Anchorage Area Fairbanks Area

Glennallen-
Valdez Area

=

-

T

1

Saturation Rates (S t)
Js

CLOTHES 1980 W77 .75 .66

WASHER 1985 .78 .76 .68
1990 .79 .77 .70
1995 .80 .78 .72
2000 .81 .79 .73
2005 .82 .80 74
2010 B3 .81 75

TELE- 1980 1.50 1.51 .85

VISION 1985 1.55 1.56 1.00

1990 1.60 1.80 1.10
1995 1.64 1.64 1.19
2000 1.68 1.68 1.27
2005 1.7 1.71 1.34
2010 1.74 1.74 1.41

AIR-CON- 1980+ o] .01 a

Incrementsl Electrical

Appliance Mode Split kmSlj,e,t)

mSlWH 1980+ .35 .05 .04

msiC 1980+ .66 .85 .04

mSiCD 1980+ .90 .98 .79

msi (other) 1980+ 1.0 1.0 1.0

A-31



TABLE A.11: (continued)

Parameter Region
Greater Geeater Glennallen-
Anchorage Area Fairbanks Area Valdez Area

Average Annual Appliance

TOT New ADpliances (CSj,1930)
Water Heater .14
Cooking 03
Clothes Dryer 0e
Refrigerator .29
Freezer .21
Dishwasher .18
Clothes Washer .29
Television .32
Air Conditiocner .21
Average Annual New

Appliance Consumption

Tk 5 7985)
Water Heater .005
Cooking g
Clothes Dryer 0
Refrigerator .0
fFreezer 01
Dishwasher Water .005
Clothes Washer 0
Television 0
Air Conditioner G

A |

-y
s |

R |

3

e

S |

\:.‘Mi."'.-.'.. -

.~




TABLE A.17: {continued)

Parameter Region
Greater Greater Glennallen-
Anchorage Area Fairbanks Area Valdez Area

Conservative Target for New

-~

I T

1

Appllances (csj,1955)

Water Heater
Cooking
Clothes Dryer
Refrigerator
Freezer
Dishwasher

Diswasher Water
Clothes Washer
Clothes Washer Water
Television

Air Conditioner

Growth in Appliance
Size (kwhgj)

Water Heater
Cooking
Clothes Dryer
Refrigerator
Freezer
Dishwasher

Dishwasher Water
Clothes Washer
Clothes Washer Water
Television

Air Conditioner

A-33

3,475
1,200
1,000
1,250
1,350

230

700
70
1,050
400
400

3.650
1,250
1,000
1,560
1,550

230

740
70
1,050
400
400



TABLE A.11: (continued)

Parameter

Region

Greater
Anchorage Area

Greater
Fairbanks Area

Glennallen-
Valdez Area

Average Annual Appliance

for New Appliances \CSj’]gag)

Water Heater
Cooking
Clothes Oryer
Refrigeratoar
Freezer

Dishwasher
Clothes Washer
Television
Air Conditioner

Average Annual New
Appllance Consumption
(kHh 5 1985

dater Heater
Cooking
Clothes Dryer
Refrigerator
Freezer

Dishwasher Water
Clothes Washer
Television

Ait Conditioner

A-34

4
.03
.06
.29
.21

.18
.29
.32
.21

.005

§ &u£!
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Parameter

TABLE A.11: {continued}

Region

Greater
Anchorage Area

Greater
fairbanks Area

Glennallen-
Valdez Area

Average Lifetime

of Appliance (exj)

Water Heater
Cooking
Clothes Dryer
Refrigerator
fFreezer

Dishwasher
Clothes Washer
Television
Air Conditioner

Historical Electric

Appliance Stock
Growth Hates (gj)

Water Heater ) .05
Cooking .35
Clothes Dryer .06
Refrigerator .05
Freezer .05
Dishwasher Water .09
Ciothes Washer .06
Television .07
Air Conditioner 0

10
10
15
15
20

10
10
10
10

a3
.03
.04
.03
.03

.04
.04
.04
.03

.15
8
.14
10
1

.25
.12
.20




TABLE A.123

MODEL PARAMETERS: SMALL RESIDENTIAL APPLIANCES

Parameter

Average Annual Con-
sumpt ion Level
W

Electric lights

Assorted appliances

Annual Increment to
Ssmall Appliance
Consumption (nKWH}

Regian

Greater

Anchorage Area

Greater
Fairbanks Area

Glennallen-
Valdez Area

1,000
1,010

50

A-36

1,000
1,466

70

1,000

1,333

70




TABLE A.13: MODEL PARAMETERS: RESIDENTIAL SPACE HEATING

Parameter Region
Greater Greater Glennallen-
Anchorage Area Fairbanks Area Valdez Area

- - —y -

7

~

o

Average Apnual
Unit %onsumpflon

(Existing Units) (kwhj 19g0)

Single Family
Duplex
Multifamily
Mobile Home

Average Annual
Unit %onsumption

(new Units) (kwhj’1985)

Single Family
Duplex
Multifamily
Mobile Home

Growth in Unit Size (kwhgj)

Single Family
Duplex
Multifamily
Mobile Home

Average Unit lifetime {exj)

Single Family
Duplex
Multifamily
Mobile Home

36,500
24,200
17,100
27,300

40,100
26,600
18,800
30,000

48,200
31,900
21,200
36,900

53,000
35,100
23,300
40,600

.01
.01
.01
.01

20
20
20
20

33, 300
21,900
14,600
25,400

36, 600
24,100
16,100
27,500
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TABLE A.13: {continued)
]
4
Parameter Region
~ -
Greater Greater Glennallen- 3
Anchorage Area Fairbanks Area Valdez Area 3
[ncremental flectrical
Appliance Mode Split (m51j’e’t,) rﬂ
msi .19 .01 .02 Lsd
"S1sF 1980+
] . a
™S1pp, 1980+ 19 0
i . g Q
MS1vr, 1980+ 19
i .19 g a
TS1uH, 1980+
Conservation Target
for New Appliances (cs;, 1985,
Single Family .05
Duplex .G5
Multifamily .05
Mcbile Home 0
Utilization Rates (UTj,e,t) ¢
1 N
UTsr 1980+ =
1 1 -
YTop, 1980+ -
7 i
YTur, 1980+
] o
UTMH,1980+ .
~
2
b
1
8
™
“
A-38

]
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[=
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T

Parameter

TABLE A.13: (continued)

Region

Greater
Anchorage Area

Greater
Fairbanks Area

Glennallen~
Valdez Area

Retrofitting Coefficients

m
(rEtj !evt)

ret1980 .02
5F,1985

Lot 1980 , 0
DP, 1985

rot 1980 0
MF, 1985

1980
T2t 1985 0

A-39

.04

.03
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TABLE A.14: COMMERCIAL-INDUSTRIAL-GOVERNMENT MODEL PARAMETER

Parameter

Average Cansumpticn per
employee In 1980

Average Consumption rate

Regien

Greater
Anchorage Area

Greater
Fairbanks Area

Glennallen-
Valdez Area

for 1981 to 1985
incremental employees

Subsequent Increases to

Incrementai Consump-
tion Rate (NKWA)

Design and Performance

Lfficiency lArgets

1985
1550

1995+

10.675

15.156

3.020

.05

A-40

10.983

18.537

3.707

.05

9.178

12.979

2.596

.05
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TABLE A.15: PARAMETER VAULES: THE PRICE INDUCED SHIFT TOWARD ELECTRICITY
TUNSOMPTION IN THE RESIDENTIAC SEUTUR CASE

Parameter Region
Greater Greater Glennallen-
Anchorage Area Fairbanks Area Valdez Area
SPACE HEAT

Incremental mode split (mSij,t)
SINGLE FAMILY

1985 .19 01 .02
1990 .19 .01 .02
1995 .19 01 .9
2000+ .19 .9 .9
DUPLEX
1985 .19 g a
1990 .19 C 0
1995 .19 o .9
2000+ .9 .9 .9
MULTIFAMILY
1985 .19 0 a
1990 -19 g 0
1995 .19 8] .9
2000+ .9 .9 .9

MOBILE HOME

1985 .19 01 a

1990 .19 .01 g

1995 .19 .01 .9

2000+ .9 .9 .9
APPLIANCES

Tncremental mode split (msij o ¢)
WATER HEATING

1985 .35 <5 4
1990 .35 .5 4
1995 .35 .5 .9
2000+ .9 .9 .9
COOKING
1985 .66 .85 .4
1950 .66 .85 N
1995 .66 .85 .9
2000+ .9 .85 .9
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TABLE A.16: MAP PROJECTIDUNS

Employment
1980 211 21 21 21 211
1985 231 244 262 29 304
1990 238 254 281 330 354
1995 259 287 329 405 445
2000 288 332 372 455 510
Population;
1980 422 422 422 422 422
1985 467 481 504 536 550
1990 490 512 547 615 645
1995 528 565 625 733 786
2000 514 636 700 831 908
LE-LG - Low Economic Growth - Low Government Expenditure
LLE-MG - Low Economic Growth - Moderate Government Expenditure
ME-MG - Moderate Fconomic Growth - Moderate Government Expenditure
HE-MG ~ High Economic Growth - Moderate Government Expenditure

HE-HG - High Economic Growth -~ High Government Expenditure



Year

1980
1985
1990
1995
2000

* LE-LG
LE-MG
ME-MG
HE-MG
HE-HG

TABLE A.17: HKOUSEEOLD FORMATION*

133 133 133 133
153 158 165 175
167 174 87 210
186 200 222 262
211 235 260 312

Low Economic Growth - Low Government Expediture

Low Economic Growth - Moderate Government Expenditure
Moderate Eccnomic Growth - Moderate Government Expenditure
High Economic Growth - Moderate Government Expenditure
High Eccnomic Growth - High Government Expenditure

A-43
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TABLE A.18: REGIONAL PROJECTIONS

2010 4,455 9,829 3,705 6,384 13,65 5,116 10,677 18, 396 7,001

Low Econonic Growth-Mod. Mod. Economic Growth-Mod. High Economic
Govi. Expenditures Govt. Expenditures Growth-Mod. Govi. Expenditures
Employment  Population  Households Employment  Population  Households Employment  Population  Households
ANCHORAGE :
1980 102,529 219,303 68,224 102,529 219,303 68,224 102,529 219,303 68,224
1985 111,118 248,850 85,177 119,352 260,034 85,805 132,186 275,848 89,515
1990 116,939 265,539 94,528 128,267 282,766 97,827 148,498 314,247 108,048
1995 134,425 293,381 108,377 151,735 322,582 116,718 185,601 375.483 136,364
2000 157,268 329,865 127,099 173,021 361,239 137,172 21,011 - 427,146 163,560
2005 165,290 346,691 133,582 191,029 398,837 151,449 248,203 502,433 192,388
! 2010 173,722 364,376 140, 396 210,912 440,348 167,212 291,950 590, 989 226,278
L
: FAIRBANKS
|
{ 1980 29,641 59, 268 17,114 29,641 59,268 17,114 29,641 59, 268 17,114
s 1985 36,508 70,276 21,152 38,813 73,072 22,118 43,223 78, 354 24,121
£ 1990 37,270 74,187 23,530 40,485 78,911 29,330 47,638 88,555 28,711
1995 41,729 B1,966 27,433 46,840 89,840 30,414 57,492 104,87 36,287
2000 48,326 92,159 32,7112 53,068 100,111 35,843 65,852 118,836 43,716
2005 50,791 96,861 34,381 58,591 110,531 39,574 77,459 139,782 51,422
2010 53,382 101,802 36,134 64,134 122,035 43,692 91,111 164,419 60,836
VALDEZ
1980 2,146 5,821 1,876 2,146 5,821 1,878 2,146 5,821 1,878
1985 2,967 6,739 2,255 3,782 8,063 2,698 7,464 9,660 3,182
1990 3,528 7,163 2,49 ©4,241 8,768 3,099 7,323 11,080 3,830
1995 3,932 7,914 2,853 4,713 10,003 3,628 7,358 12,467 4,522
2000 4,033 8,898 3,354 5,237 11,201 4,197 7,717 13,296 5,060
2005 4,239 9,352 3,525 5,782 12,367 4,634 9.077 15,640 5,952



TABLE A.19: RAILBELT HOUSING STOCK FORECASTS (00D)

(a) Low Econ. Growth-Med. Govt. Expend.

Anch. Fair., Vald. Total Anch. Fair. Vald. Total Anch. Fair. Vald. Tokal Anch, fair. Vald. Total

Single Family 37 9 .5 47 50 1 .7 62 66 15 1.1 82 72 17 ‘1.3 90
Multi-Family 19 5 .2 24 25 7 .3 32 36 10 .5 47 40 1 .6 52
Mobile Home 9 2 .6 12 12 3 .6 15 16 4 .6 21 18 5 .7 24
Duplex 6 1 .2 7 6 1 .2 7 9 2 .2 12 10 2 .2 12

{b) Mod. Econ. Growth-Mod. Govi. Expend.

Anch, Fair. Vald. Total Anch. Fair. Vald. Total Anch, Fair. Vald, Total Anch. Fair. Vald. Total

Single Family a7 53 12 9 65 72 17 1.5 N 88 21 1.9 i
- Multi-Family 24 28 7 N 35 41 10 .7 52 50 14 .9 65
& Mobile Home 12 12 3 .7 16 18 5 .6 24 22 6 .8 29
Dupléx 7 7 1 2 8 10 2 .2 12 12 2 .3 14

(c) High Econ. Growth-Mod. Govt. Expend.

Anch. Fair, Vald. Tot al Anch. Fair. Vald. Tatal Anch. Fair. Vald. Total Anch. Fair. Vald. Total

Single Family 47 58 14 1.2 73 85 20 1.9 107 18 29 2.7 150
Multi Family 24 31 9 .5 41 49 14 .9 64 68 19 1.3 88
Mobile Family 12 14 4 .8 19 21 6 .4 28 29 8 11 38
bBuplex 7 7 i .2 8 12 2 .2 14 17 3 .3 20
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TABLE A.20: FUTURE RAILBELT BESIDENTIAL NON-SPACE HEATING ELECTRICITY REQUIREMENTS

e i ) .

| (a) Low Economic Growth-Moderate Govermment Expenditure

Large Appliance All Appliance

Year Anc. Fair. Vald. Total Anc. Fair. Vald. Total for Railbelt

o anc

| 1980 382 95 6 483 144 41 3 188 671
1985 444 318 8 570 i93 58 5 256 826

M 1990 489 135 g 633 238 73 6 317 350

) 2000 675 194 12 a85 385 125 9 519 1404

= 2010 795 230 15 1040 494 165 12 671 1711

|

t
{b) Moderate Economic Growth ~ Moderate Government Expenditure

) . .

: Large Appliance All Appliance

E Year Anc. TFair. baIE. Total Anc. Fair. Vald. TJotal for Railbelt
1980 382 95 6 483 144 41 3 188 &671

“

1985 464 123 g 596 203 60 5 268 B64

) 1990 523 142 10 675 255 78 7 340 1015

= 2000 793 21 15 979 427 137 12 576 1555

¢ 2010 975 278 2% 1274 604 200 17 821 2095

L]

! {c} High Econcmic Growth - Modsrate Government Expenditure

|

) Large Appliance All Appliance
Year Anc. Tair. Eala. Total  Anc, Fair, Vald, Total  for Railbelt

=

1980 B2 95 13 483 144 41 3 188 671

I s
1985 485 134 " 630 211 66 6 283 913

g 1990 574 162 13 749 282 89 9 380 1129

| v

‘ 2000 886 257 18 © 1181 509 167 14 690 1851

) 2010 1302 387 28 1717 817 278 23 1118 2835

&

o=

i

i

=

e

!

?n

;

;




TABLE A.27:

FUTURE RAILBELT RESIDENTIAL SPACE HEATING

ELECTRICAL REQUIREMENTS

{a) Low Growth
Year Ane Fair. Vald. Tctal
1980 395 51 0 446
1985 476 48 0 524
1950 539 a4 C 583
2000 816 24 1 840
2010 982 12 1 995
{b) Moderate Growth
Year Anc. Fair. Vald, Total
1980 395 51 - 446
1985 508 48 - 556
1990 578 44 1 623
2000 906 25 1 932
2010 1198 15 2 1215
{b} High Growth
Year Anc. Fair. Vald. Total
1980 395 51 0 446
1985 229 48 1 569
19390 &40 45 1 686
2000 1076 27 1 1104
2010 1623 21 2 1646
A-47
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TABLE

4,22

COMMERCIAL - INDUSTRIAL-GOVERNMEMT REQUIREMENTS

{a) Low Economic Growth-Moderate Government Expenditure

Year Anc. Fair. Vald. Total

1980 366 255 27 1248
1585 1113 389 39 1541
1990 1218 408 44 1670
2000 2060 686 57 2803
2010 2487 857 66 3410

(b) Moderate Economic Growth - Moderate Government Expenditure

Year Anc. Fair. Vald. Total
1980 9686 255 27 1248
1985 1238 C 43 49 1718
1990 1397 470 56 1923
2000 2319 792 73 3184
2010 3361 1161 g9 4561

o~
(e}
—

figh Ecoromic Growth - Moderate Government Expenditure

Year Anc. Fair. Vald. Total
1980 966 255 27 1248
1985’ 1432 513 97 2042
1990 1719 509 35 2423
2000 2991 7070 102 4163
2010 5094 1874 168 7136



TABLE A.23:

MISCELLANEQUS ELECTRICITY REGUIREMENTS

(a) Low Economic Growth-Mcderate Government Expenditure
Year Anc. Fair. Vald. Total

1980 20 4 1 25

1985 3 6 ] 30

199¢C 26 7 ! 34

2000 41 11 | 53

2010 49 13 1 63

(b) Moderate Zconomic Growth - Moderate Government Expenditure
Year Anc. Fair. Vald. Total

1980 20 4 1 25

1985 25 7 1 33

1990 29 8 1 38

2000 L6 12 1 59

2010 63 17 1 81

(c) High Economic Growth - Moderate Government Expenditure
Year Anc. Fair. Vald. Total

1985 20 4 i 25

1985 28 8 1 37

1990 34 9 1 44

2000 57 i6 1 74

2010 EX 16 2 119

A-49
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TABLE A.24: FUTURE MILITARY AND SELF-SUPPUIED INDUSTRIAL REQUIREMENTS

Year

1980
1585
1990
1995
2000
2005
2010

Military

Net Generation

Self-Supplied

Industry Met Generation

Moderate High
571 847
571 847
571 981
571 581
571 921
571 981
571 981
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TABLE A.25: RAILBELT UTILITY SALES PROJECTIONS BY END USE SECTION (103 Mwn)

(a) THE BASE CASE

Low Economic Growth Moderate Economic Growth High Fecanomic Growth
Moderate Equipment Expenditure Moderate Equipment Expenditure Moderate Equipment Expenditure
Commerical Commercial Commercial
Year Resident ial Industriatl Misc. Total Residential Industrial Misc. Total Residential Industrial Misc. Total
1980 1117 1248 25 2390 117 1248 25 2390 17 1248 25 2390
1945 1350 1541 30 2921 1533 1718 33 3171 1482 20042 37 3561
1990 1533 1670 34 3237 1638 1932 38 3599 1815 2423 44 4282
2000 2244 2803 53 5100 2487 3184 59 5730 2959 4165 74 7166
2010 2706 3410 63 6179 33510 4561 a1 7952 4481 7136 119 11736
Annual
Growth
Rate 3.0% 3.4% 3.1% 3.2% 3.7% 4.4% 4.,0% 4. 1% 4.7% 6.0% 5. 3% 5. 4%

(b) PRICE INDUCED SHIFT TOWARDS FLECTRICITY

MODERATE _FCONOMIC GROWTH SCENARIO - MGDERATE GOVERNMENT EXPENDITURE

Year Commercial -~ Industrial - Government
1980 1248
1985 1718
1990 1923
2000 3184
2010 3561

R0 BENETS NS I
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TABLE A.26: PROJECT ELECTRIC UTILITY SALES AND MILITARY
PLUS SELF-SUPPLIED INDUSTRIAL NET GENERATION (10° Mwh)

Utility Sales

Total Military Self-Supplied
Anchorage+ Glennallen-  Utility Net Industry Net
Anchorage Fairbanks Fairbanks Valdex 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 3,471 334 571
H 2,676 769 3,445 116 3,561 847
M-£ 2,438 669 3,107 64 3,11 571
1990
L 2,510 666 3,176 60 3,236 414
M 2,782 742 3,524 75 3,599 334 571
H 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 14537 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
L = Low Economic Growth - Moderate Government Expenditure
M = Mnderate 1 " " " ”
H = High " n — ” " il
M__E - Mﬂderate n " - L " "

with shift to electric space and appliances in residential

sector.
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INPUT VARIABLES

GROWTH SCENARIOS FOR :

* MINING « EXOGENQUS CONST.
« MANUFACTURING AND TRANSPORTATION

MODEL OUTPUT

MAP MACRC MODEL

+ AGRICULTURE  * STATE GOV'T.
- FEDERAL GOV'T. * STATE GOV'T. CONST.

POPULATION, EMPLOYMENT, FISCAL
VARIABLES

HOUSEHOLD FORMATION RATE

HOUSEHOLD FORMATION

L/

—
—

CIVILIAN NON-NATIVE HOUSEHOLDS
NATIVE HOUSEHOLDS
MILITARY HOUSEHOLDS

HOUSING CHOICE ( REGRESSIONS)

ELECTRICITY END USE MODEL

DUMMY VARS. FOR POOLED TIME SERIES REGIONAL ALLOGATION
MODEL -
. INITIAL PEOPLE- PER DWELLING UNIT .
- HOUSING REMOVAL RATES e
* VACANCY RATE ™ HOUSING STOCK MODEL -

REGIONAL SHARE OF POPULATION
REGIONAL SHARE OF STATE EMPLOYMENT
REGIONAL SHARE OF DISTRICT SUPPORT
EMPLOYMENT (E.G. CONST. & TRANSR)

REGIONAL SHARE OF OTHER SUPPORT
EMPLOYMENT (EG. RETAIL, FINANCE,ETC.)

£5-Y

TOTAL NO OF HOUSEHOLDS BY REGION
HOUSING TYPES BY REGION:

» SINGLE FAMILY » MULTI-FAMILY

* DUPLEX = MOBILE HOMES

APPLIANCE SATURATION RATES
FUEL MODE SPLIT
APPLIANCE AVERAGE ANNUAL ELECTRICITY

RESIDENTIAL NON-SPACE -

HEATING ELECTRICITY
REQUIREMENT MODULE

CONSUMPTION

ELECTRICITY REQUIRED BY REGION FOR:
+ WATER HEATER < DISHWASHER

« CLOTHFES WASHER « TELEVISION

» CLOTHES DRYER » FREEZER

- COOKING RANGE ~ AIR CONDITIONER
» REFRIGERATOR  * SMALL APPLIANCES

PROPORTION USING ELECTRIC SPACE HEATING
AVERAGE LEVEL OF CONSUMPTION
UTILIZATION RATE

RESIDENTIAL SPACE HEATING
ELECTRICITY REQUIREMENT

MODULE

ELECTRICITY REQ. FOR SPACE HEAT FOR:
* SINGLE FAMILY  » MULTI-FAMILY
- DUPLEX « MOBILE HOMES

AVERAGE ELECTRICITY
CONSUMPTION PER EMPLOYEE

COMMERCIAL- INDUSTRIAL

ELECTRICITY REQIREMENT MODULE

ELECTRICITY REQUIRED FOR COMMERCIAL
INDUSTRIAL-GOV'T SECTORS BY REGION

% OF TOTAL RESIDENTIAL & COMMERCIAL
ELECTRICITY REQUIRED

STREET LIGHTING & RECREATIONAL

HOME MODULE

STREET LIGHTING & RECREATIONAL
HOMES ELECTRICITY REQ BY REGION

% OF HOUSEHOLD ELECTRICITY REQUIRED

ISER ECONOMETRIC END-USE

FORECASTING MODELS

FIGURE A-I
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APPENDIX B

CRITIQUE OF ISER
REPORT BY ALASKA PACIFIC BANK

AUGUST 27, 1980




B

~ Subsidiary of Alaska Pacific Buncarporation

August 27, 1980

Mr. Eric Yould
Executive Director
Alaska Power Authority
333 West Fourth Avenue
Anchorage, Alaska 99501

Dear Eric:

Concerning the employment and population projections prepared by

_ISER which you sent for our review, I would agree with you that

they appear low. Generally speaking, we can make a strong case

for a version closer to their high economic development/high
government spending scenario.

while we are not prepared to provide you with detailed
projectons, it is my comment that a more aggressive estimate for
Alaska average annual employment growth between 1980 and 1985
would be about 6.5%. I would expect this average annual.rate of
growth to slow somewhat during the 1985-1990 period, to perhaps
the 5.5% area, unless, of course,” we can count on some definite
progress in our resource development projects. That represents

at least a 6% average annual rate of growth for Alaska employment
during the decade of the 1980's

Beyond 1990, an average annual rate of growth in the neighborhcod
of 3.5% for each of the five-year periods may be a conservative
number, but the current uncertainty associated with our future
development makes it a minimum rate. KXeep in mind, also, that
any growth during that period will be advancing from a higher

base which, no doubt, will translate into a slower rate of
change.

Obviously, these rates of growth reflect the assumption for
gasline construction in the mid-1980's. However, as you know,
there are a myriad of other energy resource related projects
possible in Alaska in the future, and although the employment
impact of these separate projects probably will be less
significant than the trans-Alaska oil pipeline constructiocn
project, each event can be expected to make its own contribution.
Unfortunately, the timing of these major events is the one factor
missing from any analysis, and, therefore, more precise
employment forecasting at this time is difficult and perhaps




Mr. Eric Yould
August 27, 1980
Page 2 of 2

misleading. I note, however, that ISER omits discussion of a gas
liquids project per se, and I find it difficult to believe that
federal government employment in Alaska will slow as suggested.

In terms of the population impact of future development 1in
Alaska, the average annual rates of growth may be closer to 4%
for the 1980's and 2% for the 1990's. Obviously, once again
these numbers dépend on various resource development assumptions,
but for your information they result from a population to
employment ratio of 2.2 in 1985 and 2.0 in 1990.

The chart below summarizes this brief analysis.

Estimated
Average Annual Rates of Growth
Alaska Alaska
Employment - Population
1960 -~ 1970 5% 1960 ~ 1970 3%
1970 - 1980 6% 1970 - 1980 3%
1980 - 1990 6% 1980 ~ 1990 4%
1980 ~ 1985 6.5% 1980 - 1985 3.9%
1985 - 19980 5.5% 1985 -~ 1990 3.7%
Beyond 1990 3.5% Beyond 1990 2%

Generally speaking, the ISER pattern of growth appears reasonable
if the majority of our resource development for the time being
takes place 1in the mid-80's, followed by a period of slower
growth 1in the late 1980's absent any new, major projects.

However, as stated above, the huge gquantity of Alaska's
energy-related resources augers for our future development at
some point. Therefore, it would seem reasonable that Alaska's

near-time future employment growth can be expected to remain at
least as healthy as it has been in the recent past.

I remain available to you 1if you wish to discuss these estimates
further.

Sincereyy,
17 :
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M. L. Couch
Assistant Vice President
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A Projection of Requirements"
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Craig W. Xirkwood
F. Perry Sioshansi

July 1980

Woodward-Clyde Consultants
3 Embarcadero Center, Suite 700
San Francisco, CA 9411l



INTRODUCTION

This document constitutes the written critique of the University of
Alaska Institute of Social and Economic Research (ISER) final report
[S. Goldsmith and L. Huskey, "Electric Power Consumption for the Railbelt:
A Projection of Requirements," May and June 1980] as required by Section
1.1.5 of the Scope of Work for agreement no. P5700.10.21 between Woodward-
Clyde Consultants (WCC) and Acres American Incorporated (Acres). In
accordance with a letter of May 14, 1880 from Acres, this review is brief.
Primarily it is an update of WCC's review of the ISER draft report [C. W.
Kirkwood and F. P. Sioshansi, "Review of ISER Draft Report', April 1980j.
For a complete review of the ISER electric demand forecasting work, this

earlier document should be read in conjunction with the current critique.

The conclusions reported here are based on a review of all three
parts of the ISER final report: the Executive Summary dated May 16, 1980,
the main body dated June 1580 and the Technical Appendices dated May 23,
1580. Additional perspective was gained by WCC attendance at a workshop
for Railbelt utility representatives on June 10, 1980 and a public work-
shop on June 11, 1980. At these workshops Scott Goldsmith of ISER present-

ed the results of the ISER study and answered questions.

s

i
i

[

g
i
i

i,

R A;x;



T

P e

R

REVIEW CONCLUSIONS

ISER's work is the first attempt to construct an econometric/end use
electric energy demand forecasting model for the Alaska Railbelt. It is
the most comprehensive look at future Railbelt electric energy needs to
date. Given the difficulty of obtaining much of the needed data and the
limited time available, the ISER work is a major achievement. However,
there are significant limitations in the work which restrict its useful-
ness in a study of alternatives for meeting the Railbelt's future need

for electric power.

Most of our conclusions reported earlier regarding the work discussed
in ISER's draft report apply to the final report as well. In particular,

we conclude the following:

o ISER's overall approach, utilizing economic and populatiom
prcjections coupled with an end-use model to forecast total
electric energy demand, is sound.

o The modeling work suffers from a lack of some important data
and the poor quality of other data. Substantial improvements
in this would require an ongoing data collection program over
a period of years.

e It does not appear that a structured approach was used to
develop input scenarios regarding possible future development
in the Railbelt. In particular, the scenarios appear to
represent only the personal professional views of the authors
with no systematic attempt to incorporate other points of
view.

8 Uncertainties associated with the forecasts are treated in a
crude manner. Because of this it is difficult to determine
the significance of thesé uncertainties for power system planning.

® Only very limited sensitivity analysis was carried out to study
the implications of varying the input assumptions used in the
forecasting model.

e For the above reasons, the forecasts made by ISER are not neces-
sarily superior to those provided by a simpler analysis approach.



IMPLICATIONS OF OTHER WORK

The ISER final report contains a summary of other electric demand
forecasting studies that have been carried out for the Railbelt. In
general, previous studies have forecast greater future demand than the

current ISER study.

At the utility and public workshops, Professor Goldsmith commented
that he believes other studies done during the last decade were overly
influenced by the high rate of development occurring during the oil
pipeline construction pericd. However, he also noted that the scenario
approach to forecasting, which is used in the ISER work, mav be myopic
and, as é result of this, underestimate future growth. He discussed
steps taken in the ISER study to counter this tendency. In addition,

he noted that previous studies that used the scenario approach have not

systematically underestimated the Railbelt growth that has actually occurred

to date, although the details of the growth have. turned out to be some-

what different than what was forecast.

An important reason for the differences in forecasted energy demand-
growth between the ISER study and previous studies is the difference
in forecasted population growth. The factors influencing future popula-
tion growth in the Railbelt are subject to many uncertainties. The
assumptions about these factors that were made in the ISER study should
be given cafeful consideration since the authors of the study have
considerable knowledge and experience regarding Railbelt development.
However, as the utility and public workshops made clear, there are other
reasonable points of view about these factors that might lead to substan-

tially different forecasts of future electric energy demand.
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STRENGTHS AND LIMITATIONS OF ISER WORK
