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9.0 THE MISCELLANEOQUS MODULE

MECHANISM

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

INPUTS AND OUTPUTS

This module uses the forecasts of electrical requirements of the residen-
tial and business sectors and the vacant housing stock. The only output is
miscellaneous requirements. Table 9.1 provides a summary of the inputs and
outputs of this module.

TABLE 9.1. Inputs and Qutputs of the Miscellaneous Module

a) Inputs
Symbol Name From
ADBUSCON Adjusted Business Requirements Program-Induced

Conservation Module

ADRESCON Adjusted Residential Requirements Program—Induced
Conservation Module

VACHG Vacant Housing Housing Module

b) Outputs
Symbol Name To
MISCON Miscellaneous Requirements Peak Demand Module

MODULE STRUCTURE

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

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

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

i = subscript for load center
t = forecast period (1,2,3...,7)
s1 = street Tighting parameter.

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

SHRj = sh x CHH;j. x shkWh (9.2)
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where

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

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

VHR;4 = vh x VACHG; 4 (9.3)
where
VHR = vacant housing requirements
YACHG = number of vacant houses

vh assuned consumption per vacant dwelling unit.

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

MISCON;y = SRip + SHRjy + VHRiy (9.4)

where
MISCON = miscellaneous electricity consumption.

PARAMETERS

Table 9.2 gives the parameter values used for the Miscellaneous Module.
These parameters are all based on the authors' assumption because no other
source of information is available. Tillman (1983) found that Anchorage
Municipal Power and Light has a conservation program in place to convert city
street lights from mercury vapor lamps to high-pressure sodium lamps, resulting
in some savings of electric energy. This is considered to be a one-shot
success whose total impact grows proportionately to street lighting demand.
Even since this program was instituted, miscellanecus demand has continued
to grow. It is assumed that the effects of additional requirements for
street 1ighting will partially offset the effect of conservation, and that
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TABLE 9.2. Parameters for the Miscellaneous Module

Symbo1l Name Value
51 Street 1ighting(?) 0.01
sh Proportion of households having a second home(b) 0.025
shkWh Per.unit second-home consunption(b) 500 kWh
Vh Consumption in vacant housing(¢) 300 kWh

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

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

{c) Author assumption. Reflects reduced level of use of all
appliances.

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

Large industrial demand for electricity in the RED model is not provided
by the model itself; rather, the model provides for a data file called EXTRA
DAT, which is read by the program each time a forecast is made. The model user
supplies a "most 1ikely" default value forecast of electricity energy and
demand at system peak to the EXTRA DAT file for each load center he wishes to
include in the model run. If he wishes to develop a Monte Carlo forecast, he
must also supply forecasts for higher and lower probability conditions. These
exogenous estimates can be assembied from any source; however, they should be
consistent with the economic scenario used in any given model forecast. This
was done for the 1983 update.

The EXTRA DAT data set has other uses. Although military demand for
electricity in the Railbelt historically has been self-supplied, the model user
could test the effect of military demand on utility sales or total Railbelt
demand by adding military annual energy and peak to the exogenous forecast for
each Toad center. Self-supplied industrial energy can be handled in a similar
fashion. Finally, EXTRA DAT can be used to account for cogeneration of
electricity and for utility load management. The model user only needs to
estimate the effect of such projects for 1980, 1985, 1990, etc. on annual
energy sales and load at the time of year when the electrical system peak load
occurs. He then subtracts these estimates from his estimates of Targe indus-
trial (plus military) annual energy and demand at system peak and enters the

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

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

MECHANISM, STRUCTURE, INPUTS AND OUTPUTS

The user supplies data for the file EXTRA DAT for each load center and
forecast period on net total industrial, military, agricultural, transportation
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_annual energy demand at system peak {net of cogeneration effects) for each load
center for cumulative probabi]ities'of 0.75, 0.5 (default value), and 0.25 that
demand will be greater than or equal to the value specified. The model then
adds these estimates to the appropriate reports in the forecast results.

Inputs and outputs are identical. Outputs are supplied to the Peak Module (to
calculate system peak demand) and to the report writing routines.

PARAMETERS

There are no parameters in the RED model large industrial demand

calculations.
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11.0 THE PEAK DEMAND MODULE

Up to this point, only the method to forecast the total amount of electri-
city demanded in a year has been considered. However, for capacity planning,
the maximum amount of electricity demanded (or peak demand) is probably more
important. Peak demand defines the highest rate of Consumption.of electric
energy during the year. As identified in RED, it does not include losses of
energy in transmission.

MECHANI SM

Unlike the Lower 48, where utilities frequently have done extensive cus-
tomer time-of-day metering and other analyses to estimate peak demand by
customer type and end use, the Railbelt utilities have virtually no information
on peak demand by type of customer and end use. Conseguently, the RED model
does not forecast peak demand by end use; instead the Peak Demand Module uses
regional load factors to forecast peak demand. The load factor is the average
demand for capacity throughout the year divided by the peak demand for capacity
in the year. RED first calculates the peak demand without the peak savings of
program-induced conservation. Next, the peak savings of the incremental pro-
gram-induced conservation are calculated, taking into account the mix of con-
servation technologies being considered. Finally, by netting out the peak
savings, RED calculates the peak demand the system must meet.

INPUTS AND QUTPUTS

Table 11.1 provides a summary of the inputs and outputs of the Peak Demand

Module. The load factors (LF) are generated by the Uncertainty Module, whereas

the aggregate peak correction factor (ACF) comes from the Conservation

Module. The business, residential, and miscellaneous requirements (BUSCON,
RESCON, and MISCON) come from the Business, Residential, and Miscellaneous
Modules, whereas the conservation-adjusted requirements (ADRESCON and ADBUSCON)
come from the Conservation Module. The outputs of this module are 1) the peak
demand in each regional load center at the point of sale to final users, and

2) the incremental peak savings of subsidjzed conservation.
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TABLE 11.1. - Inputs and Outputs of the Peak Demand Module

a) Inputs
Symbol Name From
LF Regional Joad factor Uncertainty Module
RESCON Residential requirements prior to Residential
adjustment for subsidized conservation Consumption Module
BUSCON Business requirements prior to adjustment  Business
for subsidized conservation Consumption Module
ADRESCON  Residential requirements adjusted for Conservation Module
subsidized conservation
ADBUSCON  Business requirements adjusted for sub- Conservation Module
sidized conservation '
ACF Aggregate peak correction factor Conservation Module
b) Outputs
Symbo1l Name TO
FPD Peak demand Report
PS Incremental peak savings Report

MODULE STRUCTURE

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

The first step is to calculate the total electricity requirements without
subsidized conservation by adding the residential, business, and miscellaneous

requirements:
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FIGURE 11.1. RED Peak Demand Module
TOTREQB;y = BUSCONj + RESCONj, + MISCON;y (11.1)
where
TOTREQB = total electricity requirements before conservation adjustment
(MWn)
BUSCON = business requirements before conservation adjustment (MWh)
RESCON = residential requirements before conservation adjustment (MWh)
MISCON = miscellaneous requirements (Mwh)

i = index for the load center
t = index for forecast period {(t = 1,2,...,7).

Next, the Peak Demand Module calculates the peak demand without accounting
for the incremental conservation due to subsidized investments in conservation
by applying the load factor:
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TOTREQB1.t
POpit = TFx 8780 (11.2)
where
PD = peak demand (MW)
LF = load factor
8760 = number of hours in a year
p = index denoting preliminary.

To calculate the peak savings due to subsidized conservation investments,
RED first must find the incremental number of megawatt hours saved:

TOTREQS; = BUSCON;, - ADBUSCON;, + RESCON;, - ADRESCON:, (11.3)

where

TOTREQS = incremental megawatt hours saved by subsidized conservation
investments

ADBUSCON = business requirements after adjustment for the 1ncrementa1
impact of subsidized conservation

ADRESCON = residential requirements after adjustment for the incremental

impact of subsidized conservation.

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

TOTREQSit
PS1.t = ACFit X TF =% 5 (11.4)
it
where
PS = peak savings {MW)
ACF = aggregate peak correction factor.

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

FPD,, = PD .. - PS (11.5)

it pit it

11.4

R



’pm

where

FPD = index denoting final peak demand.

PARAMETERS

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

TABLE 11.2. Assumed Load Factors for Rajlbelt Load Centers

Load Factor (%)

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

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

Forecasting future load factors and thus, peak electrical energy demands,
is a difficult process because of the interaction among many factors that
determine the relationship between peak and average electrical demands. The
analysis conducted in support of the parameter estimates in Table 11.2 quanti-
tatively and qualitatively evaluated annual load factors for the Anchorage and
Fairbanks load centers. The impacts of the diversity between the two load
centers in the timing of the occurrence of peak loads is also briefly discussed
below.

Simple trend-1ine fitting and more complex ARIMA time series modeling were
used in an attempt to develop guantitative forecasts for future Toad factors
for the Anchorage and Fairbanks Toad centers. A qualitative analysis was also
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conducted of the impacts of conservation programs, changes in customer mix, and
other variables as they may affect future load factors for the two load
centers.

The central conclusion arising from the analysis is that no scientifically
defensible basis for projecting that future 1oad factors for the Anchorage and
Fairbanks areas will either increase or decrease could be developed within the
resources of the study.(a) Thus, average load factors for the period 1970-1981
of 0.56 for Anchorage and 0.50 for Fairbanks were used as default values in
developing peak demand estimates. Historic minimum and maximum values of the
load factors of individual utilities in each load center were examined. The
lowest and highest of these in each load center were used as the minimum and
maximum load factor values for the load center,

Quantitative Analysis of Trends in Load Factors in the Railbelt

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

30 years is the planning horizon) should incorporate information on structural
variables that determine the l1oad factor. Examples of such structural vari-
ables are the forecasted demands of different customer classes (i.e., residen-
tial, commercial, and industrial) and the forecasted patterns and saturation
rates of appliances. |

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

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

Simple Trend Analysis

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

REG
PMW*8.76
where
REG = regional energy generation for Anchorage or Fairbanks areas in
gigawatt hours
PMW = Targest monthly peak regional energy demand for Anchorage or

Fairbanks areas in megawatts.

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

Anchorage Fairbanks

Year Load Factor Peak Load Month  Load Factor Peak Load Month
1970 0.524 December 0.445 December
1971 0.575 January 0.443 December
1972 0.562 December 0.486 January
1973 0.585 January 0.505 January
1974 0.589 December 0.4486 December
1975 0.495 December 0.474 December
1976 0.583 December 0.555 January
1977 1.548 December 0.466 December
1978 0.576 December 0.553 January
1979 0.593 December 0.574 January
1980 0.541 December 0.488 December
1981 0.559 December 0.511 December

(a) Computed from data presented in DOE/APAdmin (1982).
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A1l data for estimating the Toad factors were obtained from tables
developed by the Alaska Power Administration (APAdmin) (DOE-APAdmin 1982)., The
area designated as the "Southcentral® region in the APAdmin statistics is
assumed to be representative of the Anchorage service area in the Railbelt and
the area designated as the “Yukon" is assumed to be representative of the Fair-
banks area.

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

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

Y = a + bx

where

Y
X

load factor multipiied by heating degree days

i

t ime.

The explanatory power of time in explaining changes in the adjusted 1oad
factor was low for both Anchorage and Fairbanks. The R2 values for the regres-
sions were 0.39 for Anchorage and 0.02 for Fairbanks, respectively. Both the t
and F values for time in the Anchorage equation were significant at 95% levels
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of confidence. The time coefficient was negative, indicating that Anchorage's
weather-adjusted load factor was declining over time. For reasons that will be
discussed later, it does not appear that forecasting a declining load factor in
either Anchorage or Fairbanks is realistic. 1In any case, the level of explana-
tory power provided by the time trend equations was too low to base any fore-
casts of future load factors upon the results.

Trend Analysis Using an ARIMA Model

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

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

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

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

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

(1-418) (1-BL2) ¥y = (1-81B) (1-85B) a;
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a; = random error term ("white noise")
B = Tlag operator
¢7 = sequential autoregressive parameter for the first difference
on the load factor of the previous month
8 = sequential moving average parameter for the first difference
on the load factor of the previous month
810 = seasonal moving average parameter for the first difference on
the load factor of the previous year
Yy = load factor in a particular month.

This model specification is similar to the one developed by Uri (Uri 1976) for
forecasting peak loads using an ARIMA time series model.

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

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

Qualitative Analysis Of Load Factors

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

(a) Whether the load factor is computed on a monthly basis, as in Table 11.3,
or on an annual basis, as in Table 13.2 it appears that Fairbanks' Toad
factor is increasing slightly. 1In any event, 0.42 appears unrealistically
low. Note also that simple trend analysis showed opposite results.
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demands has not received the same degree of attention. Locating research
literature on the relationship between peak loads and average loads and on the
factors that influence this relationship proved to be a difficult task. In
addition, it is questionable how applicable the results of studies from other
areas are to the Railbelt because of the unique characteristics of the area and
the fact that load factors tend to be unique to each utility system.

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

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

The customer mix, which can be measured by the proportion of total power
demands comprised by the residential, commercial and industrial sectors, is a
crucial factor in determining the load factor of an electrical service area.

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

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

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

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

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

Time Period of Peak Demand
Service Area December 29, 1981  January 2, 1982
Anchorage(b) 4 pam. 5 p.m.
Fairbanks(c) 4 p.m. 5 p.m.

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

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

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

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

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

Anchorage Fairbanks
Year Residential Commercial Residential Commercial
1980 52.8 47.2 44.8 55.0
1990 49.1 51.9 49,2 50.8
2000 47.9 52.1 51.8 48.2
2010 46.1 53.9 51.4 43 .6

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

clear trend in system load factor. Industrial demand could change the load
factor, but industrial demand is handled separately in RED {(see Section 10.0).

Impacts of Conservation on the Load Factor

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

TABLE 11.6. Conservation Measures Most Likely to be
Implementfg)in the Residential Sector

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

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

demand reduction for the entire year.

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

Electrical demands for lighting are probably the major causal factor in
creating the large disparity between peak and average electrical demands in
Alaska. Currently, according to the 1983 Alaska's Long-Term Energy Plan,
1ighting is not targeted as an area for future conservation efforts in
Alaska. Without a sustained conservation effort in 1ighting, it appears
unlikely that conservation will result in a significant change in the annual
load factor in the Railbelt.

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

Load Center Diversity

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

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

1982), reveals that the diversity among utilities in the timing of peak demands
is not great. The ratio of the highést peak demand for the Alaska power system
as a whole (the coincident peak) to sum of the peaks for the individual utili-
ties (the noncoincident peak) was 0.98 for selected peak days in December, 1981
and January, 1982.

This high coincidence factor, which equates to a low level of diversity
among the various utilities in the timing of peak demands, impliies that future
shifts in the mix of demand among the various load centers will have Tittle
impact on overall peak demand. A primary cause of peak power demands that
occurs in Alaska is high-pressure Arctic weather systems that generally tend to
increase the demand for electric power in almost all areas of Alaska. Thus,
diversity in demand among utilities has 1ittle impact on total system peak
demand, although more research would be necessary to reach the same conclusion
for the various customer classes.
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12.0 MODEL VALIDATION

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

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

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

ASSESSMENT OF RED'S ACCURACY

In order to assess the accuracy of a simulation model, the usual procedure
is to substitute historical values for the inputs or "drivers" of the model,
produce a backcast, and compare the predicted and actual values. Unfortun-
ately, the period for which this type of exercise can be produced is relatively
brief.

End-use forcasting models are very data intensive, and RED is no excep-
tion. Much of the data necessary to run the model (including fuel mode split
and appliance saturations) required a primary survey of the population. His-
torical data for these critical parameters is incomplete; therefore, the
accuracy tests which can be performed on the model are limited.

A partial validation of RED's accuracy, therefore, was performed by taking
the Tinearly interpolated forecast values from the case.

The linearly interpolated forecasts were then compared with the actual
consumption levels in 1982. Table 12.1 presents a cross tabulation of these
values.
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TABLE 12,1, Comparison of Actual Base Case, and Backcast Electricity
Consumption (GWh) 1982

Anchorage-Cook Inlet Fairbanks-Tanana Valley
Base(b) Base (D)
Actual Case Backcast Actual Case Backcast
Residential 1,146 1,060 1,097 178 205 208
Business(a) 1,072 1,118 1,170 269 243 254
Other 23 25 23 5 7 6
Total 2,241 2,203 2,290 452 455 - 468
% Difference from Actual -- -1.7% 2.2% 0.6% 3.5%

{a) Including Industrial Demand.
(b) Sherman Clark No Supply Disruption. This value is a linear interpolation
between the 1980 and 1985 forecast values.

Even though RED is designed to be a long-run model, it produces an inter-
polated forecast with an error of only 0.6% in Fairbanks, and an error of only
-1.7% in Anchorage when compared to actual data in the most recent year avail-
able.

The model was also run using best estimates of 1982 economic drivers and
fuel prices shown in Table 12.2. These results are shown in Table 12.1 as the
Backcast case. The results are also very close to the actual values in most
cases for the individual sectors; the forecast of total consumption was within
3.5% of the actual value in both load centers. Given that the model is a long
run model, that forecasts of actual households and employment and to be used in
place of unknown actual data, and that the 1980 fuel mode splits, appliance
saturations, and use rates had to be used in place of 1982 values (which are
not available) the backcast performance for 1982 is very good.

The remaining discrepencies in the forecasts for the individual sectors
appear to be related to the quality of the input data. In general, however,
there are insufficient data available to determine whether the "actual" eco-
nomic data are correct until about two to three years after the fact. Alaska
"actual" data periodically undergo substantial revision. Therefore, the per-
formance of individual sectors for a short-term forecast of this type should
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TABLE 12.2. 1982 Values of Input Variables

Anchorage Fairbanks-
Cook-Inlet Tanana Valley
Households (@) 83,677 22,922
Empl oyment(2) 120,533 33,500
Electricity Prices ($/kwh)(b)
Residential 0.45 © 100
Business 0.42 095
Natural Gas Prices' ($/mcf)(b)
Residential 1.84 12.53(¢)
Business 1,61 11.08
Fuel 0il Prices ($/ga]]on)(b)
Residential 1.19 1.21
Business 1.12 1.17

(a) Forecasts by MAP model for Sherman Clark NSD case. Consis-
tent estimates of households and total employ- ’
ment are not available for 1982 from official sources.

{b) A1l prices are in nominal dollars.

(c) Propane price.

considered less important than the forecasts' long-term plausibility.The next
subsection covers the subject of long-term plausibility of the forecasts.

REASONABLENESS OF THE FORECASTS

In order to test the reasonableness of RED's Tong-term forecasts, we com-
pared the base case used in the 1983 update with three comparable long-term
forecasts. The three forecasts were: forecasts by Pacific Northwest Power
Planning Council (PNPPC) and Bonneville Power Administration for the Pacific
Northwest, an area with large electric space heat loads and rising prices; and
a forecast by Wisconsin Electric Power Company (WEPCO) for Wisconsin and Upper
Michigan, an area with relatively stable electric prices and low electric space
heat penetration. The intent was to compare forecasts from areas similar to
the Railbelt Region. The Pacific Northwest forecasts were selected because of
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the Tow electritity prices the region shares with the Anchorage Toad center,
while the Wisconsin area closely corresponds to the climate and fuel mode split
exhibited in the Railbelt.

The Pacific Northwest Power Planning Council created by an act of Congress
to coordinate and direct acquisition of generation resources in the Pacific
Northwest, prepared a twenty-year forecast of electricity demand in the North-
west. PNPPC modelled four alternate load growth scenarios {low, medium Tow,
medium high, and high) for the purposes of generation planning. We chose the
medium high scenario for comparison because it corresponds more closely to the
economic conditions expected to occur in the Railbelt.

The Bonneville Power Administration (BPA) is the marketer of all federal
power in the Pacific Northwest. BPA, due to its adversarial relationship with
the PNPPC, recently completed construction of their own forecasting tools. We
chose to examine BPA's medium scenario as it represents their assessment of the
most probable situation.

The Wisconsin Electric Power Company markets power to Milwaukee-Kenosha-
Racine Standard Metropolitan Statistical Area, plus selected counties in cen-
tral and northern Wisconsin and upper Michigan. Unlike the two Pacific North-
west organizations, WEPCO markets to a service area with relatively Tittle
electric space heating. As in the southern Railbelt, the primary fuel source
is natural gas, with electricity supplying only 4 to 5 percent of total energy
used. Consequently, there are fewer the opportunities for savings of electric
energy in conservation of building heat than exist in the Pacific Northwest.

In contrast to the Pacific Northwest, where annual residential electric
consumption in 1980 averaged 17,260 kWh per household, and 11,000 to 13,000 in
the Railbelt WEPCO customers averaged 7,240. The fact that the electric load
in the WEPCO area is mostiy not related to the thermal shell of the building is
reflected in the much higher growth rates of electricity consumption than in
the Pacific Northwest or the Railbelt. This increasing power forecast is also
caused by the assumption by WEPCO that electricity rates would rise at only 0.3
percent per year in real terms through the end of the century, much less than
in the Pacific Northwest or the Railbelt. In WEPCO's service area, it was
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assumed electricity would capture a high (40-65 percent) share of new
residential units due to its projected cost advantage over oil and gas.

Table 12.3 presents a decomposition of two commonly used metrics for the
BPA, PNPPC, WEPCO and RED forecasts: the annual growth rate in use per
employee and use per household. The RED forecasts both exhibit higher growth
rates than either of the Pacific Northwest forecasts, but lower than the rates
in the WEPCO forecast.

TABLE 12.3. Comparison of Recent Forecasts, 1980-2000

Average Percent Average Percent
Growth Rate, Growth Rate
Use Per Household Use Per Employee
Pacific Northwest Power Council - .64 14
Bonneville Power Administration -.64 -.31
Wisconsin Electric Power Company(a) 1.41 3.97
RED
Anchorage -.36 1.04

Fairbanks 0.98 - 0,93

(a) For Wisconsin Electric Power Company, the residential forecast is use
per customer.

This is the expected relationship of the forecasts. The BPA and PNPPC
forecasts assume vigorous conservation programs and rising electricity prices
in a region characterized by high market penetration of electric space heat and
water heat in both the residential and commercial sector. Furthermore, because
Pacific Northwest electricity prices have been lTow historically, there are many
opportunities available for cheaply saving large amounts of electricity. In
contrast, the Railbelt and WEPCO regions do not have as many inexpensive
opportunities to save large amounts of power, since most thermal requirements
are being met with natural gas. Furthermore, the rate of increase in
electricity prices is expected to remain low in the WEPCO region, reducing
incentives to conserve. The RED forecasts occupy a middie ground, both in
terms of base year consumption and in terms of the rate of increase in
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consumption. With moderate rates of electricity price increases and fewer
inexpensive conservation opportunities, RED shows lower rates of conservation
than the Pacific Northwest. In comparison with the WEPCO area, the Railbelt is
expected to have a declining electric share in space heat and water heat, so
the rate of increase in use per customer would be less. In addition, since
Railbelt customers on the average use more electricity than WEPCO customers and
are facing higher projected rates of electricity price increases, the
forecasted rate of increase in the rate of electricity consumption should be
lower. Based on this comparison, the results of the RED forecast, therefore,
seem to be in line with what other forecasters are predicting.

12.6

]



A

13,0 MISCELLANEOUS TABLES

Abbreviations Used

APA
AP&T
AP Admin
CEA
GVEA
GWH
HEA
kWh
KVa
MEA
MW
MWH
FMUS
SES
SQ FT

Alaska Power Authority

Alaska Power and Telephone (TOK)
Alaska Power Administration
Chugach Electric Association
Golden Valley Electric Association
Gigawatt Hour

Homer Electric Association
Kilowatt Hour

Kilovolt

Matanuska Electric Association
Megawatt
Megawatt Hour

Fairbanks Municipal Utility System
Seward Electric System

Square Foot
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TABLE 13.1. MNumber of Year-Round Housing Units by Type,
Railbelt Load Centers, Selected Years

Single Mobile
Family Duplex Multifamily Home Total

Anchorage-Cook Inlet Load Center:

(Urban)1950(Aa) 3,325 964 1,128 202 5,619
1960(b) 19.195 1,552 8033 1,783 30,563
1970(c) 21,935  3.981 14.259 6.403 46,578
1980( d) 407562  8.949 27980 10,211 87.702
1982te 47.610 9,899 31,893 11,379 100,781

Fairbanks-Tanana Valley Load Center:

(Urban) 1950(§) 1,295 166 352 2 1,815
1960(P) 6.527 671 4,547 853  12.598
1970(¢) 5.335 1,068 6.072 1,254  13.729
1980 d) 10,873  2.512 8607 2175  24.167
1982'e 12,218 2.551 8,927 2,193 25.889

Railbelt:

1950(3) 4,620 1,130 1,480 204 7,434
1960(P) 25.722  2.223 12.580 2,636  43.161
1970(c) 27.270 5,049 20,331 7.657 60,307
1980{d) 51.435 11.461 36 .587 12,386 111.869
1982'e 59.828 12,450 - 40.820 13,572 126.670

(A) Excludes Kenai-Caok Inlet Census Division, Seward Census Division,
Matanuska-Susitna Census Division.

{a) U.S. Department of Commerce Census of Housing 1950; Alaska, General
Characteristics, Table 14, These are all dwelling units.

(b) U.S. Department of Commerce Census of Housing 1960: Alaska, Table 28.
These are all housing units.

(c) U.S. Department of Commerce Census of Housing 1970: Alaska, Table 62.
These are all year-round housing units.

(d) U.S. Department of Commerce Census of Housing, 1980: STF3 data tapes.

. A1l year-round housing-units.

(e) 1980 Census, plus estimated 1980-1982 construction from Mr. Al Robinson,
economist, U.S. Department of Housing and Urban Development, Anchorage.
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TABLE 13.2.

1965
1966
1967
1968
1969
1870
1971
1972
1973
1974
1975
1976
1977
1978

1979

1980
1981
1982

Anchorage-Cook Inlet

Fairbanks-Tanana Valley

Railbelt Area Utility Total Energy and System Peak Demand

Annual Peak Load Annual Peak Load
Energy {GWh) Demand (MW) Factor Energy (GWh) Demand (MW) Factor
369 82.1 0.51 98 24,6 0.45
415 93.2 0.51 108* 26.7 0.46
461 100.8 0.52 NA NA NA
519 118.0 0.50 141* 42.7 0.38
587 124.4 0.54 170* 45.6 0.43
684 152.5 0.51 213 57.1 0.43
797 ©166.5 0.55 251* 70.6 0.41
906 135.4 0.53 262 71.2 0.42
1,010 211.5 0.55 290 71.5 0.46
1,086 225.9 0.55 322 89.0 0.41
1,270 311.7 0.47 413 108.8 0.43
1,463 311.0 0.56 423 101.0 0.48
1,603 375.4 0.49 447 117.5 0.43
1,747 382.8 0.52 432 95.8 0.51
1,821 409.6 0.51 418 100.7 0.47
1,940 444 4 0.50 402 95.4 0.48
2,005 444,7 0.51 422 93.1 0.52
2,254 471.7 0.55 452 94 4 0.55
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TABLE 13.3. Anchorage-Cook Inlet Load Center Utility Sales and
Sales Per Customer, 1965-1981

Residential Commercial-Industrial-Government

Sales Sales Per Sales Sales Per

(GWH)  Customers Customer {kWh) (GWH)  Customers Customer (kWh)
1965 174 27,016 6,425 189 3,994 47,235
1966 .194 28,028 6,937 215 4,147 51,909
1967 208 30,028 6,941 241 4,363 55,206
1968 233 34,443 6,766 277 4,804 57,715
1969 262 37,653 6,971 316 5,125 61,656
1970 309 41,151 7,517 363 5,784 62,713
1971 369 43,486 8,487 415 6,006 69,057
1972 419 47,707 8,788 473 6,420 73,704
1973 457 49,433 9,239 539 6,693 80,557
1974 494 54,606 9,044 577 7,232 79,791
1975 592 58,326 10,147 659 7,750 85,073
1976 675 62,413 10,817 769 8,789 87,598
1977 739 71,275 10,375 846 9,860 85,753
1978 841 76,999 10,928 884 10,219 186,542
1979 845 76,494 11,047 878 10,368 84,684
1980 936(2) 77,743 12,040 1,002{3) 10,629 94,270
1981 916¢®) 80,089 11,437 1,030(P) 11,021 93,458
Annual Growth
Rate 1965-81

10.9% 7.0% 3.7% 11.2% 6.5% 4.4%

{a) 1979 data used for SES.
(b) Based on 1980 MEA, 1979 SES data.
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TABLE 13.4. Fairbanks-Tanana Valley Load Center Utility Sales
and Sales per Customer, 1965-1981

Residential Commercial-Industrial-Government
Sales ‘ Sales Per Sales Sales Per
(GWH) Customers Customer (kWh) (GWh) Customers Customer ({kWh)
1965 39 8183 4,804 55.198 1,318 41,880
1966 47 8170 5,712 59.376 1,467 40,474
1967 NA NA . NA NA  NA NA
1968 61 9,344 : - 65,569 77.906 1,469 53,033
1969 77 10,023 ' 7,672 91.212 1,579 57,766
1970 91 10,756 8,418 118,560 1,388 62,797
1971 106 11,184 9,515 . 133.056 1,929 68,977
1972 121 11,487 10,529 135.873 2,002 67,869
1973 133 11,825 11,233 150.823 2,054 73,429
1974 154 13,261 11,600 161.615 2,242 72,085
1975 190 13,877 13,719 210.759 2,342 89,991
1976 194 15,419 12,561 219.175 2,530 86,630
1977 198 17,197 11,500 240,463 2,834 84,849
1978 178 17,524 . 10,153 242 668 2,854 ) 85,027
1979 169 18,070 9,344 219.335 2,795(2) 78,474
1980 160 18,054 8,890 214 .263 2,737 78,283
1981 159 19,379 8,219 224.354 2,942 76,259
Annual Growth
Rate 1965-81

9.2% 5.5 3.4 9.2% 5.1 3.8

(a) Includes 1979 estimated 70 customers for AP&T.
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TABLE 13.5.

1973
1974
1975
1976
1977

1978 -

1979
1980
1981

1973
1974
1975
1976
1977
1978
1979
1980
1981

Adjustment for Industrial Load Anchorage-Cook Inlet, 1973-1981

Total Achorage Homer Electric MW Anchorage Anchorage
Comm-Ind-Govt MWH Demand Industrial Load(3) "Commercial® Sq Ft.(b)

540,476 56,130 484,346
579,068 58,298 520,770 29,660,900
661,192 62,806 598,386 33,471,800
771,054 72,063 698,991 37,049,800
846,939 83,989 762,950 39,618,900
896,072 82,984 813,088 41,440,000
9n4,851 87,955 816,896 42,733,800
988,957 99,103 889,854 44,042,700

1,030,753 130,318 900,435 44,817,400

MWH Use/Sq Ft. kWh/SQ FT % From Previous Yr

0.0179 17.9 -

0.0176 17.6 -1.7

0.0179 17.9 1.7

0.0189 18.9 5.6

0.0193 19.3 2.1

0.0196 19.6 1.6

0.0191 19.1 -2.6

0.0202 20.2 5.8

0.0201 20.1 -0.5

{a) Commercial-Industrial Load over 50 XVA (commercial users included)

{b) Predicted value.

See Chapter 6.0.
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APPENDIX A

BATTELLE-NORTHWEST RESIDENTIAL SURVEY

To calibrate an end-use model of electricity demand; the initial number of
appliances that use electricity must be known. At the time the RED model was
undergoing initial development (1981}, there was no adequate information
available in the Railbelt concerning either residential appliance stock and
fuel mode split or uses of electricity in the commercial sector. While it did
not appear possible to collect significant useful information on the commercial
sector within project resource constraints, BNW researchers concluded that a
residential survey was both possible and desirable. This initial evaluation
was reinforced when it became clear that data would not be available from the
1980 Census of Housing on detailed housing characteristics until 1982 at the
earliest, and that reporting on appliances would be less complete than in
1970. Accordingly, plans were made to survey the residentjal sector.

Although a Tot of new information of good quality was developed in the
survey, there were several constraints on the survey process. First, the
resources available to design, test, run, and analyze the survey were extremely
limited. This precluded in-person interviews, large samples, or follow-up of
non-respondents. Second, it was not possible to stratify the survey sample,
both because there was no accurate information on types of dwellings in any
Railbelt community except Anchorage and because utility customers could not be
matched to dwelling types or demographic characteristics. To conserve project
resources for analysis, we chose to do a blind mailing of the survey instrument
with no follow-up to random samples of each utility's residential customers.
Where possible, the random mailings were done by the utilities themselves.
Where Battelle-Northwest did the mailings, random subsets of customers or
complete customers lists were supplied by the utilities to Battelle-Northwest.
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SURVEY DESIGN

Because budget limitations precluded follow-up interviewing as a means to
improve survey response rate and to check errors, it was very important to have
a survey instrument that required minimal respondent effort and time, gathered
only the least controversial and highest priority information, and was easy to
understand. GQuestions considered controversial items {income), questions
difficult to understand (insulation values or energy efficiency of appliances),
and questions requiring substantial respondent effort (estimates of annual
electrical bills) were dropped. The highest priority questions concerning
appliance stock and fuel mode split were retained. A draft of the question-
naire was sent to the Railbelt utilities and other interested parties in
Alaska, and was reviewed by several senior Battelle-Northwest researchers.
Based on their comments and the results of a pretest with uncoached clerical
staff, the questionnaire was simplified to the point that it required the
average test respondent only two to five minutes to answer all guestions. A
copy of the survey form is shown in Figure A.l.

SAMPLE SIZE AND COMPOSITION

Because of the high labar costs of selecting respondents, addressing the
majilings, and key punching and verifying the survey results, it was decided
that an acceptable level of accuracy for survey results would be plus or minus
6 percent with 95 percent confidence on the entire sample for a load center.

In order to obtain utility cooperation in mailing the questionnaire, we
considered it necessary to achieve this level of accuracy for each utility's
service area to provide them with usable data. Thus, accuracy of survey
results for load centers that contain more than one utility is somewhat greater
than the sampling error for each utility would suggest. Because of the care
taken in survey design to maximize response rate, we believed that an average
response rate of 50 percent was possible with no follow up. The desired number
of respondents was therefore doubled to obtain the number of mailings in each
utility service area. A total of 4,000 questionnaires were sent to the respon-
dents, of which 1764 usable responses were received, for an average response
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Pacific Northwest Laboratories

P.O. Box 999
Richiand, Washington U.S.A. 99352

Telephone (509)
Telex 15-2874

Alaska Railbelt Electric Power Alternatives Study

Dear Alaskan:

Battelle, Pacific Northwest Laboratories is working under contract to the
State of Alaska to help determine the future needs for electricity in the

‘Railbelt Region, and the best way to meet those needs.

Many individuals believe that the Susitna hydroelectric power project is

‘the best way. Others think that these needs can be better met by employing

coal, conservation, or some other means. First, however, we need to estimate
future electric energy needs in the Railbelt. We can only do this properly if
we know how people in the region use electricity.

That's where you can help us.

Please take a few minutes to complete the questionnaire on the other side--
it is only one page long and will take only 5 minutes or so to answer.

Why should you help? First, the information you provide will be vital in
decisions your state government will make over the next year and a half to
build or not build the Susitna project. Either way, your electricity bill will
be affected. Second, whether or not the Susitna project is built, the
confidential information you provide will help your local utility plan ways in
which to meet your future electricity needs.

Since this is an issue of such importance to you and Alaska, every response
is vital. A1l responses will be strictly confidential. There will be no way
anyone can tell who you are from your response. The results of this survey
will be published in your local newspaper.

Please respond as accurately as you can. Thank you for your cooperation.

Sincerely,

Michael J. King
Research Economist

P.S. In order for us to consider your response, you will need to return the
questionnaire within three weeks. For your convenience, you will find a
postage paid envelope enclosed.

FIGURE A.1. Battelle-Northwest Survey Form
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rate of 44.1 percent. Table A.l shows the total number of residential
customers in each utility, the number and percent surveyed, the number and

percent responding.

RESIDENTIAL

TABLE A.l. Customers, Number Surveyed, and Respondents for
the Residential Survey Battelle-Northwest

1980 Year End Customers Surveyed Customers Responding

b)

Uti]itx&il Customers! Number Percent  Number Percent
Chugach Electric {CEA) 42 ,567 530 1.2 222 41.9
Anchorage Municipal (AMPL) 13,744 522 3.8 214 41.0
Seward Electric (SES) 1,090 424 38.9 185 43.6
Homer Electric (HEA) 8,620 518 6.0 249 48.1
Matanuska Electric {MEA) 11,722 520 4.4 268 51.5
Goblen Valley (GVEA) 13,591 524 3.9 - 252 55.0
Fairbanks Municipal (FMUS) 4,463 504 11.3 156 31.0
Copper Valley (CVEA) 1,588 458 28.8 252 55.0
Total 97,385 7,000 4T 1,798 . 159
Total Used 97,385 4,000 4.1 1,764 4.1

(a) CVEA is not part of the interconnected Railbelt, since it serves
Glennallen and Valdez. This utility and load center were eventually
dropped from the analysis.

(b) Source: Alaska Power Administration. 1979 customer totals were used for
CVEA, HEA, and GVEA. Residential customers only.

MAILING PROCESS AND COLLECTION OF RESULTS

The survey questionnaire was administered in one of three ways. In some
cases the utilities randomly selected a list of residential customers and
performed the mailing. In these cases, Battelle-Northwest provided the utility
an appropriate number of mailings, consisting of the questionnaire and pre-
stamped, self-addressed return envelope. To ensure confidentiality, the ques-
tionnaire was stamped only with the initials of the utility, providing identi-
fication of the service area. No other identification of the respondent was
possible from the survey form or the return envelope. When Battelle-Northwest
performed the mailings, the utilities provided either a random samplie of
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customer addresses or their complete mailing list of residential customers,
from which a random sample was drawn. No known geographic bias was introduced
by the sampling technique. Finally, Fairbanks Municipal Utility System (FMUS)
provided neither a mailing 1ist nor mailing services to the project. 1In this
case, the Fairbanks telephone directory was used as a source of customer
addresses. Although an attempt was made to exclude addresses outside the City
of Fairbanks served by Golden Valley Electrical Association, unknown biases
were probably introduced into the Fairbanks sample by the sampling procedure.
The response rate was also signficantly lTower for the FMUS sample.

As the survey forms were received, they were coded, keypunched and veri-
fied. The raw card image data file was recorded on magnetic tape and loaded
into an SPSS data file, organized by subfiles corresponding to each utility.
The results for each utility were weighted according to the total number of
residential customers in each load center in 1980, the last year's count
available at the time the file was assembled. The weights are shown in
Table A.2.

TABLE A.2. Weights Used in Battelle-Northwest Residential Survey

Utility Weight
Chugach 2.81
Anchorage Municipal 1.17
Seward Electric .06
Homer Electric 45
Matanuska Electric .54
Golden Valley 1.21

Fairbanks Municipal .67
Copper Valley 1.00

QUTPUT

The output of the survey was organized in SPSS files and printed in
frequency distributions and standard SPSS CROSSTABS tables. An example of
typical output is shown in Figure A.2 for freezer saturation. In the figure,
712 out of 807 Anchorage area single family households are shown to have
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freezers (missing values were counted as "do not have"). The computer shows
this as 88.3 percent saturation of single family households. This percentage
was used in Table 5.8. In practice, these computer estimates were usually
modified with professional judgment; however the Battelle-Northwest survey
supplied the raw data on which the judgment was made.
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APPENDIX B
CONSERVATION RESEARCH

The Railbelt area has 1imited ability to adopt conservation measures that
would result in large-scale electricity savings. According to Tillman (1983),
past conservation in load centers like Fairbanks has been largely the result of
price increases for electricity. In addition, Railbelt utility managers
believe that future electrical conservation will be largely the result of
price, not conservation programs. The impact of conservation programs in the
Railbelt has been taken into account in the fuel mode splits, use rates, and
price effects incorporated in the 1983 update. In addition, selected conserva--
tion programs in the Lower 48 states were analyzed to determine if anything
could be learned about program impacts in the Railbelt.

An attempt was made to compare conservation of electricity in the Railbelt
with conservation effects as forecasted by four policy-making bodies elsewhere
in the United States. The goal was to obtain a range of potential energy sav-
ings due to price- and program-induced conservation and determine if such esti-
mates would be applicable (and to what degree) in Alaska. The four policy-
making bodies chosen were the Pacific Northwest Power Planning Council, the
Bonneville Power Administration, the California Energy Commission and the Wis-
consin Electric Power Company. The first three entities were chosen because
they represented regions in the Western U.S. and because conservation programs
played a signficant role in their regional planning. Wisconsin Electric Power
Company was chosen as an example of a utility in a colder climate where natural
gas was the predominant fuel source. However, Wisconsin has its peak demand
for electricity in the summer when natural gas cannot fuel air conditioning.

It became clear upon examination of the various programs that direct com-
parison of the forecasts was not possible at the end-use level nor was it pos-
sible to compare the assumptions supporting the forecasts (e.g., heating/ cool-
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ing degree days, appliance standards, etc.). The following 1list touches on
some of the differences among forecasts which made either direct or indirect
comparison difficult.

@ Definitions of conservation differed.
o Variables were not consistent across regions.
e Programs were not consistent across regions.

e Some documentation showed a lack of internal consistency in report-
ing values. '

e (One entity reported savings in peak capacity while the others
reported both capacity and energy forecasts.

® Direct comparison.of baseline, high, and Tow load growth scenarios
was not possible because of the level of conservation implied in the
forecasts; i.e., in a low demand case more conservation is assumed
than in the high demand case, or conservation instead may be assumed
in a sensitivity case.

e Savings could be projected either by program, or appliance, or end-
use sector.

In addition, each of the four Lower 48 entities quantifies the components
of conservation effects differently. The Northwest Power Council's approach is
to assume no change in technological efficiency; therefore, there is no price-
induced conservation. Conservation is treated as an energy resource. A
separate supply function (with price and program components) determines the
value of potential conservation. The difference between the forecast demand
and the supply function is the value of conservation potential. The program
and price components of the conservation increment cannot be readily sepa-
rated. Potential savings are reported at the appliance level.

The California Energy Commission also forecasts a conservation increment
in which price and program shares are not easily discernible. Part of the
program-induced savings has been quantified and double couniing of price-
induced conservation is subtracted by a 20% implicit reduction in savings
estimates. The Bonneville Power Administration forecast has both technological
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chahge and price response imbedded in their model, but only part of their pro-
gram-induced conservation is quantifiable.

The Wisconsin Electric Power Company lacks the more sophisticated end-use
models used by the other three and focuses more on the peak demand savings
potential. Trend analysis driven by population projections is used to estimate
capacity requirements. There is some conservation implicit in the demand
growth estimated by the model. For example, air conditioning efficiency
improvements are assumed, and three "adjustments" are made to total demand for
rate structure reform, solar water heat, and solar space heat; but in general,
only fragments of the conservation response are quantified.

The literature provides some idea of the energy use attributable to bud-
geted and proposed programs, however. The following subsection discusses the
separate definitions of conservation adopted by the four policy-making bodies,
the forecasts of program-induced energy savings, and the methods adopted to
avoid double counting of competing programs and double counting of price and
program effects. The last subsection looks at current estimates for Alaska and
determines whether the conservation program savings have relevance to Alaskan
forecasts. :

PACIFIC NORTHWEST POWER PLANNING COUNCIL

The Pacific Northwest Power Planning Council (PNPPC) was created in 1981
in accordance with the Pacific Northwest Electric Power Planning and Conserva-
tion Act (tﬁe Act) to encourage conservation and the development of renewable
resources in the Northwest and to assure an adequate and economical power sup-
ply. Conservation is defined by the PNPPC as the more efficient use of elec-
tricity by the consumer through replacing existing structures with electricity-
saving technologies or the use of new, more energy-efficient devices and pro-
cesses in the residential, commerical, industrial, and agricu]tura]rsectors.
The PNPPC assessments do not distinquish between price-induced conservation and
program-induced conservation. The forecast power supply estimates are based on
the high market penetration rates the PNPPC assumes for each conservation pro-
gram available under the Act. A conservation measure is assumed cost-effective
at costs below 4.0 cents per kilowatt-hour (roughly the cost of power from
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regional coal plants). Not all of the economically achievable savings can be
realized, however, due to constraints such as consumer resistance, quality con-
trol, and unforeseen technical problems. The PNPPC believes that given the
wide range of measures permitted by the Act, over 75% of the economically
achievable levels are possible (ranging from 56% for residential appliances to
100% in the industrial sector). Table B.l lists the likely conservation sav-
ings at a cost equal to or less than 4.0 cents per kilowatt hours by the year
2000. Most of the savings in the residential sector come from building shell
or hot water tank improvements. Electricity has a larger share of space and
water heating loads in the PNPPC region than it does in the Railbelt. Thus,
many of the conservation savings of electricity in the PNPPC could not be
achieved in the Railbelt.

The PNPPC decided that all technically achievable conservation estimated
for the industrial sector could be realized since the savings represented less
then 10% of the region's current industrial electricity demand. This level was
considered a reasonable goal for the industrial sector.

Including all conservation along with other available resource choices can
avoid double counting of conservation induced by prices in the demand model and
conservation counted as potential resources on the supply side. This implies
that price-induced efficiency improvements within the end-use sectors and elec-
tricity uses where conservation programs are proposed are included in resource
potential, not demand reductions. In the residential and commercial sectors
technology efficiencies were frozen at 1983 levels so that the PNPPC models
forecast future energy use as if no efficiency improvements were made. Unfor-
tunately, once a conservation program or measure is available, savings in
response to price changes cannot be separated from those derived from the pro-
gram. Running the PNPPC demand model for individual programs will quantify the
impact for each measure under a given fuel price and supply scenario.

BONNEVILLE POWER ADMINISTRATION

The Bonneville Power Administration (BPA) supplies about half of the elec-
tric power production in the Pacific Northwest. Its service area is
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TABLE B.l. PNPPC Likely Conservation Potential at 4.0
Cents/kWh by the Year 2000

Residential (kWh/household)

Existing Space Heat 854
New Space Heat 1404
Water Heating 1364
Air Conditioning 0
Refrigerators 259
Freezers 108
Cooking 15
Lighting 150
Other 229

4333

Commercial (kWh/employee)(a)

Existing Structure 1199
New Structures 825

2024

Industrial (kwh/employee)(a)
$1000-3000 subsidy/kW 655-3282

(a) Includes federal, state and local government,
transportation, communication, public utilities,
wholesale and retail trade, finance insurance,
real estate, services.

(b) Includes mining, manufacturing, and construction.
Source: Pacific Northwest Power Planning
Council, 1983, ‘

roughly equivalent to the area covered by the PNPPC power planning efforts
(Oregon, Washington, Idaho, Western Montana). Long-range electricity demand
forecasts are made by BPA to assist in utility power planning. Projections are
expressed as a baseline case to which alternative cases are added for a high-
low range of electricity consumption., Forecasts made by BPA covering the
region defined by the Pacific Northwest Electric Power Planning and Conserva-
tion Act of 1980 (P.L. 96-501) were done primarily to assist regional decision
making until the publication of the PNPPC official 20-year energy forecast and
plan in the spring of 1983,
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BPA estimates of conservation potential savings include price-induced sav-
ings and savings from existing governmental, utility, and BPA conservation pro-
grams. Conservation programs that have yet to be initiated or budgeted are not
included. Some improvements in technology efficiencies are implicitly included
as part of the consumer price response.

The types of programs represented by the base, low, and high forecasts
include the following:
e home enerqgy efficiency improvement
commercial energy efficiency improvement
street and area lighting efficiency improvement
institutional building efficiency improvement
utility customer service system efficiency improvement

support of direct application renewable resources projects.

The BPA currently sponsors weatherizing of electrically heated dwellings
(primarily retrofit of existing housing), wrapping electric water heaters,
encouraging the distribution and use of shower water flow restraints, and
installing faucet flow control devices, Tow-flow shower heads, and solar hot
water/heat pump water heater conversions. Table B.2 summarizes the savings
estimates by program for residential and commercial sectors. Currently, there
are no budgeted programs in the Industrial sector.

BPA's Office of Conservation estimated the savings from conservation
measures that could not be explicitly modeled and subtracted that amount from
computed demand. To avoid double counting of price-induced conservaton, the
measure-specific savings were reduced by 20%. Again, most savings were found
in space conditioning and water heating.

CALIFORNIA ENERGY COMMISSION

The California Energy Commission {CEC) is required by the Warren-Alquist
Act of 1974 (Public Resources Code, Section 25309) to "identify emerging trends
related to energy supply demand and conservation and public health and safety
factors, to specify the level of statewide and service area electrical energy
demand for each year in the forthcoming 5-, 12-, and 20-year periods, and to
provide the basis for state policy and actions in relation thereto...". 1In

B.6



TABLE B.2. BPA Budgeted Conservation Program Savings
(annual kWh savings by the year 2000)

Residential (kWh/household)

Region Wide Weatherization 4 933
Low Income Weatherijzation 4,933
Water Heater Wrap 435
Shower Flow Restrictor 400
Residential Flow Control
Shower Heads 600
Faucet Heads 270
Solar/Heat Pump Water 2,200
13,771
Commercial (th/emp]oyee)(a)
Public
Heating 537
Cooling 0
Water Heating 0
Lighting 36
Other 0
Private
"Heating 916
Cooling 0
Water Heating 0
Lighting 43
Other 0
1,532

(a) Includes local and state government, trans-
portation and utilities, trade, finances,
insurance, real estate, services and con-
struction. High growth figures were used
for total number of employees.

Source: Bonneville Power Administration.
1982a. Table 5.6 and Appendix II, Table

23.
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compliance with the code, the CEC prepares a biennial report containing updated
energy supply/demand projections and a supplemental electricity report. Infor-
mation in this section reflects the fourth and most recent report (1983) in the
series.,

The CEC has adopted the following definition of conservation.

"Conservation savings from local, utility, state, and Federal
programs in place or approved, and savings resulting from private
utilization of conservation measures in response to prices, and sav-
ings from programs on which analytical work is well advanced and for
which there is a substantial 1ikelihood they will be in effect by
January 1985."

The code requires the CEC to include all conservation that is reasonably
expected to occur based on credible evidence within the framework provided by
their definition. Conservation programs and savings are categorized into three
classes: 1) conservation reasonably expected to occur, 2) additional achiev-
able conservation, and 3) conservation patential. Savings in Category 1 are
used to reduce the demand estimate. Those in Category 2 are considered to have
a moderate probability of occurring because of a higher uncertainty factor.
Category 3 includes both 1 and 2 and any other conservation thought to be cost
effective when compared to new generation sources. All conservation savings
reasonably expected to occur must be included in the CEC's adopted forecast.
Quantifying additional achievable conservation can help to establish new con-
servation programs. Table B.3 summarizes the savings reasonably expected to
occur for each program or measure., Table B.4 1ists the savings by end-use sec-
tor.

The CEC feels that because programs are the causative agent for many
measures adopted, forecasts should report savings by program. Double counting
of programs is eliminated by analyzing how specific conservation measures
affect end uses of energy and reconciling competing programs' influence on each
measure. A "sharing" structure is set up which includes effects of programs
and price fluctuations. Price- and program-induced conservation becomes "dis-
jointed." For example, in general the residential sector model does not have
price-induced savings from consumer choice of more efficient appliances,

B.8
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TABLE B.3. CEC Conservation Program E}ectricity
Savings in the Year 2002(3

Sector Demand(GWH)

Residential kWh/household
Existing Retrofit and

Programs . 391 34
1975 HCD Building Standards 2,292 201
1978 CEC Building Standards 644 57
1982 CEC Building Standards 5,108 449
1978 CEC Appliance 6,069 533
0I1-42 Programs ‘ 0 0
Other Retrofit Programs 301 26
Load Management Cycling 1,160 102
15,965 1,403
Commercial kWh/employee
1978 CEC Building Standards 6,011 549
1983 CEC Building Standards 1,083 99
1983 CEC Equipment Standards 1,057 97
Schools and Hospitals 234 21
Load Management Audits 1,683 154
Other Commercial 1,846 169
11,914 1,088

Industrial
1978 CEC Building Standards 323 97

(a) Reasonably expected to occur. Street lighting and agriculture sectors
excluded.

Source: California Energy Commission 1983, Table 3-IV-1,2,3. Household
and employment projections used were taken from U.S. Department of Com-
merce, Bureau of Economic Analysis, 1980 Regional Projections. Households
at 11,377 ,270: commercial employment at 10,950,677; industrial employment
at 3,321,917.
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TABLE B.4. CEC Potential Energy Savings by End-Use
Sector by the Year 2002

Sector GWh kWh/HH or employee
Residential 23,313 2,049
Commercial Bldg 12,849 1,173
Other Commercial 1,593 145
Street Lighting 983 86
Process Industry 0 0
Assembly Industry 4,985 ) 1,501
Extraction Industry 0 0

Total 43,723 NA

Source: California Energy Commission, Volume I Technical Report, 1982,
Table 3-7. Agriculture not included.

but estimates savings based on mandatory standards. In the commercial sector,
CEC loan management audits compete with price to motivate customers to make
efficiency improvements. However, as more programs are introduced this separa-
tion becomes more difficult. Once again, heavy reliance is placed on building
shell improvements to achieve conservation of electricity. |

WISCONSIN ELECTRIC POWER COMPANY

The Wisconsin Electric Power Company (WEPC) is an investor-owned utility
serving the Milwaukee, Kenosha, and Racine Standard Metropolitan Areas, Central
and Northern Wisconsin, and the Upper Peninsula of Michigan. Wisconsin's pri-
mary fuel source (70%) has been natural gas since 1977. Electricity accounts
for only 4 to 5% of total energy used. WEPC has adopted a very broad defini-
tion of conservation, covering not only more efficient end use of electricity
but also energy saved at the supply and conversion levels, e.g., fuel switch-
ing, time-of-use rates, load management, etc., although load management was not
modeled. It should be noted that there is currently an on-going debate between
WEPC and the Wisconsin Public Services Commission regarding this definition.
Basically the problem centers around WEPC's desire to raise rates to pay for
programs they define as conservation measures. The Commission uses the defini-
tion of improvement in efficiency of energy end use by the customer. The Com-
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mission feels that WEPC emphasizes load management over incentives to the cus-
tomer and thereby serves the company objectives first.(a) WEPC counters with
the following argument:

“Staff has been critical of Wisconsin's Electric's perspective
on conservation. It is true that Wisconsin Electric has viewed con-
servation in context of the over-all planning process. That process
seeks to anticipate and influence Toad patterns in order to maximize
efficiency and maintain financial strength with the ultimate purpose
of insuring that reliable service can be delivered at the lowest
reasonable cost. The encouragement of efficient end-use of electri-
city contributes to the achievement of planning goals to the extent
that peak use is constrained. It may be detrimentaz Fo the extent
that it results in inefficient plant utilization." b

Two points about this controversy are important to this study. First,
total state or regional energy planning will be less efficient until a unified
policy position is adopted. Such a situation occurred in the past between BPA
and PNPPC and was resolved through guidelines provided by the Regional Power
Act. Second, the WEPC conservation forecasts will include end-use efficiency
improvements, price-induced and program-induced conservation, and energy sav-
ings from fuel switéhing.

WEPC uses trend analysis to estimate peak demand. The WEPC system is pri-
marily concerned with providing adequate capacity and their modeling effort
reflects that concern; there is very little disaggregation at the end-use
level., The energy forecast is derived directly from demand and contains some
conservation from an implicit reducticn for improved air conditioning effi-
ciencies. Then, adjustments in hourly energy use for rate structure reform and
solar water and space heat are made. These adjustments are summed for monthly
and annual energy forecasts. The adjustments were allocated to each sector in
the following manner:

(a) Post Hearing Brief on Docket 6630-ER-14.

(b) Hearings before the Public Service Commission of Wisconsin Docket 6630-
ER-14. "Application of Wisconsin Electric Power Company for Authority to
Increase Rates for Electric Service Based on Projected 1983 QOperations,"
1982.
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e rate structure reform to general secondary (commercial)
® solar to residential

o air conditioning efficiency improvements to residential and general
secondary according to the percent of the efficiency reduction at
summer peak demand attributable to each sector (62% residential, 38%
commercial).

Table B.5 presents the energy savings by customer for the year 2000.
Energy savings per household or employee were not available.

TABLE B.5. WEPC Conservation Potential by the Year 2000 {Base Case)

Sector Savings
Residential 13 kWh/customer
General Secondary 447 kWh/customer
(commercial)

Source: Number of customers from
Response to Item 7 of the Public Ser-
vice Commission of Wisconsin Docket
6630-ER-14 Regarding Conservation.
Estimated savings from Wisconsin Elec-
tric Power Company 20-year Demand and
Energy Forecast 1981-2000,

Table 2-1.2. Air Conditioning load
reduction developed from Table 1-3.1
and Table 2-1.4,

These conservation estimates represent only part of the total potential.
Although the air conditioning component includes price response, the solar and
rate structure components do not. The forecast does not include reductions for
improved efficiency in other appliances. Double counting occurs in adjusting
for improved appliance efficiency resulting from federally mandated standards
and the associated response to the econometric pricing assumptions. WEPC
avoided double counting {or rather discounted for it) by not quantifying
separate adjustments for baseload and water heating efficiencies.
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ALASKAN RAILBELT

The State of Alaska, various utilities in the Railbelt region, and the
Municipality of Anchorage have implemented energy conservation programs that
include measures for conserving electricity that have already reduced electri-
city consumption.

Major conservation programs currently available in the Railbelt include
the State Division of Energy and Power Development energy audit and 1pan (DEPD)
program; the Golden Valley Electric Association program (primarily education in
support of the market place); similar education programs by the Chugach Elec-
tric Association and the Fairbanks Municipal Utility System; and the City of
Anchorage Program involving audits, weatherization, and educational efforts. ;
The Golden Valley program was partly responsible for a reduction of electricity
use in this Fairbanks service area from 17,332 kWh/household in 1975 to 9303
kWh/household in 1982 (see Table B.6). In the past, however, the DEPD program
has been the most extensive with an estimated 24% of all Railbelt houses having
had an energy audit performed. The program has saved an estimated average of
1,582 kwh/year of electricity per Alaska household, with electricity equaling
about 18% of total energy savings from the program. No reliable data on DEPD
program electricity savings are available in the Railbelt load centers.

According to Tillman (1983), almost all of the Railbelt programs have been
aimed at the residential sector, with conservation in the commercial and indus-
trial sectors being accomplished primarily through market conditions. Price-
induced conservation is then more easily distinguishable in those two
sectors. In the AML&P program, total conservation potential through 1987 has
been disaggregated into program- and price-induced components (see Table B.7)
with approximately a 40 and 60% share, respectively. For a breakdown by pro-
gram, see Table B.8.

Tillman indicates that price-induced electricity conservation will be more
important in the future than programmatic conservation for the following
reasons: '
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TABLE B.6. Average Annual Electricity Consumption per
Household on the GVEA System, 1972-1982

Annual Monthly

Consumption Consumption Percent
Year (kWh) {kWh) Change
1972 13,919 1,160 +5.6
1973 14,479 1,207 +4.0
1974 15,822 1,319 +9.3
1975 17,332 1,444 +9.5
1976 15,203 1,267 -12.3
1977 14,255 1,188 -6.2
1978 11,574 965 -18.8
1979 10,519 877 -3.1
1980 9,767 314 -7.1
1981 9,080 757 -7.0
1982 9,303 775 +2.5

Source: GVEA, as reported by Tillman {1983).

® [t has the dominant share of impacts.

® Subsidized audits and investments programs for residences are being

phased out.

e Practical impact 1imits are being achieved in institutional build-
ings and systems programs.

® Current plans for future programs are predominantly educational pro-
grams designed to support price or market-induced conservation.

TilTman (1983) notes that two miscellaneous AML&P programs are expected to
save considerable electric energy by the year 1987. These are street 1ighting
improvements, whose impact is taken into account in Section 9.0, and heating of
the Anchorage municipal water supply to reduce the electricity use of water
heaters. The water heater impact is factored into the use rates for Anchorage
water heaters in Section 5.0

In attempting to determine the Tevel of conservation potential, the ques-
tion arises as to whether further investment in energy-savings programs
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TABLE B.7. Programmatic Versus Market-Driven Energy Conservation

Projections in the AML&P Service Area

Cg;ogrammgtifa) Market Driv?g) (a)

servation Conservation Total
Year (MWh) (% of Total) (MWh) (%) (MWh) (%)
1981 12,735 39.5 19,558 60.5 32,294 100
1982 19,609 34,9 27,243 65.1 46,853 100
1983 20,896 37.1 35,374 62.9 56,289 100
1984 27,619 41.1 39,560 58.9 67,133 100
1985 30,195 40.4 44,536 59.6 74,730 100
1986 32,614 40.6 48,133 59.4 81,015 100
1987 35,421 41.0 50,940 59.0 86,363 100

Cumulative 179,089 40.3 265,344 59.7 444,677

(a) Detail does not add to total in the orginal.

included:

Residential MWh/yr
Weatherization 536
State Programs 879
Water Flow Restrictor 200
Water Heat Injection 3,921

. 5,586

Industrial

Boiler Feed Pumps 7,148

Source:

Planned conservation programs include hot water

1981 programs

kWh/Customer

42
63
14

281
400

2298

wraps in the residential sector and street light
conversion and utility transmission conversion in
The number of customers was
provided by the 1982 Alaska Electric Power Statis-
tics of the Alaska Power Administration.

(b) 1981 Price elasticity effects equaled 19,558 MWh/yr,

the commercial sector.

AML&P 1982.
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TABLE B.8. Programmatic Energy Conservation Projections for AML&P (MWh/yr)

Program 1981 1982 1983 1984 1985 1986 1987
Weatherization 586 762 938 1,114 1,290 1,466 1,641
State Programs 879 1,759 2,199 2,683 3,078 3,518 3,737
Water Flaow 200 464 454 464 464 464 464
Restrictions
Water Heat 3,922 3,922 3,922 3,922 3,922 3,922 3,922
Injection
Hot Water NA NA 249 249 249 249 249
Heater Wrap
Street Light 0 555 1,859 3,307 4,788 6,306 7,861
Conversion
Transmission 0 0 4,119 8,732 9,256 9,811 10,399
Conversion
Boiler Pump 7,148 7,148 7,148 7,148 7,148 7,148 7,148
Conversion
TOTAL 12,735 14,609 20,89 27,619 30,195 32,614 35,421
% Change From NA 14.7 43.0 32.2 9.3 9.8 8.6

Previous Year

Source: AML&P, as reported by Tillman (1983).

would be cost effective. An investigation of program-induced versus price-
induced conservation forecasted by other regions could indicate if current mar-
ket penetration levels in the Railbelt are realistic. Unfortunately, as we
have seen, total separation of price and program effects forecasted by PNPPC,
BPA, CEC, and WEPC has not yet been achieved. We have some indication that
these forecasts do show programmatic contributions by the year 2000 in residen-
tial commercial, and industrial sectors. However, the extent to which techni-
cally achievable conservation 1imits can be approached in Alaska through
programs and what proportion would be due to market actions is not clear. 1In
general, because of differences in housing stock, fuel mode splits, fuel
prices, climate, and other factors, forecasted program savings for other
regions may have only limited relevance for the Railbelt.
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APPENDIX C

RED MODEL QUTPUT

This appendix displays selected RED model output produced for the 1§83
update. Included in the following tables are information on the number of
households served by electricity in each l1oad center, housing vacancies, fuel
price forecasts, electricity used per household and per employee, as well as
sunmaries of price effects and programmatic conservation, annual electricity
requirements by sector and load center, and total peak demand. The figures
presented in these tables are at the point of sale and include estimates
supplied by Harza-Ebasco of mi]ﬁtary and industrial demand. They do not
include an adjustment for transmission losses. However, for the 1983 update of
the alternative generation plans these reported figures were adjusted for
transmission losses.
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APPENDIX B3




el

EXECUTIVE SUMMARY

The Railbelt Electricity Demand (RED) Model was utilized in July, 1983 to
produce forecasts of electricity demand for the two Railbelt load centers of
southcentral and interior Alaska: Anchorage-Cook Iniet and Fairbanks-Tanana
Valley. These were contained in the July, 1983 Susitna Hydroelectric Project
License Application to the Federal Energy Regulatory Commission (FERC). The
July, 1983 version of the model has since undergone independent }eview by FERC
staff and by Dr. T. J. Tyrrell, a consulting economist from Wakefield, Rhode
Island whose 1973 electricity demand article provided part of the basis for
RED. As a result of this ongoing review and updating of the model a number of
refinements have been made. The following refinements of the RED model are the
most important: 1) the mechanism utilized in RED to adjust electricity con-
sumption for future changes in the real prices of electricity, natural gas, and
fuel o0il was simplified; 2) some of the values utilized in RED for market satu-
rations, fuel-mode splits, and energy consumption in residential appliances
were adjusted; 3) more refined data concerning the building stock and elec-
tricity consumption were used to project Railbelt electricity demand in the
commercial-Tight industrial-government sector; 4} the Fairbanks-Tanana Valley
peak load factor was revised upward. The new, August 1985 version of the model
is known as RED35A.

Additional research and data collection has been undertaken as part of
this effort. 1In general, the research has confirmed the July, 1983 approach
although certain computational details in RED have been changed to more closely
reflect Railbelt electricity demand conditions. The new version of the model
has also been run for several electricity demand cases contained in the July,
1983 license application and the forecasts compared to those produced in July,
1983, The overall effect on the July, 1983 forecasts has been to decrease the
July, 1983 reference case forecast for the year 2010 by 0.1%; some cases
featuring higher fuel prices are reduced; cases with lower price forecasts are
increased by a larger percentage.



PRICE ADJUSTMENT

Qur analysis of the RED price adjustment mechanism, additional model test-
ing, and Dr. Tyrrell's evaluation of the model led us to the conclusion that
the price adjustment mechanism could be refined and simplified. Recent litera-
ture on the estimates of both short- and long-run price elasticities show that
in recent years, the demand for electricity has become less price responsive.
Accordingly, the price elasticities were reduced. Secondly, we concluded that
a simpler and improved method for includfng price elasticities in the RED model
would be more understandable to model users. Taken together, these combined
refinements, which have been included in the current REDS8SA version, increase
the price responsiveness of the RED model. Dr. Tyrrell has confirmed the
approach and the range of elasticity values used in the model.

RESIDENTIAL PARAMETERS

The parameters of the Residential Consumption Module were reexamined to
confirm their consistency with known data concerning Railbelt electricity con-
sumption. In addition, we reviewed our assumptions to make certain that fore-
casted changes in market saturations of appliances, percentages of given appli-
ances using electricity (electric fuel mode splits), and electricity con-
sumption rates for each type of appliance were consistent with values we would
expect if the real (inflation-adjusted) fuel prices in the Railbelt did not
change in the future. This is necessary because the Residential Consumption
Module first forecasts residential consumption in the absence of price changes,
then adjusts the forecast for price impacts. The detailed saturations, fuel
mode splits, and consumption rates must be selected to avoid double-counting of
price effects.

The review showed that increasing some preliminary electricity consumption
rates would eliminate an overcorrection for price effects in the July 1983
version of the model. Minor adjustments were made in a few appliance market
saturations. No base year {1980) saturations, fuel mode splits or consumption
rates were changed as a result of the review. Taken together, these changes
increased residential consumption.

iv
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BUSINESS PARAMETERS

The structure and parameters of the Business Consumption Module were also
reviewed for compatibility with data that became available to us during 1984
and 1985 concerning electricity consumption in the business sector in the
Railbelt and elsewhere. We determined in the course of our ongoing model
review that the national floorspace per employee estimate utilized by the model
in 1983 contained categories of employment and floorspace not present in the ’
Railbelt, so that a comparison of national and Railbelt floorspace per employee
would be misieading. The national estimate was refined so that it only
included those categories of floorspace and employment actually present in the
Railbelt. The Railbelt estimate was double-checked against the U.S. Department
of Energy's 1979 and 1983 national Nonresidential Building Energy Consumption
Survey and found consistent.

The Railbelt estimates of floorspace per employee were previously assumed
to converge over time to the national estimate at a constant exponential rate;
however, a preferred procedure is that such estimates be based on conditions in
the Railbelt and to merely double-check the Railbelt estimates against national
estimates. This became possibie in 1984 with our acquisition of additional
data on the Railbelit business sector. Consequently, the historical Anchorage
linear growth path was adopted in place of the previous exponential path for
the RED85A version and checked against national data. Fioorspace per employee
was about the same, regardless of whether Anchorage or national data were used.

The final change to the Business Consumption Module was that the electric-
ity consumption equations were reestimated to take into account more refined
data that became available in 1984. Both Toad centers' historical data series
- for business electricity consumption and business building space were revised
to incorporate the new data. The equation having the best statistical fit was
virtually unchanged from the July, 1983 version.

PEAK LOAD

Recent utility data from the Rajlbelt show that the assumed value of the
Fairbanks-Tanana Valley load center's annual load factor was too low. It was
revised upward in RED85A to reflect the most recent load data available.



Table 1 shows the effect of all the changes, taken together, on the refer-
ence forecast for the Railbelt from the Susitna license application as accepted
by FERC in July, 1983 (July 1983 Susitna license application).

Table 1 shows that the July, 1983 reference forecast is affected very 1it-
tle by the model changes. This finding tends to hold up for other cases as
well, Figures 1 and 2 show that for the DRI case, the highest fuel price run
in the July, 1983 Susitna license application, the forecast changes are notice-
able but small., This is also true of the FERC -2% case, which contained the
lTowest fuel price forecast. In summary, although the details of the forecast
change, the overall forecast is little affected.

TABLE 1. Comparison of July 1983 Reference Case Forecasts of
the RED Model, RED85A Versus July 1983

RED8S5A July 1983 % Difference

Total Consumption, Year 2010 5854 5858 -0.1
(GWh)

Total Peak Demand, Year 2010 (MW) 1195 1217 -1.8

Total Residential Consumption, 2403 2572 6.6

Year 2010 (GkWh)

Total Business Consumption, 3028 2863 +5.8
Year 2010 (GWh)

Total Other Consumption, 423 423 +0.0
Year 2010 (GWh)
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CHANGES IN THE RAILBELT .ELECTRICITY DEMAND MODEL,
JULY 1983 TO AUGUST 1985

1.0 INTRODUCTION

The Railbelt Electricity Demand (RED) Model was utilized in July, 1983 to
produce forecasts of electricity demand for the two Railbelt load centers of
southcentral and interior Alaska: Anchorage-Cock Inlet and Fairbanks-Tanana
Valley. These were contained in the July, 1983 Susitna Hydroelectric Project
License Application to the Federal Energy Regulatory Commission (FERC). The
July, 1983 version of the model has since undergone independent review by FERC
staff and Dr. T. J. Tyrrell, a consulting economist from Wakefield, Rhode
Island who provided an independent assessment of the RED model (Tyrrell 1984).
Dr. Tyrrell is a pioneer in the estimation of electricity demand models. In
addition to review, he provided key modeling insights and additional informa-
tion to the Battelle-Northwest staff. His review confirmed the modeling
approach and parameter values used in the August 1985 version of RED, called
RED85A. As a result of Dr. Tyrrell's review and other work, it was concluded
that some refinements could be made to the July 1983 version of RED. The
following refinements were the most important: 1) the mechanism utilized in
RED to adjust electricity consumption for future changes in the real prices of
electricity, natural gas, and fuel oil was to be simplified and improved;

2) some of the values utilized in RED for market saturations, fuel-mode splits,
and energy consumption in residential appliances were to be adjusted; 3) more
refined data concerning the building stock and electricity consumption were to
be used to project Railbelt electricity demand in the commercial-1ight
industrial-government sector; 4) the peak load factor in Fairbanks was to be
revised upward.

As a result of the ongoing review process since the July 1983 Susitna
license application, Battelle-Northwest researchers have undertaken the above
series of refinements to the July 1983 version of the Railbelt Electricity
Demand Model, both to improve forecasts of future electricity consumption in
the Railbelt load centers and to streamline the model. We developed a more
straightforward method to compute the model's fuel price adjustment, and
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modified values of mathematical constants contained in the fuel price adjust-
ment equations to reflect latest available studies of electricity demand. The
change has been included in the RED85A version, and is described in Chap-

ter 2.0. We also reviewed and in a few cases changed other parameter values in
‘the Residential Consumption Module. The results of the review and changes are
given in Chapter 3.0. The overall effect is to reduce forecasted residential
electricity consumption as discussed in Chapter 6.0.

Another change from the July 1983 version is a revised set of assumptions
concerning square footage of commercial-light industrial-government floorspace
per employee. We conducted additional data collection efforts in the Railbelt
on commercial building stock and electricity consumption and acquired and ana-
lyzed the F. W. Dodge Construction Potentials data set, the best available data
set on commercial building stock. We also reviewed the 1979 and 1983 National
Non-Residential Buildings Energy Consumption Surveys, published in March 1983
and July 1985 by the U.S. Department of Energy. As a result of these reviews,
end year (2010) square footage per employee was adjusted upward from values
used in the July 1983 version of RED. At the same time, the growth path to
reach the end year value was adjusted from a constant (exponential) growth rate
based on national data to a linear rate based on Railbelt data, consistent with
gradual satisfaction of the demand for commercial floorspace. The parameters
of the electricity consumption equations were also reviewed and adjusted
slightly. The adjustments are described in Chapter 4.0. The overall effect in
the Business Consumption Module is an increase in business electricity con-
sumption, discussed in Chapter 6.0.

Finally, the annual load factor in the Fairbanks-Tanana Valley load center
was increased by about 10% to reflect recent load data for this load center.
This is discussed in Chapter 5.0. Peak load in Fairbanks is reduced as a
result, as discussed in Chapter 6.0,

The remainder of this report is organized as follows. The next section
discusses changes made to the price adjustment mechanism and the reasons for
those changes. The third section deals with Residential Consumption Module
parameters, and the fourth section with changes to the Business Consumption
Module. The fifth section describes a minor change made to the Peak Demand
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Module. No changes were made to the other RED modules between July, 1983 and
August, 1985. A final section of the paper describes the impact of the model
changes on the forecasts. Appendix A describes the Railbelt data collection
effort. Appendix B discusses the analysis of the #. W. Dodge Construction
Potentials data.
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2.0 RED MODEL PRICE ADJUSTMENT REVISIONS

The ﬁED Model price adjustment mechanism was specified and documented in
July, 1983, and was based on an empirical study performed in 1973 by Mount,
Chapman, and Tyrrell. Since that time, Battelle-Northwest has continued its
process of internal and external model review, which has led to two conclu-
sions. First, recent empirical studies have showed sharply reduced price elas-
ticities in both the short run and long run compared to those in the Mount,
Chapman, and Tyrrell study and other studies of its vintage. Almost as sig-
nificant are the apparent reasons for these reduced estimates, which appear to
be particularly applicable in the Railbelt. Second, we concluded that a more
direct method for including price elasticities in the RED model would be more

understandable by model users. This chapter discusses these modifications.

REVIEW OF PARAMETER VALUES

The parameter values contained in the June 1983 model were taken from a
study performed by Mount, Chapman, and Tyrrell in 1973. Using annual data on
consumption, prices and other variables in the 48 contiguous states for the
1947-1970 period and multiple regression analysis, they estimated econometric
demand equations for the residential, commercial and industrial sectors. The
natural logarithm of annual state consumption in each sector was regressed on
the corresponding fuel priées and income (in logarithms and reciprocals), the
lagged consumption {logarithm), and several other variables (but not the appli-
ance/equipment stock). They obtained estimates of the short-run own-price and
cross-price elasticities, which represent the percentage change in this year's
consumption caused by a 1% change in this year's electricity and other fuel's
prices, respectively, where the change can be interpreted as over time or
across scenarios. They also obtained estimates of the lagged adjustment coef-
ficient, A, which represents the proportion of the complete, long-run adjust-
ment to a permanent electricity price change that occurs after the year of the
initial change (1-A represents the proportion of the long-run response occur-
ring in the first year, or the ratio of the short-run to the long-run elasti-
city). These estimates were obtained for each sector; given them, long-run
elasticities can be calculated as well. Since the appliance-equipment stocks
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do not appear as independent variables in the Mount, Chapman, and Tyrrell equa-
tions, these stocks are not held constant, so the short-run elasticities
include the first-year effect of adjusting the appliance-equipment stock to
price changes/differences.

The effect of appliance stock changes is not a serious problem in estimat-
ing the short-run elasticities. Short-run elasticities primarily reflect
changes in the utilization of the existing stock of appliances. Very little
appliance/equipment/building stock adjustment occurs on the basis of current
prices (this is also reflected in the low values for cross-price elasticities
typically found in empirical studies of electricity demand), so the short-run
elasticities estimated when stocks are allowed to vary are similar to the esti-
mates that are derived when stocks are held constant.

The long-run price elasticities, or the lagged adjustment coefficients,
are likely to be different when stocks are held constant. The value of A in a
model holding appliance stocks constant, for example, would be significantly
smaller than in a similar model in which stocks were not held constant because
equipment capacity could not be reduced and efficiency increased in response to
increased electricity prices. When appliance stocks are not significantly
altered, a greater proportion of the total, long-run response to price impacts
will occur in the year of the price change. The long-run effect of the price
change would still be larger in magnitude than the short-run effect, but the
ratio of the two would be smaller when there are few substitution
possibilities.

Long-run modi fication of the appliance stock has three components:
1) replacement of single appliances to increase the level of consumer services
per unit of fuel used (usually, by reducing fuel use per unit of service);
2) replacement of the stock in such a way as to reduce the amount of service
purchased (e.g., by using smaller houses or less water heater capacity); and
3) changing the number of appliances using the fuel (e.g., either through
reduced market saturations or through fuel switching). Except for fuel switch-
ing or reduced market saturation, the long run effects show up as reduced
"utilization" (e.g., reduced fuel use) of the appliance stock rather than as a
change in the stock.
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There are two basic reasons that the RED model should consider changes in
the appliance stock separately from utilization of the stock. First, projected
price increases are not expected to result in much fuel switching beyond that
which would take place at current prices.

In the Railbelt region of Alaska, electricity historically has been about
two times more expensive than fossil fuel substitutes, even on a service (or
converted Btu) adjusted basis. The future energy price forecasts show elec-
tricity remaining significantly more expensive than fossil substitutes. The
net result of this is that there are few additional fuel substitution possi-
bilities in the existing stock from electricity to alternative energy sources
that would not be undertaken at existing relative prices; however, there are
possibilities for improving the efficiency of the existing electricity-using
capital stock. The appropriate long-run elasticity for the region, therefore,
lies between a long-run elasticity which allows fuel switching and an elas-
ticity which holds the appliance stock fixed in both number of units and
capacity.

Second, available national econometric studies that can be used to deter-
mine RED model price effects were performed on data that requires.adaptation of
the study to the RED model structure and Railbelt economic conditions. For
example, econometric studies that do not adjust the estimates for changes in
the quality of appliances .available may have overestimated pfice elasticity.

In addition, there are theoretical reasons for believing that price elastici-
ties measured for increases in price (future Railbelt conditions) would be less
than elasticities measured for decreases in price (true for much of the U.S.
during the period many national econometric studies were done).

The RED model distinguishes between those changes in the number and capac-
ity of appliances that take place because of changes in the cost of fuel and
those changes that octur because of other reasons, such as improvements in the
quality of appliances, changes in tastes, increased household incomes, etc.
Most econometric models in the literature do not make this distinction, and as
a consequence they appear to produce biased estimates of price effects on con-
sumption. In these models, for example, the effects on residential consumption
of increased appliance quality, convenience, and durability experienced in the
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U.S. between 1950 and 1970 are mixed together with the compounding effects of
declines in the real prices of electricity and of electric appliances. If a
given econometric model estimated the effect of electricity prices on electri-
cal consumption primarily from data for this period (and most of these models
have), but did not hold constant the effects of increased quality, convenience,
and durability, then the estimated long run price elasticity will be too large
in absolute value, resulting in too large a price effect. Holding appliance
stock constant as measured by the number of appliance units to adjust for the
bias would result in too low a price elasticity, of course, since future elec-
tricity prices in reality could cause some changes in market saturations of
electrical appliances. However, since in national studies much of the measured
historical change in consumption was due to market penetration of new types of
appliances and new levels of service from electrical appliances, it is likely
that a long term price elasticity of demand estimated with appliance stocks
constant will be closer to current reality than one in which appliance stocks
are not controlled., It also suggests recent studies are more accurate than
older studies.

In addition, the literature has raised theoretical concerns about the pos-
sible asymmetry of consumer responses for price decreases as opposed to price
increases. According to this argument, when electricity prices decrease new
uses for electricity previously thought to be "luxuries" will be widely
adopted. When the price ihcreases, many of these same uses, once experienced,
may tend to be viewed more as “necessities" so people are more reluctant to
abandon them than to adopt them in the first place. Therefore, the demand for
electricity may be less elastic for price increases in the future than for
price decreases experienced during much of the historical period. The differ-
ence between the upward and downward elasticities can be approximated by hold-
ing appliance stocks constant to capture the effect of past price decreases on
market saturations of appliances.

In order to test the parameter values in July 1983 version of RED against
these assumptions, we performed an additional brief survey of the electricity
demand literature. Our focus was on studies which expiicitly held the appli-
ance-equipment stock constant in the process of estimating the {(long-run or
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short-run) price elasticities and lagged adjustment coefficients. Studies
which had been reviewed in the July 1983 parameter selection process were
included in this review, as were several studies which have since become avail-
able to us.

RESIDENTIAL SECTOR

Three recent studies of residential electrical demand appeared to be par-
ticularly relevant. The first was by Chern and Bouis in 1982, They economet-
rically estimated the structural change in the demand for electricity during
the period 1955 to 1980 for 48 states. The demand equation estimated by Chern
and Bouis was similar to that utilized by Mount, Chapman, and Tyrrell in that
the equation form was multiplicative in its arguments and included many of the
same variables: Tlogarithms of electricity and gas prices, income, population,
and lagged consumption. The equation was also estimated with pooled time -
series and cross-sectional state data, using state dummy variables to capture
the effects of left-out variables. The Chern-Bouis equation was somewhat dif-
ferent in that price elasticity did not explicitly vary with price of elec-
tricity and in that heating and cooling degree days were explicitly included in
the equation. However, it is likely that the Chern-Bouis findings on the
change in price elasticity over time would also hold for a variable elasticity
form of the equation.

The Mount-Chapman-Tyrrell approach can be implemented in either a variable
elasticity form, where price elasticity varies with price, or in a constant
elasticity form, where elasticity does not vary with price. Virtually all
econometric studies of electricity demand other than the Mount-Chapman~Tyrre11
1973 study use the constant elasticity form. Also, examination of the July
1983 output of RED revealed little variation in price elasticity over the range
of electricity prices expected to prevail in the Railbelt between 1380 and
2010, so the Chern-Bouis constant form appeared to be appropriate for use in
RED85A.

Chern and Bouis utilized their 24 years of data to perform 15 estimates of
the demand equation for successive 10-year intervals. Statistically signifi-
cant and substantial decreases were found in both the long run and short run
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elasticities of demand. For the period 1955 to 1964, for example, the esti-
mated long run elasticity of demand was -1.36 while the short run elasticity
was -.801. For the period 1969-1978, Chern and Bouis found that the short run
elasticity had become only -.133 (Mount-Chapman-Tyrrell had found about -.140
at the mean of U.S. electricity prices in 1371) and that A, the coefficient on
lagged consumption, was .733 (Mount-Chapman-Tyrrell had found .884). This
resulted in a long run elasticity for Chern and Bouis of -,498 for the most
recent period, compared to -1.21 in Mount-Chapman-Tyrrell. There was no clear
trend in the elasticity on natural gas price in Chern and Bouis's work. The
‘average value for the five most recent periods was about .02. Table 2.1 com-
pares Chern and Bouis's results with Mount-Chapman-Tyrrell.

Chern and Bouis interpreted the observed decline in price elasticity as
being caused partly by increased penetration of more durable heating and cool-
ing electrical appliances into the market place {reducing the speed of adjust-
ment and increasing A) and partly by the almost complete saturation of existing

TABLE 2.1. Comparison of Parameter Values for Residential Electricity Demand,
Chern-Bouis (1982) Versus Mount-Chapman-Tyrrell (1973)

Mount-Chapman-  Chern-Bouis (1982) Chern-Bouis {1982)

Tyrrell (1973) 1955-64 Period 1969-78 Period

Price of Electricity: |

Short Run -.140 -.801 -.133

Long Run -1.21 -1.360 -.498
Price of Natural Gas:

Short Run .0225 .015(2) .060(P)

Long Run .193 .026 .224
Lagged Consumption .8837 A11 .733

(a) Not significantly different from zero.

) In the last five periods, 3 out of 5 observed values were not signifi-
cantly different from zero and two were negative. An average of the
5 short-run values is .025; long run is .094,
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markets for electric appliances. With higher durability and near-complete
saturation, recent changes in demand tend to reflect only relatively slow
changes in the average use by existing customers and increases in the customer
base rather than increased market penetration. This tended to reduce the esti-
mated price elasticity during recent periods.

Taking all of these factors together, the following conclusions are appar-
ent., First, the short-run price elasticity is clearly less in recent years
than it was during the periods used to calibrate the July 1983 version of the
RED model. Moreover, the rapidly declining use of electricity for space heat
in the Railbelt and the virtual absence of residential air conditioning means
that "thermostat adjustments" available nationally to conserve electricity as
price rises would be unavailable in the Railbelt, leaving less adjustable uses
such as water heating, clothes drying, lighting, and cooking as the end uses
which would have to be reduced in response to price increases in the short
run. This implies that the Railbelt price elasticity in the short run is thus
less than the most recent national average in Chern and Bouis's work. The
RED85A version of RED therefore contains the slightly lower value of -.12 for
the residential sector. This is also within the range specified in Tyrrell
(1984) and is slightly less, in absolute value, than the average short run
elasticity of -0.152 in the 1983 version of RED.

Second, Chern and Bouis estimated a value for X, the lagged consumption
coefficient, that was lower than that estimated by Mount-Chapman-Tyrrell (0.733
versus 0.8837). They also concluded that A has increased over time, due to
increased durability of appliances such as those for heating and cooling.
However, several calls to heating and cooling firms and building contractors in
the Railbelt indicated that market saturations of electric heat are apparently
declining in that region, and that air conditioning is not significant.
Therefore, the special mix of appliances in the Railbelt should tend to reduce
the effects of increased durability observed by Chern and Bouis, making A less
than they estimated. ‘Accordingly, the RED85A version of RED contains the
slightly lower value of 0.7. The relatively high value of x in Mount-Chapman-
Tyrrell and other early work can be attributed to the increased Tong-term
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market penetration of major new end uses of electricity during a period of
declining electricity prices. Market penetration effects should be much Tess
under current Railbelt conditions.

A second study was performed by Taylor, Blattenberger, and Rennhack of
Data Resources, Inc., for the Electric Power Research Institute in 1982. Using
annual data for the 48 contigquous states for the years 1960-1974, they esti-
mated demand equations which explicitly held the appliance stock constant.
Independent variables included lagged consumption and the marginal price of
electricity. The estimated elasticities themselves are not of use because the
RED model utilizes average, not marginal prices (and elasticities with respect
to average prices tend to be higher than those with respect to marginal
prices).(a) What is interesting is the coefficient on lagged consumption vari-
able, which represents x: in the equation having the best statistical fit, its
value was .700, with a standard error of 0,031. Using either the Mount,
Chapman, Tyrrell short-run elasticities evaluated at 1980 prices, or the Chern
and Bouis elasticities, this a value implies long-run elasticities in the
vicinity of -.40 to -.50 in Anchorage and in Fairbanks. These long-run elas-
ticities appear reasonable, given that they primarily represent responses in
utilization rates, with only modest fuel switching in response to price
changes.

We note also that stock-held constant short-run price elasticities
obtained by Taylor, Blattenberger and Rennhack are not very different from
those estimated from the Mount-Chapman-Tyrrell (1973) framework, This is shown
in Table 2.2. Taylor, Blattenberger and Rennhack obtained short-run elastic-
ities in their preferred equation similar to those of Mount-Chapman-Tyrreil

(a) Although economic theory states that both average price and marginal price
affect the demand for electricity, most researchers have encountered
serious econometric problems in attempting to use both in regression
equations. Halvorsen (1978, pp. 9-12) demonstrates that by pairing a
demand equation of double-logarithmic form with an electricity price-
determination equation of the same form in a two-stage least squares
procedure, the average price and marginal price of electricity produce the
same estimate of own-price elasticity. In general, however, this is not
the case. Most researchers have used average price because of its
availability.
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TABLE 2.2. Effect of Holding Appliance Stock Constant on Elasticity Estimates

—————ie e et

Stock and Lagged

Lagged Consumption: Lagged Consumption: Consumption:
Mount -Chapman- Taylor-Blattenberger- Blattenberger-
Tyrrell (1973)(2) Rennhack (1982)(8)  Rennhack (1982){2,D)
Price of
Electricity ;
Short Run -.140 -.101 -.051
Long Run -1.21 -1.052 NA
Price of
Natural Gas
Short Run .0225 .002 -.00095
Long Run .193 .018 | NA
Lagged .8837 904 .631

Consumption

(a) Price coefficients are for average prices in Mount-Chapman-Tyrrell, for
marginal prices in Taylor-Blattenberger-Rennhack. Marginal and average
series can be expected to be highly correlated over time in individual
regians,

(b) The stock-held-constant equation reported here is the most exact comparison
with the lagged consumption model; however, a slightly better-fitting equa-
tion was used to derive A.

when using lagged consumption alone. When they held stock constant, the coef-
ficients on lagged consumption and price all decreased in absolute value, but
the short-run elasticities were relatively unaffected.

The third study also supports reduced long-run elasticity values. Moe,
Owzarski, and Streit of Pacific Northwest Laboratory estimated Pacific North-
west residential winter electricity demand equations in a 1983 study performed
for the Bonneville Power Administration. Using a sample of 1,437 individual
Northwest single-family residences with data on November 1976 through April
1977 consumption, prices, appliance stocks, and other variables, they estimated
a demand equation relating the logarithm of electricity consumption to the
logarithms of average price and appliance stock (measured in kilowatt hours of
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"normal" use) and obtained an own-price elasticity estimate of -.424, with a
standard error of .051. Both Pacific Northwest electricity prices and
Anchorage electricity prices are below the national average. These estimates
therefore may be applicable to the RED study region.

Interpretation of the elasticity estimates produced from cross-sectional
data, hoWever, depends on the nature of cross-sectional differences between
variables. If differences in the explanatory variables across the cross-
sectional observations have existed for some time, then the cross-sectional
observations will all either be at equilibrium or the same point of disequilib-
rium. In either case, the observed differences in the capital stock of appli-
ances and utilization of that stock should reflect long-term differences
between cross-sectional observational units and estimated cross-sectional elas-
ticities can be interpreted as long run elasticities (Halvorsen 1978,
pp. 11-12). Kmenta (1978, pp. 114-117) has worked out the bias in the esti-
mated coefficients for a simple model where adjustment to the long run may be
incomplete. In the usual case, this amounts to a Teft-out variable problem,
where not much can be said about either the existence or direction of bias in
the estimated coefficients. The survey data for the Pacific Northwest used in
Moe, Owzarski, and Streit (1983) was collected for 1976 through 1977 prior to
recent rounds of sharp increases in fuel oil, natural gas, and electricity
prices that may have differentially affected individual customers. Thus, it is
likely that the individuals in the data set were, on average, equally adjusted
to long-run differences fn their circumstances and that the coefficients esti-
mated in Moe, Owzarski, and Streit can be interpreted as long-run elasticities.

On the basis of these three studies, RED85A version of the RED model con-
tains a value of 0.700 for A in the residential sector. Several other studies
incorporating the appliance stock as an independent variable were considered.
In all cases, howevef, the estimates from these studies were deemed inappropri-
ate, either because of study date (Kaysen and Fisher 1962}, estimation tech-
nique (Anderson 1974), or study region (McFadden, Puig, and Kirshner 1977).
Tyrrell (1984) confirms that 0.7 is a reasonable value.
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COMMERCIAL SECTOR

Qur review of the commercial electricity demand Titerature revealed two
studies which provided a perspective on the value of the RED business sector
lagged adjustment parameter (A). We reviewed a study performed by Chern and
his associates at Oak Ridge National Laboratory in 1982 (Chern et al. 1982), as
well as an update of the study in 1983 (Bouis, Brown, and Chern 1983). Using
annual data for the 48 contiguous states for the years 1955-1978, they esti-
mated separate demand equations for each of the nine U.S. Census Divisions,

The equations were estimated in double logarithmic form, with average price and
lagged consumption appearing as independent variables. Values of A range from
.07 to .88; the arithmetic average is .618 and values in relatively low-price
regions are generally below the average. These A estimates may, of course,
overstate the utilization-only price response, since equipment stocks are not
held constant in any of the nine equations.(a) They suggest, however, that a
value of .700 is appropriate in the commercial sector.

A short-run elasticity value for the commercial sector from Mount-Chapman-
Tyrrell (1973) had been used in the July 1983 version of RED to determine the
short-run elasticity of demand for electricity in the business sector. They
had found a commercial short-run price elasticity of about -.18 to -.20. A
strong result of the Chern and Bouis residential work is that both short-run
and long-run residential price elasticities have declined relative to thase in
the period investigated by Mount-Chapman-Tyrrell and that recent periods show
lower values than the 1955-78 period as a whole because of structural changes
in demand. A parallel decline in price elasticity in the commercial sector
would be expected because of similar structural changes in demand. Because
there is little electric heating and air conditioning in the Railbelt, the
short run elasticity ought to be toward the lower end of the observed range.
The value of -.15 in the RED85A version of RED is in the lower part of Bouis,
Brown, and Chern's observed range, and is within the range in Tyrrell (1984).

{(a) The review of the commercial electricity demand literature indicated that
there were no studies in which commercial equipment stocks were explicitly
held constant. '
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It is consistent with the theoretical and empirical literature and appeared
appropriate for the business sector in the Railbelt.

Table 2.3 provides a comparison of price adjustment parameter values in
RED85A and the July, 1983 versions of RED. In both the residential and busi-
ness sectors the average short-run and long-run price elasticity values are
Tower in the RED85A version than in the July 1983 version.

STRUCTURE OF THE PRICE ADJUSTMENT MECHANISM

In the July 1983 version of RED, an approximate mathematical expression
was used to estimate the change that would occur in a given future year in the
quantity of electricity demanded resulting from a change in price at an earlier

TABLE 2.3. Comparison of Parameter Values for Residential and
Business Electricity Demand, RED85A Versus July 1983

Sector and Variable RED85A July 1983
Residential Elasticities
Short-Run Elasticities

Own-Price -0.12 -0.1552 + 0.3304/p(2)
Natural Gas 0.0225 0.0225
0i1 0.01 0.01

Lagged Adjustment (A) 0.700 0.8837

Business Sector
Short-Run Elasticities

Own-Price ~0.15 ~0.2925 + 2.4014/p(2)
Natural Gas 0.0082 0.0082
0i1 0.01 0.01

Lagged Adjustment (A) 0.700 0.8724

(a) Measured in mills per kWh, 1970 dollars.
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point in the forecast. Specifically, the mechanism employed in the July 1983
version approximated the percentage change in quantity of electricity consumed
in a forecast period K:{(2)

N
OPAje = 27 OPA{ w10

K 4
+5 pepeA; | A% ESR,

= i,K1l,2
m=1 (2.1)
3 2
AT ESRy o g FAESR 3
+ X ESR + ESR g
i,ké,2 i,K5,2 J

where PCPEA; . denotes the annual percentage change in the price of electricity
in region i, time period m, and sector 2, while ESR denotes the short-run vari-
able own price elasticity, calculated as:

gAMMA + .5 GAMMA (2.2)
1,K,2

ESR. = BETA. + .5
. L Pi k-1¢

1,K,

where BETA and GAMMA were parameters estimated by Mount-Chapman-Tyrrell. Simi-
larly, price adjustment factors for oil (PPA) and natural gas price changes
(GPA) were derived, with one simp]ification‘— the o0il and gas cross-price elas-
ticities were constant. Thus,

_ 4,5
PPAike = % PPAY k10

(a) There are several subscripts in RED denoting time periods. In Equa-
“tion (2.1), K denotes a future forecast period 1985, 1990, 1995, ...,
2010. Small m also denotes a future forecast period, but is less than or
equal to K. K1, K2, etc. denote individual years within a forecast
period. Small t, which appears in Equation 2.5, denotes individual years
1981-2010.
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K
+ ] PCPOA; . PSR

m=1 .

(A4 + 2A3 + 3A2 + 4 + 5) (2.3)

5

GPA. .. = A~ GPA

iKe i,K=1,2

K
) PCPGAiml GSR2
m=1

3enZ a5 ]~ (2.4)

(x4 + 2x
where OSR; is the short-run o0il cross-price elasticity in sector ¢, GSR, is the
short-run gas cross-price elasticity in sector £ and PCPOA and PCPGA are the
annual percentage changes in the prices of fuel oil and natural gas,
respectively.

This complex formulation of the own-price and cross-price effects was
adopted in the July, 1983 version of RED to directly translate the Mount-
Chapman-Tyrrell price effects (estimated on an annual basis) into five-year
stepped electricity consumption differences for various price scenarios. A
more straightforward way of calculating the quantity adjustment index, however,
is to directly use a partial adjustment specification.(a) The required formu-
lation (with o0il prices added) for a constant price elasticity fis:

A B _GSR OSR aiz

= P PG PO e : 2.5
Qt Qt-1 t t t : ( )

(a) At the same time, the mode]l was modified from a variable elasticity form
(the more general form estimated by Mount-Chapman-Tyrrell) to a constant
elasticity form (which is a special case) because data were not sufficient
to estimate changes in GAMMA in Equation 2.2. In addition, price elas-
ticities did not vary greatly with the Mount-Chapman-Tyrell variable elas-
ticity formulation over the fuel price range expected to prevail in the
Railbelt.
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where Q. is the quantity of electricity consumed in year t, P, is the price of
electricity in year t, PGy the price of gas, POt the price of 0il and e the
constant which is the base of natural logarithms. Lambda (A) is defined as
before, as is GSR and OSR; ajg 1s an estimated constant, and 8 is the short-run
electricity price elasticity.

Since Equation 2.5 is multiplicative in form, we can derive separate quan-
tity adjustment indices for each fuel. The total quantity adjustment index is
the product of the three indices:

= OPAiKz . PPATKQ . GPAiKl (2.6)

sy
where Q;,, is the total price adjustment index in region i, time period k and
sector ¢, and OPA, GPA, and PPA are the price adjustment indices for changes in
electricity, natural gas, and oil prices, respectively. The own-price adjust-
ment (OPA) index is derived by holding the gas and-oil price terms from Equa-
tion 2.5 constant at 1.0 and defining price of electricity as an index RP with
its 1980 value equal to 1.0: '

A
OPA . = OPA, *RP. (2.7)
1Ke iK-12 KL

Similarly, holding electricity prices constant in Equation 2.5, we can derive
quantity adjustment indexes for gas and oil. The prices are normalized into
relative price indices RPG and RPO, with 1980 equal to 1.0 in each case.

- eppd GSR

GPA; .o = GPAY 1.4 *RPG{ T o (2.8)
= pppal OSR

PPA; k. = PPAY 1 “RPOTL (2.9)

Preliminary consumption (sales in the absence of price changes, PRECON) is
finally adjusted by the product of the quantity indices derived above to deter-
mine predicted, price adjusted consumption, Qikg»
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3.0 RESIDENTIAL CONSUMPTION MODULE

In response to comments by FERC staff at a meeting in Anchorage in October
1983 and comments subsequently received from DOr, T. J. Tyrrell, we reexamined
several of the paraméters of the July, 1983 version of the RED Residential
Consumption Module to confirm that the values of these parameters best
reflected Railbelt conditions. This review included appliance saturations,
1980 electricity consumption estimates, fuel mode splits in new and replacement
appliances, and electricity consumption growth in the absence of fuel price
changes, The actual changes to RED made as a result of the review are shown in
Tables 3.1, 3.2, and 3.3. The results of the review are shown in the following
subsections,

APPLIANCE SATURATIONS

In his review of the July, 1983 version of RED, Dr. Tyrrell noted that the
pattern of market saturation rates of appliances would ordinarily be expected
to follow the traditional S-shaped pattern, increasing at a decreasing rate as
the maximum saturation rate was approached; The saturations for & few appli-
ances in the July, 1983 version of RED did not follow this pattern--clothes
driers in multifamily dwellings in both Anchorage and Fairbanks appeared to
follow an irregular pattern. Dishwashers in single-family housing in Fairbanks
fo11owed'an abruptly declining pattern while dishwashers in Fairbanks multi-
family housing followed an almost linear pattern.

The assumptions underlying these saturation patterns were reexamined for
the RED85A, version of RED. ODishwashers' saturation patterns were not
changed. Historically, the rate of market penetration of dishwashers in
Anchorage and Fairbanks has been very rapid, as revealed by the 1970 Census and
the 1981 Battelle Railbelt residential energy survey. The existing ceiling of
90% saturation appeared to be appropriate, given the large number of two-worker
families in both Anchorage and Fairbanks. The historical growth rates in sat-
uration were simply projected forward until 90% was reached (in cases of low
initial saturation rates); or alternatively, 90% was assumed to be achieved by
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1990 (a growth rate slower than historical rates in most cases), at decreasing
rates. In the case of dishwashers in Fairbanks, this results in a traditional
S-shaped curve.

| In the July, 1983 version of RED, clothes driers' saturation rates were
tied very closely to clothes washer market penetration in all housing types.
The time path for market penetration in the RED85A version in multifamily

housing has been smoothed as shown in Table 3.1. At the same time, clothes

TABLE 3.1. Changes in Market Saturations of Clothes Driers,
RED85A Versus July 1983 RED Model
(% of served households)

RED85A July 1983
Default{d) Range Default(?) Range
Anchorage
Multifamily:
1980 75.7 - 75.7 --
1985 83.0 82-84 83.0 82-84
1990 87.0 84-90 83.5 85-90
1995 90.0 83-93 84.0 88-92
2000 92.0 89-95 85.0 90-94
2005 94.0 90-98  90.0 91-97
2010 95,0 91-99 95.0 92-97
Fairbanks
Multifamily:
1980 61.0 - 61.0 --
1985 ~ 67.0 63-71 65.0 61-69
1990 74.0 70-79 70.0 65-75
1995 80.0 75-85 80.0 75-85
2000 85.0 80-90 85.0 80-90
2005 90.0 85-95 90.0 85-95
2010 95.0 92-97 95.0 92-97

(a) Value used by the model when run in certainty mode (that is,
when the Uncertainty Module does not select random values for
model parameters). Default values were used in the forecasts.
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washer saturations in Fairbanks multifamily homes and mobile homes were
revised. These revisions are shown in Table 3.2. The impact of all these
changes on the forecast is expected to be insignificant.

TABLE 3.2. Changes in Market Saturations of Clothes Washers,
RED85A Versus July 1983 RED Model
(% of served households)

RED85A July 1983
Default Range Default Range
Fairbanks
Multifamily:
1980 63.8 -~ 63.8 --
1985 ‘ 70.0 65-75 68.0 63-72
1990 75.0 70-80 70.0 65-75
1995 80.0 75-85 80.0 75-85
2000 85.0 80-90 85.0 80-90
2005 90.0 85-95 90.0 85-95
2010 95.0 90-100 85.0 92-98
Fairbanks:
Mobile Homes: (one year changed only.)
1990 _ 93.5 91-96 92.5 91-96

1980 ELECTRICITY CONSUMPTION ESTIMATES

Electricity consumption estimates for residential space heat in the 1980
housing stock are referenced in July, 1983 documentation of RED as coming from
the 1980 study of Railbelt electricity demand by Goldsmith and Huskey of the
University of Alaska Institute of Social and Economic Research. Electricity
use rates in space heating are up to four times greater than those reported in
other studies for the Lower 48, Therefore, these estimates were reviewed to
confirm their accuracy. In addition, a 10% downward adjustment had been
assumed for initial e}ectricity conservation in the building stock between 1978
(Goldsmith and Huskey's base year) and 1980 (the base year for RED forecasts).
The July 1983 version also contained a 15% upward adjustment in RED for energy
used in water heating to allow for cold inlet water temperatures in Railbelt
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locations. Both of these assumptions were reviewed in light of additional
data. Finally, we reexamined the estimate of electricity consumption in
cooking.

A1l the original assumptions are supportable and require no changes. \e

deal with each of the issues below.

Space Heat. The difference between space heating electrical consumption
in the Railbelt and Lower 48 study areas is, as far as we can determine, real
and accurately portrayed in RED. The following was the procedure utilized by
Goldsmith and Huskey in deriving the original estimates of electricity
consumption.

Step 1. The beginning point of the analysis was 1970-1979 Alaska Gas
and Service Company (now ENSTAR) residential customer data
that show 1979 consumption per customer was 202.5 mcf.
Goldsmith and Huskey estimated that about 84% of the load
(the part that varied by temperature) was for space heat.
Alaska Gas and Service Company used national data to esti-
mate about 75% of the total was for space heat. The two’
figures were averaged to yield 80%, or 162 mcf per customer
for space heat, averaged across single family, mobile-home,
and duplex units. {(Multifamily fall under commercial sched-
ules for gas.)

Step 2. The gas heat load was converted to kWh of electricity by
assuming 65% efficiency for gas, 95% for electric heat.
This results in an average 32,400 kWh for single family,
mobile homes, duplexes. Using an assumed 1979 distribution
of structures, average floorspace per unit, and average heat
requirement per square foot based on surface-area-per-square
foot ratios and Alaska energy studies, Goldsmith and Huskey
worked out implied average space heating loads:
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Step 3.

Relative
Average Heat
Average Floor Requirement Average Load
Space Per Square Foot (kWh)
Single Family 1,480 1.0 34,823
Duplex 1,085 0.9 22,976
Mobile Home 820 1.38 26,626
Total 1,350 1.02 32,400

The muitifamily unit electricity requirements were also cal-
culated using average building surface area/floorspace
ratios.

Heating requirements per unit in other parts of the Railbelt
were next determined from Anchorage values using information
on relative size of units (smaller in Kenai Peninsula and
Matanuska-Susitna Boroughs) and relative heating degree-
days. Average unit size was assumed to be 20% smaller in
the Kenai Peninsula Borough and 15% smaller in the
Matanuska-Susitna Borough than in Anchorage, based on 1970
Census median number of rooms per housing unit. Fairbanks
housing was assumed 8% smaller than Anchorage, based on an
actual 1979 Fairbanks Community Information Center energy
survey data of Fairbanks for single family, duplex, and
mobile home units., Heating degree days from 1977 and 1978
heating seasons were used to proportionately adjust
Fairbanks consumption per square foot upward from Anchorage
values, No heating degree day adjustments were made for
outlying areas of Anchorage-Cook Inlet. The results are
shown below for 1978,
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kWh
Single Family Dupiex Multifamily Mobl!e Home

Anchorage-Cook Inlet

Anchorage 34,800 253,000 15,300 26,600
Kenai-Cook Inlet 27,800 18,400 12,200 21,300
Matanuska-Susitna 29,600 19,600 13,000 22,600
Seward 27,800 18,400 12,200 21,300

Fairbanks/Tanana Valley

Step 4.

Falrbanks/ 45,900 30,400 26,200 35,100
Southeast Fairbanks

The 1978 average'consumption figures were then weighted by
the numbers of "first home" units of each type in each loca-
tion having electric space heat in 1978. The product of the
number of first homes of each type, the estimated 1978 fuel
mode split, and the use per household by type of house was
added across types and divided by the total estimated number
of households having space heat. The total was then
adjusted to a normal degree-day year. This results in con-
sumption figures as follows:

kWh
Single Family Duplex Multifamily Mobilie Home

Anchorage~Cook inlet 36,500 24,200 17,100 27,300
Fairbanks-Tanana Yailey 48,200 26,600 18,800 30,000

Step 5.

This estimate of consumption in space heating can be inde-
pendently verified from three other sources. First, Axel
Carlson of the University of Alaska Cooperative Extension
Service estimated "typical" house heating requirements for
six types of houses in Fairbanks and one type in Anchorage
(Fairbanks North Star Borough Community Information Center
Special Report No. 2, 1978 and Special Report No. 4,
1976). His findings were:
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Anchorage Fairbanks
1. Single Family : 40,917 kWh 52,392 kWh
a. 2300 square feet
{incl. daylight basement)
b. 768 square feet - 29,042
(closed crawl space)
c. 768 square feet -- 26,620
(heated crawl space)
2. Mobile Home
a. 768 square feet - 34,873
{closed crawl space)
b. 768 square feet - 32,671

(heated crawl space)

Adjusted for housing size, these estimates are compatible
with the ISER estimates from Step 4.

A second source of data for comparison was the "heating
only" electrical consumption figures for Chugach Electric
from the Federal Power Commission's annual publication A1l
Electric Homes, from 1963 to 1974, The average use rate in

all Chugach electrically space-heated homes was between
29 thousand and 30 thousand kWh, very similar to the ISER
estimates for single family and mobile homes.

A third source used by ISER also gave similar, but somewhat
higher estimates of consumption in space heating. When
national average electrical requirements from the U.S.
Department of Energy Office of .Community Systems were
applied to Anchorage, the following estimates were obtained:
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Annual Anchorage

Thermal| Requirement Average Electrical Requirement
Type {Btu/sq. ft/heating degree-day) Size (sq ft) (kWh)
Single Family Detached 113 1,570 56,7168
Single Family Attached 6.2 1,370 27,154
Muttifamiiy High Rise 4,5 900 12,947
Muitifamily Low Rise 5.0 800 14,386
Mobile Home 15.0 720 34,526

Ten Percent Space Heat Conservation Adjustment

The base year electricity consumption used in the ISER predecessor to the
RED model was based on 1978, adjusted to normal heating degree days (10,911 in
Anchorage; 14,344 in Fairbanks). The base year used in the RED model was 1980,
also adjusted to normal heating degree days.

As shown in the following table, combining the ISER 1978 space heating
estimates with the RED model's 1980 estimates for housing stock and fuel mode
split the model would produce a normalized estimate for electricity consumption
per household much higher than actual values for 1980. On the other hand,
adjusting for 10% conservation between 1978 and 1980 produces a value much
closer to the actual 1980 consumption per household. Given that some non-space
heat loads may also be weather-sensitive, and probably contribute to the dif-
ference between RED estimated and actual consumption, the 10% adjustment

appears appropriate and has not been changed.

Annual Use Rates in Residential Sector for
Actual 1980 Degree Days

(kWh)
Anchorage Fajrbanks
1. With ISER 1978 13,534 11,454
use rates :
2. With RED ‘adjusted 13,031 11,214
use rates (ISER 1978
rates, minus 10%)
3. Actual consumption 13,090 10,449

per household
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Fifteen Percent Adjustment for Lower Water Temperature in Water Heating

We examined a number of studies that gave estimates of electrical consump-
tion in water heaters for Lower 48 locations. Other things equal (insulation
of the heater and water use rates), one would expect that Tower inlet water
temperatures would cause proportionately higher electrical use rates in Alaska.

The question is: how much higher?

The basic study used to calibrate the water heating estimate was the Cali-
fornia Energy Commission's (CEC) 1976 estimate (See in Table 5.14 of Volume 2C
of the July 1983 Susitna Ticense application). The original source was
adjusted upward by 15% to allow for lower Alaska water temperatures. Data
supplied by David Myers of Battelle-Northwest's Geosciences Research and Engi-
neering Department reveals that groundwater temperatures in the Anchorage area
average 2° to 3°C (36° to 37°F) and about 1°C {33°F) in the Tanana Basin.(a)
Peter Poray, of the Anchorage Municipal Energy Coordinator's Office, confirms
that surface water tempefatures in Ship Creek (which supplies about half of
Anchorage's needs) average 33°F.(b) In contrast, ground water temperatures in
much of the U.S. are in the high 50° to lTow 70°s (see Ground Water. and Wells,
Johnson Division, UOP, Inc., St Paul, Minnesota, 1975, p. 12). In particular,
this is true for CEC's region.

Even allowing for no difference in standby heat loss in water heaters
between Alaska and the CECVstudy, the 15% adjustment appears conservative, in
view of the 50% difference in inlet temperature. The 500 KWh/year/unit down-
ward adjustment of water heater electrical use made in the RED model in 1983 in
Anchorage to allow for heating of Anchorage's water supply at the Municipa-
lity's power plant also appeérs conservative. ATthough the temperature at the
plant is increased by as much as 15°F, only half of the supply is heated; only
Anchorage (not the Matanuska-Susitna Borough or Kenai Peninsula) is involved,
and no studies have been done to see how far into the MunicipaTity's water sys-
tem the added heat penetrates.

{(a) Telephone communication, David Myers, Battelle Northwest Geosciences
Research and Engineering Department to Michael Scott, May 17, 1984,

{b) Telephone communication, Peter Poray, Municipality of Anchorage to Michael
Scott, May 18, 1984,
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Another sign that the water heat estimate is appropriate is a series of
Pacific Northwest submetering studies of domestic hot water system whose
results were reported in Appendix K to the Regional Conservation and Electric
Power Plan of the Pacific Northwest Power Planning Council in 1983. The
average use in 120 units in 8 studies was 6318 kWh per year, with a standard
deviation of 2600. In spite of the warmer average inlet water temperatures in
these studies (e.g., about 47° in Seattle), almost all the studies showed
higher use rates than was assumed for the Railbelt. Adopting the range of 3.5

to 5.6 kWh per day per household occupant in those studies and standardizing at

the Railbelt average household size of about 2.9 in Anchorage, the studies
(unadjusted for water temperature) would show a range of 3704 to 5928 kWh per
year for Railbelt size households compared to the 4800 kWh actually fore-
casted. This supports the originaT'IS% adjustment for cold water in the
Railbelt.

Cooking Ranges

Cooking ranges were assumed in the July 1983 license application to have
electric consumption rates that were "the average of several studies.” 1In
fact, the 850 kWh assumed is the simple arithmetic average of the rates shown
in Table 5.14 of Volume 2C, rounded to the nearest ten kWh. This was not
changed in the RED85A version of RED.

Fuel Mode Splits in Rep]acéments and New Housing

In the July, 1983 1icense application, incremental fuel mode splits for
space heat and water heat in Anchorage-Cook Inlet were set at low values
relative to the existing (1980) stock to reflect the fact of large-scale
movement to natural gas. This reflected information obtained from several
telephone interviews with Anchorage area builders and real estate firms in May
1983. At that time, the incremental water heating fuel mode splits were set
equal to the incremental space heating splits except in mobile homes, where
about half the existing units appeared to have electric water heaters even
though the space heat units were overwhelmingly gas. ’

Since July 1983, we have again reviewed the assumptions concerning the
incremental fuel mode splits. The incremental splits should reflect not only
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new construction practices but fuel switching at the retirement of existing
systems. Additional telephone interviews with Anchorage area plumbing and
heating firms have confirmed current large-scale conversions of both space heat
and water heat to natural gas in all types of housing in areas where gas is
available. Conversions are occurring on both relatively new systems as well as
old all-electric systems. Accordingly, there appears to be no reason to change
the incremental fuel mode splits from their conservative July 1983 values,
which continue to reflect some electric space and water heat in areas beyond
the reach of gas pipeline systems. It is still assumed that pipeline gas will
not be available in the Fairbanks-Tanana Valley load center, so no adjustments
are made to existing fuel mode splits in that area.

A difference between the 1981 Battelle residential survey and the 1980
Census for Fairbanks fuel mode split in water heating was noted. The Fairbanks
water heating fuel mode split reported in the survey had been adjusted to a
figure much closer to the Census value, not because it "disagreed" with the
1980 Census, but because the 1980 residential consumption calibration required
it. The Census did not report the fuel mode split for hot water by type of
housing. However, model calibration coincidentally brought the aVérage
Fairbanks fuel mode split for water heating close to the Census figure. The
average fuel mode splits for the 1981 Battelle survey and 1980 Census are shown
below:

Electric Fuel Mode Splits (%)

1981 1980
Battelle Census

Space Heat:
Anchorage-Cook Inlet 23.0 20,2
Fairbanks-Tanana Valley 10.9

Water Heat:

Anchorage-Cook Inlet 45,5 36.2

Fairbanks-Tanana Valley 30.5(2) 36.1
Cooking:

Anchorage-Cook Inlet 73.3 68.6

Fairbanks-Tanana Valley 84.3 83.4

(a) Adjusted value.
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The only place where the 95% confidence intervals of the Battelle and Cen-
sus estimates do not overlap is water heat in Anchorage. Even there, the
results of the Census sample and Battelle survey are in fairly close agree-
ment. The Tower 95% confidence bound on the Battelle estimate is about 39% for
the electric fuel mode split. The upper bound con the Census electric fuel mode
split is estimated at 37%. Given that both the Battelle Census and estimates
are based on samples and that the Census does not report fuel mode splits by
type of dwelling, fuel mode split in Anchorage-Cook Inlet was not adjusted.(a)

Annual Consumption, 1985 and After

The 1985 electricity consumption rates for residential appliances in the
July, 1983 license application were also reviewed. Except in a few cases, the
1985 consumption rate assumptions are clearly stated in the July, 1983 license
application and require no further explanation. Broadly stated, up to 1985 the
consumption rates of electricity by residential appliances reflect pre-existent
trends in the efficiency improvements that are partly or wholly offset by
increasing trends in size or energy-using features that are expected to prevail
in the Railbelt. The only appliance which exhibits an apparent Targe
unexplained change between 1980 and 1985 consumption is cooking (Eanges). In
1980 the value for annual consumption of electricity in cooking is 850 kWh.

For replacement stock and new units it is 1200 kWh. This "rapid increase" is
designed to take care of two factors: 1) The wide range of values for annual
consumption reflected in the various studies in Table 5.14 of Volume 2C of the
July 1983 license application reflects varying ages of appliance stock in the
studies and varying presence of features such as automatic timers and self-
cleaning ovens. It is assumed that most replacement and new stock will contain
these features, which will increase incremental energy use. 2) There are
several convenience kitchen appliances, not directly accounted for in the RED
model, that are directly related to food preparation and could add to "cooking'

energy use as their market saturation increases. Included are separate

(a) Had we adjusted to the Census value, the impact on the 2010 forecast of
changing the fuel mode split would have been about a 32 GWh decrease in
consumption, or approximately -.5 percent,
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electric ovens (Association of Home Appliance Manufacturers rated at 373 kWh
per year), electric cooktops (365 kWh per year) and microwave ovens (98 kWh per
year). In addition there are food processors, food waste disposers, and trash
compactors, all becoming more common in Railbelt kitchens.

E1e6tricity use in space heating refiects increasing average size of homes
being built in the Railbelt region. While the 1980 consumption rate was based

on 1980 average floorspace for the then-existing stock, 1985 consumption rates
reflect the size of units being added. Table 3.3 shows the differences

Size of Houses in Railbelt Region

(%)
Anchorage-Cook Inlet Fairbanks-Tanana Valley
Size Class (sq ft) Average Post-1975 Average Post-1975
1. Less than 700 8.1 6.9 11.3 10.2
2. 701-1000 18.1 14.1 21.1 17.3
3. 1000-1300 14,2 17.6 19.3 16.5
4, 1301-1600 12.9 12,2 13.1 15.0
5. 1601-2000 20.8 21.5 16.6 18.1
6. 2001-2400 14 .6 14.6 9.8 12.6
7. 2401 and over 11.1 12.9 8.8 10.2

revealed in the Battelle 1981 Railbelt residential survey (see Appendix A,
Volume 2C of the Susitna license application) between the size of housing units
added after 1975 and average unit size. The figures shown below do not account
for several sources of size increase in new 1985 stock. The figures do not
reflect renovations and additions which also increase average size of dwelling
units built before 1975, nor post-1980 size increases in new units, nor average
size increases within specific classes of housing {single family, for
instance). In spite of this, the 1981 survey shows a clear trend toward Targer
units in the post-1975 stock.

The increases in stock size implied in Table 5.13 of Volume 2C of the
July, 1983, license application are about 22% over the 1980 average stock
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TABLE 3.3. Post-1985 Annual Growth Rates in Electricity
Consumption for Residential Appliances

RED85A July 1983

Space Heat

Single Family 0.005 0.005

MobiTe Homes 0.005 0.005

Duplexes 0.005 0.005

Multifamily 0.005 0.005
Water Heaters 0.0 0.005
Clothes Dryers 0.01 0.00
Cooking Ranges 0.01 0.00
Saunas-Jacuzzis 0.01 0.00
Refrigerators 0.01 0.00
Freezers 0.01 0.00
Dishwashers 0.01 0.00

Additional Water Heating 0.005 0.005
Clothes Washers 0.01 0.00

Additional Water heating 0.005 0.005
Small Appliances and

Lighting:?as

Anchorage 80 kWh 50 kwh

Fairbanks 100 kWh 70 kWh

(a) Change per five-year period.

size. In Anchorage, for example, this implies new single family detached units
would be about 1830 square feet, versus 1500 assumed in the 1980 stock if
energy consumption per square foot were the same in 1980 and 1985 stock. Simi-
larly, new duplexes would be about 1300 square feet; new mobile homes, about
1000 square feet; new multifamily units, 1100 square feet. In Fairbanks, the
new single family units would average about 1700 square feet versus 1350 in the
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existing 1980 stock, 1000 square feet in new duplexes versus 800 in the 1980
stock; 1000 square feet in new multifamily veréus 850 in the 1980 stock; and
1100 square feet in new mobile homes versus 900 in the 1980 stock. In com-
parison, U.S. Department of Energy gives the following, generally larger, 1981
average unit sizes for the nation: single family detached, 2093 square feet;
single family attached, 1946; 2-4 units, 1126; 5 or more units, 826; mobile
homes, 880.(a)

In summary, there is no reason to change any of the 1985 electricity con-
sumption rates for the RED85A version of RED, since the 1985 consumption rates
still appear reasonable.

Post-1985 growth rates in energy consumption are changed between the July,
1983 and RED85A versions of RED. The July, 1983 version assumed that increases
in post-1985 energy-using features of most major appliances would be just off-
set by increases in appliance efficiencies. The RED85A version no longer
assumes the post-1985 trends would be offsetting. There are two major
reasons., The first is that average consumption rates in new appliances in the
absence of electricity price changes in the Railbelt reflect the menu of appli-
ance choices available to Railbelt residents after 1985. The efffciency of
this appliance stock will in turn reflect electricity prices in national
markets, while choices made from the menu will reflect local prices. April
1983 Energy Information Administration long-term forecasts of national elec-
tricity prices show modest national rates of increase (about 0.9% per year,
1980 to 1990; 1.6% per year from 1985 to 1990).(b) Also, appliance energy
conservation has been so successful to date (see Table 5.15 of the Volume 2C of
July, 1983 application) that further improvements in the available stock after
1985 may be difficult to achieve. These factors will tend to restrict somewhat
the choices in efficiency of appliances available for purchase in the Railbelt
after 1985. On the other hand, as incomes rise and the wealth of Railbelt
households increase, they will demand a greater level of services from their

(a) U.S. Energy Information Administration, Residential Energy Consumption
Survey, Housing Characteristics, 1981, August 1983, Table 5.

(b) U.S. Energy Information Administration, 1982 Annual Energy Outlook, with
Projections to 1990, DOE/EIA-0383(82), April 1983, Table 4.
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appliance stocks. Accompanying the demand for services growth will be a
general increase in the capacity and, hence, energy use, of appliances. Since
efficiencies are expected to change little in absence of price changes, the
average consumption rates should rise over the forecast period to reflect the
wealth gains.

The second reason for increasing energy use is that long-term elasticities
estimated in national econometric studies such as those in the RED model meas-
ure, to some extent, the effect of national electricity price trends on tech-
nological change in the energy efficiency of the appliances avéi1ab1e.for
purchase. However, for the RED model this effect must be held constant because
the market is too small to influence national appliance stock efficiencies.

Put another way, it is necessary in small markets like the Railbelt to offset
that portion of the Tong-term price elasticity effect measured in natianal
studies that accounts for general price-induced technological change in
appliance efficiency. The July 1983 version of RED over-corrected for the
price-induced technological change by holding the growth rates in electricity
consumption constant, while including an elasticity that incorporated the same
effect. The RED85A version of RED adjusts for this by increasing the post-1985
growth rates in appliance electricity consumption for all appliances except
water heaters and space heating units. These are assumed to be more influenced
by local conditions. A conservative growth figure of 1.0% per year is used, up
from 0.0% in the July, 1983 version.

Miscellaneous appliances were also reviewed. A number of new appliances
became available in the late 1970s and early 1980s whose market penetration is
clearly increasing, but whose effect on total usage is not clear at this time.
These include video cassette recorders, home computers, video games, central
vacuum systems for cleaning, security alarm systems, and central air filtration
systems. In addition, Fairbanks area utility interviews in February 1984 con-
firmed that in Fairbanks additional emphasis has been given to controlling
environmental carbon monoxide pollution at Tow temperatures by the U.S. Envi-
ronmental Protection Agency and the North Star Borough government. This has
taken the form of an ordinance prohibiting cars and trucks from being left
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idling and mandating the plugging in of car engine block heaters at tempera-
tures as high as 20°F to improve engine performance. This could increase the
use of engine block heaters at warmer (0° to 20°F) temperatures than has been
the case in the past. The growth rate in miscellaneous consumption has been
increased slightly to account for these phenomena in Table 3.3.
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4,0 BUSINESS SECTOR

The ongoing review of the RED model has generally supported the structure
of the model's Business Consumption Module. Additional data have been col-
lected from both Railbelt and national sources which have permitted further
refinements to both the structure and selected parameter va]ues.(a)

This section contains a discussion of the changes made in the July, 1983
version of the Business Consumption Module., We first review the calculations
in the July, 1983 version. Next, we discuss the way in which floorspace per
employee is forecasted, and finaT]y, discuss minor adjustments made to the
equations that determine preliminary electricity requirements prior to price
effects.

STRUCTURE OF THE JULY, 1983 BUSINESS CONSUMPTION MODULE

Using regional employment, the Business Consumption Module first con-
structed estimates of the regional stock of floorspace by five-year forecast
period. The predicted floorspace stock was then fed into an electricity con-
sumption equation that is econometrically derived to yield a preliminary fore-
cast of business electricity requirements, which was then adjusted for price
impacts.

After an investigation of several alternative methods for forecasting
business floorspace, a simple formulation of the floorspace forecasting equa-
tion was used in the July, 1983 version of RED. The floorspace per employee
was assumed to increase at an exponential constant rate to the 1979 national
level reported by the U.S. Energy Information Administration (1983) by the year
2010, or cumulatively increase about 10% and 15% in Anchorage and Fairbanks,

(a} During February and March, 1984 we conducted additional interviews with
Railbelt utility staff, state and local government planning groups, public
and private building managers, and realtors. The results are reported in
Imhoff and Scott, 1984 included in this document as Appendix A. The data
we found suggests that the utilities themselves are oriented toward either
& per-customer or per-square foot approach to estimating business elec-
tricity consumption. Available data are consistent with both the 1980
building stock per employee and 1980 consumption per square foot data
contained in the July 1983 version of RED.
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respectively. This took into account both the evidence of historic increase in
floorspace per employee in Railbelt load centers and the historic lower levels
of floorspace per employee in Alaska compared with the nation as a whole. This
assumption was still quite conservative, since Alaska's commercial floorspace
per employee is far below the national average and has been growing faster
historically than the projected rate. The forecasting equation is shown as
Equation 4.1.

STOCK; = a; = (b)E=1 o TEMP., (4.1)
where
STOCK = floorspace in business sector
a = initial (1980) floorspace per employee
b = annual growth factor (1 plus growth rate) in floorspace per
employee
TEMP = total employment

i = index for the region (Anchorage-Cook Inlet or Fairbahks-
Tanana Valley)

K = time index, K=1,2,3,...,7 {forecast periods)

t = time index, t=1,2,3,...,31 (years).

Once the forecast of the stock of floorspace was found, the module
then predicted the annual business electricity requirements before price
adjustments, based on a regression equation:

PRECONiK = exp[BETAi + BBETAi X 1n(STOCKiK)] (4.2)
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where
PRECON = nonprice adjusted business consumption (Mith)
BETA = parameter equal to regreséion equation intercept
BBETA = percentage change in business consumption for a 1% change
in stock {floorspace elasticity).
exp,In = e;ponentiation, logarithmic operators

Finally, price adjustments were made with the price adjustment mechanism
structure identical to that in the Residential Consumption Module, however,
different in the parameters:

BUSCON; = PRECON; « OPA;. » PPA;y + GPAs, (4.3)

where

BUSCON

price-adjusted business requirements (MWh)

OPA = own-price adjustment factor
PPA = cross-price adjustment factor for fuel oil
GPA = cross-price adjustment factor for natural gas.

In summary, the forecast of electricity demand in the business sector was
directly tied to a forecast of floorspace stock via a regression equation.
Floorspace stock, on the other hand, was derived by an explicit assumption of
the level of floorspace per employee in the year 2010--floorspace was then
derived by providing an exogenous forecast of employment.

PREDICTING FLOORSPACE STOCK

As can readily be seen in Equation 4.1, the level of floorspace per
employee in a given forecast year was assumed in the July, 1983 version of RED
to exponentially approach the national 1979 level. The RED85A version assumes
that the past historical trend of square feet of business space per employee
will continue., This results in a year 2010 value for the Anchorage load center
that fs slightly less than the national 1979 value. It also is less than the
1979-1983 national growth rate in business floorspace per employee. (The 1983
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value was 676.7 square feet per employee compared to 623 in 1979. The national
difference was 53.7 square feet per employee, or 13.4 square feet per employee
per year (U.S. Department of Energy 1985). The projected rate of increase in
Anchorage is only 5.8 square feet per employee per year.

The exponential growth path in July 1983 version of RED assumed that the
increments by which business space per employee grew increased with time. The
current version of the model results in constant increments, which implies a
slowly decreasing growth rate.(a) Because of differences in the respective
economies and the labor and materials cost differential between Anchorage and
Fairbanks, it is assumed that floorspace (STOCK) per employee in Fairbanks
grows at the same rate as in Anchorage, but from a Tower base so that it does
not reach the 1979 pational Tevel by 2010. Equation 4.1, therefore, was
replaced with the following form in the RED85A version of the model:

STOCKit = (a.i + b . t) . TEMP.it (4.1|)
where

= intercept (1972 value) square footage per employee in each load
center

[a1]
s
i

growth rate parameter

forecast year (t=1,2,..., 38),

PARAMETER VALUES

In the July, 1983 version of RED, the national average number of square
feet per employee was derived using the 1979 Energy Information Administration
(EIA) Nonresidential Buildings Survey and U.S. Department of Commerce, Bureau
of Economic Analysis (BEA) definitions of total employment. 1In the Railbelt,
however, an alternative measure of total employment can be found using the
State of Alaska, Department of Labor data series as edited by the University of
Alaska, Institute of Social and Economic Research (ISER). Furthermore, since

(a) As progressively more categories of commercial floorspace become available
in adequate amounts in Anchorage, we expect there will be fewer categories
growing rapidly, contributing to an overall decline in the growth rate.
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A,

the RED model relies on a forecast of this measure of total employment, as
generated by ISER's Man in the Arctic Program (MAP) regional economic model,
consistency in the final forecast requires consistency between the two models'

definitions of employment.

In the REDB5A version of RED, the ISER definition of total employment was
used to adjust 1979 BEA national total nonagricultural employment figures to
more closely represent the employment distribution in the Railbelt Region.

This was done by adjusting the national square feet per employee: netting out
industrial (heavy manufacturing) and mining employment, and adding in military
employment to the national figure. Industrial employment is netted out because
there is little industrial employment or floorspace in the Railbelt region, and
because industrial electricity demand is exogenously predicted in RED.

National mining employment was deleted from the national total because the
Tower 48 figufes primarily represent individuals working in mines, while in the
Railbeit, mining workers are mostly headquarters staff working in offices.
Military employment is included because the MAP definition includes military
employees. Table 4.1 documents the 1979 national stock per employee calcula-
tion, as modified. The 613.1 square feet per employee matches fairly well with
the 623 square feet per employee derived by EIA for their entire 1979 sample of
nonresidential buildings (which includes industrial buildings and some build-
ings that have both residential and nonresidential uses).

The value of b in Equation 4.1' is econometrically derived from historical
employment and estimated building stock data described in Appendix B. The
"intercept" coefficient a was derived by solving the eguation for the 1980
Anchorage and Fairbanks estimated values of square feet per employee. In 1980,
the variable t had the value of 8, since 1973 = 1 in Equation 4.,1', Table 4.2
shows the values for these parameterskfor Anchorage and Fairbanks. When
utilized to predict a value of square feet per employee in the year 2010,
Equation 4.1' produces values of 603.8 in Anchorage and 538.4 in Fairbanks,
both less than the 1979 national values of 613.1 (as calculated) or 623 (as
reported for the sample buildings).
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TABLE 4.1. Calculation of 1979 National Square Footage Per Employee

Employment (Thousands):

1979 Ng?farm Employment () 93,600
Less:(
Industrial 22,137
Mining 865
Plus:
Military(2) 2,100
Total Adjusted Mational Employment : 72,698
Square Feet {Thousands): _
Total Nonresidential(c) . 54,825,000
Less:
Residential 3,115,000
Industrial 7,140,000
Total National Business Square Feet 44,570,000
Average Square Feet per Employee £13.1
(a) Source: 1981 Statistical Abstract of the United States, Table 634,
(b) 1Ibid., Table 658.
(c) "Nonresidential" buildings are buildings used for some purpose other than

residential. Those buildings used primarily as residences (residential)
were removed from the business total, as well as industrial buildings
(which are much more heavily represented in national than in Railbelt
floorspace).

TABLE 4.2, Parameter Values for Business Floorspace Equation, RED85A

Anchorage Fairbanks-

Coefficient Cook Inlet Tanana Va]]ey(b)
a. value 383.023(2) 317.562(2:0)
Standard Error __ __
b. Value 5.811 5.811
Standard Error 1.718 --

(a) The coefficient value was adjusted in 1980 so that the
estimated 1980 values of 429.5 square feet per employee in
Anchorage-Cook Inlet and 364 in Fairbanks-Tanana Valley were
reached in year t = 8 (the years 1973-1982 were used in the
regression). The original value in the Anchorage equation
was 316.22, with a standard error of 10.661.

(b) The Fairbanks equation is not econometric. See text.
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PREDICTING BUSINESS CONSUMPTION

In the July, 1983 version of RED, business preliminary electricity con-
sumption (that is, in the absence of price effects) was estimated by regressing
historical commercial-industrial-government electricity consumption in the two
load centers on the corresponding estimated historical stock of business fioor-
space and other selected parameters. In his March, 1984 review of the RED
model, Dr. Tyrrell suggested that we attempt to introduce fuel prices directly
into our regression equations to hold pfice effects constant. At the same
time, we felt the historical commercial-industrial-government electricity con-
sumption data series could be refined. First, heavy industrial electricity
consumption was removed from the Anchorage-Cook Inlet series so that only com-
mercial-1ight industrial-government consumption was estimated by the equation
for that load center, consistent with the RED definition of the business sec-
tor. Next the Fairbanks city government consumption of electricity data were
edited to attain consistent reporting of this category within the business
sector.,

Thé second adjustment made in the data for the RED85A version of RED was
in the historical building stock for Anchorage and Fairbanks. During the
summer of 1984 the FW Dodge Construction Potentials data series for Alaska was
acquired, giving us access to the most complete data set on commercial building
starts. Documentation of the analysis of the F. W. Dodge data is shown in
Appendix B. The resulting estimates of total commercial building stock for
1973-1983 are shown in Table 4.3.(2)

Following Dr. Tyrrell's suggestion, historical data series on fuel prices
in the Railbelt were used to estimate consumption equations for electricity in
the business sector. No price series were available for natural gas or fuel
oil and the best series for electricity contained some gaps. In the resulting
regression equations the electricity price did not contribute to the explana-
tion of electricity consumption. Following standard econometric procedures,

(a) It was assumed that the average Railbelt commercial building took from
1 to 2 years to complete, once begun, to estimate construction
completions. '
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TABLE 4,3. Estimated Commercial Floorspace, Anchorage-Cook Inlet and
Fairbanks-Tanana Valley Load Centers, 1973-1983
(million square feet)

Anchorage Fairbanks-

Year Cook In1et(a) Tanana Va]]ey(b)
1973 26.2 3.8
1974 29.0 4.4
1975 33.1 5.4
1976 36.8 7.5
1977 39.6 8.7
1978 41.4 9.8
1979 42.8 10.1
1980 44.1 10.4
1981 44 .9 10.6
1982 47 .6 10.8
1983 49.8 11.2

(a) 1978 estimated stock (Goldsmith and
Huskey 1980), plus or minus F. W. Dodge
gross additions, lagged one year.

(b) 1983 estimated stock {Scott and Imhoff
1984, See Appendix A), minus F. W.
Dodge gross additions to stock, lagged
one year. See Appendix B.

price was dropped from the final equation in both load centers. There was
virtually no effect in either region on the coefficient BBETA (the effect of
business floorspace) from dropping electricity price.

The effect of reestimating the business electricity consumption eguation
was to reduce the business forecast to some degree relative to the July 1983
version. In combination with the higher business space estimate and larger
(negative) price effect, the net effect on the forecast is an increase in the
forecast.

Table 4,4 reports the differences between the RED85A version of the busi-
ness electricity consumption equation for Anchorage-Cock Inlet load center,
while Table 4.5 reports the differences in Fairbanks.
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TABLE 4.4, Differenteé in Equations for Business E]ectriTiSy Consumption in
- Anchorage-Cook Inlet, REDB5A Versus July 1983 a

RED85A July 1983
BETA -6.320(b) -4.7963
standard error 0622 0.6280
t-statistic 101.60 -7.6368
BBETA 1.224 - 1.4288
standard error .062 0.0491
t-statistic 19.74 29.1159
G .98 .9906

(a) Both equations take the form
Tn (CONi) = BETA + BBETA * In (STOCK:) + et
where:
CON = business consumption (but exclud-
ing large industrial in the 1985
version)
STOCK = predicted stock of floorspace
{b) To calibrate to 1980, the intercept BETA is reset
to -2.2118 in the model.

The July, 1983 version of RED used a predicted stock series (the best
avajlable at the time) that showed less rapid and less variable growth in
building stock than that indicated by more recent actual construction data.

For example, actual 1975 commercial construction starts in Fairbanks repre-
sented almost 48% as much space as the entire commercial building stock
available in 1974. At the same time, rapid electricity price increases after
1973 caused many building owners and managers to drop electric space heat. The
consequence was that historically, Fairbanks showed a building stock elasticity
of demand of only 0.4 to 0.5, whether or not the Fairbanks electricity price
series was included in the equation. This is not representative of current
(post-1980) éonditions, since most of the electric space heat conversion has
been accomplished. Therefore, an elasticity of 1.0 for the period after 1980
was assumed. The intercept of the Fairbanks consumption equation was cali-
brated to actual 1980 consumption per square foot. This implies Fairbanks-
Tanana Valley business consumption would grow in proportion to commercial
building space in the absence of price effects, a somewhat slower rate of
growth than that projected in Anchorage.
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TABLE 4.5. Differences in Equations for Business Electricity Consumption
Equations(gg Fairbanks-Tanana Valley, RED85A Versus

July 1983
REDSRA July 1983
BETA -.7980 -0.9511
standard error - 3.6314
t-statistic - -0.2647
BBETA 1.0 1.1703
standard error - 0.3293
t-statistic - 3.5538
GAMMA - 0.15629
standard error - 0.0535
t-statistic - 3.0444
THETA - =0.0028
standard error - 0.0024
t-statistic - -1.1547
R -- 0.9121

(a) The July 1983 version of the equation is
In (CONt) = BETA + BBETA * 1In (STOCKt)
+ GAMMA * V + THETA *
DtTt + Et ‘
where
CON, BETA, BBETA, and STOCK are define
in Table 4.4 and where

D = Dummy variable (1974-1981 = 1)

V = Pipeline period dummy variable
(1975-1977 = 1)

T = Time trend for T = 1-9 (1973-81)

(b) The RED85A version of the Fairbanks-
Tanana Valley consumption equation is not
econometric and contains only two vari-
ables. See Appendix B, Section B.5.0.

Source: Appendix B.
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5.0 PEAK DEMAND

Review of recent annual load factors for the Fairbanks-Tanana Valley load
center showed that the load factor assumed for the Fairbanks-Tanana Valley load
center in the July 1983 version of the model was too low by about 10%. The
July 1983 assumed value was 0.50. Recent historical load factors are shown in
Table 5.1.

The average of the 1980-1983 estimated load factors is 0;553. We used
0.55 as the value for the RED85A version of the RED.

TABLE 5.1. Historical Annual Load Factors, Fairbanks-
Tanana Valley Load Center

Annual

Sales to FZn?l Final Cust?m?r

Customers'd Peak Load\P Load
Year {GWh) {MW) Factor
1980 ' 412 a0 0.522
1981 421 87 0.552
1982 446 83 0.579
1983 461 94 0.560

(a) From Alaska Power Administration, Alaska
Electric Power Statistics, [Annuall.

{b) Reported Peak from Alaska Electric Power
Statistics, September 1984, Tess 7% for
[ine Toss.
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6.0 EFFECT OF THE MODEL CHANGES ON THE FORECASTS

This section of the paper details how the RED model forecasts are affected
by the changes‘made to the model in the RED85A version. In order to compare
the RED85A and July, 1983 versions we ran simu1ation§ of the RED85A version for
three cases contained in the July 1983 Susitna License Application. These
cases were:

@ H12 - Sherman Clark No Supply Disruption Reference Case
o H13 - DRI Case
e HE8 - FERC -2% Case

The H12 reference case was chosen to see how the base case utilized in July
1983 to plan the Susitna project would be affected. DRI and FERC -2% cases
were chosen because they previously represented the highest and lTowest fossil
fuel price (and Alaskan economic growth) paths reported in the license applica-
tion. There was enough price variation among these cases to determine how
responsive the new model was to very different price scenarios. In the refer-
ence case, real residential fuel oil prices grow by 59% from their 1980 base to
the year 2010 (1.6% per year, averaged over 30 years); in the DRI case, the
growth is 106% (2.4% per year average); in the FERC -2% case, prices fall 43%
(about -1.9% per year).

Table 6.1 summarizes the overall effect on the forecasts. In general,
compared to the 1983 forecasts, the new forecasts are more price-responsive,
but grow more quickly in the absence of price effects. The overall effect is
to narrow the range of the forecasts to some extent. Long run price respon-
siveness of demand dominates at high prices (DRI case), dampening the forecast
of 1983, At Tow prices, the non-price factors {e.g. economic drivers) dominate
and the forecasts are increased over 1983. The RED85A version of the model
shows about 0.1% Tower consumption in 2010 than the July, 1983 version.

Table 6.2 shows a more detailed comparison of the RED85A reference case
forecast with the July, 1983 forecast for the year 2010 by sector and load
center, Generally speaking, the price-adjusted Anchorage load forecast in the
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TABLE 6.1. Comparison of Railbelt Total Electricity
Consumption Forecasts, RED85A Versus
July 1983 RED Model

RED85A _ July 1983
Case and Year GWh MW Glh MW
Reference Case (H12):
1980 2409 489 2364 438
1985 3063 622 3096 640
1990 3650 746 3737 i777
1995 4087 836 4171 - 868
2000 4486 916 4542 945
2005 5063 1034 5093 1059
2010 5854 1195 5858 1217
DRI Case (H13):
1980 2409 489 2364 488
1985 3074 624 3110 642
1990 3609 738 3717 773
1995 4176 854 4341 904
2000 4829 987 5041 1050
2005 5626 1149 5857 1220
2010 6709 1370 6965 1450
FERC -2% Case (HE8):
1980 2409 439 2364 488
1985 3108 631 3145 650
1990 3677 729 3752 780
1995 4000 795 4009 834
2000 4339 863 4262 886
2005 : 4829 963 4658 967
2010 5499 1099 5224 1084

RED85A version has been reduced due to increased long run price responsiveness
of the model. The Fairbanks-Tanana Valley load center experiences very little
electricity price change, so the non-price effects increase the forecast over
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TABLE 6.2, Detailed Comparison of Reference Case Forecasts,
Year 2010, RED85SA Versus July 1983

Anchorage Falrbanks
Resldentlal REDB5A July 1983 ¢ DIff, RED8SA July 1983 % DIff,

Total Consumption (GWh) 1,863 2,021 -7.8 540 551 -2,0
Consumption, Before Price '

Effects (Gwh) 2,135 1,987 7.4 526 524 0.4
Total Consumption per House-

hold (Kwh? 12,167 13,198 =7.8 14,888 15,176 -1,9
Total Consumption per House-

hoid, Before Price Effects

(kwh) 13,941 12,978 7.4 14,501 14,429 0.5

Bus!ness

Total Consumption (Gwh) 2,410 2,352 2.5 618 51t 20.9
Consumption, Before Prlce

Effects (Gwh) 3,130 2,645 18 .4 615 500 23,1
Total Consumption per

Employes (kiWh) 11,785 11,502 2.5 12,001 9,929 20.9
Consumption per Employee,

Before Prlce Effects (kWh) 15,307 12,932 18,4 11,958 9,712 23,1
Total Consumptlon per Square 7

Foot (kWh) 19,52 27 .38 -28,7 22,29 25.64 =5.7
Consumption per Square Foot,

Before Price Effects (kwh) 25.35 30,79 -17.7 22,20 23,12 -4,0

Tota! Forecast

Total Consumption (GWh) 4,634 4,735 =2.1 1,220 1,123 8.6
Peak Demand

(MW) _ 940 960 =-2.1 254 257 -1.2
Average Growth Rate In Con-

sumption from 1980 (%) 2.9 3.0 =0,1 3.6 3.5 0.1
Growth Rate In per Caplta

Consumption (%) 0.6 0.7 =0.1 1.6 1.5 0.1

the 1983 forecast. Additionally, in Fairbanks rising fuel oil and gas (pro-
pane) prices cause electricity to become increasingly attractive, so the price
effects on electricity consumption are more positive than in 1983,

The detailed comparison in the Anchorage residential sector in Table 6.2
shows a decrease in consumption per household in the year 2010 compared to the
July, 1983 forecast even though the preliminary forecast of consumption per
household is higher. This reflects the increased long run price sensitivity of
the model. Fairbanks also shows increased conservation due to price effects.
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The difference between the price-adjusted forecasts is a decrease in consump-
tion of about 2.0% as opposed to a 0.4% increase before price adjustments.

In business, RED85A forecasts of total consumption and total consumption
per employee are increased slightly (2.5%) in Anchorage compared to the July
1983 forecast. The forecast in Fairbanks is 20.9% higher. However, electric-
ity consumption per square foot of business floorspace, both before and after
price adjustments, is significantly below that in the 1983 forecast in both
load centers. This is due to the increased long-term price responsiveness of
the model and to the adjustments made in the historical business consumption
and building stock data series (and, hence, the business consumption equation).
The increase in consumption per employee prior'to price effects shown in
Table 6.2 is due mostly to the increased fTborspace per employee projected in
the RED85A version,

Overall, the reference case forecast is reduced by 2.1% in Anchorage and
increased by 8.6% in Fairbanks. The net effect is an increase of less than
0.1% in Railbelt consumption and a decrease in peak demand of 1.9% or about
23 MW, The 30-year average growth rate in electricity consumption per capita
is reduced from 0.7% to 0.6% in Anchorage, and increases from l.S.to 1.6% in
Fairbanks.

Table 6.3 compares price-impacted electricity consumption in the
Anchorage-Cook Inlet load center for the reference case, DRI case, and FERC-2%
case to demonstrate how price scenarios now affect the details of the forecast
compared to 1983. In the reference and DRI cases, electric, gas, and oil
prices on a conversion-efficiency-adjusted basis all rise significantly; in the
FERC-2% case, electricity and gas experience much more modest increases while
oil falls in price. The key price is electricity, because electricity is not
cost-competitive on an efficiency adjusted Btu basis with gas in the Anchorage-
Cook Inlet load center in any of the cases. The availability of cheaper oil
and gas in the FERC-2% case makes some difference in the RED85A residential
forecast (the price-adjusted forecast is lower than in the reference case even
though the electricity price is lower). However, it is clear that,increased
electricity prices are having a bigger influence than in the 1983's forecast.

Price responsiveness in the residential sector is sufficient to cause
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TABLE 6.3. Comparison of Price-Impacted Consumption, RED85A
Versus July 1983 Forecasts, Anchorage-Cook Inlet

Residential Consumption Per Household (kWh)
1. Reference Case: RED85SA July 1983
Cost of Energy ($/106 Btu)(2)
Electric 071 Gas
1980 $10.84  $11.92 $2.66 - 13,699 13,699
2010 19.64 19.00 8.28 12,167 13,198

2. DRI (High Price) Case:
Cost of Energy ($/106 Btu)(a)

Electric 011 Gas
1980 $10.84 $11.92 $2.66 13,699 13,699
2010 21.98 24,57 9,78 © 11,943 13,396

3. FERC-2% (Low Price) Case:
Cost of Energy ($/10° Btu)(a)

Electric 011 Gas
1980 $10.84 $11.92 $2.66 13,699 13,699
2010 16.71 6.80 3.94 11,895 12,186
Business: , ‘ Consumption Per Employee (kWh)
1. Reference Case: REDB5A July 1983
Cost of Energy ($/10° Btu) (@)
Electric 07l Gas
1980 $9.96 $11.08 $2.31 . 8,672 8,407
2010 18.76 18.15 7.92 11,785 11,502

2. DRI (High Price) Case:
Cost of Energy ($/108 Btu)(d)

Electric 011 Gas
1980 $9.96 $11.08 $2.31 8,672 8,407
2010 21.10 23.72 9.43 11,716 12,035

3. FERC (Low Price) Case:
Cost of Energy ($/10° Btu)(2)

Electric 0il Gas
1980 $9.96 $11.08 $2.31 8,672 8,479
2010 15.83 6.35 3.59 11,956 11,049

(a) Prices are in 1980 constant dollars for fuel delivered to the customer,
adjusted for average conversion efficiency of end-use appliance using the
fuels.
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consumption per household in the DRI case to drop below that in the reference

case. Previously, non-price effects on consumption caused by higher growth in
the housing stock dominated, so that high consumption was associated with high
prices and vice versa,

Business consumption per employee is also shown in Table 6.3. The price
elasticities of demand are somewhat larger in business now than in the July
1983 forecast. This is reflected in the fact that the order of 2010 consump-
tion per employee among the three cases is reversed from the 1983 forecasts.
In the July, 1983 version of RED, non-price effects on consumption {growth in
floorspace per employee and growth in consumption per square foot) more than
offset the conservation effects of higher prices in the DRI case. Then, lower
electricity prices did not result in enough extra consumption to offset the
effect of lower growth in the FERC-2% case. Now, however, higher {lower)
prices more than offset the relatively higher (1ower)‘growth in the DRI (FERC)
case, so that consumption per employee is highest when the prices are lowest,
and vice versa.

Table 6.4 shows the details of the three forecasts in the Fairbanks-Tanana
Valley load center. 1In this case, the price of all three fuels rises in the
reference and DRI cases and declines in the FERC-2% case. However, note that
electricity prices are virtually constant in all three cases. By contrast, oil
increases in cost to nearly the level of electricity in the first two cases,
but falls by to about & quarter of the cost in the third. Thus, the effect of
the level of electricity cost and changes in electricity cost are minimal,
while cross-price effects of changes in oil prices are relatively important.

Comparing residential consumption per household forecasts with the July,
1983 forecasts, one may note that one out of three forecasts has increased,
while the other two decreased. This primarif} is due to larger impacts from
price effects in the higher price cases. The (positive) impact of rapidly
rising oil prices on consumption of electricity (substitution of electricity
for 0i1) is especially evident in the DRI case, boosting consumption per house-
hold in the former from 14,510 kWh/yr without price adjustments to 15,376 Klh
with price adjustments, 1In contrast, although the effect is not directly shown
in the table, cross-price effects reduce electricity consumption per household
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TABLE 6.4. Comparison of Price-Impacted Consumption, RED85A
Versus July 1983 Forecasts, Fairbanks-Tanana Valley

Residential Consumption Per Household (kWh)
1. Reference Case: RED8SA July 1983
Cost of Energy ($/10° stu) ()
Electric 0il Gas
1980 $27.84 $12.05 $19.60 ‘ 11,519 11,519
2010 29.31 19.20 31.25% 14,888 15,176

2. DRI (High Price) Case:
Cost of Energy ($/10° Btu)(a)

Electric 011 Gas
1980 $27.84 $12.05 $19.60 11,519 11,519
2010 29.30 24.80 40.35 15,376 16,019

3. FERC-2% (Low Price) Case:
Cost of Energy ($/106 Btu)(2)

Electric Qi1 Gas
1980 $27.84 12.05 19.60 11,519 11,519
2010 26.38 6.86 11.16 14,032 13,467
Business: Consumption Per Employee (kiih)
1. Reference Case: RED85A July 1983
Cost of Energy ($/106 Bty)(2)
Electric 0i1 Gas
1980 $26.38 $11.54 $17.37 8,009 7,496
2010 27.84 18.69 29.02 12,001 9,929

2. DRI (High Price) Case:
Cost of Energy ($/106 Btu)(a)

Electric 0i1 Gas
1980 $26.38 $11.54 $17.37 8,009 7,496
2010 27.84 24.29  38.12 12,226 10,500

3. FERC (Low Price) Case:
Cost of Energy ($/10° Btu) (@)

Electric 0il Gas
1980 $26.38 $11.53 $17.37 8,009 7,496
2010 24,91 6.63 9.97 11,931 9,340

(a) Prices are in constant 1980 dollars for fuel delivered to the customer,
adjusted for average conversion efficiency of end-use appliances using the
fuels.
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in the FERC-2% case, from 14,502 (without price effects) to 14,032 kWh. This
is because 0il's price advantage increases. over electricity in this case,
reducing electrical consumption. The overall price effect is to increase the

dispersion of the residential forecasts in Fairbanks.

In the Fairbanks business sector, per-employee electricity consumption in
all three forecasts has increased due to non-price effects. Because Fairbanks
business electricity consumption in the absence of price effects now increases
proportionately with increases in business floorspace in the RED85A model,

- which is in turn proportional to employment, the consumption per employee
before price effects is identical in all three cases (11,958 kWh). HNext,
although the own-price effects of rising electricity prices are minimal and
offset by the cross-price effects in both the DRI and reference cases, in the
FERC-2% case falling electricity prices are also more than offset by the cross-
price effect of falling gas and oil prices. The {(positive) cross-price effect
of rapidly rising oil and gas prices outstrips the (negative) own-price effect
in the DRI case and to a lesser extent in the reference case, with its smaller
0il and gas price increase. The signs of the effects are reversed in the FERC
case. Consequently, in the RED85A per-employee farecast, the FERC case is the
lowest of the three and DRI, the highest. 1In July, 1983, the ranking of the
cases were ordered the same way. The ranking of total business consumption is
also unaffected between RED85A and July, 1983. Highest business consumption
still occurs in the DRI case due to higher economic growth and cross-price
effects while lowest consumption still occurs in the FERC-2% case. Dispersion
among the forecasts is reduced.
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A.1.0 INTRODUCTION

This document presents a review of recent patterns of commercial building
energy use and building stock in the Alaska's Railbelt region. The information
was collected to address questions concerning the availability of additional
information about the Railbelt Electricity Demand {RED) model business sector
structure. The questions were received at a workshop conducted in Anchorage in
September 1983 to explain the RED model to Federal Energy Regulatory Commission
(FERC) staff, FERC staff wondered whether local utility customers, utilities,
and government units 1) had counts or estimates of the current commercial
building stock and trends in the stock; 2) had done studies of historical or
current electrical consumption that would relate building stock to electricity
demand. In response to these questions, Battelle-Northwest and Harza-Ebasco
technical staff set up a short data collection project designed to determine
the availability and usefulness of information from Railbelt sources on:

e the current total stock of buildings in the commercial sector and the
composition of the stock;

o recent changes in the type of buildings being constructed that might
affect average electrical consumption per square foot of floorspace,
per employee, or per customer;

e actual electricity use per business customer, per customer, per

square foot of business space, and per employee;

@ the types and intensities of electrical end uses and known recent

trends in these end uses,

The purpose of this project was to either provide additional data that could be
used to improve the electricity demand model in the Railbelt business sector
or, aiternatively, to demonstrate what critical data items were still missing
and would have to be assumed in order to forecast business electrical
consumption,
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APPROACH

In most regions of the U.S., the primary sources of commercial building
stock and energy use information are usually utilities. During the last 10
years, many public and private utilities have initiated energy auditing pro-
grams for commercial customers to support conservation programs, Typical types
of information collected include:

e number of commercial customers by 4-digit Standard Industrial Classi-
fication (SIC) code

® annual energy use by customer type

@ building characteristics of representative customers, including
square footage, construction characteristics, type of HVAC system,
and occupancy trends.

Therefore, our initial target for collecting commercial building information in
the Railbelt region was the utilities. Interviews were conducted with managers
of the four main urban Railbelt electricity utilities by representatives of the
Harza-Ebasco Susitna Joint Venture and Battelle Northwest Laboratories during
late February-early March, 1984, The discussions addressed: 1) commercial
building stock data, 2) the types of energy use in the commercial sector, and
3) data describing energy use by building type. OQOur questions were submitted
to the utilities in advance. The interview guideline used in our interviews of
the utilities is displayed in Exhibit A.l.

To insure that all data sources were identified, similar interviews were
conducted with government officials, commercial realtors, and with the building
managers of representative commercial buildings in Fairbanks and Anchorage.
Additional information sources identified during the interviews were also
reviewed to insure that all available data describing commercial building stock
and energy use in the Railbelt region were identified and characterized. The

interview guide for the building managers is displayed in Exhibit A.Z.

Once the interviews were completed, the information collected from the
region was analyzed to determine 1) the quality of the data collected, and
2) whether the original RED business sector model parameters should be revised
in 1ight of the new data.
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RESULTS

The results of the data collection effort are reported in greater detail
in the next two chapters. This section summarizes those results, however, as
they relate to FERC staff questions.

@ The original RED model relied on benchmark estimates of the commer-
cial building stock prepared in 1980 by the University of Alaska
Institute of Social and Economic Research (ISER) for the year 1978 to
test our historical a time series on commercial building stock. A
sufficient body of information was available on the Fairbanks-Tanana
Valley load center to allow production of a new benchmark estimate of
11.2 million square feet for the 1983 building stock in that Tload
center. There was insufficient coverage of the Anchorage-Cook Inlet
load center or agreement among data sources to develop a new bench-
mark estimate of commercial space in that load center. However, the
available partial stock counts and estimates were consistent with the
sum of commercial construction between 1978 and 1983, plus ISER's
benchmark stock for 1978. We therefore retained that benchmark esti-
mate as the basis for the Anchorage stock series. |

@ Only anecdotal information was available on trends in the commercial
building stock by type of building. Anecdotal information included
estimates that high-rise class "A" office space was becoming more
common in Anchorage, while strip-type suburban developments featuring
office and retail space were becoming more common in Fairbanks. This
information was not necessarily considered indicative of significant
changes in the types of building being constructed. F. W. Dodge Con-
struction Potentials data set published by McGraw-Hill were acquired
in order to answer FERC's questions in a more precise manner.

@ There was no comprehensive data source in the Railbelt on current
electricity use per square foot of business space or per employee in
either load center, although all the utilities contacted could esti-
mate use per customer. Portions of the commercial stock were covered
by various data sets, however. It proved possible to collect con-
sumption data on several individual customers which could be matched
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with floor space data from a variety of sources. 1In general, it
appears from the buildings examined that the RED model's average use
per square foot is approximately correct. However, use per square
foot and per employee is at least as variable within classes and
types of buildings as it is between classes. Thus, even if it were
determined that there was a significant trend in certain types of
buildings being built, this would not imply that average electricity
consumption per square must change as a result.

o Likewise, only anecdotal information was available on trends in elec-
tricity consumption in the business sector. Very few businesses were
taking extraordinary measures to conserve. Most were cutting down
lighting or changing over to fluorescent fixtures, insulating, sett-
ing back temperatures, and reducing window area. In some "special
opportunity" situations such as supermarkets, heat was being con-
served or recovered off process loads. Little or no information was
available on the success of these measures in reducing electrical
loads, however.

In summary, although a considerable fragmented body of information exists,
there is no comprehensive body of data in the Railbelt on commercial buildings
and their electricity use. The evidence that does exist for portions of the
stock suggests that the estimates of total commercial stock and electricity
consumption per square foot used in the Railbelt Electricity Demand Mcdel are
approximately correct.

The remainder of this report is organized as follows. The second chapter
describes the study's findings on business electricity consumption and commer-
cial building stock data. It begins with the previous estimates from thé RED
model which the FERC staff had reviewed, including data sources and limita-
tions. The chapter then describes the results of the current data collection
effort concerning building stock counts and energy use in the business sec-
tor. The final section of the chapter evaluates the current results in light
of FERC staff questions and describes how the new data have been used to refine
the RED model. The last chapter provides summaries of the individual inter-
views conducted as part of the data collection effort.
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A.2.0 COMMERCIAL BUILDING STOCK AND ENERGY USE DATA

NATURE OF THE INITIAL DATA

In the July 1983 version of the RED model, commercial-light industrial-
government {business) electricity consumption was forecasted using a four-step
process: 1) A "predicted" historical building stock series was constructed for
the two Railbelt load centers, using an econometric equation derived from
pooled national data. 2) Historical commercial-industrial-government electric-
ity consumption in Railbelt load centers was regressed on this historical "pre-
dicted” stock to estimate a consumption equation. 3) Building stock was next
forecasted into the future in each load center and business electricity con-
sumption was then derived using the equation in Step 2. 4) Finally, this pre-
liminary consumption estimate was adjustedvfor price effects. Because of the
importance of the “predicted" stock series to the analysis, it was necessary to
check its accuracy. This was done in the July 1983 version of the model by
constructing an independent benchmark estimate of the 1978 commercial building
stock from locally available data {shown in Table A.2.1) and then using the
F. W. Dodge Construction Potentials data series on total square feet of
construction starts to derive an "actual" (really, estimated) building stock
series. This actual series was then compared to the predicted historical
series.(a) This comparison is shown in Table A.2.2. In some years, particu-
larly in Fairbanks-Tanana Valley, the "predicted" series appears to be a signi-
ficant underestimate. However, the Fairbanks "actual" series was based on the
assumption made by ISER that square footage per employee was identical in
Anchorage and Fairbanks in 1978. In fact, because of higher Bui]ding costs and
energy prices it is likely that Fairbanks-Tanana Valley building stock per
employee was less than in Anchorage in 1978. Thus the "predicted" building

{a) The predicted series was used for forecasting because of certain restric-
tions contained in the Battelle-Northwest agreement with McGraw-Hill for
access to the Construction Potentials Data. The testing was actually done
as part of the project that developed a stock prediction equation for the
U.S. Department of Energy.
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TABLE A.2.1. Anchorage-Cook Inlet and Fairbanks-Tanana Valley Benchmark

1978 Commercial Bg11d1ng Stock, July 1983 Version of RED
Square Feet)

Anchorage-Cook Inlet:

Anchorage Metropolitan Area Transportation Study Survey 42.1
Less: Non-Energy Using (Parking lots, etc.) 18.9
Plus: Undercount {(20%) 4.6
Plus: Excluded Sectors in Agchorage
1. Gr1dwood/Ind1an 0.05
2. Eagle R1ver/Chu?1ak( ) 0.3
3. Hote1s/Mote1s q 1.0
4, Assorted Cultural Bu11d1?§§( ) : 0.5
Plus: Growth Between 1975 and 1978 7.4
1978 Anchorage Commercial-Industrial Floorspace 37.0
Less: Manufacturing(f) 0.9
Plus: Other Areas in Load ?e?ter
1. Kenai-Cook Inlet'9 3.2
2. Matanu?k?-Susitna(g) 1.5
3. Seward‘9 0.6
1978 Anchorage-Cook Inlet Total 41.4
Fairbahks-Tanana Valley :
Fairbanks-North Star Borough(g) 10.4
Southeast Fairbanks Census D1v1s1on(9) 0.4
1978 Fairbanks-Tanana Valley Total 10.8

—~ o~
o o]
——

e
M aon
e e —

()
(9)

Twenty-five businesses from telephone book; 2,500 square feet assumed per
business.

Ratio of Eagle River/Chugiak housing stock to that of Anchorage, times
Anchorage commercial stock.

Assumes 2000 rooms at 500 square feet/room.

Forty-six establishments at 10,000 square feet per establishment.
Twenty-five percent growth, based on 1975-78 growth in civilian employment
(10%) and assessed value (48%), plus assumed crowding during 1975 because
of rapid 1974-75 employment growth.

Allocated to manufacturing in original source, probably by relative
employment in the sector.

Based on Anchorage square feet per nonagricultural civilian employee.

Source: Goldsmith and Huskey 1980,
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TABLE A.2.2. Estimated Commercial Building Stock Series for 1973-1981,
July 1983 Version of RED

Anchorage-Cook Inlet Fairbanks-Tanana Valley
Year Predicted(a) Actua1(b) Predicted(a) ActuallP)
1973 27.1 27.1 5.4 5.4
1974 29.7 29.7 6.0 6.0
1975 31.2 33.6 6.6 6.9
1976 33.8 37.2 7.2 8.8
1977 37.0 39.7 7.8 10.1
1978 40.5 41.4 8.2 10.8
1979 42.3 42.7 9.4 11.1
1980 43.8 . 44,1 9.9 11.4
1981 44.7 44.9 10.4 11.5

(a) Based on stock prediction equation:

Pct. Change (STOCK) = f{GNPD, POP, INC, r)

where:
GNPD = Gross national product deflator
POP = Regional population
INC = Income
r = nominal interest rate

For the exact formulation, see Susitna Hydroelectric
Project FERC License Application, Volume 2C: RED
Model (1983 Version) Technical Documentation Report,
pp. 6.13 to 6.16.

(b} Based on the 1978 estimate in Table A.2.1, plus F. W.
Dodge construction starts, not edited for completions
of construction projects that were started and later
abandoned or modified.

stock series may provide an adequate basis for forecasting in Fairbanks-Tanana
Valley. There was little difference between the "predicted" and "actual™
series in Anchorage-Cook Inlet.

The initial data utilized to benchmark building stock in the RED model
came from a number of sources. The basic source for the Anchorage area was the
Anchorage Metropolitan Area Transportation Study (AMATS) conducted in 1975.
This study, conducted by the Municipality of Anchorage, counted the commercial,
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industrial, and government building stock in the Municipality. The University
of Alaska Institute of Social and Economic Research {ISER) updated this 1975
estimate to 1978 by taking account of 1) non-energy using building stock

2) building stock in areas outside of Anchorage and 3) growth in employment,
1975 to 1978. The Fairbanks 1978 benchmark stock was estimated by ISER by

assuming square footage per employee was the same in Fairbanks as in Anchorage.

Rationale for Additional Data Collection

The model was tested in the Railbelt using F. W. Dodge Construction Poten-
tials data on annual commercial construction in Railbelt locations. The "pre-
dicted" stock series obtained by using the model had been considered close to
the "actual" stock series obtained by combining F. W. Dodge construction with
the 1978 benchmark stock estimate from ISER; however, no independent verifica-
tion had ever heen obtained of the 1978 benchmark estimated building stock or
the implied average business electricity consumption rates, which appeared high
in comparison to national figures (~20 kWh per square foot per year, versus
13.75 kWh per square foot in the U.S.). In addition, since all commercial,
Tight industrial, and government building space had been combined in the 1978
stock estimate and the predicted stock series, FERC staff were interested in
possible recent historical changes to the mix of building stock that could have
resulted in changes to energy use characteristics. The Railbelt interviews
were directed both toward verifying or revising the earlier stock estimates and
toward verifying or revising estimates of commercial-light industrial-
government electricity consumption at the most detailed end-use Tevel possible.

Usefulness of the New Data Search

The search for better building stock and energy use data focused upon the
electric utilities, government agencies, planning agencies, and commercial
building owners in the Railbelt region. Interviews were conducted primarily in
the Fairbanks and Anchorage areas, with other contacts being made by telephone
and/or mail., The primary goal was to identify the availability and quality of
data which described building stock and/or energy use for the commercial
sector. Pertinent data was collected and analyzed; the objective was to deter-
mine if the original forecasted stock and energy use data could be improved
with utility and government data.
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The search for better stock and energy use data produced some useful,
aggregate figures for specialized subsets of the commercial sector. In gen-
eral, the Railbelt utilities maintain information of electricity sales by cus-
tomer name only; no existing data bases could provide summaries of building
stock and energy use for each customer type and area. The utilities also had
no formal auditing or conservation programs for their commercial customers,
thus, minimal information describing the building stock (square footage, con-
struction type, heating data, etc.) was available.

Additional data describing commercial building stock and business elec-
tricity consumption data was recovered from a variety of public and private
sources other than the utilities. However, no comprehensive data set on build-
ing stock and business electricity consumption could be found. The main reason
is that the various data sources we evaluated necessarily have specific mis-
sions and objectives that caused them to collect the data in the first place.
These missions and objectives did not include forecasting electricity demand
for the Railbelt using building stock as an independent variable, however, so
the data contained several gaps. For example, a survey of 1983 Fairbanks com-
mercial building stock was described as "comprehensive." Further examination
revealed that the survey was designed to focus only on the supply of office,
retail, and business park (warehousing and distribution) space in the immediate
Fairbanks vicinity. The survey excluded more of what we defined as commercial
space in the Fairbanks-Tanéna Valley load center than it included. Missing
were all public buildings, lodging facilities, assembly halls, hospitals, and
transportation-related facilities such as repair shops. The outlying towns of
North Pole, Nenana, and the Delta Junction area were also excluded. Finally,
there was a significant undercount in the categories of stock that were
addressed. Thus, although the survey was "comprehensive," given its purpose,
it was necessary to bridge several data gaps with other sources and by assump-
tion to arrive at a more comprehensive stock estimate.

In Anchorage-Cook Inlet, the only counts of commercial stock were even
more limited. One count by the Municipality of Anchorage Community Planning
Department covered only office and some retail space in the city core ("Down-
town" and "Midtown" areas), excluding suburban Anchorage, Eagle River, Chugiak,
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Kenai, and Matanuska-Susitna areas. There was no comprehensive source for
electricity used per square foot. Federal, state, and local governments cov-
ered this for their own facilities, but these records were not always complete.
A handful of private buildings had been surveyed by one Anchorage utility for
energy use and was available. Where possible, we also combined utility-
reported consumption data in both load centers for some individual larger cus-
tomers with building square footage identified from the 1983 Fairbanks and
Anchorage surveys. In summary, while the data collected were suggestive, they
were by no means complete.

RAILBELT COMMERCIAL BUILDING STOCK

The data search in Fairbanks began with interviews with ﬁti]ity staff at
two Tocal utilities (see interview results with FMUS and GVEA in Chapter
A.3.0). Since neither utility maintained information on floorspace or energy
use for the basic types of commercial buildings, additional sources were
sought. The Fairbanks Development Authority made available a survey of several
commercial building types in the core area of Fairbanks. This survey, per-
formed by Mundy-Jarvis and Associates, Inc., included about 2.0 million square
feet of office, retail, and business park space in downtown Fairbanks ({see
Table A.2.3). The survey, however, excluded 1) other types of commercial
buildings such as public, lodging, health, and assembly buildings and 2) out-
lying areas such as North Pole, Nenana, Delta Junction, and recent development
towards the airport. These shortcomings led to additional interviews to obtain
stock data for the areas and building types not included in the Mundy-Jarvis
survey. Descriptions of floorspace for North Star Borough buildings were
obtained along with estimates for the major state and federal buildings in
Fairbanks. These data are also shown in Table A.2.3. The cumulative floor-
space described in these three sources was approximately 5 million square feet,
which was still far lower than the original RED estimates and did not include
many commercial building types in the Fairbanks area.

Other sources were sought to describe the remaining areas and building
types that were not included in the above data bases. The remaining building
stock was not covered by any other comprehensive data source. Therefore, to
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TABLE A.2.3. Collected Building Stock Data in the Fairbanks Area(a)

Counted Total, Including
Square Feet(2) Estimate of Missed(d)
0ffice 419,458 557,879
Mixed Use 108,324 140,821
Retail (Core) 146,073(b) 189,984
Retail (Sub) 445,000(b) 600,750
0ffice/Warehouse (owner) 285,016(¢) 688,768
Office/Warehouse (renter) 599,060 (¢) 688,919
2,002,931 2,867,121
North Star Borough Bui]dings(e)
(1984)
Schools 1,395,753 1,395,753
Others | 258,853 258,853
State and Federal Buildings
(1984)
Federal(f) 157,000 157,000
statel9) 1,186,420 1,186,420
Total 5,000,957 5,865,147

Not complete. Excludes lodging, health care, laundry, churches,
auto supplies/sales, and all types outside of the downtown area.
Source: Mundy-Jarvis Associates (1983).

Not complete. Retail core is 5 buildings, Retail suburb is

5 malls.

Not complete. Excludes buildings under 7,500 square feet.
Estimate of percent missed supplied by Mundy-Jarvis Associates.
Source: North Star Borough Engineering Department.

Source: U.S. General Services Administration.

Source: Alaska Department of Administration.

obtain an approximation of the balance of building stock, Battelle Northwest

conducted a count of commercial businesses in the phone book by type of busi-

These counts were combined with conservative U.S. median values for

square footage (about one half the mean values) by business type (U.S. Energy
Information Administration, 1983) to estimate the building stock of these
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husinesses. The results, displayed in Table A.2.4, totaled about 5.7 million
square feet., A total figure was developed by combining the counted stock in
Table A.2.3 with the estimated stock in Table A.2.4 and subtracting one-third
of the construction between 1984 and 1983 to allow for stock changes between
the 1983 average, the Mundy-Jarvis counts, and our early 1984 estimates. The
total estimated square footage for 1983 from all the identified sources was
11.2 mi1lion square feet; this compares favorably with the predicted stock of
10.4 million square feet for 1981 shown in Table 6.7, Volume 2C of the July

1983 Susitna license application.(?)

The data collection situation in the Anchorage area was similar to that in

Fairbanks. The utilities offered no auditing or commercial conservation

TABLE A.2.4, Fairbanks 1983 Building Stock Estimate

Total, Table A.2.3 : 5,865,147
Lodgi ngs 870,450 (2)
Churches/Social Grange 774,000 ()
Transportation/Mobile Home 1,188,000(3)

City of Fairbanks Buildings 260,463(b)

North Pole | 2,432,000(2)

Hospital 201,000 (¢)
Subtotal ~ 5,725,913
Tota1(d) 11,201,060

(a) Calculated from business counts (phone book) and
national median (approximately 0.5 mean) space per
business by type.

(b) Count incomplete. No figures are available on City Hall
or Alaskaland buildings. Source: City of Fairbanks
Fire Marshall.

(c) Source: Fairbanks Memorial Hospital.

(d) Adjusted downward by 390,000 to account for dates of
estimates (early 1984), Mundy-Jarvis count (late 1983),

(a) F. W. Dodge Construction Potentials data collected for this project showed
about 554 thousand square feet of commercial construction from 1981 to
1983. Our estimated stock for 1981 thus would have been 10.6 million
square feet (11,2 million, less 1981-83 construction).
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programs, and little building stock data was maintained. The main sources of
data were 1) the Anchorage Community Planning Department, 2) the Anchorage
School District, and 3) the State Department of Administration. These three
sources provided limited coverage of the Anchorage bowl, city schools, and
State buildings. Significant commercial development in retail and warehouse
buildings, especially outside of the downtown Anchorage area, are not covered
in any data base, leaving a large portion of the total commercial space unac-
counted for in any accessible data base.(a) Overall, the available building
stock data for Anchorage did not adequately cover many areas of the Anchorage-
Cook Inlet load center, particularly areas that have recently experienced rapid
development. This allows only general comparisons to the Anchorage-Cook Inlet
stock data used in the RED model. The first conclusion is that the commercial
building stock has grown since 1978 - almost 9.7 million square feet added
between 1978 and 1983, according to F. W. Dodge. Several areas have experi-
enced significant growth during the last few years. Second, the 1983 and 1984
stock data that were obtained are broadly consistent with the 1978 estimates
for the covered areas (primarily the core area, including State and public
school bui]dings).(b) More specific comparisons are not possible. The
information in these three sources is summarized in Table A.Z2.5.

(a) A new private firm in Anchorage estimates about 10 million square feet of
retail, office, and warehouse space in Anchorage for a data base of 350
buildings. The Community Planning Department's data base was 455
buildings for the core area alone.

(b) ISER's 1978 estimate of the Anchorage Municipality commercial was 36.1
million square feet. F. W. Dodge commercial construction statistics show
9.7 million square feet added between 1978 and 1983, for a 1983 aestimated
total of 45.8 million. F. W. Dodge also shows about 27 percent on average
of all space added in Anchorage-Cook Inlet is office space. This implies
12.4 million square feet of office buildings in Anchorage. Twelve point
four million is slightly less than we got by multiplying the 9.96 million
estimate of 1983 office building stock from the Municipality times the
ratio of business telephone main stations covered by the survey area to
adjust for unsurveyed buildings in the municipality. This total was 13.0
million.
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TABLE A.2.5. Available Commercial Building Stock Data for Anchorage

RAILBELT

Municipality of Anchorage Planning Department--

1983 Commercial Office Inventory

"Core Area" Offices (455 buildings)

Anchorage School Board of Education

Elementary, Secondary
and Special Services

State of Alaska Building Index--
Anchorage Load Center

{a) Tim Lowe {Lakeland Corp.) estimate
office for the whole Municipality;
Company estimate was 7.4 million,

Square
Footage

9,960,232(2)

1983 Stock

4,246,252

1984 Square
Footage

2,353,930

was 6.5 million
Jack White
This is probably

net office space rather than the building total.
Offices comprised 7.1 million square feet of the

space in the buildings shown. The

"core area" is

the area south of Elmendorf AFB, north of Dowling,
east of Minnesota, and west of Bragaw.

ENERGY USE DATA BY BUILDING TYPE

The
ings was
original
however,
data for

existence of energy use data for the main types of commercial build-

also reviewed. The main goal was to examine the accuracy of the

RED model estimates for electricity consumption. This accuracy check,

depends upon the availability of recent energy use per square foot

the commercial buildings. The initial sources interviewed ahbout the

existence of such data were again the utilities and government planning groups.

The utility interviews revealed that the four urban utilities had col-

lected minimal information describing the energy use of their commercial cus-

tomers,

The Fairbanks utilities (FMUS and GVEA) maintained monthly energy use
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records only according to the customer name; there was no classification by
customer type such as SIC code that would enable analysis by commercial build-
ing type. The records also contained no information on building size, thus
eliminating the possibility of estimating energy use per square foot. The
Anchorage utilities (AML&P and Chugach) also had minimal information on energy
use and building size for their commercial customers. AML&P had developed
energy use data for their customers with connected loads greater than

300 KvA. Unfortunately, not all of these customers were included in available
building surveys; those customers for which building space data were available
are reported in the Anchorage results shown in Table A.2.6.

The overall value of the utility data is as a check on aggregate energy
use per unit area for major types of commercial buildings. The values were
generally consistent with the previous RED 1980 average values of about 20 kWh
per square foot in both load centers. However, the small number of actual
buildings for which energy use and building space information was available
resulted in significant variance in energy use per square foot between indivi-
dual buildings of the same type. This small sample size limits the value of
the data to simply serving as an aggregate check of the original RED data.

The only governmental groups that maintained similar data were the North
Star Borough Engineering Department in Fairbanks and the U.S. General Services
Administration (GSA) in Anchorage. The Borough Engineering group provided
energy use and building size data for a small set of Borough builidings. The
GSA office maintained data for the Federal Building in Fairbanks and the Fed-
eral Building in Anchorage. The other government groups only maintained stock
data which was discussed earlier.

In order to estimate the energy use per square foot of building space
and/or per employee for major types of commercial buildings, annual energy
consumption of commercial buildings was also collected when available. Energy
use information was collected in both Anchorage and Fairbanks; the results are
displayed in Table A.2.6. The utilities maintained monthly and {usually)
annual energy consumption information yet the value of this information was
minimal unless the building floorspace data for each customer was available.
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TABLE A.2.6. Building Energy Use Data (kWh/square foot)

U.S. Av r?ge AML&P
Building Type Anchorage  Fairbanks (1979) '@ Average(b)

Assembly 26,19 18.48 7.03 NA

Auto Sales and Service NA NA 10.26 NA

Education -- -- 8.21 NA
School 1 11,72 -- -- -
Library 1 19,17 - -- -

- School 2 - 16.68 -- -
Library 2 -- 18.49 -- -
School 3 - 13.83 - R

Food Sales NA NA 29.31 NA
Food Store 1 19.66
Bakery 1 26.02

Health Care NA NA 20.22 30.66
Medical-Dental Prof. 14.93

Building Part.

Lodging - NA 16.71 15.8
Motel 1 12.67 -- -- --
Office - - 17.29 20.4
Federal Building 16.73 - -~ -
Borough Building - -= 26.5 -- --
Bank 1 9.70
Courthouse Square 45,75
Bank 2 _ 56.01

Retail/Services - NA 11.14 20.4
Retail 1 17.59 -- -- --
Retail 2 15.48
Retail 3 16.04
Retail 4 12,21
Retail 5 29.88
Retail 6 35.54

Harehouse/Storage NA NA 12.9 24.35
Other NA NA 18.46 NA
Vacant NA - 9.67 NA

(a) U.S. Energy Information Administration, Non Residential Buildings Energy
Consumption Survey, 1979 Consumption and Expenditures.

(b) Anchorage Municipal Light and Power, "Emergency Power Report."
averages for several Anchorage buildings in the given category.

These are
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The Fairbanks energy use data were provided by the North Star Borough Engineer-
ing Department FMUS and GVEA (only for customers for which building area infor-
mation had been collected from other sources), the GSA, and the State of Alaska
Building Inventory. The Anchorage data were obtained from the Chugach power

requirements study, the AML&P internal review of municipal buiidings, and phone

calls to building owners.

Table A.2.6 indicates the limited availability of energy use data for the
Railbelt which could be readily combined withvbui1ding space information. This
limited availability resulted in smail samples for each major commercial build-
ing type (sometimes only one example was obtained for a building type in each
major load center); thus, there was variability in the energy use values among
each building type. The primary benefit of these results is limited to pro-
viding a rough check of the original estimates. The new data did appear con-
sistent with the RED estimates for 1980, and the limited nature of the new data
permitted the original RED estimates to still be used as the best estimates of
energy use per square foot in Railbelt commercial buildings.

The interviews verified that data in existing data bases describing com-
mercial building stock and energy use in the Raiibelt region is Timited.
Unlike many larger utilities in the Lower 48 states, the Alaskan utilities
have 11tt1e'useful information on building size and energy use according to
customer type and maintain. no auditing programs. Only scattered data collected
by planning and govérnment organizations was available, and this data covered
only certain customer types. The information was, however, generally consis-
tent with the data used in the initial RED model forecasts. No trends were
identified in the interviews in either building stocks or energy consumption
that were significantly different from previously forecasted data.

EVALUATION OF COMMERCIAL BUILDING STOCK AND ELECTRICITY CONSUMPTION DATA

The renewed business sector data collection effort was successful in
addressing many of the FERC staff questions regarding the RED model. As a
result of this effort we can say with reasonable confidence that nd comprehen-
sive data base exists in the Railbelt on commercial building stock, changes in
the stock, or energy use characteristics of that stock. Neither the utilities
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themselves nor other public and private agencies collect the necessary data in
usable form., Limited data do exist on portions of the commercial building
stock which we were able to use. In the Fairbanks-Tanana Valley load center
enough buildings were counted that, by making some assumptions about missing
data, we were able to construct an improved benchmark estimate of the commer-
cial building stock for 1983. The data coverage from available sources would
not support a new benchmark estimate in Anchorage-Cook Inlet; however, the pre-
vious benchmark was found coﬁsistent with new data collected on portions of the
. stock. No quantitative information was available from either load center on
trends in the building stock. Electricity consumption data likewise were
limited. Utilities kept consumption data only by customer name; no quantita-
tive information was available from this source for end uses of the electricity
or trends in consumption per employee or per square foot of building stock.
Through building owner interviews and through matching customer consumption:
records and square footage information from a number of sources, it was possi-
ble to estimate total electricity consumption per square foot for a few dozen
commercial buildings for one recent year. These limited data on consumption
suggest that electricity consumption per square foot is likely well above the
U.S. average, as had been previously estimated in Volume 2C of the July 1983
Susitna License Application. The detailed data are consistent with the previ-
ous estimates of about 20 kWh of electricity consumption per square foot per
year average for the business sector. No information is available on histori-
cal changes in the intensity of use per square foot from Railbelt sources. The
F. W. Dodge construction potentials data set was acquired to help answer that
question. Analysis of the Dodge data appears in Appendix B, The Effect of

F. W. Dodge Construction Data on Railbelt Electricity Demand Forecasts.
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A.3.0 INTERVIEW SUMMARIES

A major element of the RED model is the estimates of both existing and
future square footage of commercial buildings. One eiement of the data coliec-
tion effort in the Railbelt was to gauge the accuracy of the initial square
footage or "building stock™ estimates used in the RED model. The interviews
were used to identify available data bases describing building stock by cus-
tomer type. The strategy was to begin by determining what information the

’ut111ties had acquired, and then interview other sources such as city, state,
and federal government officials, and developers/realtors. The interviews tar-
geted contacts primarily in the Fairbanks and Anchorage areas; brief descrip-
tions of the interview results are presented below for each area.

FAIRBANKS AREA INTERVIEWS

Power supply in the Fairbanks area is provided by the Fairbanks Municipal
Utilities System (FMUS) and the Golden Valley Electric Association (GVEA). The
interviews indicated that neither utility had any useful commercial building
stock data; thus numerous other government and private groups were contacted.
We found that several segments of the commercial building inventory were
covered in various studies, yet significant portions of the commercial building
categories were not covered. The specific results are described below.

Fairbanks Municipal Utilities System

FMUS categorizes commercial customers in two groups. Small commercial
customers have less than 15 Kw connected load while large customers have
greater than or equal to 15 Kw. There are about 300 large commercial customers
in their service area, and about 66 percent of these have connected loads
greater than 50 Kw. FMUS customer accounts are identified by customer name; no
information such as the SIC code or building size is maintained on their
records. The customer data that FMUS could provide to us included the customer
name, demand for one month, kWh usage for one year, load factors, and monthly
power costs. FMUS has no auditing program for the commercial customers; thus
they have no data on building stock, building size, building construction char-
acteristics, etc. They mentioned that several large retail buildings had been
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audited by the customer (e.g., the J. C. Penney department store at the request
of corporate headquarters), but FMUS did not have copies of the audits.

FMUS offers no formal commercial conservation program and, since no audit-
ing program is provided, no studies of trends in energy use were available.
The staff mentioned that refrigerated cooling of office space is increasing,
and that one local food market chain is experimenting with conservation and
energy management systems (see discussion with the byi]ding manager of Market
Basket Stores). ‘

Golden Valley Electric Association

GVEA categorizes commercial customers in two groups; the dividing point is
a connected load of 50 Kw. The utility identified the customer by name in the
billing records, but no information on the customer type (SIC code) or on the
size of the building was available. The commercial customer data that GVEA
could provide included monthly electricity demand and consumption for 1980
through 1982. This information was keyed by customer name only; no assessment
of consumption by customer type could be conducted.

The GVEA staff indicated that GVEA offered no formal commercial conserva-
tion programs; they felt that conservation in newer buildings was simply the
result of owner interest in reduced energy costs. Several trends they identi-
fied include 1) a reduction in electric heating and 2) an increase in air
conditioning. The reduction in electric space heating was due to rules
restricting the installation of electric heat in buildings built after the mid
1970s.

Fairbanks North Star Borough Assessor's Office

The Assessor's O0ffice maintains standard property records in manual phys-
ical files. No compilations of property by type and by square footage have
been completed. The forms contain information on the type of building (see
Table A.3.1) and on building characteristics (see Table A.3.2).

A.3.2



TABLE A.3.1. Building Type Designations on Fairbanks Assessor Forms

LODGING | HOSPITAL APARTMENT
WAREHOUSE CHURCH STORE
THEATER BANK GAS STATION
GARAGE INDUSTRIAL GREENHOUSE
RESTAURANT

TABLE A.3.2. Building Characteristics on Fairbanks Assessor Forms

FOUNDATION TYPE HEATING SYSTEM TYPE
EXTERIOR TYPE ELEVATORS
ROOFING TYPE NUMBER OF STORIES

FRAME TYPE FLOORING TYPE

~The property records are scheduled to be transferred to a computerized
filing system within the next several years. Once these records are placed
into such a system, extraction of the building stock data might be possible.

North Star Borough Engineering

This organization maintains square footage data for all Borough buildings,
including schools. The data includes monthly energy usage and costs and
includes consumption per square foot normalized to correct for the degree days.

The total number of Borough buildings is about 35, and 15 to 20 buildings
have had conservation retrofits. Typical activities include the following:

INCANDESCENT LAMP REPLACEMENT WITH FLUORESCENT LAMPS
REDUCED WINDOW AREA

NIGHT SETBACK OF THERMOSTATS

INSULATION RETROFITS.

Realty, Inc.

We interviewed a realtor recommended by the utilities as being the fore-
most local authority on commercial development trends, both past and future, in
the Fairbanks area. The first discussion topic was the avai]ability of data
describing building space by type of establishment. We learned that no such
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data is maintained in a central form. Realtors simply follow recent sales and
construction trends to estimate near-term growth patterns. The growth has
apparently slowed down since the boom in the 1970s, with a steady trend to

shopping centers and small shopping malls.

Information on energy use trends was alsc based solely upon the personal
experience of the realtor; no data base of energy information is maintained or
used by the realtors/developers in Fairbanks. Conservation options such as
added insulation and efficient lighting are being used in new buildings; the
impetus for these actions are simply owner interest in lower energy costs. A
common feature of new buildings are 6"-10" walls with vapor barriers. New
buildings are also smaller than in the past, with higher density development
becoming more common. If potential buyers wish to know past energy use perfor-
mance of a building, the relator reviews past utility bills from the current

owner; again, the relators have no central source of information to use.

Fairbanks Development Authority

Al DeKrey of the Fairbanks Development Authority (FDA) discussed his orga-
nization's activities, including a recent survey of office space in the "core
area" (downtown or more developed area) of the Fairbanks North Star Borough.
This survey, titled "A Comprehensive Space Inventory for the Fairbanks Develop-
ment Authority" was prepared by Mundy, Jarvis and Associates Inc. in August
1982 and was updated in November, 1983. It updates a similar survey performed
in 1980. The building types covered in the survey are listed below:

QOFFICE SPACE
RETAIL

MIXED USE
WAREHOUSE,

Several limitations of the data are 1) a twenty-to-thirty percent under-
count of some building types (e.g., C and D class office space} 2) the exclu-
sion of commercial building space outside the "core area" and 3) the exclusion
of several building types important to the RED modeling effort. The building
types not covered in the FDA survey include public buildings, hotels/motels,
churches, automotive/service stations, and aircraft-related businesses;
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The FDA representative also discussed the planned development activities
in downtown Fairbanks. The main project is the possible construction of a
large motel/convention center. This proposed project will add significantly to
lodging capacity and to the retail and office space needed to provide the ser-
vices such as food, small retail stores, etc. The planned size of the conven-
tion center is "about the same size" as the Sheraton hotel in Anchorage:
8 stories tall, recommended for 250 rooms plus first class facilities (see
Laventhol and Horwath 1983). The added load of this center merits considera-
tion in the RED business sector if the project is actually built.

Market Basket Food Stores

The building engineer for Market Basket Food Stores discussed conservation
activities that his company is pursuing in the Fairbanks area. Because no
utility sponsored conservation programs are available, Market Basket has initi-
ated several programs of their own., All stores are experimenting with reduced
lighting loads. New stores are having heat recovery installed on their refrig-
eration equipment. This has been very successful; apparently most of the
stores' heating loads have been met by the reclaimed heat system. -All new
buildings have 10" cef]ings and 6" walls with installed vapor barriers. No
submetering of electrical loads has been performed; thus, they could provide no
information on energy consumption for individual end-uses in their stores.

Department of Transportation and Public Facilities (DQTPF)

A listing of Fairbanks area buildings operated by the Alaska DOTPF was
obtained from the maintenance and operations staff at the Peger Road DOTPF
offices in Fairbanks. Included in the information base were the building name,
total square feet, and electrical consumption for the first eight months of
FY-1984. Twenty-eight buildings, totaling 371 thousand square feet, were
listed. About 4.3 million kWh were used during the eight months. Annual elec-
trical consumption was not available.

ANCHORAGE AREA INTERVIEWS

The Anchorage area receives electricity primarily from the Anchorage
Municipal Light and Power (AML&P) and from the Chugach Electric Association.
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As in Fairbanks, neither of the Anchorage urban utilities categorized their
commercial customers by either customer type ({SIC codes) or by building size.
Several small studies of their major customers had been performed, however, and
the Municipality of Anchorage performed a survey of commercial building stock
for the downtown area. Not included in any studies were the buildings in the
new growth areas outside the city center. The Federal buildings were not cov-
ered in a central database either; each agency is responsible for its property.
State building stock data is maintained in a central data base; we have
received summaries of this data. The results of the interviews are outlined
below.

Anchorage Municipal Light and Power

Anchorage Municipal Light and Power (AML&P) has no comprehensive data base
describing energy use and building characteristics by customer type for their
commercial customers. Their commercial customers are divided into two
classes; the dividing point is a connected load of 25 Kw. The only available
data on building stock was from a survey of their top 250 customers (down to
100 Kw), and included information on the number of occupants, the square foot-
‘age of the building, billing demand, and projected power requireménts during
severe service disruption., About 60 to 70 usable responses were available from
this survey for inclusion in the floorspace estimates. The Tlatest (1983) AML&P
Power Requirements Study was obtained; however, no information was available
relating consumption to building stock or employment.

Several general trends in energy use were identified in the interview.
First, cooling requirements are creating peak load problems in the summer.
Second, AML&P and Chugach are exchanging several small service areas, thus some
system power requirements changes are foreseen. AML&P also has a formal con-
servation plan. This plan addresses the following conservation activities:

CONSUMER INFORMATION PROGRAM
MUNICIPAL WEATHERIZATION PROGRAM
SUPPORTED STATE PROGRAMS

WATER FLOW RESTRICTORS

WASTE HEAT RECOVERY IN CITY WATER
HOT WATER HEATER WRAP PROGRAM
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STREET LIGHT CONVERSION
TRANSMISSION VOLTAGE CONVERSIGN
STEAM DRIVEN BOILER FEED/CIRCULATING PUMPS.

The emphasis of these programs is on residential home owners and on city
facilities such as street lighting.

Chugach Electric Association

The Chugach Electric Association (CEA) has no commercial customer informa-
tion that could provide either energy use trends by customer type or informa-
tion on customer building stock by customer type. The utility provides no
auditing program for the commercial customers, either.

Chugach has collected limited load data from a subvey of customers that
had greater than 350 KVA loads. They found that commercial energy use was
extremely diverse, even within the same customer group. The survey was
designed to identify where voluntary load reduction actions might be possible.
The survey included information on the following topics:

OPERATION HOURS

FUEL TYPE

HVAC SYSTEM TYPE

BACKUP ELECTRICITY AVAILABILITY

BUILDING MINIMUM POWER.REQUIREMENTS

POSSIBLE LOAD REDUCTIONS (TYPE AND MAGNITUDE).

Better information may become available when Chugach switches to a new computer
system Tater in 1984, yet no customer classification by SIC code is planned.

The Chugach personnel indicated that several locally important energy use
trends merit attention. As noted by the other utilities, there is a signifi-
cant increase in cooling load. Most of this increase on the Chugach system is
due to the large new buildings being built in the Anchorage area. There is a
steady increase in construction of office buildings and shopping centers, yet

some of this commercial load will be lost in the planned service area switches
with AMLE&P,
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Anchorage Telephone Utility

The Anchorage Telephone Utility (ATU) maintains a count of commercial cus-
tomers (business main stations) by geographic area (i.e., wire center). They
could provide no classification of these customers by type of building/cus-
tomer, and their records did not distinguish between single and multiple cus-
tomers in a building. Therefore, this data was useful only as an approximate
indication of commercial activity in different areas of the city.

Municipality of Anchorage Community Planning Department

The Anchorage Community Planning Department maintains a computerized list
of commercial office space in the downtown area of Anchorage (south of Elmen-
dorf Air Force Base, north of Dowling Avenue, east of Minnesota Street, and
west of Bragaw Street). The survey contains the property parcel number, build-
ing location, manager name, manager location, building square footage, and
office square footage. The survey was subjected to no cross checking to verify
accuracy, yet the results are viewed as being reasonable.

Anchorage School District

The Anchorage School District provided their annual report which contained
current square footage estimates for all the city schools. The representative

indicated that energy conservation is considered when new schools are built,
yet could provide no indication of energy conservation programs in the existing

schools.

Municipality of Anchorage Energy Coordinator

Peter Poray, the Anchorage Energy Coordinator indicated that the only cen-
tral data base on Anchorage building stock was the survey done by the Anchorage
Community Planning Department (see discussion above). He mentioned that there
are about 200 municipal buildings, yet only 50 to 60 of these buildings are
significant in size and energy use. He also indicated that the State of Alaska
maintains a central data base of state buildings.
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Department of Administration - The State of Alaska

The Department of Administration office maintains a summary of building
stock in local municipalities that is leased by the State of Alaska. The data
for the major Railbelt communities is listed below:

Anchorage 892,610 sq ft
Delta Junction 8,518 "
Eagle River 1,287 "
Fairbanks 100,588 "
Homer 14,247 "
Kenai 139,584 "
Palmer 31,109 "
Seward 109,897 "
Wasilla 11,354 *

Data are also available for state-owned buildings in the smaller communities,
e.g., Moose Pass, Talkeetna, etc..

Department of Transportation and Public Facilities - The State of Alaska

Harry Dullinger of the Department of Transportation and Public Facilities
(DOTPF) was able to provide square footage and annual energy use data for the
buildings under his control. This was only a subset of state buildings in the
region; he indicated that a complete survey of state buildings was published
until 1977. The current survey is maintained by the General Services and Sup-
ply office of DOTPF in Juneau (see following discussions). '

Mr. Dullinger indicated that funding for investment in conservation is
scarce, yet he has experimented with the buildings under his control. Actions
implemented include 1) incandescent lamp replacement with fluorescent lamps,
2) flue dampers, 3) efficient burners for furnaces, and 4) ceiling fans in
maintenance shops.

Sears - Anchorage

Roger Wallis, the building manager of Sears, discussed the energy use pat-
terns of this large retail building and his energy conservation activities.
The building has 120,000 square feet of retail floorspace with 30,000 square
feet of office and cafeteria space on the second floor. The walls are insu-
lated with standard batt-type fiberglass insulation. The HVAC systems operate
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24 hours a day, yet the lighting is reduced to 5 percent of normal load during
the evening (from 9:30 P,M. to 8:00 A.M). Space heat is provided by natural
gas, and cooling is provided by a 320 ton air-cooled chiller. This chiller

operates only 50 hours per year on the average.

The Sears maintenance staff has implemented lighting conservation by
1) reducing lighting levels at night, 2) replacing some incandescent lamps with
fluorescent lamps, and 3) removing some of the high-intensity display lamps on
the retail floor. The energy use data for the Sears store is in the Chugach
sales data and is shown in Table A.2.6 in the previous chapter.,

State of Alaska Buildings

The General Services and Supply office of the Department of Administration
in Juneau maintains a computerized listing of all state buildings. The infor-
mation includes building number, facility name, age, cost, and a description
that includes the square footage. A listing of the survey was obtained.

U.S. General Services Administration - Federal Buildings

The U.S. General Services Administration was contacted to determine the
square footage of Federal buildings in the Railbelt Region. The GSA represen-
tative indicated that each Federal agency is responsible for maintaining
records of their own buildings; GSA only maintains information on their own
buildings. Several calls were made to representative Federal agencies to
obtain information yet most never provided the requested data. Agencies that
were called are listed below:

U.S. Department of Interior

U.S. Fish and Wildlife Service

Corps of Engineers

The National Park Service

The U.S. National Forest Service.

Realtors/Developers

Two realtors/developers were contacted to determine their opinion of fut-
ure trends in the commercial sector of Anchorage. Tim Lowe of the Lakeland
Corporation estimated that current office vacancy in Anchorage is 700,000 to
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1,000,000 square feet. He estimated that current base office space is 6.5
million square feet, and that retail space is between 3 and 4 million square
feet.

Norm Rokburg of Jack White and Associates estimated the base inventory of
office and all commercial at 7.4 million square feet. He indicated that aver-
age annual addition of new space is 350,000 square feet. About 1.3 million
square feet was built in 1983, and about 500,000 square feet will be added in
1984.

Note that these estimates covered office and large retail space only;
public buildings such as schools and small businesses were excluded from the
estimates.
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EXHIBIT A.l

INTERVIEW GUIDE FOR UTILITY MANAGERS

1. Boundaries of service area/population/households.
2. Commercial customer identity: i

a. who are the small customers (50kVA), medium (50 to 350 kVA), and
large customers {over 350kVA)

b. mix of customers by type of business, size
c. growth/change in the mix of customers by type, size.
3. E]ectficity use by commercial customers:

ad. use of electricity by customer class - how much used for heating,
ventilation systems, lighting, process loads.

b. trends in electrical use by type of commercial customer--recent
changes, if any

¢. trends and recent changes in use by large customers
d. conservation, trends and programs
4, Forecasting electricity use in the commercial seétor:
a. techniques used by the utility in forecasting commercial Toad

b. what relationships (e.g. use/square foot of commercial space;
use/employee) seem most appropriate

¢. annual load factors, especially in comparison to residential
customers

d. trends in building space/employee in the commercial sector.

5, Billing data - commercial sector:

d. uses to which this data has been put for electric load forecasting in

the commercial sector
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aggregations of billing data (have they attempted to estimate loads
by type of business or type of load)

release of actual billing data for selected customers or types of
customers (e.g. office building, strip development, etc.)

6. Related matters - commercial sector:

a'

b.

C.

conservation incorporated in {commercial) building codes, compliance
procedures

key contacts in the commercial sector to discuss "typical" energy use

Tocal authorities to contact on energy use in the commercial sector

7. Residential sector:

ae
b.
C.
d.

recent data on appliance saturations

recent data on fuel mode splits

recent data on energy use/appliance

recent data on amount of conservation due to fuel costs/conservation
programs

ALA.2



EXHIBIT A.2
INTERVIEW GUIDE FOR BUILDING MANAGERS




Py

INTERVIEW GUIDE FOR BUILDING MANAGERS

EXHIBIT A.2

Building characteristics
a. size (square feet)
b. insulation

¢. heating plant and HVAC system size and type.

Energy usage, especially electric.

Energy audit results if one has been conducted.

Conservation actions taken/planned.

Building occupancy characteristics.

a. number of people working in building

b. hours of building operation

¢, off-hours operations--are lights left on--heating plant turned back?

Trends noticed in construction/operating practices of commercial

buildings.
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B.1.0 INTRODUCTION

The Railbelt Electricity Demand (RED) Model is a computer simulation model
designed to forecast electricity consumption for the residential, commercial-
light industrial-government (business), heavy industrial, and miscellaneous
sectors of Alaska's Railbelt region. A key feature of this model is that it
employs the stock of commercial, light industrial, and government floorspace in
order to forecast the future demand for electricity in the business sector.
Documentation of the original approach for forecasting business-floorspace and
“electricity consumption was provided in the RED Model (1983 Version) Technical

Documentation Report, Volume 2C of the Susitna Hydroelectric Project Federal

Energy Regulatory Commission License Application, Project No. 7144-000, July
1983, ,

During September, 1983 a workshop on the model was held by Harza-Ebasco
Susitna Joint Venture, and Battelle, Pacific Northwest Laboratories (Battelle-
Northwest) in Anchorage, Alaska to brief staff members of the Federal Energy
Regulatory Commission (FERC), on the structure and assumptions of the RED
model. The workshop was also attended by the Alaska Power Authority and the
Power Authority's attorneys (Pillsbury, Madison, and Sutro of Washington,
D.C.).

In the course of the workshop, the FERC staff asked whether additional
information existed concerning past changes in the mix of Railbelt commercial
building stock and effects this may have had on the RED model's estimated
relationship between commercial building stock and electricity demand. 1In
addition, it became clear that the approach employed in the July 1983 version
of RED could be simplified.

As a result, the Battelle-Northwest and Harza-Ebasco technical staff laid
out a short research plan to

e interview utility managers, building managers, and other sources of
data to estimate the current types and rates of uses of electricity
in the Railbelt commercial sector; the current stock of commercial
buildings and past changes in the stock of buildings; and electrical
use;
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® acquire and analyze the F. W. Dodge Construction Potentials data set
published by McGraw Hill, Inc. to determine the rate of change in the
level and composition of Railbelt commercial building stock during
the 1970s; and

® ytilize the Dodge data to reestimate business electricity consumption
equations, as appropriate, to simplify the approach.

The first of these items was documented in a previous report to Harza-Ebasco
from Battelle-Northwest entitled Railbelt Commercial Building Stock and Energy
Use Data by C. H. Imhoff and M. J. Scott (Appendix A). The use of the Dodge
data is covered by the current report.

The remainder of this report is organized as follows. Chapter B.2.0 dis-
cusses the principal findings of the study. Chapter B.3.0 is a brief introduc-
tion to the F. W. Dodge Construction Potentials data set. Chapter B.4.0
discusses the effect the analysis of this data set has had on the estimates of
commercial building space in the RED model. Chapter B.5.0 discusses the effect
of the revised commercial stock estimates on the business electricity
consumption equations. ‘

B.1.2

Lz



B.2.0 CONCLUSIONS

The brief study of available data sources on Railbelt commercial building
stock resulted in five major conclusions. The study results are stated briefly
below.

Based on the analysis of other available data sets, we concluded that the
Construction Potential data set published by the F. W. Dodge Division of
McGraw-Hi11, Inc. was the best data series available for estimating the Rail-

"belt commercial building stock. While local governments in the Railbelt do

keep records of building permit activity, these were not available in a form
that would enable us to estimate building completions, cancellations, and size
or type of building. In many cases, building stock data locally available in
the Railbelt would have required extensive collection and compilation.

The analysis of the Dodge data showed that there was very little year-to-
year consistency in the type of buildings constructed during the period 1973 to
1983, although Anchorage-Cook Inlet Toad center showed a more consistent pat-
tern of additions than did Fairbanks-Tanana Valley. The Fairbanks data did not
indicate a consistent historical pattern in construction activity:

The analysis of the Dodge data showed no obvious trends in types of build-
ings being built in either load center, although information received from
utilities staff in the Railbelt suggested that there was a trend toward strip-
type development in Fairbanks and large office buildings in Anchorage (see
Appendix A.) The Dodge categories we analyzed did not reflect such trends. In
Anchorage-Cook Inlet for example, office space was a fairly constant 26 to 27
percent of total construction during the period 1973 to 1983.

Based on our findings in the two load centers, we concluded that the Dodge
data should be utilized to estimate historical commercial building stock in the
Anchorage-Cook Inlet and Fairbanks-Tanana Valley load centers but that no
attempt should be made to differentiate between types of commercial buildings.

Finally, we concluded that the resulting estimated building stock should
be used to derive new business electricity consumption equations in Anchorage-
Cook Inlet. We concluded that this should not be done in Fairbanks-Tanana
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Valley because the historical record does not appear to be applicable to prob-
able future conditions in this load center.. These conclusions were taken into
account in the RED85A version of RED.
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B.3.0 F. W, DODGE CONSTRUCTION POTENTIALS DATA

The F. W. Dodge Division of McGraw-Hi1l Information Systems Company com-
piles and publishes a proprietary data set known as Dodge Construction Poten-

tial Service. This service provides a month-by-month 1isting of individual

construction projects by county, type of intended use (e.g., shipping center,
refrigerated warehouse, primary school), framing code, number of floors, floor
area, and value. The data set also indicates whether a project is new con-
struction, an addition, or an alteration of an existing structure. For
residential construction, Dodge also reports the number of dwelling units
constructed.

The Dodge Construction Potential Service is available by substription or
purchase in machine-readable form for all counties in the United States. A
continuous data series is available for Railbelt census divisions from January
1973 forward through 1983. The covered projects are edited periodically to
account for errors and omissions and to account for later information on a
given project's being abandoned, deferred, or put into abeyance. Dodge pub-
lishes a standard procedure for accomplishing this editing. This procedure was
followed in processing the data tapes for this project.

The Dodge construction statistics that result from aggregating these indi-
vidual projects represent information on construction starts. For energy plan-
ning, a more useful data set would be one of project completion or building
occupancy, since a building begins significant energy use when it is completed
and especially after it is occupied. No such completion data series was avail-
able. The F. W. Dodge Division technical staff indicated that the lag period
from project start to building completion depends on the size and type of
building. For their own purposes in providing complete tape processing ser-
vices on a subscription basis, Dodge uses the date at which the last construc-
tion step is begun (usually, wall coverings and exterior paints), plus one to
two months as the date of completion. Standard lags from project initiation to
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initiation of this Tast construction step are avai]ab]e.(a) Because standard
construction time lags do not necessarily apply in the Alaska construction
environment, we adopted a simplified assumption that buildings on average took
between one and two years to complete and were available for occupancy on
average in the year following their start date. This may result in some upward
bias in construction completions for some categories of buildings such as large
office buildings ‘and hotels in the early years of the period {when the projects
were started) and a downward bias in construction completions later on (when
they were actually completed). Overall, the expected impact of the simplifying
assumption is small.

The Dodge construction statistics represent the best available construc-
tion statistics for the Railbelt region. Imhoff and Scott (1984) found that
only fragmentary data exist on building stock in either Anchorage or Fairbanks;
no comprehensive data base is available. Imhoff and Scott note, for example,
that the Fairbanks North Star Borough Assessor's Office maintains its standard
property records in manual physical files with no compilation of the type
needed for this project. Neither Anchorage nor Fairbanks authorities have a
- complete count of the current building stock; nor do they have accessible
records for changes in the stock over time.

Battelle-Northwest compiled information on completed commercial buildings

by type and year for the Anchorage-Cook Inlet load center {Anchorage, Kenai-
Cook Inlet, Matanuska-Susitna, and Seward 1970 Census Divisions) and for
Fairbanks-Tanana Valley (Fairbanks and Southeast Fairbanks 1970 Census Divi-
sions) from the Dodge data. Minor geographical mismatches exist in these data

(a) These standard lags indicate that buildings under $250 thousand in value,
the least costly group, take an average of about 5 months to complete
while buildings costing over $25 million (the most expensive class) take
an average of 27 months to complete. Buildings from $250 thousand to
$1.25 mi1lion take 9 months; buildings $1.25 million to 8 million take 15
months; and buildings from $8 million to $25 million take 22 months on
average to complete.
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in the Fairbanks-Tanana Valley load center because the combined census divi-

o= sions do not match the boundaries of the combined Fairbanks Municipal Utilities
. System and Golden Valley Electric Association service areas; however, the

- expected discrepancies are insignificant.(a)

(a) Tne difference between the 1980 populations of the areas served by the
Fairbanks-Tanana Valley utilities and the 1980 census areas used as a

proxy was only 150 people. Personal communication, Scott Goldsmith, ISER,
November 6, 1984,
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B.4.0 EFFECT OF DODGE CONSTRUCTION DATA ON COMMERCIAL BUILDING STOCK ESTIMATES

The Dodge Construction Potentials data were used by Battelle-Northwest te
provide additional information concerning the Railbelt commercial (including
government and light industrial) building stock. The first item of information
to be collected was changes in the stock of commercial buildings in the
Railbelt load centers in years past. The second item was the changes in the
mix of buildings in the load centers. '

THE RAILBELT COMMERCIAL BUILDING STOCK

The commercial building stock in a given area can be described as an
inventory of building space to which new construction and additions are addipg
space, and from which demolitions are removing space. No information is avail-
able on building removals in the Railbelt, although some removal is taking
place. For the most part, however, Railbelt commercial building space is of
very recent vintage with few demo]itioné so that the chief difference in the
stock from year to year’is new construction and additions to existing build-
ings. Thus, the building stock in any year can be approximated by taking the
stock in a year when it 1is known and then subtracting or adding construction
completions to account for the changes in stock between the given year and the

year for which a count is available. The process is described below for the
Railbelt load centers.

Anchorage-Cook Inlet

In the Anchorage-Cook Inlet load center, the best comprehensive estimate
of the building stock is for 1978, The estimate was made by the University of
Alaska Institute of Social and Economic Research (ISER). This estimate was |
based on the 1975 Anchorage Metropolitan Area Transportation Study (AMATS),
with several adjustments for outlying areas, non-energy-using buildings and
other miscellaneous items. This estimate is shown in Table B.4.1l.

The 1978 building stock estimate for the Anchorage-Cook Inlet load center
was converted into a time series on building stock by adding commercial con-
struction from the Dodge Construction Potentials data for the years 1978 and
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TABLE B.4.1., Calculation of 1978 Anchorage Commercial Floorspace

AMATS Survey (Anchorage Bowl 1975} 42,067
Less: Non-Energy Using {parking lots, 18,918
cemeteries, etc.
Plus: 20 Percent for Underreporting 4,530
27,779
Plus: Sectors not inc]ude? 3n AMATS
1. Girdwood/Indian'? 53
2. Eagle River/Chu?iak(b) 300
3. Hotels/Motels(® 1,000
4, Assorted Cultural Buildings(d) 500
29,632
Plus: Growth between 1975 and 1978
(about 25%)(e) 7,400
1978 Commercial-Industrial F1oorspace(f) 37,000
General 25,120
Education 5,000
Warehousing 4,520
Hotels 1,500
Manufacturing 860
Less: Manufacturing 860
1978 Commercial Total, Anchora?e 36,140
Plus: Kemia-Cook Inlet(d 3,200
Matanuska-Susitnal9) 1,500
Seward!9} 600
Total, 1978, Anchorage-Cook Inlet 41,440

Source: Goldsmith and Huskey 1980.

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

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

{c) Assumes 2,000 rooms at 500 square feet/room. Based on Jackson
and Johnson 1978, p. 40,

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

{e} This is based upon two indicators. The first is the growth in
employment between 1974-75 and 1978. Civilian empioyment was as
follows: 1974 - 58,700, 1975 - 69,650, and 1978 - 76,900,
Employment graowth was 31% in the period 1974 to 1978 and 10% in
the period 1975 to 1978 (State of Alaska, Department of Labor,
Alaska Labor Force Estimates by Industry and Area, various
issues). The second is the growth in the appraised value of
buildings over the period 1975 to 1978, After adjusting for
inflation, the increase was 48%. Based on the assumption that
the rapid employment increase in 1975 resulted in undersupply of
floorspace in that year, Goldsmith and Huskey assume a 25%
growth in floorspace between the summer of 1975 and 1978.

(f) Independent estimates of floorspace in 1978 in the educational
category and the hotel/motel category were available from the
Anchorage School District and Anchorage Chamber of Commerce,
respectively. The remaining growth was allocated proportion-
ately among the other categories.

{g) Based on the Anchorage value of 480 square feet/non-agricultural
civilian employee.

B.4.2




o

1

after; commercial construction was subtracted to determine building stock
before 1978. In adding or subtracting construction, it was assumed that, as
stated in Chapter B.3.0, on average a building begun in one year would be
finished and available for occupancy in the following year. Thus, 1978 con-
struction starts are added to 1978 building stock to obtain 1979 building
stock. The resulting Anchorage-Cook Inlet building stock series is shown in
Table B.4.2. '

TABLE B.4.2. Anchorage-Cook Inlet Estimated
Building Stock, 1973-1984

(103 Square Feet)

1973 . 26,236.0
1974 28,970.5
1975 33,086.6
1976 36,848.1
1977 39,563.5
1978 41,440.0
1979 42,761.9
1980 44,110.5
1981 44 ,964.2
1982 47,553.8
1983 ‘ 49,795.5
1984 54,331.5

Source: Table B.4.1 and F.W.
Dodge Construction Potentials.

Fairbanks-Tanana Valley

ISER also produced an estimate of the 1978 Fairbanks-Tanana VYalley load
center commercial floorspace based on an assumption that Fairbanks-Tanana
Valley square footage per employee equaled Anchorage square footage per
emp]oyee.(a) A preferred approach to estimating the amount of commercial

(a) Goldsmith and Huskey, 1980, Tables D.39 and D.40.
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building space in Fairbanks-Tanana Valley load center for 1983 is to combine a
partial central Fairbanks building stock count by Mundy-Jarvis Associates pre-
pared in November 1983 with other counts of certain public buildings and our

own estimates for some of the remaining categories.

This preferred process is documented in Imhoff and Scott (1984) (Appen-

dix A) and is summarized in Table B.4.3.

The estimate of Fairbanks-Tanana Valley 1983 building stock count was then
converted into a time series by subtracting commercial construction in each
year in the same way as in Anchorage-Cook Inlet. The results are shown in
Table B.4.4,

DISTRIBUTION OF BUILDING STOCK BY TYPE

There are no obvious trends to be noted in the types of commercial build-
ings being constructed in the Railbelt load centers. In both load centers,
commercial construction showed considerable year-to-year variability in all
types, both in total square feet constructed and in the percentages of total
construction accounted for by each building type. The annual percentages for
selected major categories comprising the bulk of Railbelt commercial construc-
tion activity are reported in Table B.4.5 and B.4.6. As can be seen from the
table, there is no obvious trend in types of buildings being constructed in
either load center. This answers directly a question asked by the FERC staff
in their review of the July 1983 version of the RED model; name?y, are there
trends in the type of commercial space being constructed? FERC staff were
interested in the differing degree to which electricity-using capital equipment
is used in various subsectors of the commercial building stock (e.g., computers
are being added in offices, but more efficient heat recovery and cooling sys-
tems are being added in supermarkets). If the intensity or mix of energy uses
were changing dramatically in certain building types and their proportion of
the stock is also changing, then it might not be appropriate to estimate energy
consumption on the basis of aggregate commercial building stock. Tables B.4.5
and B.4.6 show, however, that the mix of the stock is not obviously changing,
so intensity of electrical consumption can be estimated on an aggregate basis.
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TABLE B.4.3. Fairbanks-Tanana Valley 1983 Building Stock
(103 Square Feet)

Mundy Jarvis Associates count,

Adjusted for missed buildings(?) 2,867
Plus: MNorth Star Borough Bui]dings(b) ‘ 1.655
Federal Buildings!c) 157
State Buildings d) 1,186
City of Fairbanks Buildings(®) 260
Subtotal: Count 6,125
Plus: Estimated Stock (ear}y 1984)
Lodgings/Hotel /Motel ¢ 870
Churches/Sociamrange( ) 774
Transportation ¢ 1,188
North Po]e Area, Nenana, De]ta( ) 2,432
Hospital'S 201
5,465
11,590
Less: Adjustment for 1984/}9%3 difference 390
(Approximately 3.3%) h
1983 Estimated Stock, Fairbanks-Tanana Valley 11,200

(a) Source: Mundy-Jarvis Associates, Comprehensive Space
Inventory of Fairbanks, Alaska, November, 1983. Estimates
of missing data supplied by Mundy-darvis Associates.
Personal Communication, Jeff Wollen to Michael Scott,
March 20, 1984,

(b} Source: Fairbanks North Start Borough Engineering Depart-
ment, March 1984.

(c) Source: U.S. General Services Administration, Anchorage,
Alaska, March 1984,

(d) Source: Alaska Department of Administration.

(e) Source: City of Fairbanks Fire Marshall, March 1984,

(f) Calculated by counts of businesses from Fairbanks telephone
directory and national median space per building by type,
March 1984,

(g) Source: Fairbanks Memorial Hospital, March 1984,

(h) F. W. Dodge Construction started in 1983 would have
increased stock by about 10% by 1984, One third of that
amount adjusted for differences between the November 1983
stock and the estimated stock in approximately March 1984,
about one-third of a year later. The final figure was
rounded to the nearest hundred thousand square feet.
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TABLE B.4.4. Fairbanks-Tanana Valley Estimated
Building Stock, 1973-1984

(103 Square Feet)

(103 Square Feet)

1973 3,764.8
1974 4,417.2
1975 5,407.1
1976 7,468.3
1977 8,691.5
1978 9,806.3
1979 10,145.3
1980 10,385.6
1981 10,634.8
1982 10,777.0
1983 11,200.0
1984 12,288.9

“Sources: Imhoff and Scott and
F.W. Dodge Construction Potential.

This is also true whether we examine the year-by-year figures or group
them into economic subperiods. Both tables show average percentages for the
Trans-Alaska oil pipeline period (1973-1977), the post-pipeline period {1978-
1983), and the period since the 1979 Iranian oil price shock (1980-1983),
These subperiod averages also show no obvious trend when compared to the 1973-
1983 period as a whole. In Anchorage-Cook Inlet the subperiod and year-to-year
percentages vary less than in Fairbanks-Tanana Valley; however, even in
Anchorage the subperiod averages tend to be dominated by very large scale
construction in one or two years. For example, in Anchorage warehouses there
appears to be declining trend in warehouse construction; however, in the two
most recent years construction was at or above the ten-year average for this
- category of construction in both absolute and percentage terms. Similarly,
there is an apparent recent decline in public construction in Fairbanks as a
percentage of the total. However, public construction was among the more
important categories in both 1979 and 1982. It is only the large amount of
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such construction in 1976 and 1977 that creates the apparent "trend." The
burst of pipeline-related activity in 1976-1979 (especially 1976-1977) is also
the sole cause of the apparent trend in Fairbanks-Tanana Valley retail-
wholesale construction. The percentages are lower both before and after this
period. Office and education space is apparently added in large blocks at

irregular intervals in Fairbanks-Tanana; thus the subperiod averages mean very
little.

In general, the construction patterns in the two Railbelt load centers
appear to be quite irregular. There is no single set of percentages in
Tables B.4.5 and B.4.6 that could be used to characterize trends in construc-
tion by type. Nor are there any apparent trends in construction by type that
on closer examination appear to be real or significant. As a consequence, the
simplifying assumption used in the RED model that all types of commercial stock
are growing at about the same rate is supported by the data.
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R.5.0 EFFECT OF DODGE CONSTRUCTION DATA ON ELECTRICITY CONSUMPTION FORECASTS

The commercial building stock estimates developed in the previous chapter
were utilized to estimate electricity demand equations for the two Railbelt
Toad centers. The relative stability of floorspace and employment as predic-
tors of electricity consumption in the business sector were examined. As a
consequence of this analysis, floorspace was identified as the preferable pre-
dictor of electricity consumption. Next, we econometrically estimated consump-
tion equations. In Anchorage-Cook Inlet, the econometric approach worked well
and produced estimates compatible with economic theory and the historical
record of consumption for the load center. In Fairbanks-Tanana Valley, this
approach produced a reasbnab]y close fit to historical data; however, the
derived forecasting equation did not produce plausible forecasts of electricity
consumption., The forecast was one of a rapidly declining rate of electricity
use. Historically, this declining use actually occurred; however, it was
caused by a combination of events unlikely to be repeated. Consequently, a
simplified non-econometric equation was used to predict future business con-
sumption of electricity for Fairbanks.

FLOORSPACE VERSUS EMPLOYMENT

The first step in estimating business electrical consumption was to test
the historical data to see which of the available time series was the better
predictor of electrical consumption, square feet of business space or employ-
ment. Table B.5.1 shows historical trends in business electrical use per
square foot of commercial floorspace, floorspace per employee and electrical
use per square foot in the two load centers., Both Anchorage-Cook Inlet and
Fairbanks-Tanana Valley show increasing consumption per employee over the
period as a whole, although there is short term varjation around the trend. In
the case of Anchorage, this trend appears to be composed of a slowly increasing
trends in use per square foot and a varying growth rate in square feet of space

B.5.1
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per emp]oyee.(a) In the case of Fairbanks, the trend masks a rapid increase in
the stock of building space per employee (which shows recent signs of slowing
down), combined with a rapid decrease and then stabilization in electrical
consumption per square foot of commercial floorspace. Since the decline in
electrical use per square foot appears to have halted in Fairbanks and
electrical use is starting once again to increase in response to demand for
more business services, then using either the trend of business use per
employee or an econometric equation with employment as the independent variable
is 1ikely to give misleading results. Consequently, a two-step approach of
forecasting square feet per employee and kWh per square foot was employed.

BUILDING STOCK

Both simple trend equations and regression equations based on historical
Alaska experience were considered for forecasting commercial building stock in
the Railbelt load centers. MNeither linear, exponential, nor logarithmic equa-
tion forms produced acceptable forecasts for both load centers of commercial
building stock per employee. For example, consider the time trends in building
space per employee calculated from Railbelt data in Table B.5.2. ~

Table B.5.2 shows predicted values for three possible time trend lines
fitted to historical data on commercial floorspace per employee by regression
analysis. The three trend lines are:

e linear: FtZ/Emp1oyee =a+b e« {time)

@ Exponential: th/Emp]oyee e(a + b « time)

@ Logarithmic: FtZ/Emp1oyee a+b e« 1n {(time)
In the fourth column of the table shows the estimated actual commercial floor-
space per employee for the period 1973 to 1982. In comparing each of the

trends to the actual values, one notices several things.

1. A1l three time trends appear to perform about equally well during the
historical period.

{a) In particular, the growth rate even becomes negative during periods of
rapid employment growth such as 1975 and 1981-1982. BEA employment figuqsfi/
were not available for 1983 but a considerable amount of commercial
building occurred in that year.
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TABLE B.5.2.

Time Trends in Commercial Building Stock Per Employee,
Railbelt Load Centers (Ft2/Employee)(d)

Anchorage-Cook Inlet:

Linear Exponential Logarithmic

Year Trend Trend Trend Actua1(b)
1973 322.8 322.0 310.4 321.8
1974 327.8 327.6 327.9 322.1
1975 333.6 333.1 338.0 318.4
1976 339.5 338.8 345.1 337.5
1977 345.3 344.5 350.6 348.2
1978 351.1 350.4 355.2 367.9
1979 356.9 356.4 v 359.0 375.6
1980 362.7 362.5 362.3 379.4
1981 368.5 368.7 365.3 363.7
1982 374.3 374.9 367.8 347.2
1983 380.1 381.3 370.2 -
1984 386.0 387.8 372.3 -
1985 391.8 394.4 374.3 -
1990 420.8 429.1 382.4 -
1995 449.9 467.0 388.5 -
2000 478.9 508.1 393.3 -
2005 502.2 543.6 396.7 -
2010 537.0 601.6 400.9 -
Fairbanks-Tarnana Valley:
Linear Exponential Logarithmic

Year Trend Trend Trend Actua1(b)
1973 145.0 150.2 106.7 150.5
1974 167.9 166.2 171.6 147 .6
1975 190.9 183.8 209.6 167.6
1976 213.8 203.4 236.5 192.2
1977 236.7 225.0 257.4 250.2
1978 259.6 248.9 274 .5 305.1
1979 282.6 275.3 288.9 318.6
1980 305.5 304.6 301.4 332.9
1981 328.4 337.0 312.5 321.4
1982 351.3 372.8 322.3 295.6
1983 374.3 412.4 331.3 -
1982 397.2 456.4 339.2 -
1985 420.1 504.8 346.9 -
1990 534.8 836.5 377.4 -
1995 649.4 1386.2 400.3 -
2000 764.0 2297.3 418.8 -
2005 855.7 3441.2 431.3 -
2010 993.3 6308.7 447 .3 -

{a) Employees are estimated by the U.S. Department of Commerce,
Bureau of Economic Analysis, Regional Economic Information
System. There are differences in definition between this
source's definition and that used by ISER. See text.

(b) Estimate from building stock in Chapter B.4. See also
Table B.5.1.
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Time trends based on historical Railbelt data all predict higher
future floorspace per employee in Fairbanks-Tanana Valley than in
Anchorage-Cook Inlet. This is contrary to historic evidence and
contrary to economic incentives, since higher construction and
heating costs should keep space per employee in Fairbanks-Tanana
Valley relatively low compared to Anchorage-Cook Inlet.

In view of the 1979 national average of commercial floorspace per

~employee of about 613.1,(3) the unadjusted linear and exponential

trends appear to be forecasting unreasonably Tow in Anchorage and
Unreasonab]y high in Fairbanks-Tanana Valley. Once adjusted for
differences between total employment as reported by the U.S.
Department of Commerce, Bureau of Economic Analysis and total
employment as estimated by ISER, the linear trend in Anchorage
produces a year 2010 value of 603.8, close to the 1979 national
value,

On the other hand, the logarithmic growth rates based on Railbelt
load center data appear unreasonably low in both load centers when
extrapolated for 30 years. Historical commercial construction
figures indicate that even in the post-pipeline period of 1978-1980,
the commercial stock per employee continued to increase at a rate of
1.6% per year in Anchorage-Cook Inlet and 4.5% in Fairbanks-Tanana
Va11ey.(b) In contrast, the logarithmic trend yields 30-year annual
average growth rates of 0.18 and 0.99% respectively.

Because of the results obtained by trending Railbelt historical data,

Anchorage-Cook Inlet commercial building stock per employee was assumed to

(a)

See U.S. Energy Information Administration, 1983 for square footage

data. U.S. Statistical Abstract figures for total nonfarm civilian
employment for 1979 were modified to be consistent with Railbelt total
employment estimates as follows: dindustrial and mining (field) employees
were subtracted and military added. Unadjusted average commercial
building occupancy in 1979 was one employee per 623 square feet.
Downturns are shown in 1981 and 1982 in both Anchorage and Fairbanks.
However, this is due primarily to rapid employment growth rather than a
construction slowdown. 1983 construction continued under "boom"
conditions. ‘
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increase linearly at its historical rate, to yield 603.8 square feet per
employee by the year 2010, This is still fairly conservative, since it implies
an average growth rate of 1.1%, less than the 1973-1980 rate of 1.7% measured
at the endpoints. In order to have the growth rate decline as the national
average was approached and building stock needs were satisfied, it was assumed
that stock per employee follows a linear path beginning from a 1980 adjusted
base value.(2)

Historical data were not used to extrapolate the Fairbanks-Tanana Valley
growth rate in stock per employee. For Fairbanks Tanana Valley, it was assumed
that the very rapid past growth rate in square feet per employee would not
apply after the Anchorage-Cook Inlet value was approached. Horeover, this
slowing-down process already may have begun (see Table B.5.2). Because of the
higher relative cost of building and heating the commercial building stock in
Fairbanks, the space per employee in Fairbanks-Tanana Valley is not expected to
catch up to the Anchorage-Cook Inlet value. Instead, it is assumed that the
future growth rate in Fairbanks-Tanana Valley building stock per employee
parallels Anchorage-Cook Inlet growth, reaching about 538.4 square feet in the
year 2010. This is about 10.8% than Anchorage-Cook Inlet and implies a 30-year
average annual growth rate of 1.3%. The forecasted square feet of commercial
floorspace per employee and the average growth rates by forecast period are
shown in Table B.5.3 for the two load centers.(b) Because a different
employment base was used in Table B.5.3 than in Table B.5.2, floorspace per
employee in the early forecast years will not equal the values in Table B.5.Z2.

(a) The path in Anchorage is defined as y = 383,023 + 5.811.t, where t takes
on values 1,2,3,...,7 corresponding to 1973, 1974, ..., 2010. In
Fairbanks, the intercept term is 314,562. Square feet per employee for
1980 were calculated using the best estimate of total employment available
in the July 1983 version of RED. The coefficient was not updated in
REDB5A. The July 1983 estimate of square feet per employee was based on
the ISER definition of total employment, which is Tower than the BEA
definition., This is due to different treatment of military reservists and
some categories of service workers.

(b} The end year value of 603.8 is quite conservative, compared to the nation
as a whole. Based on the forecasted commercial square footage from the
U.S. Energy Information Administration's 1983 Annual Energy Outlook and
Data Resources, Incorporated 1J.S. Long Term Review {Winter 1983-84)
forecast values for employment, the national value for 1995 would be 723.6
square feet per employee, about 120 square feet more than the Anchorage
value for 15 years later.
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TABLE B.5.3. Forecasted Commercial Floorspace per Employee and Average
Growth Rates 1980 to 2010

Anchorage-Cook Inlet Fairbanks-Tanana Valley
Annual Annual
Ft2/ Growth Ft2/ Growth
Employee Rate(%) Employee Rate(%)
1980 429.5(a) - 354.0(2) -
1981 435.3 1.4 369.8 1.6
1982. 441.1 1.3 375.6 1.6
1983 446.9 1.3 381.4 1.5
1984 452.7 1.3 387.2 1.5
1985 458.5 1.3 393.0 1.4
1990 487.6 1.2 422.1 1.3
1995 516.6 1.2 - 451.1 1.3
2000 545.,7 1.1 480.2 1.2
2005 574.7 1.0 509.2 1.2
2010 603.8 1.0 538.4 1.1

{(a) Using the ISER definition of total employment rather
than the Bureau of Economic Analysis_definition in
Table B.5.2, Anchorage-Cook Inlet Ft2/Emp1oyee equals
429.5, Fairbanks-Tanana Valley equals 364.0. These
figures were used for projection purposes in the model
so that RED will forecast commercial floorspace consis-
tent with the ISER definition of employment used as RED
model input in the FERC license application.

KWH PER SQUARE FOOT

The intensity of electrical consumption per square foot was investigated
in some depth. Many econometric specifications were tried on historical data
for the Railbelt load centers in order to select an equation having both theo-
retical consistency and close statistical fit. Among tests attempted were:

@ including and excluding the price of electricity as an explanatory
variable;

e utilizing dummy variables to account for left-out variables and

structural shifts in the econometric relationships;
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e utilizing heating degree-days and cooling degree-days to adjust for
weather conditions;

e linear, log-linear, and exponential equation forms.

A number of criteria were used for judging whether an equation was appro-
priate. Examined were the sign, size, and statistical significance of the
coefficients and the implied elasticity of demand with respect to the size of
the commercial building stock. For example, since economic theory predicts
that the marginal effect of electricity price on electrical consumption should
be negative, equations were rejected where electricity price came in with a
positive sign or a value not statistically different from zero, as measured by
the Student t ratio. The Rz statistic was examined to determine goodness of
fit to the data and the Durbin-Watson statistic for evidence of autocorrelation
and misspecification. The equations were also tested by excluding a given
variable such as electricity price to determine if such exclusion had any sig-
nificant effect on the remaining coefficients in the equation. Finally, use
was made of supplementary information on the historical relationship between
commercial building stock and commercial-light industrial-government electrical
consumption. In Anchorage-Cook Inilet, for example, the level of use per square
foot has increased slowly for several years. In the absence of further
increases in energy prices, there is no reason to anticipate either a major
reversal of this recent trend or a major acceleration. Equations showing a
stock elasticity drématica]]y Tess than 1.0 were rejected because such a‘value
implies either declining demand for electricity in the absence of price changes
in new construction or significant additional conservation retrofits of the
existing stock, or both. While modest amounts of this type of activity have
occurred historically in Anchorage {Imhoff and Scott 1984), large amounts of
such conservation activity are not expected at prevailing prices. Increased
energy consciousness in the commercial sector, on the other hand, probably
precludes rapid increases in energy use per square foot and stock elasticities
significantly greater than 1.0.

Available supplementary information on the Fairbanks-Tanana Valley load
center was less conclusive. The historical period was marked by very signifi-
cant increases in the prices of electricity and fuel o011, as well as by a
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moratorium in the installation of electric space heat. As a consequence, dur-
ing the historical period there apparently was a significant decline in elec-
trical use per square foot. Since much of today's commercial stock was built
during the period of rising or high electrical prices and electric space heat
moratorium, we expect that electrical use per square foot is near a minimum
value given current electricity prices. Additions to stock would probably have
use rates near current levels or slightly higher or lower. Econometric elec-
tricity consumption equations having implied stock elasticities much higher or

lower than 1.0 were thus rejected.

Table B.5.4 shows the results of the two econometric estimates having best
theoretical consistency and statistical fit. It was found that including
either electricity price or heating and cooling degree-days generally had
1ittle effect on the stock coefficients in the two load centers. Moreover, in
most cases these auxiliary explanatory variables came in with the theoretically
"wrong" sign (e.g., positive effect of electricity price) or were not statis-
tica11y significant, or both, Table B.5.4 results show that as commercial
stock increases by 1% in Anchorage-Cook Inlet, electricity use increases by
about 1.22% in the absence of future changes in the prices of gas, oil, and
electricity. This is consistent with a slowly accelerating use per square
foot, which in turn is consistent with the lower 48-style building stock being
constructed in Anchorage at this time. When the equation was used to forecast
electricity consumption for the historical period, the difference between the
forecast and actual consumption was small, as shown in Table B.5.5. In
Fairbanks-Tanana Valley, even the "best" equation had to be rejected because of
the very low reported elasticity with respect to commercial stock, even though
historical forecast errors were reasonable. The low elasticity appears to be
due to the rapid historical decline in use per square foot in Fairbanks, a
trend that could not be forecasted for 30 years into the future, given the
supplementary information discussed above. Instead, a stock elasticity of 1.0
was assumed for Fairbanks, which implies constant electrical use per square
foot in the absence of future changes in electricity and fuel oil prices. For
both equations, the intercept value was adjusted to calibrate the forecasting
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TABLE R.5.4.

Econometric Results for "Best" Business Electricity

Consumption Equations, Railbelt Load Centers!d
(standard error in parenthesis)

Anchorage- Fairbanks-
Cook Inlet Tanana Valley
BETA -6.320 1.512
(0.656) (0.469)
BBETA 1.224 0.435
9 (0.062) (0.053)
R 0.980 0.906
D.W. 1.692 1.988
F 387.7 67 .6
Degrees of 8 7
freedom

(a)

The estimated equation was:

In (PRECON;y) = BETA; + BBETA; * Tn (STOCK);y)

where:
(PRECONit)

BETA,BBETA
STOCK; ¢

In
RZ

[}
.

estimated commercial
1ight industrial-
government electricity
consumption in load
center i and year t

estimated coefficients
commercial building stock
logarithmic operator

multiple correlation
coefficient, corrected
for degrees of freedom

Durbin-Watson statistic
Snedecor "F" statistic
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TABLE B.5.5. Business Electricity Consumption Equation Historical Test

(GWh)
Anchorage-Cook Inlet Fairbanks-Tanana Valley
Percent Error Percent Error
Actual Forecast of Forecast Actual Forecast of Forecast

1973 483 463 -4.1 151 159 5.3
1974 519 523 0.8 162 170 4.9
1975 596 616 3.4 211 186 -11.8
1976 697 702 0.7 219 215 -1.8
1977 762 766 0.5 240 230 -4.2
1978 801 811 1.2 243 244 0.4
1979 790 843 6.7 241 248 2.9
1980 903 875 -3.1 234 251 7.3
1981 900 896 -0.4 258 253 -1.9
1982 1012 960 =5.1 -= -- -
Mean Absolute Percent Error 2.9
Root Mean Square Error 3.3 5.6

equation for 1980 consumption. The required values for the intercepts were
-2.2118 in Anchorage-Cook Inlet and 0.7980 in Fairbanks-Tanana Valley.

Table B.5.6 shows the forecasted values of electrical use per square foot for
the July 1983 reference case.

TABLE B.5.6. Forecasted Business Sector Electrical Use Per
Square Foot, July 1983 Reference Case
{kWh/square foot)

Anchorage- Fairbanks-
Cook Inlet Tanana Valley
Before Price With Price Before Price With Price
Effects Effects Effects Effects

1980 20.19 20.19 22.20 22.20
1985 22,04 20.20 22.21 22 .05
1990 23.06 19.82 22.21 22.24
1995 23.68 19.50 22.21 22,35
2000 24.14 19,22 22.21 22 .35
2005 24,73 19.27 22.21 22.32

2010 25.44 19.59 22.21 22.30
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