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EXECUTIVE SUMMARY

Introduction

As the costs of energy and energy—producing facilities have risen
during the last 15 years, many people have suggested that investments in
conservation would show greater economic benefits than similar invest-
ments in power plants. The Hood River Conservation Project (URCP) was
designed to determine whether such a coocept was feasible in the North-
west.

This report evaluates the HRCP load, or capacity, savings, as
opposed to overall energy savings. The data from 314 monitored homes
form the cornerstone for this analysis. A three-phase feeder line was
also monitored to assess the capacity savings on a primarily residential
feeder.

At the monltored homes, total electrical load, space heating load,
water heating load (in about 200 homes), wood stove heat output (in about
100 homes), and indoor temperature wers monitored on a 15-min basis. To
allow an investigation of residential load shapes and magnitudes before
and after conservation, data were collected for one full year before and
one full year after the homes were retrofit with conservation measures.

Weather normalization was crucial to the load analysis because no
local control group was avallable for comparison. Such normalizations on
a 15-min basis are not commonly found, but two methods were adapted to
our requirements: a regression—based modeling technique and a technique
based on choosing pairs of days with comparable weather. Both methods of
weather normalization were used to evaluate the seasonal winter load
savings and showed close agreement.

The following are the major findings:

Load Savings on the Monitored Feeder

Relationships between feeder savings and residential end-use savings
could not be defined because of the unmeasured commercial loads and the

timing of the residential retrofits.
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Peak-Day Load Savings

The diversified load profiles for November 25, a system peak day,
are shown in Fig. S.1. The weather-normalized postconservation peak load
was lowered by 0.56 kW/household on the Hood River area peak day and by
0.52 kW/household on the Pacific Power and Light peak day. The time of

the peak appears to advance by 15 to 30 min as well.
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Fig. S.1. Diversified total residential load on Hood River area
peak day, Nov. 25, 1985, weather—normalized using regression model.

Load Distribution Shows Savings

A distribution of the winter diversified load is shown in Fig. S.Z2.
During the first season, the load was >5.4 kW/houschold for 224 15-min
periods. During the second season, the load exceeded this level for ocnly
144 15-min periods. Diversified loads up to 6.8 kW/household were mea-

sured the first season; the second season showed loads only up to 6.4 kW/

household.



xxi

ORNL-DWG 877488

38

PERCENTAGE
B

H

o &

T 2 3 4 B & 1 2 3 4 s

e 1984/1985 1 - 1988/1986 ——
TOTAL LOAD (kW)

Fig. S.2. Distribution of winter diversified residential loads.

Single Family Electrically Heated Homes Show Largest Savings

Table S.1 summarizes the load savings for the total monitored sample
and shows that single-family electrically heated homes had much greater
gsavings than other homes, Figure 5.3 shows the average winter weekday
load profile before and after retrofit of the total monitored sample,
This total load, both before and after the conservation retrofits, is
lower than winter weekday load profiles measured in other conservation
programs in the Northwest.l The average winter load profile for single-
family homes with all-electric heat in these other programs showed a
preconservation peak load of 6.0 kW/household and a postconservation peak
load of 5.4 kW/household. The Hood River loads were probably lower be-
cause wood-heated and mobile homes were included in the HRCP, The diver-
sified load for the subset of all single-family howmes heated mainly with
electricity was, therefore, examined. Their diversified load profiles
for two comparable cold weekdays are shown in Fig. S.4. The magnitude of
these loads is more comparable to those found in the other programs, and
the savings are also larger. Table S.2 summarizes the measured savings

for this cold winter weekday.
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Table S.1. Electricity demands by season
in Hood River

Total load Load

Season Period (k¥/house) factor
Average Maximum (%)

Total sample of monitored homes

Spring Before 2.0 - 4.6 45
After 1.9 4,1 47
Summer Before 1.4 2.4 61
After l.4 2.2 64
Fall Before 1.9 4,3 44
After 1.8 4,1 44
Winter®  Before 3.4 6.1 55
After 3.0 5.9 50

Single-family electrically heated homes

Winter Before 4.0 6.2 65
After 3.4 5.4 61

Ayse of the regression method gave the same
average winter loads but very different peak loads:
6.7 and 6.2 kW/house. Thus, the regression wethod
shows a reduction in peak load of 0.5 kW/house.
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Table S.2. Diversified loads on selected
similar cold days

Total load
Weather~normalization (kW/house)
method

Average Maximunm

Total sample of momitored homes

Regression model

January 15, 19867 3.3 5.2
January 15, 19856 2.9 4.7
Savings 0.4 0.5
Similar days
January 16, 1985 3.4 5.4
January 15, 1986 2.9 4.7
Savings 0.5 0.7

Single-family electrically heated homes

Similar days

January 16, 1985 4.2 6.2
January 15, 1986 3.2 4.8
Savings 1.0 1.4

AL0ads were estimated for this day's
weather by using the preconservation regres-
sion model.
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Load Savings Are Greater During Colder Weather

Analysis of these load data suggests that the load reductions
attributable to the HRCP retrofits increase with decreasing ambient tem~
perature. Thus, the project reduced the electric system's sensitivity to

extremely cold weather (which is precisely when system demands peak).

Load Factor Is Reduced Following Weatherization Retrofits

The winter load factors for individual customers shifted from higher
to lower values, matching the drop in the load factor for the diversified
load. (This effect is also noted in Ref. 1 for other conservation pro-
grams in the Northwest.) This drop was caused by peak load savings that
were proportionally less than the average load savings. To avoid such
load factor reductions, a conservation program may need to address heat-
ing, ventilating, and air conditioning equipment and appliance improve-
ments, along with the weatherization retrofits used in HRCP. Such equip-
ment improvewents would bhe likely to reduce the maximum demand per
household, which was relatively unaffected by the HRCP weatherization

improvements.

Mobile Home Retrofits Were Less Successful In Saving Energy

The average demand savings for single-family homes (0.48 kW) was
almost twice that of the mobile homes (0.26 kW), Single-family hones
saved an average of 247 of their space heating energy compared with only
8% for the mobile homes. Therefore, research in new conservation methods

for mobile homes would appear to be warranted.

Inclusion of Wood-Heated Homes in Conservation Programs Requires
Close Examination

The average demand savings for the wood-heated homes (0.17 kW) is
less than one-third of the savings in electrically heated homes (0.62 kW).
However, those customers who used electricity exclusively did not decrease
their average load any more than those customers who claimed to use elec—
tricity as their main heating fuel, with or without supplementary wecod

heating (0.63 vs 0.62 kW). It weould, therefore, appear that conservation
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programs aimed at saving electric energy in the near teru need not rule
out all customers with wood stoves but, rather, oaly those who use the
wood stove as their main heating source.

Electrically heated homes contributed slightly less than twice as
much to the system peak loads as wood-heated homes. This would indicate
that if a large proportion of customers currently using alternate fuels
decided to switch back to electricity, their contribution to peak loads
could increase by up to 100%. However, the measured heat output of the
wood stoves in wood-heated homes decreased significantly (by ~28%),
showing that these homes are conserving enerygy, even if not in the form
of electricity.? The inclusion of wood~heated homes in coaservation
programs may, therefore, serve as a form of insurance against sudden

large load increases in the future.
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HOOD RIVER CONSERVATION PROJECT
LOAD ANALYSIS

T. K. Stovall

ABSTRACT

As a part of the Hood River Conservation Project (HRCP),
314 homes were monitored to measure electrical energy use on a
15-min basis. The total electrical load, space heating load,
water heating load (in about 200 homes), wood-stove heat out~
put (in about 100 homes), and indoor temperature were moni-
tored. Data were collected for one full year before and one
full year after these homes were retrofit with conservation
measures. Weather stations were used to collect detailed
local weather information, also on a 15-min basis.

This data base was used to evaluate the load savings
attributable to HRCP. Two methods of weather normalization
were used and showed close agreement. The weather—normalized
diversified residential load savings on the Pacific Power &
Light system and Hood River area peak days were >0.5 kW/
household. The average wintertime load savings were 0.4 kW/
household. Savings were larger in single-family electrically
heated homes where the average demand reduction was 0.6 kW/
household and the diversified seasonal peak was reduced by 0.8
kW/household. The average spring, summer, and fall savings
were much smaller, <0.1 kW/household. The load factor for the
diversified residential load decreased following the conserva-
tion retrofit actions.

A three—-phase feeder was also monitored to measure the
effect of the program. No such effect was measured on the
feeder because of the confounding effect of unweasured com-
mercial loads and the timing of retrofit applications for
residential customers on the feeder.

1. INTRODUCTIGN

As the costs of energy and energy-producing facilities have risen
during the last 15 years, many people have suggested that investments in
conservation would show economic benefits greater than those attributable
to similar investments -imn power plants. To displace a power-producing
facility, energy conservation must save not only energy (kilowatt-hours)

but also capacity (kilowatts), especially at system peak times. Several



questions must, therefore, be answered before such a suggestion can be
implemented. What is the conservation potential? How wuch will this
conservation cost? How quickly can this conservation be achieved? What
is the nature of the load reduction and how does it affect the total
system load? Will the load reduction be permanent or will customers take
back some of the conservation in the form of higher indoor temperatures?
What proportion of the residential sector will be willing to participate?
Will the retrofit resources (i.e., coutractors, auditors, and suppliers)
of a limited geographic area be sufficient?

The Hood River Conservation Project (HRCP) was designed to answer as
many of these questions as possible for the Northwest and focused on the
Hood River, Oregon, community. The project participants included Bonne-
ville Power Administration (BPA), Pacific Power and Light (PP&L), Hood
River Electric Cooperative, the Northwest Power Plaunning Council, the
Pacific Northwest Utilities Conference Committee, the Natural Resources
Defense Council;, and the Northwest Public Power Association,.

The study identified achievable market penetration levels by vigor~
ously marketing residential conservation services and measures. These
measures were provided without direct expense to all qualified customers
(over 3000 homes with permanently imstalled electric heating systems)
within the study area. Community perceptions and social issues were
addressed through a series of interviews and discussion groups. A spe-—
cial group of 314 homes was statistically chosen to represent a cross
section of the community. These howes were monitored for 1 year before
and 1 year after the retrofit measures were applied. A feeder (a part of
the distribution system that provides power to about 500 customers) was
also monitored to help provide a measure of the effect of the program on
the systewm load. Three weather stations were used to closely mounitor
many weather indicators in the study area. These weather stations and
the monitored feeder area are showa in Fig. 1.l1.

The evaluation of the HRCP is multifaceted and is aimed at answering
the above questions to the maximum extent possible. This report ad-
dresses those questions dealing with the load (kilowatts), or capacity,
savings, as opposed to overall energy savings (kilowatt-hours). The

energy savings from the project are described in a companion report.l
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The data frowm 314 monitored homes and the menitored feeder loads
form the cornerstone for this load analysis. At the monitored homes,
total electrical loads, as well as several end-use loads, were measured
on a 15-min basis to permit investigation of vesidential load shapes and
magnitudes before and after conservation. The magnitude of the data base
is staggering. The number of data points is equal to 96 points per day
times four measured points per household (total electrical load, space
heating electrical load, water heating electrical load or wood-stove heat
output, and indoor temperature) times 314 households times 365 d/year
times 2 years. This amounts to almost 90 million data points and does
not include the weatherization data, surveys, and billing data describing
each household, the detailed l5—min weather data, or the wonitored three~
phase feeder. The data analysis methods used to handle this enormous
data base are described in Sect. 2.

No control group was used because it would have interfered with the
maximum possible penetration goal of the project. Therefore, it was
necessary to weather—normalize the load data on a l5-min basis. This
part of the analysis is discussed in Sect. 3. The effect of the program
on the feeder is discussed in Sect. 4 and on the monitored residential
sector, in Sect. 5. Measures of load diversity are given in Sect. 6, an
introduction to a new approach to conservation-based load relief in
Sect., 7, and the analysis summary in Sect. 8. A bibliography of Hood

River publications is also included.



2. ANALYSIS METHODOLOGY

2.1 Data Management

The data were received from PP&L in four separate sets: (1) customer
pulse values corresponding to 15-wmin coasumption data, (2) weather pulse
values corresponding to 15-min weather information, (3) wonthly billing
data, and (4) project data for each customer. The data st used for this
analysis contained over 90 million data points. A commercial statistical
data handling system, SAS, was used for all of the data management and
analysis tasks,?

Data quality flags for each measured value were checked, and data
values were set to missing when indicated. TLoad data from a three-phase
feeder line serving about 500 customers and for a sawmill served by that
feeder were transmitted with the residential load data and were treated
in the same manner,

The weather data were collected at three weather stations and in-
cluded: solar azimuth, solar altitude, horizontal radiation, direct beam
radiation, diffuse radiation, wind direction, wind speed, dry-buld air
temperature, relative humidity, absolute humidity, 4~in. soil tempera-
ture, 20-in. soil temperature, 40-in. soil temperature, and barometric
pressure. Not all of these channels were recorded at each station, and
there were large blocks of missing data (some as long as 2 weeks) because
of equipment problems. For these reasons and because the analyses used
diversified load, the weather data from all three stations were averaged.
(Other analyses,3 examining savings differences among customers, used the
weather data frowm each station independently.) Also, the three measures
of solar radiation — horizontal, direct beam, and diffuse — were averaged
for use in the normalization regressions discussed in Sect. 3.1. These
measures of solar radiation were examined individually in the similar-day

analysis discussed in Sect. 3.2.



2.2 Data Quality

The data base itself went through several revisions, =ach one based
on a more complete screening and tighter error checking. Even after the
final screening, <6% of the data values for any channel were set to
missing during the winter months.

Wood heat was ieasured using radiometers placed near the wood
stoves. These radiometers were calibrated by Lawrence Berkeley Labora~
tory (LBL) to measure the energy output of specific brands and models of
wood stoves." These conversion factors were found by LBL to vary widely
between brands and were strongly affected by radiometer position relative
to the stove. The PP&L staff were very careful to ascertain the exact
positions of these monitors and to correct the conversion factors to
match the LBL correlations before generating another crevision of the data
base. Comparing daily summaries from this last revision to the data set
used for this analysis, the wood-heat channel showed differences in ~137%
of the data points (the electrical load and iandoor temperature channels
showed little chaange). Additionally, only about one-~half of the stoves
monitored in Hood River corresponded to the brands tested by LBL. Thus,
the wood—-heat data used for this analysis include errors introduced by
radiometer placement (affecting ~13%Z of the data points), as well as
potentially large errors introduced by wood-stove model differences.
Therefore, in this analysis, the wood—-heat data have been used as a
proportional measure of heat output but not as an absolute measure of the

stove's contribution to home heating needs.

2.3 Data Analysis

When analyzing a data set this large, one's first iastinct is to
aggregate the data in almost any way possible. However, it is important
not to average away all of the characteristics and anomalies of interest.
For that reason, this analysis uses the data at several different levels
of aggregation. First, the diversified, or average, load of all 314
customers was calculated for each point in time; this is the mean load of

all customers for each 15-min period, and the resulting load profiles are



similar to those used by utility planners. This diversified load was
examined on specific days (such as system peak days or other days chosen
for comparison), averaged over seasons, and compressed into mumerical
load measures (maximum load, average load, load factor, etc.).

Second, the average seasonal load profile (one each for weekdays and
weekends) for each customer was generated by averaging each 15-min time
period across the days in a season. These custouer profiles were used to
examine the load characteristics of various user groups by merging thenm
with descriptive project data., The diversified load of each user group
was then produced.

Third, the complete unaveraged data set was used to produce several
numerical measures of load diversity. This data set was used to calcu~-
late the maximum and mean load for each custowmer for each season. This
data set was also used to examine the residential loads at the time of
the system and area peaks and on several similar (defined in Sect. 3.2)

days.



3., WEATHER NORMALIZATION

Weather normalization was crucial to the load analysis because no
local control group was available for comparison. Weather normalization
is commonly performed on some sort of a degree-day basis to evaluate
energy savings attributable to conservation programs. However, for this
task, load savings are of interest and degree days are useless as a nor-
malization method.

Weather normalizatiou on a 15—-min basis 1is not coumonly found. How—
ever, one normalization procedure was found for a single home that in-
cluded a model of the home's heating, veuntilating, and air coaditioning
(HVAC) system.® Although it was not feasible to apply this method to
every home in the HHood River test, the general approach was of soune
interest. This method consisted of using linear-regression analysis to
model the energy consumption data as a function of various weather parame-
ters. These estimated parameter coefficieats were then used in an equa-
tion to model the anticipated load under different weather conditions.

Another evaluation of the effect of residential retrofits on elec-
trical load in the Northwest used hourly weather-normalization regres-—
sions for each house. Detailed local weather was uot available for this
study, so the only explanatory variable used was outdoor temperature and

lagged averages of this temperature.®

A similar approach was used by
Scientific Systems, Inc., in its analysis of residential end~use load
shapes for the Electric Power Research Institute (EPRI).7 Again, the
regression analysis was applied separately for each household. This
study introduced the concept of using Fourier series (sine and cosine)
functions to model the non-weather-related household loads.

Another method, more commonly used by utilities, relied om choosing
similar days for direct comparison. Because the weather normalization
was so important for this analysis; both methods have been used for the
wintertime analysis. Only the similar-days method was used for spring,
summer, and fall comparisouns because {1) the total load is not as closely

related to weather during these seascns for a moderate climate like Hood

River and (2) winter is the period of prime interest for this analysis



because the residential air conditioning load is very small and the sys~
tem peaks occur during the winter.

The regression method is more difficult to develop and apply but
offers the ability to predict savings on peak days when no similar wea-
ther period may be available for comparison. The similar-days approach
enables closer examination of small subsets of customers, for which the

regression method is less successful.

3.1 Regression-Based Models for Weather Normalization

The previously mentioned residential end-use load shape study’ esti-
mated regression models for individual homes and then used these models
to estimate the aggregate load of a large number of customers. Because
load savings for individual homes were unot examined in this analysis,
ragression analysis was applied directly to the aggregate load of all the
monitored households. If the results had failed to provide the desired
accuracy, it would have been necessary to resort to the house~by-house
modeling demonstrated in these previous studies.

Several subsets of customers with theoretically similar character-
istics were also evaluated to see if the models of such subsets would be
more accurate than the model of the whole group. These subsets included
all-electric-heated homes (i.e., no wood~heat use), homes grouped accord-
ing to dwelling type (i.e., single-family vs mobile homes or multi-
family), and homes grouped according to the results of a spectral (or
frequency) analysis. The results of this modeling were mixed. The
single—~family home and the all-electric-heat homes produced acceptable
models, but the other groups showed extremely poor models. Because the
purpose of the subset models was to permit comparison between groups
(e.g., comparison between single-family homes and mobile homes), these
subset models were not developed further.

Preliminary analysls of data from November 1984 tested several dif-
ferent time frames for the regression modeling process. The time frames
examined ranged from seasonal (i.e., one model for the whole season) to

daily (i.e., one model for each day of the week) to hourly (one model for
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each hour of the day). In terms of balancing accuracy and ease of appli-
cation, the most useful regression model was based on four different time
periods: weekdays, weeknights, weekend days, and weekend nights. The
use of these four models accounts for the difference in energy-use pat—
terns for these different time periods yet avoids the complexity of usiag
hourly wmodels that would also vary between weekdays and weekend days.
Holidays were always treated as weekends. Trial application of November
models to January weather showed that the models were not likely to be
generally applicable to weather in a different season from that of the
model's analysis period. This preliminary work also showed that models
based on wmore data, for example, November—February, had significantly
higher squared multiple correlation coefficients (R?) than l-month
models.

Early models used the weather variables to model the space heating
load. The resulting estimated space heating load, along with water heat-
ing load and other non—space-~heating load indicators,; was then used to
model the total load. This two~step modeling process was replaced, how-
ever, with a one~-step model that explains directly the total load in
terms of the weather and behavioral variables. The squared multiple cor~
relation coefficients for this one~step approach were higher, and it was
felt that dropping an intermediate estiwmation step would reduce the
errors associated with the final result. Another approach to weather
normalization based on hourly regressions for individual houses also
found that weather adjustments to total load were Jjust as effective as
weather adjustments to space heat load.®

A wide variety of explanatory variables was tested in these models.
Some of them, such as outdoor air temperature, indoor air temperature,
solar radiation, wind speed, and water heater load, were obvious. Others
were less obvious and were chosen after the results of the first models
were examined. These include sine and cosine terms based on 8-, 12—, and
24~h cycles; midday indicators; and other time-of-day indicators (no one
equation used all of these time—-of~day variables to avoid colinearity
problems). Other variables, including barometric pressure, absolute
numidity, relative humidity, ground temperatures, and mealtime indica-

tors, were also jinvestigated but with less success.
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Lagged variables, the value of a variable at a previous time period,
were also significaat but not to the extent expected. Some lagged rela-
tiouships that were tested include indoor temperature, solar radiatioun,
total load, and wind speed. These lag relationships were tested at
various time intervals, such as the value 15 min ago, 1 h before, or 2 h
before.

Test variables were created to look for interactive effects, such as
wind speed times air temperature. Other variables tested include wind
speed squared, sine and cosine terms squared, sine times cosine, the
inverse of the solar radiatiom, the inverse of a sum of solar and lagged
solar radiation values, and the inverse wind speed.

These variables were tested in a wide variety of combinations and
over different periods of time. The final weather normalization covers 3
winter months, December—February, and is applied to the average total
load of the 320 load-monitored homes. It is not applicable to individual
homes or to subsets of the total sample population.

Four separate models were chosen, one each for weekdays, weeknights,
weekend days, and weekend nights. The results of this analysis were
evaluated by (1) considering the adjusted R2, (2) considering the sig—
nificance of the chosen explanatory variables (as indicated by a t test
at the 95% confidence level), (3) considering the magnitude and distri-
bution of residuals, (4) plotting the residuals against the predicted
values, and (5) plotting the residuals against date. This last test was
used to be sure that the autocorrelated nature of these data did not
introduce errors that followed a trend as time progressed. The Durbin-
Watson test was also used for each model, and no evidence of temporal
autocorrelation was detected. Appendix A contains the results of these
tests for each of the models used In this analysis.

A final test of the combination of the four models was based on
applying the model to the weather from which it was derived and comparing
the result to the actual load during that period. The match was very
good. The peak load was correct to within 0.2%, or 0.0l kW, and the
average load to within 0.1%. The load factors matched to within 0.1Z.
The first 7 d from each month were plotted to permit visual comparison

between the actual load and the artificial load constructed from the
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model (Appendix B). Figure 3.1 shows one of these plots for December 5,
1984, for comparison between the actual load and the reconstructed load.
The reconstructed load is, as expected, much smoother than the

actual load. However, the reconstruction is very good at matching the
peaks, averages, and overall contour of the actual load. The model
relics on a lagged value of the load. To start the model, the arrificial
curve is given an initial value of 3.5 kW, ~l.5 kW higher than the actual
load at that time. Within 2 h, or eight data points, the modeled load is
very close to the actual load and remains close throughout the rest of
the winter period.

The actual water heating load is used as an input to the model.
Because the water heater load is not directly related to the weather
(although it does show seasonal variation), it was not normalized.

The final wmodels chosen are shown in Eq. (1) with the coefficients
given in Table 3.1. Note that while many variables in this equation
appear to be correlated, only a few appear in its application fur aay one

time period.
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TOTAL = A + B*LAGTOTAL + C*DELTEMP + D*WINDAIR + E*WATER
+ F*INDOOR + G*LAGINDOOR + H*COSTERMI + I*SINCOS
+ J*LAG250L + K*COSTERMZ + L®*COSTERM3 + M*SOLAR
+ N*SINTERM3 + P*MIDDAY + Q*HOUR , (1)

where

TOTAL = the total average load per household, kW;
LAGTOTAL = the value of TOTAL 15 min previously, kW;
DELTEMP = the outdoor minus the average indoor temperature, °F;
WINDAIR = the wind speed times the outdoor temperature, °F-m/h;
WATER = the water heating load, kW;
INDOOR = the average indoor temperature of all the monitored
homes, °F;
LAGINDOOR = the value of INDOOR 15 min previously, °F;
COSTERM] = the cosine of 2 pi times the hour of the day divided
by 24 hj
COSTERM2 = the cosine of 2 pi times the hour of the day divided
by 12 h;
COSTERM3 = the cosine of 2 pi times the hour of the day divided
by 8 hj
SINTERM3 = the sine of 2 pi times the hour of the day divided by
8 h;
SINCOS = COSTERM!l times SINTERMI;
SINTERMl = the sine of 2 pi times the hour of the day divided by
24 h;
SOLAR = the solar radiation (average of horizontal, direct,
and diffuse), Btu/ft?;
LAG2SOL = the value of SOLAR 30 min previously;
MIDDAY = a dummy variable with a value of 1 between noon and

4:00 pem. and a value of 0 all other times;

]

HOUR = the hour of the day and ranges from 1 to 24.

Similar models were tested using the feeder load with wmuch less
success. Even though the adjusted R? of the four models was >96%, the

peak load was off by almost 10%Z. These poor results are probably caused



Table 3.1. Model constants

Period A B C D E F G H
(CONSTANT) (LAGTOTAL) {DELTEMP) {WINDAIR) (WATER) (INDCOR) (LAGINDCOR) (COSTERMI)

Monday—Friday nights 2.74 C.674 —0.021 4,1E-4 0.553 0.598 —(. 630 —0.258
Monday—Friday days 1.01 0.677 0,020 0 0.424 0.171 —0. 183 —0.127
Saturday—Sunday nights 1.91 0.722 —0.015 2.5E-4 0.541 0.394 —0.420 —0.175
Saturday—Sunday days 5.606 0.685 —0.015 0 0.397 0.385 0.463 0

Period i J K L P

erto (SINCOS)  (LAG2SOL)  {COSTERM2)  (COSTERM3)  (SOLAR)  (SINTERM3) (MIDDAY)  (HOUR)
Monday—Friday nights —0. 117 0 0 0 0 0 0
Monday—Friday days 0,098 2,1E-3 —0.207 —0.079 —7.4E-3 0 0
Saturday—Sunday nights —0.089 G 0 0 0 0 G
Saturday—Sunday days 0 G a 0 —7.2E-3 —0,020 -0.051 0,023

g1
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by the weaker (as compared with the monitored sample) relatiounship
between weather and (1) the non-electrically heated residential load and
(2) the commercial load. This method was, therefore, not used for the

feeder analysis.

3.2 Similar Days Chosen for Weather Normalization

Similar days were defined as matching the (1) day of the week,

(2) average daily outdoor temperature within 5°F, and {3) minimum {win-
ter, spring, and fall) or maximum (summer) daily outdoor temperature
within 5°F.

To use as much of the data as possible, groups of similar days, as
well as a few individual pairs, were chosen for an analysis of each
secason., The seasons were defined as wionter, December—February; spring,
March—May; summer, June—August; and autumn, September—November. The
period of April 1, 1985-July 25, 1985, was unavailable for analysis
because the monitored homes were retrofit with conservation measures
during that time. The weather during late November 1985 was extremely
cold, breaking several 100-year weather records, and was excluded from
any comparison with preconservation energy use.

These groups of similar days were chosen to represent as closely as
possible the distribution of outdoor temperatures found throughout each
season and to have equal numbers of each day of the week. Note that
these seasonal analyses represent the savings during the seasons experi-
enced in 1984—1986 and do not represent any "average" regional weather
pattern. Figure 3.2 compares the winter outdoor air temperature distri-
butions between the entire seasons and the chosen groups of comparison
days. Table 3.2 lists the chosen winter days and their cutdoor tempera-—
tures. The other seasons are given in Appendix C. Other weather vari-
ables, including wind speed, solar radiation, and humidity, were also
plotted to see if the selected perlods would be truly comparable.
Appendix C contalns these plots for all four seasons. Table 3.3 summar—
izes the average values of these weather variables during the comparison
test periods.

The only weather variable that remains significantly different be-

tween comparison groups is the wind speed. The average wind speed during
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Table 3.2. Winter days chosen for comparison
Average Minimum
Period Date Day temperature temperature
(°F) °F)
Before Jan. 27, 1985 Sunday 31 29
After Jan. 26, 1986 Sunday 34 33
Before Jan. 13, 1985 Sunday 28 27
after Jan. 5, 1986 Sunday 31 27
Before Dec. 9, 1984 Sunday 36 35
After Feb. 16, 1986 Sunday 37 32
Before Jan. 20, 1985 Sunday 40 32
After Feb., 2, 1986 Sunday 40 37
Before Feb. 11, 1985 Monday 37 31
After Jan. 20, 1986 Monday 39 30
Before Dec. 10, 1984 Monday 37 30
After Feb. 10, 1986 Monday 36 31
Before Dec. 17, 1984 Monday 28 20
After Dec. 9, 1985 Monday 30 24
Before Feb. 25, 1985 Monday 41 30
After Jan. 6, 1986 Monday 42 34
Before Dec. li, 1984 Tuesday 31 27
After Jan. 7, 1986 Tuesday 32 26
Before Jan. 29, 1985 Tuesday 31 24
After Jan. 21, 1986 Tuesday 34 28
Before Feb. 5, 1985 Tuesday 33 28
After Feb, 11, 1986 Tuesday 33 30
Before Jan. 22, 1985 Tuesday 35 33
After Jan, 14, 1986 Tuesday 30 29
Before Jan. 16, 1985%  Wednesday 31 30
After Jan. 15, 1986% Wednesday 32 29
Before Jan. 23, 1985 Wednesday 33 32
After Jan. 22, 1986 Wednesday 33 31
Before Jan. 2, 1985 Wednesday 24 21
After Dec. 18, 1985 Wednesday 20 18
Before Feb. 20, 1985 Wednesday 41 37
After Feb. 5, 1986 Wednesday 40 33
Before Jan. 3, 1985 Thursday 24 21
After Dec. 26, 1985 Thursday 21 20
Before Feb. 14, 1985 Thursday 35 26
After Dec. 5, 1985 Thursday 34 27
Before Dec. 13, 1984 Thursday 40 34
After Jan. 23, 1986 Thursday 38 32
Before Jan. 24, 1985 Thursday 33 31
After Feb. 13, 1986 Thursday 30 28
Before Jan. 4, 1985 Friday 25 24
After Dec. 20, 1985 Friday 22 21
Before Feb. 8, 1985 Friday 31 25
After Nov,. 15, 1985 Friday 30 27
Before Feb. 15, 1985 Friday 43 33
After Feb. 28, 1986 Friday 45 35
Before Jan. 18, 1985 Friday 29 27
After Feb. 14, 1986 Friday 28 28
Before Feb. 2, 1985 Saturday 23 20
After Dec. 21, 1985 Saturday 22 20
Befcre Jan. 12, 1985 Saturday 28 26
After Jan. 4, 1986 Saturday 30 27
Before Feb. 16, 1985 Saturday 34 24
After Feb. 8, 1986 Saturday 33 23
Before Feb. 23, 1985 Saturday 49 44
After Mar. 1, 1986 Saturday 49 39

aDays chosen for cold day comparisons.
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Table 3.3. Comparison period weather values

Average Solar Wind Relative Minimum
Season temperature radiation speed humidity temperature

(°F) (Btu/ft?)  (mph) (%) (°F)
Prewinter 33 3.4 3.0 86 20
Postwinter 33 3.2 2.1 83 18
Prespring 50 13 5.3 74 32
Postspring - 50 11 3.8 73 33
Presummer 638 20 5.4 53 43
Postsummer 67 16 5.8 56 42
Preautumn 52 8.0 2.8 77 32
Postautumn 51 8.7 2.9 74 30
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the first winter, 3 mph, was alwost twice as large as the average wind
speed during the second winter; 1.8 mph. The same was true for the
spring comparison periods. The selected groups of days show the same
relationship (Fig, 3.3). This may introduce some error into the com-
parison, perhaps overestimating savings. However, the regression rela-
tions discussed in Sect. 3.1 showed that wind speed was not significant
in determining daytime loads. Because all of the peaks are daytime
peaks, this error should not affect peak—load savings estimates, and the
effect on load factor changes should be minimal. (For a difference in
wind speed of 2 mph at an indoor—outdoor temperature difference of 60°F,
the difference in nighttime predicrted total load per household 1is only
about +0.05 kW.)

Installation of conservation retrofits extended into the summer of
1985 until July 25, when ~90% of the homes were reported complete.
Because the selection of similar days from the postretrofit season was,
therefore, restricted to late July and August, the day of the week does
not always match for the summer comparison. However, weekdays are always

paired with other weekdays and weekend days with other weekend days.

OQRNL--DWG 877391

—— 1984/1985%
----- 1985/198%

WIND SPEED (mph)

, l*‘?“h"“’“*"""”" I T T T TR T T e ""‘”'““""J
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TiME OF DAY

Fig., 3.3. Winter wind speed comparisca, selected days.
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A few pairs of closely matching days were chosen to enable a direct
comparison of loads without any averaging effects. These days were
selected by choosing days with very closely matching average and minimum
(or maximum) temperatures. These sets were then examined to find days
that were exceptionally hot or cold and that occurred during rhe week
(i.e., Monday—Friday). Other weather varlables, including wind speed,
solar radiation, and humidity, were thea plotted to help select the most
closely matching extremely hot and cold days for direct comparison.

These weather variable plots are included in Appendix C.
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4, LOAD SAVINGS ON THE MONITORED FEEDER

A three~phase feeder line serving amositly residential customers was
monitored to help determine whether the impact of the conservation pro-
gram would be noticeable on a larger portion of the system. A relation-
ship between residential end-use savings (i.e., space or water heat) and
system savings was also anticipated, and the wmeasured feeder loads were
expected to be useful in exploring this relationship. Once defined, such
a relationship could be used to predict the effect of specific retrofit
measures, such as those aimed at water heaters, on the system load. How-
ever, several implementation problems prevented any meaningful analysis
of such relationships or, indeed, any conclusions regarding the effect of
the program on the feeder load. Appendix D describes the customer mix
served by the feedetr, the peak loads served by the feeder, the savings
(or lack thereof) attributable to the HRCP, the feeder loads on system
peak days, and the problems affecting this portion of the HRCP evalua-

tion.
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5. RESIDENTIAL LOAD SAVINGS IN THE MONITORED SAMPLE

5.1 Monitored Sample Composition

The monitored sample was statistically chosen to represent a cross
section of the electrically heated portion of the Hood River community.
As such, it is made up of 249 single~family dwellings (79%), 55 mobile
heomes (18%), and 10 multifamily or duplex homes (3%). About 25% of the
homes have one or more air conditioners, and about 267 use one or more
portable heaters. Zonal heating systems are installed in 61%, and the
remainder are equipped with central heating systems. Seventy—twoc hones
(23%) have irrigation pumps on their homes' meters. Although all of
these homes are nominally electrically heated, 397 claim to use wood or
prestologs as their main source of heat., There are only 82 homes that
claim to use electricity as their only scurce of heat (and because a few
of these are equipped with wood-stove monitors, even this number is

high). Of these 82 homes, only 46 are single~family dwellings.

5.2. Seasonal Comparisons

Load savings for the monitored sample were estimated using both
weather-normalization wethods for the winter season, Figure 5.1 shows
the average diversified weekday load profile before and after retrofit
resulting from the regression methodology (the average load profiles for
the groups of selected similar days are very similar). A paired t-test
shows that these two curves are significantly different at a 954 confi-
dence level. The load savings appear to be slightly greater during the
morning peak and late afternocon trough periods and slightly less during
the early worning and late evening ramp times. Figure 5.2 shows the
average space heating and water heating load profiles for weekdays during
the winter similar—-day period. Examination of this figure shows that
most of the savings is due to space heating savings with an average water
heater savings of only 0.08 kW.

The overall savings estimates from these two weather-normalization
methods are also in close agreement. Table 5.1 gives a summary compari-

son of the savings estimates for the diversified load of the monitored
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Table 5.1. Comparison of winter savings estimates

Average Maximum
Weather— '
. . total total Load
normalization Period
nethod load load factor
(kW/household) (kW/household)
Similar days Before 3.4 6.1 0.55
After 3.0 5.9 0.50
Regression model Before 3.4 6.7 0.51
After 3.0% 6.2% 0.49%

“These are the actual values resulting from the Deceuber 85—
February 86 period.

households. The two methods give identical results of 0.4~kW average
load saviags per household, corresponding to energy savings of 11%. The
similar~days method shows a peak~load savings of 0.2 kW/household (or
3%); the regression model shows a peak-load savings of 0.5 kW/household
(7%2). This difference is not surprising because the regression model
normalizes the use of the first season to the weather of the second
season, a much more severe winter. The similar-~days method norualizes
the use from both seasons to the average weather of both winters com~—
bined, so the extremely cold days of the second season were not included.
A comparison of the diversified load distributions, based on the regres~-
sion normalization, is shown in Figs. 5.3 and 5.4, The number of 15-min
periods with a load level >5.8 kW/houschold dropped from 80 in the first
geason to 12 in the second season. A parallel examination of the
similar~days distribution also showed a factor of 10 decrease in the
duration of these peak loads. The HRCP, therefore, was successful at
achieving capacity, as well as energy, savings. The capacity savings are
also larger on colder days, thus decreasing the electric system's sensi-
tivity to extremely cold weather (which is precisely when system demands
peak).

The total load both before and after the conservation retrofits was
~0.5 kW/household lower than winter weekday load profiles measured in
other conservation programs in the Northwest.® This was likely due to

the inclusion of wood-~heated, multifamily, and mobile homes in the HRCP
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bacause other conservation programs have typically been restricted to
single~family electrically heated homes. The diversified load (from the
similar~day method) for the subset of all single-family homes heated
mainly with electricity was, therefore, examined. The diversified load
of this subset of homes is compared with that of the total monitored
population in Table 5.2. soth the magnitude of the single~family elec-
trically heated loads and the savings are comparable to those found in
the other programs. The peak savings of 0.8 kW/household for the Hood
River single-family electrically heated homes are very close to the
measured saviugs of 0.7 kW/household in these other prograus.

The results from both normalization models show that the load factor
decreased because peak-load savings, as a proportion of the pre—program
peak levels, are less than the average savings, as a proportion of the
opre~program average levels. Similar effects on load factor were noted in
another evaluation of conservation programs in the Northwest.® Peak
loads are defined by the HVAC appliance stock and the load diversity (be-
cause furnaces continue to cycle-~on simultaneously at the coldest pericds
of the year)., The conservation retrofits in the HRCP did not include
wodifications to HVAC systems or appliances. The load diversity was un-
changed by the conservation retrofits and is discussed further in Sect. 6.

Although the regression-based weather~normalization method was only
applied to the winter months, sets of similar days were selected from all
four seasouns. Table 5.2 and Fig. 5.5 summarize the savings based on the
diversified load of the monitored customers during these seasons. As
expected for a mild climate such as in Hood River, the spring, summer,
and fall savings are much smaller than the winter savings, averaging
<0.1 kW (SZ) in the spring and fall and only 0.05 kW during the summer.
The summer peak was decreased by 0.2 kW (8%), which served to increase
the seasonal load factor. However, the winter diversified peak is much
nigher than the summer peak, so the annual load factor would not be im-—
proved.

The average diversified total load of the 314 monitored customers
was relatively unchanged by the conservation program for the spring,
summer, and fall seasons. Figures 5.6~5.8 show the weekday diversified

load profiles for these seasouns. The savings pictured are very small and



Table 5.2.

Seasonal savings estimates:

similar days

Average Fner Maximum Load Average
. total =nersy total - space heating Load
Season Period savings savings -
load (%) load (%) load factor
(kW/household) ° (kW/household) : (kW/household)
Spring Before 2.0 4.6 0.58 0.45
After 1.9 5 441 i1 0.47 0.47
Summer Before 1.4 2.4 0.61
After 1.4 0 2,2 8 0.64
Autumn Before 1.9 4.3 0. 0.44
Afrer i.8 5 4ol 5 0.36 0.44
Wiarer
Total monitored sample
Before 3.4 6.1 1.6 0e¢55
After 3.0 11 5.9 3 1.3 0.50
Single-family electrically heated homes
Before 4.0 6.2 2.2 8.65
After 3.4 1% 5.4 12 1.7 0.61

9C
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do not change the shape of the energy-use profile in any of these three
seasons. However, paired t-tests showed that even these small differ-
ences are significant at a 957 confidence level.

The similar—day analysis was also used to examine the programmatic
effect on load factor, average total load, and maximum total load dis-
tributions among the monitored households. Load factors for individual
howes are wmuch lower than the load Factor for the diversified load be-
cause the individual peak loads are much higher than the diversified peak
loads (compare the peak loads shown in Fig. 5.9 with the diversified peak
load of ~6 kW/household shown in Table 5.2). The winter change in load
factor was the largest of the four seasons, dropping from 0.55 to 0.5 for
the diversified load and shifting noticeably from higher to lower values
for individual customers {see Fig. 5.10), Alsco note that although the
springtime load factors for the diversified load of all 314 homes
increased from 0,45 to 0.47, the distribution of load factors for indi-
vidual homes showed a slight shift toward decreasing load factors in
Fig. 5.11. During the summer the shift toward increasing load factors
for individual customers matched the shift in the load factor for the
divergsified load. The autumn load factor distribution shifted toward
lower values, although the load factor of the diversified load was
unchanged at 0.44.

The distribution of household average total loads (shown in
Fig. 5.12 for winter weekdays) was changed significantly only during the
winter season, as would be expected from the low savings noted during the
other three seasons. The distribution of maximum loads for each house-
hold was relatively unchanged for all four seasons (Figs. 5.9 and 5.13
show the winter and summer maximum load distributions). The maximum load
is usually defined by the sum of the heating or cooling equipment capac—
ity and appliance ratings more than by a house's need for energy. Because
the basic HVAC systems and appliances were unchanged by this conservation

program, the unchanged household maximum loads are not surprising.
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5.3 Selected Day Comparisons

Figure 5.14 shows the total diversified load savings between the
first and second seasons for the weather that occurred on January 15,
1986 (a cold Weduesday with an average temperature of 31°F), when the
first season load is estimated using the regression equations discussed
in Sect. 3.1. The average load saving from this comparison is 0.4 kW
with a peak savings of 0.5 kW. Figure 5.15 shows the savings achieved
when comparing the load on January 15, 1986, with the actual diversified
load of January 16, 1985, two days chosen because of their similar
weather. The second season average load was lower by 0.5 kW, and the
peak was decreased by 0.7 kW. Both of these plots are very similar,
showing significant savings throughout the day. These savings were
examined in some detail. The difference between the January 16, 1985,

load and that of .January 15, 1986, were calculated for each 15-min

interval for each customer. These savings were then averaged for each

time interval and the standard errors calculated for each value. The
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results of this examination (Fig. 5.16) show that the savings are
significantly >0 for 92 out of the 96 measured values. These results are
summarized in Table 5.3.

Most conservation programs focus on single-family electrically
heated homes. This subset of ~150 homes was also examined on these two
similar days, and the diversified load is shown in Fig. 5.17. The sav-—
ings portrayed in Fig. 5.17 were tested im the same manner as discussed
above and are shown in Fig. 5.18. These savings are greater than those
for the total monitored population,.

A comparison of two similar hot summer days (Fig. 5.192) shows some
late afterncon savings of 0.1 to 0,2 kW, small compared with the winter—

time savings.

Table 5.3. Diversified load savings on selected similar days

Average Maximum Average
Weather-normalization & total diversified space heating
total load
method (kW/household) load load
o (kW/household) (kW/househald)

Total monitored sample

Regression moudel

January 15, 1986% 3,32 5.15
January 15, 1986 2.93 4.68
Savings 0.39 0.47

Similar days

January 16, 1985 3.46 5.35 1.76
January 15, 1986 2.93 4.68 1.31
Savings 0.53 0.67 0.45
August 9, 1984 1.55 2,25
July 26, 1985 1.44 2.07
Savings 0.11 0.18

Single~family, electrically heated homes only

Similar days

January 16, 1985 4,23 6.19 2.63
January 15, 1986 3.23 4.80 1.80
Savings 1.00 1.39 0.83

%Load estimated using preconservation model from Sect. 3.1.
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5.4 Load Profiles for Selected User Groups

The monitored population was examined to identify groups that showed
different energy-use characteristics. The major groups chosen for exami-

nation were

1. bhomes that heat exclusively with electricity vs all other homes,
2. homes that heat mainly with electricity vs homes heated wainly with
wood , and

3. mwanufactured housing vs single-fawily housing.

Other groups were also examined. Although the energy—use patterns of
the duplex and multifamily customers were different from that of single-
family homes, there were so few (3%) that meanlingful analysils was not
possible. Homes that used more than one portable heater had slightly
higher (~0.2-kW/household) morning peaks than homes with less than two
heaters. However, the shape of the load and the overall magnitude were
very similar. Homes with air conditioners and homes with irrigation
pumps had higher summer daytime loads, by ~0.1 to 0.3 kW/household, but
these differences were much smaller than the differences (close to 1 kW/
household) noted in the groups chosen. Load profiles for all of these
comparison groups are included in Appendix E.

Table 5.4 compares the program savings for single—family homes and
manufactured homes. The average total load savings for single—family
homes (0.48 kW, 147%) were almost twice those of the mobile homes
(0.26 kW, 8%). These single-family savings are comparable to those
accomplished by the BPA Residential Weatherization Pilot Program where
first-year savings were ~17%.8 The larger single-family savings are due
to larger space heating savings, even though the average space heating
load of the mobile homes was larger. Single-family homes saved an
average of 24% of their space heating energy compared with only 8% for
the mobile homes. Figures 5.20 and 5.21 compare the diversified space
heating loads on winter weekdays for single-family homes and mobile homes
before and after the conservation retrofits. The difficulty in retrofit-
ting mobile homes is underscored by the different investment levels

achieved in these homes. The average cost of installed insulation was
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Table 5.4. Average load savings for single—family
homes and mobile homes

Home type
(kW/household)
Average load Single family Mobile

Winter Summer Winter Summer

Total before 3.42 1.48 3.32 1.31
Total after 2.94 1.41 3.06 1.27
Total saving 0,48 0.07 0.26 0.04
Space heat before 1.61 1.77
Space heat after 1.23 1.63
Space heat saving 0.38 0.14
Water heating before 0.62 0.49 0.60 0.42
Water heating after 0.56 0. 44 0.47 0.38
Water heating saving 0.06 0.05 0.13 0.04

almost $1500 more in single-family homes than in mobile homes. Almost
$400 more, on the average, was spent on window and door retrofits for
single-family homes as well.

Table 5,5 compares the program savings for homes that claim to heat
with mostly wood or prestologs with homes that claim to use mainly, but
not exclusively, electricity. The savings for the wood-heated homes are
less than one—third of the savings in electrically heated homes. As
expected, the difference is attributable to differences in savings in
space heating use (Fig. 5.22). ©Note that the measured heat output of the
wood stoves in these homes also decreased significantly (Fig. 5.23),
showing that these homes are conserving energy even if not io the form of
electricity. A more detailed analysis of wood-heat use and savings can
be found in Ref. 9.

Upon examination, Table 5.5 shows that those customers who heat
their homes exclusively with electricity do not appear to save any more
energy than those customers who claim to use electricity as their main
heating fuel with supplementary non-electrical heat (0.63 vs 0.62 kW).

However, the group of customers who use some wood is very different from
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Table 5.5. Average load savings for electrically and
wood~heated homes

Fuel used to heat home

Mainly {(k/W/household)
Average load lectrici
electricity Mainly Exclusively Electricity
wood? electricity and/or woodb
Total before 3.98 2.47 3.9 3.20
Total after 3,36 2.30 3.31 2.82
Total saving 0.62 0.17 0.63 0.38
Space heat before 2.28 0.65 2.48 1.35
Space heat after 1.78 0.56 1.93 1,09
Space heat saving 0.50 0.09 0.55 0.26

@This division 1is based on the customer's response to the question,
"indicate which one of the fuels listed is used most of the time to heat
your home."

bThis division is based on the same question in footnote a, supple-
mented by the customers' responses to another question: "Do you use any
other fuels to heat your home in addition to the fuel you use wmost of
the tine?"

the group who use mainly wood. Occasional wood users save almost twice
as nmuch electric;energy as primary wood users. It would, therefore,

appear that conservation programs aimed at saving electric energy need
net rule out all customers with wood stoves but, rather, only those who

use the wood stove as their main heating source.

5.5 Residential Loads on System and Area Peak Days

During the first heating season, both the Hood River area and the
PP&L system peaks occurred on the same day, February 4, 1985. During the
second heating season, the Hood River area peak occurred on Novewber 25,
1985, and the PP&L peak occurred on December 13, 1985, As discussed in
Secte 4.4, the weather for these days varies from daily minimum tempera-

tures of O0°F on February 4 to 8 and 13°F on November 25 and December 13,
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respectively. The regression~based weather-normalization method de-~
scribed in Sect. 3.1 was, therefore, used to estimate the diversified
load that would have occurred before the conservation program for the
weather that occurred on November 25 and December 13, 1985. The 1loads
for these days are shown in Figs. 5.24 and 5.25. This weather-normalized
comparison shows the postconservation load to be lowered by 0.56 kW/
household on the Hood River area peak day and by 0.52 kW/household on the
PP&L peak day. The time of the peak appears to advance by 15 to 30 min
as well.

Figures 5.26 and 5.27 show the difference between single-family
homes and mobile homes on February 4, 1985, and December 13, 1985,
respectively. On both days, the mobile home diversified load was higher
than the single~family home diversified load during the morning peak
hours, by ~1.9 kW in February and 1.4 kW in December. 1In December the
mobile home evening load was also higher although it was about the same
in Februarvy.

The relationship between homes heated mainly by electricity and
those heated mainly by wood on peak days also appears unchanged between
the two seasons (Figs. 5.28 and 5.29). On both peak days, the electri-
cally heated home diversified load peaks are >3 kW/household higher than

the wood-heated home diversified load peaks.
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Fig. 5.24. Diversified total residential load on Hood River area
peak day, Nov. 25, 1985, weather-normalized using regression model.
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6. CAPACITY AND DIVERSITY FACTORS

Load diversity occurs when the total connected load is not operated
all of the time and customer use patterns vary. There are a number of
common nmeasures of load diversity. A diversity factor is the ratio of
the sum of the individual maximum demands of various system subdivisious
to the maximum demand of the whole system and is always equal to or
greater than one. The coincidence factor is the reciprocal of the diver~
sity factor. The peak contribution factor of a subdivision of the systenm
is the demand of that subdivision, at the time of occurrence of the maxi-
mum system demand, divided by the maximum system demand. These defini~
tions are illustrated in Fig. 6.1, The load factor is the average load
divided by the maximum load and can be calculated for any system or
system subdivision. Note that all of these definitions produce a single
number that depends on the relative maxima of load curves. This depend-~
ence reflects the requirement that adequate resouvrces must be available
to serve the maximum demand on the system and any of its subdivisions.10

Because all of these factors are peak related, they were calculated

for the three peak days of interest: February 4, 1985 (preretrofit),

ORML-DWG 87~-7804
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Fig. 6.1l. Capacity and diversity factor definitions.
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when the total PP&L system peaked from 8:00 to 9:00 a.m. and thé Hood
River area peaked from 9:00 to 10:00 a.m.; November 25, 1985 (post-
retrofit), when the Hood River area peaked from 7:00 to 8:00 a.m.; and
December 13, 1985, when the PP&L system peaked from 8:00 to 9:00 a.m.
Using the user grodps defined in Sect. 5.2.3 as load subdivisions,
Tables 6.1—6.3 summarize these factors for the monitored customers.
Table 6.1 shows the coincidence and diversity factors for the monitored
customers divided according to dwelling type, main heating fuel, and
homes heated exclusively with electricity. All of these factors are very

close to 1.0, indicating that the diversified load of each subgroup

(e.g., single-family and mobile homes) peaks at about the same time

(Fig. 5.27). The conservation program apparently had no effect on this
Table 6.1. Coincidence and diversity factors for PP&L
system and Hood River area peak days
factors Preretrofit, Postretrofit
Feb. 4, 1985 oy, 25, 1985 Dec. 13, 1985
Coineidence factors
Dwelling® 5 0.97 0.98 0.98
Main heating fuel 0.99 0.99 1.00
Electrically heaéedc 0.98 1.00 0.98
Individual honmes 0.56 0.51 0.48
Diversity factors
Dwelling® 1.03 1.02 1.02
Maln heating fuel? 1.01 1.01 1.00
Electrically hea&edc 1.02 1.00 1.02
Individual homes 1.79 1.98 2.07

ACompares diversified
diversified load of wobile

bCompares diversified
to the diversified load of

CCompares diversified

load of single—family dwellings with the
homes,

load of homes heated mostly by electricity
homes heated mostly by wood,

load of honmes heated exclusively by

electricity with that of all other homes.

dEach customer 1s treated as a load subdivision.
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Table 6.2. Contribution factors for PP&L system
and Hood River area peak days

Dwelling type
and
main fuel

Feb. 4, 1985 Feb. 4, 1985 Nov. 29, 1985 Dec. 13, 1985
9:00 a.m. 10:00 a.n. 8:00 a.m. 9:00 a.m.

Contribution factors
Dwelling typesa

Single fawily 0.80 0.80 0.80 0.79
Mobile houes 0.17 U.16 U.18

<
—
~J

Main heating fuel

Electricity 0.72 0.72 0.73 U.70
Wood 0.27 0.28 .27 0.130
Contwibution factor/household
(x 10,000)
Dwelling types
Single family 33 33 33 33
Mobile houes 32 31 33 35
Main heating/fuel
Electricity 39 39 39 37
Wood 23 23 23 26

aDwelling type factors do not add up to 1.U0 because of the small amount
of multifamily loads.

Table 6.3. Load factors for PP&L system and
Hood River area peak days

Load groups Feb. 4, 1985 Nov. 25, 1985 Dec. 13, 1985

Total diversified load 0.62 0.05 0.62

Dwelling type

Single fawmily 0.63 0.65 0.62
Mobile homnes 0.51 0.060 0.55

Main heating fuel
Electricity 0.63 0.65 0.63
Wood 0.57 0.63 0.59

Heating source

Electricity only 0.65 V.72 0.68
Electricity and/or wood 0.60 0.62 0.58
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high degree of coincidence among the various user groups, a fact demon-
strated by comparing Figs. 5.26 and 5.27 and Figs. 5.28 and 5.29. How~
ever, the diversity for each customer treated as an individual load
subdivision increased between the peak days of the first and second
seasons, with the coincidence factor dropping from 0.56 to 0.51 and 0.48.

Contribution factors (given in Table 6.2 for the four peak hours)
were calculated to reflect the portion of the monitored residential load
attributable to each load subdivision at the time of the system (or area)
peak. Single-family homes are seen to contribute ~80% of the monitored
residential load; mobile homes account for ~17%. However, when the con-
tribution factors were divided by the number of households in each group,
mobile and single~family homes were seen to be about equal in their con-
tribution to the system peak load. The contribution factors for dwelling
type groups were unaffected by the program. Electrically heated homes as
a group appeared to contribute about three times as much demand at the
time of the peak load as wood~heated homes. However, on a per home
basis, the electrically heated home contributions were less than twice as
large as those of wood-heated homes. There was a very slight shift in
contribution factors during the second season PP&L peak toward increased
electricity use in wood-heated homes. This slight increase may reflect
the higher electricity savings for the electrically heated homes., How~
ever, the change 1s too small to reach any definitive conclusions.

Load factors for the three peak days for the total diversified load
and for various user groups are shown in Table 6.3. A higher load factor
indicates a flatter, more-uniform load profile. A lower load factor
reflects a load with a high peak but with a lower average load. As ex-
pected, those homes heated exclusively with electricity show the best, or
highest, load factors. Mobile homes, with low mass for thermal storage,
show the lowest leoad factors. There appears to be a noticeable improve-
ment in the mobile home load factors followling the program although,
agaln, the weather differences between the peak days could account for
this ifmprovement. Homes heated exclusively with electricity also showed

improvement. Other groups were relatively unchanged.
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7. A POTENTIAL NEW APPROACH TO CONSERVATION
AS 1.0OAD RELIEF

7.1 Introduction

Conservation is promoted as an alternative to the construction of
new power—producing facilities. As discussed elsewhere in this report,
one of the main focuses of HRCP was to quantify the load relief achiev-
able by a vigorous conservation program. The analysis of the load
savings in this report has followed the traditional path of examining on
system peak days the diversified residential loads before and after con-
servation retrofits. However, ithis approach does not adequately address
the nature of a conservation resource.

Power~producing facilities may be turned on or off at the utility's
divection to meet the needs or demands of the customers composing the
total system., Some forms of residential load relief systems are also
controlled by the utility (e.g., when air conditioners or water heaters
are remotely interrupted at times of system peak loads). Conservation,
on the other hand, is nondispatchable and cannot be controlled by the
utility. It is based on the individual responses of a large number of
small users who may, or may not, elect to use electricity at any level at
any time.

Using the diversified load of a large nunber of customers helps to
iron out the variations of individual households. However, there is
still the possibility that many customers will raise their thermostats on
the coldest day of the year or that homeowners who have burned wood all
season may decide that they would rather not venture through the blizzacd
to the wood pile when they camn turn on their baseboard heating systems
instead. 1In other words, this analysis identifies savings achieved
during the winter of 1985/86 but cannot say with what degree of assurance
this behavior will be repeated in subsequent years.

The rest of this section describes a proposed new, and perhaps more
convincing, approach toward evaluating the impact of consetrvation on

utility load forecasting. It is hoped that this proposal will generate
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discussion and further study of the potential of conservation to provide

capaclty, as well as energy, savings.

7.2 One Proposed Analysis Method

One way of correcting the load relief estimates to more accurately
reflect reality may be to structure them in a probabilistic fashion.
Such an approach has been used to estimate the expected value of outages
and the consumer interruption costs based on the probability distribution
of outages.11 For this application, the method would need to consider
the probability distributlons of load savings as a function of time-of-
day, outdoor temperature, and day of the week. These functions would
then need to be combined with similar functions describing the probable
timing of the system peak.

An initial attempt to demonstrate how this method could be applied
using the HRCP data base is shown in Figs. 7.1 and 7.2. A distribution
of peak times for the diversified residential loads was generated by

using the weather-normalized sets of similar days to screen for the peak
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load on each day (Fig. 7.1). This distvribution shows that most of the
residential peaks occur at about 7:00 a.m. During the second season,
however, the late morning peaks were more evenly distributed thaa in the
first season. A distribution relating the time of the peak to the out-—
door temperature at that time is shown in Fig. 7.2. This distribution,
based on a small fraction of the data available, may show a teandency
toward later morning peaks on colder days (perhaps caused by loanger
furnace cycle times).

Further work could develop similar probability distributions for the
load savings for different times of day, different seasons, etc. The end
result of such an approach would be a more reliable estimate of the load

relief achievable at system peak times through conservation efforts.
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8. CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

The weather-normalized diversified residential load saving on the
PP&L system and Hood River area peak days was >0.5 kW/household. The
lead distribution also shows a significant reduction in both peak load
levels and in the amount of time spent at higher loads. The average load
savings was ~0.4 kW/household throughout the winter season, December—
February. The spring, summer, and fall savings were much less, ~0.1 kW/
household. Savings for single~family homes heated mainly with electricity
were higher, averaging 0.6 kW/household in the winter season.

The load factor of the diversified residential load decreased fol-
lowing the conservation retrofits because of peak-load savings that are
proportionally less than the average load savings. To avoid this effect,
a conservation program may need to Include HVAC equipment and appliance
improvements in addition to the weatherization retrofits used in HRCP.
Such equipment improvements would be likely to reduce the maximum demand
per household, which was relatively unaffected by the HRCP weatherization
improvements.

Examination of these load data suggests that load reductions attrib~-
utable to the HRCP retrofits increase with decreasing ambient tempera-
ture. Thus, the project reduced the electric system's sensitivity to
cold weather,

Single—-family home savings were almost twice as large as those
achieved in mobile homes, although the pre-—program electrical loads are
comparable. - Single-family homes saved an average of 24X of their space
heating energy compared with only 8% for the mobile homes. This reflects
the inherent difficulty in applying weatherization retrofits to mobile
homes (also shown by the lower investment levels). Research in new
conservation methods or building standards for mobile homes would appear
to be warranted.

The load savings for homes heated mainly by wood (as indicated in
homeowner questionnaires) are less than one-third of the savings for

electrically heated homes. Therefore, these wood-heated homes should be
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excluded from any program where the objective is saving electricity.
However, savings in homes where the electric heat may be supplemented
with wood heat are not significantly less than savings in homes heated
exclusively with electricity (0.62 vs 0.63 kW), and these homes should
not be excluded. Wood~stove heat output was also reduced by the program
so that improved air quality may be a side product of the conservation
program although air gquality was not measured. Alse, the peak-load con-
tribution of wecod~heated homes would nearly double if the occupants chose
to return to the use of electric heat. Inclusion of such howes in con—
servation programs may, therefore, serve as a form of insurance against
sudden large residential load increases in the future.

Programmatic savings measurements on the wonitored feeder were
hampered by several confounding factors. Overall, the feeder loads de-
creased by a very small awount during the fall and winter and increased
during the spring and summer, Relationships between decreases in feederx
load and residential end-—use saviugs could not be ascerfained because of
the small size of the change in feeder load, the unmeasured commercial

loads, and the timing of the residential retrofits.

8.2 Future Research Direciions

The huge amcunts of information collected for this load study could
be used to provide much more knowledge about conservation mechanisms than
has been available before. This evaluation focused on the results
achievable from the HRCP approach of maximum warket penetratiom to every
home with installed electric space heating equipment. Therefore, al-
though some disaggregation according to housing type was included in this
analysis, much more is possible and should be pursued. More study of
electrically heated single—family homes would certainly be useful. These
homes are most frequently targeted by conservation programs because their
savings potential is usually larger than that of other homes. For exam~
ple, the regression-based weather normalization could be optimized for
this group of houses, permitting a closer examination of their behavior
on system peak days. A more detailed examination of "occasional® wood

users could yield useful application guidelines for utilities to use when
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targeting programs for maximum conservation results. Further disaggrega-—
tion may permit estimates of potential savings on distribution trans-
formers.

Commercial loads and many non-electrvically heated homes supplied by
the monitored feeder were monitored beginning in February 1986. A care-
ful combination of this load data (once a full winter's data have been
collected) with past billing histories may permit further investigation
of the effect of HRCP on feeder—level loads. A more detailed examination
of the residential customers on the feeder, for example, determining what
portion of them uses significant amounts of wood heat, might also be
useful in explaining why the changes between seasons were so small,

A possible new approach has been introduced to help quantify con-
servation-based load relief for utility load planners. This treatment
recognizes the uncontrolled nature of conservation resources and treats
them in a realistic manner that may improve the reliability and accept-
abilitry of forecasts based on the use of conservatlon for load relief.
This concept has been only sketchily introduced in this analysis and is
worthy of further development. The Hood River data base is large enough
to provide a basis for this development.

The water heater data should be examined to determine which of the
two water heater savings measures, the water heater wrap or the low-flow
shower heads, is the most effective. This could be done by examining the
time distribution of the water heater savings (i.e., comparing the sav~
ings during and iumediately following the high-use periods to the savings

that are more constant throughout the day).
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Appendix A

WEATHER NORMALIZATION, REGRESSION TEST RESULTS

Four models, all based on the results of multivariate linear
regressions and discussed in Sect. 3.1, were developed for weather-
normalization purposes. All four models were tested for autocorrelation
by using the Durbin-Watson test,; and no evidence of autocorrelation was
detected.

The model for weekday nights had an adjusted R? of 0.985. All of
the independent variables were significant above the 99.9% level as
judged by the t test. The model for weekday days had an adjusted R2 of
0.971, and all of the variables were significant above the 99.97 level
except for the 30-min lagged solar variable, which was significant at the
98.2% level. The model for weekend nights had an adjusted R2 of 0.978,
and all of the variables were significant above the 99.9% level. The
model for weekend days had an adjusted B2 of 0.962, and all of the vari-
ables were significant at the 99.97 level except for the dummy wmidday
variable at 99.5% and the SIN3 term at 857%.

The residuals are plotted against the predicted values for these
four models in Figs. A.l1-A.4. They are plotted against date-time in
Figs. A.5>-A.8,
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Appendix B

WEATHER NORMALIZATION, REGRESSION-PLOT EXAMPLES

Figures B.1-B.7 compare 1 week (the first week in February 1985) of
the diversified load generated by using the regression model to the

actual diversified load for that period.
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Appendix C

WEATHER NORMALIZATION, SIMILAR~DAYS COMPARISONS

The similar—day selection process was described in Sect. 3.2. This
appendix iuncludes plots for weather variables considered when choosing
these groups of similar days. The similar days chosen to represent the
spring, summer, and autumn seasons are listed in Tables C.1-C.3. Figures
C.1—C.7 show all weather variables tested for the winter similar-day
groups. Figures C.8-C.15 show this same information for the spring
similar—day groups, Figs. C.16—C.23 for fall, and Figs. C.24~C.31 for
summer .

Two similar cold days, January 16, 1985, and January 15, 1986, and
two similar hot days, August 9, 1984, and July 26, 1985, were also chosen
for comparison., Plots for these days are also included (Figs. C.32—C.44).

Figures C.45-C.47 compare the outdoor air temperature distributions
for the selected days with those of the whole periods for autumn, spring,

and summer.

Table C.l. Spring days chosen for comparison

Average Minimum

Period Date Day temperature temperature

(°F) (°F)
Before May 6, 1984 Sunday 48 38
After Mar. 2, 1986 Sunday 48 33
Before May 21, 1984 Monday 49 36
After Mar. 10, 1986 Monday 48 42
Before Mar. 12, 1985 Tuesday 42 32
After Mar. 25, 1986 Tuesday 44 35
Before May 1, 1984 Tuesday 49 43
After Mar. 18, 1986 Tuesday 49 44
Before May 2, 1984 Wednesday 47 41
After Mar. 12, 1986 Wednesday 45 38
Before May 31, 1984 Thursday 51 40
After Mar. 30, 1986 Thursday 51 37
Before May 11, 1984 Friday 35 47
After Mar. 28, 1986 Friday 55 44
Before May 19, 1984 Saturday 55 47

After Mar. 29, 1986 Saturday 56 43
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Table C.2. Summer days chosen for comparison

Average Maximum

Period Date Day temperature temperature

(°F) (°F)
Before July 15, 1984 Sunday 76 100
After July 28, 1985 Sunday 17 100
Before June 25, 1984 Monday 71 86
After July 29, 1985 Monday 76 84
Before July 2, 1984 Monday 67 78
After Aug. 5, 1985 Monday 67 79
Before June 26, 1984 Tuesday 64 69
After July 30, 1985 Tuesday 62 66
Before  Aug. 28, 1984 Tuesday 62 76
After Aug. 27, 1985 Tuesday 64 74
Before July 6, 1984 Wednesday 73 87
After Aug. 14, 1985 Wednesday 69 89
Before June 13, 1984 Wednesday 60 72
After Aug. 21, 1985 Wednesday 59 70
Before June 14, 1984 Thursday 65 79
After Aug. 29, 1985 Thursday 62 78
Before  June 28, 1984 Thursday 68 78
After July 31, 1985 Wednesday 63 79
Before  July 20, 1984 Friday 64 76
After Aug., 2, 1985 Friday 66 73
Before July 27, 1984 Friday 68 76
After Aug. 1, 1985 Thursday 63 72
Before July 14, 1984 Saturday 70 94
After Aug, 17, 1985 Saturday 71 90
Before June 30, 1984 Saturday 60 74
After Aug. 31, 1985 Saturday 60 75
Before Aug. 9, 1984% Thursday 76 91
After July 26, 19852 Friday 78 94

These days chosen for a hot-day comparison.

Table C.3. Autuwn days chosen for comparison

Average Minimum

Period Date Day temperature temperature

(°F) (°F)
Before Oct. 21, 1984 Sunday 37 32
After Nov. 17, 1985 Sunday 36 EX)
Before Sept. 24, 1984 Monday 48 32
After Sept. 30, 1985 Monday 49 30
Before Nov. 12, 1984 Monday 46 42
After Nov. 4, 1985 Monday 46 40
Before Sept. 11, 1984 Tuesday 55 47
After Sept. 10, 1985 Tuesday 52 47
Before Sept. 5, 1984 Wednesday 59 49
After Sept. 25, 1985 Wednesday 59 44
Before Oct. 3, 1984 Wednesday 58 41
After Sept. 11, 1985 Wednesday S4 44
Before Oct. 4, 1984 Thursday 57 49
After Oct. 24, 1985 Thursday 53 49
Before Sept. 14, 1984 Friday 58 40
After Sept. 27, 1985 Friday 59 42
Before Nov. 10, 1984 Saturday 39 34
After Oct., 26, 1985 Saturday 43 35
Before Sept. 1, 1984 Saturday 60 49

After Sept. 21, 1985 Saturday 60 50
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Fig. C.21. Autumn comparison of similar-~day periods, average of
horizontal, diffuse, and direct solar radiation.

ORNL-DWG 377424

—— 1984/1988
----- 1958/1988

AR TEMPERATURE (F)

40 +— v : T v
MIDNIGHT &AM NGON & PM MIDNIGHT
TIME OF DAY

Fig. C.22. Autumn comparison of similar-day periods, air tempera-
ture.



86

ORNL-DWGE 87~7428

7
A — 1984/138%
N 1585/1988
£ [
\
5-

WIND SPEED (mph)
FS

L™
3

MIDNIGHT &AM NOOHN & PM MIDNIGHT
TIME OF DAY

Fig. C.23. Autumn comparison of similar-day periods, wind speed.
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Fig. C.25. Summer comparison of similar~day periods, relative
humidity.
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Fig. C.29. Summer comparison of similar-day periods, average of
herizontal, diffuse, and direct solar radiation.
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Fig. C.3l. Summer comparison of similar-day periods, wind speed.
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Fig. C.33. Comparison of two similar cold days, relative humidity.
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Fig. C.37. Comparison of two similar hot days, absolute humidity.
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Fig. C.43. Comparison of two similar hot days, air temperature.
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Fig. C.44. Comparison of two similar hot days, wind speed.
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Fig. C.45. Outdoor air temperature distribution comparison, autumn
selected days.
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Appendix D

AN EXAMINATION OF THE MONITORED FEEDER

The monitored feeder supplies ~42 small commercial cﬁstomers and ~40
irrigation pumps, along with ~400 residential custowers. A sawmill was
monitored separately beginning in November 1984, and its load has been
subtracted from the total feeder load wherever possible. Other swmall
commercial loads, including churches, schools, and a radio station, how-
ever, remain within the measured loads. Examination of monthly billing
data for commercial customers shows their loads to be relatively constant
from month to month with little seasonal variation. Figure D.1 shows the
relative magnitude of the monthly commercial energy use (including the
pump loads) to the monthly residential energy use., The commercial energy
use represented ~15% of the total feeder energy use during the summer
months but only ~10% during the winter months because of fluctuating
residential consumption, not fluctuating commercial emergy use. The
pumping loads contributed ~5% of the total feeder energy use during the

summer and nothing during the winter.
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Fig. D.1l. Monthly feeder energy use, based on monthly billing
data.
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Most of the irrigation pumps and about one~third of the commercial
customers are on a demand billing cycle that permits examination of their
annual peak loads. The sum of these peak values increased from 358 kW in
1983 to 389 kW in 1984 and increased agaiu to 428 kW in 1985. There is
no way to determine the degree of coincidence of these peaks. The total
energy consumption of the commercial customers also increased from 1983
to 1985 and is summarized in Table D.l. An artificial measure of com—
mercial loads was derived by dividing the annual nonpump commercial
energy consumption (in kWh) by 2340, the number of business hours per
year based on a 5-d workweek and 9-h business~day length and by the
number of businesses, 42. Using this wmeasure, there appeared to be a
large increase between 1983 and 1984 although the commercial load was

relatively coastant between 1984 and 1985.

Table D.l. Feeder commercial customer loads

Sum of me?sured Total Total Estimated
commercial . average
commercial feeder .
Year peak loads, . a . business hourly
noncoincident consumption consumption b
(kw) (kWh) (kWh) load
(kW)
1983 358 723,000 ¢ 6.6
1984 389 934,000 5,315,000 8.8
1985 428 936,000 5,416,000 8.8

alncluding irrigation pumps.

bBased on the total commercial load (minus the pump loads)
divided by 42, the number of commercial accounts.

®Not measured.

In summary, the commevcial load was difficult to characterize and
was not separately monitored. A trend toward increasing coumercial loads
with time, which may have served to mask any savings achieved by the
residential customers participating 1n the conservation program, was
noted. However, any attempt to modify the measured feeder load to remove
the effect of these unmeasured commercial loads is likely to introduce as

many, if not more, errors tham it corrects.
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About one-half of the residential customers on the feeder partici-
pated in the program (most of the others were ineligible because they
were not electrically heated). About one-fourth of the residential cus-
tomers on the feeder were also members of the monitored group of custo-
mers. Most of these monitored customers were retrofit between April and
July 1985. The similar-day sets chosen for savings comparison were
selected to avoid this period. The customers who were not in the moni-
tored group, however, were retrofit over a much longer time period.

About one~third of the feeder's program participants (or one-sixth of the
feeder's residential customers) received their audit and water heater
measures before November 1984, and a total of 28% of the feeder's program
participants were weatherized before the end of the 1984-—1985 winter
season. Therefore, the comparison of before and after feeder loads will
not reflect (i.e., will underestimate) all of the savings achieved by
these customers. The feeder was not monitored during the winter of
1983~1984, so a better precomparison and postcomparison period is not
available.

During the 1984—1985 winter season the feeder peaked on Friday,
December 20, 1984, The highest 15-min peak occurred between 7:00 and
7:15 a.m., the highest 30-min peak between 7:00 and 7:30 a.m., and the
highest hourly peak between 6:45 and 7:45 a.m. During the 19851986
winter season the feeder peaked on November 28, 1985. All three peak
periods, 15 min, 30 min, and 1 h, ended at 10:00 a.wm. This second season
peak occurs later in the morning because November 28 was a holiday,
Thanksgiving. The peak values are given in Table D.2. Each value repre-
sents the average feeder load minus the sawmill load during the period
given. As expected, the half-hour and hourly peaks are lower than the
15~min peaks. Because the second season peak occurred on a holiday dur-
ing an extreme cold spell (100-year temperature records were broken by
subzero weather during November 1985), these two peaks are not directly
comparable and cannot be used for any estimation of Hood River Conser-
vation Project (HRCP)-related savings on the feeder load.

As discussed in Sect. 3.1, the regression-based weather-normaliza-
tion method was unsatisfactory when applied to the feeder load and could

not be used to produce more-comparable peak load profiles for the feeder.
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Table D.2. Peak loads on monitored feedera

Date Time Peak load Duration
(a.ma.) (kW) (min)

Dec. 20, 1984 7:00~7:15 2506 15 min
Dec. 20, 1984 7:00-7:30 2476 30 min
Dec. 20, 1984 6:45-7:45 2435 60 min
Nov. 28, 1985 9:45-10:00 2461 15 min
Nov. 28, 1985 9:30--10:00 2419 30 min
Nov. 28, 1985 9:00~10:00 2399 60 min

2511 loads represent the feeder load minus the
sawmill load. MNote that other commercial loads are ,
included, however, and these loads were probably lighter
on Thaunksgiving Day than on Friday, Dec. 20, 1984,

Figure D,2 shows the feeder load (without the sawmill load) on two
days with very similar weather patterns; January 16, 1985, and January
15, 1986. The load during the second season is warginally lower (~40 kW)
and similar in shape. The evening and nighttime saviongs appear to be

larger than the morning savings, perhaps because the commercial loads are
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Fig. D.2., Feeder load oun selected similar cold days.
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much less at these times and improvements in the stock of residential
buildings are more visible. The 15-, 30-, and 60-min peaks for these two
days are shown in Table D.3.

The total feeder load (including the sawmill) on two similar hot
summer days, August 9, 1984, and July 26, 1985, is shown in Fig. D.3.

Table D.3. Peak feeder loads on two similar

cold daysa
Date Time Peak load Duration
(a.m.) (kw) (uin)
Jan. 16, 1985 7:15-7:30 1752 15 min
Jan. 16, 1985 7:00~7:30 1745 30 min
Jan. 16, 1985 7:00—8:00 1720 60 min
Jan. 15, 1986 7:30-7:45 1712 15 min
Jan. 15, 1986 7:15-7:45 1691 30 min
Jan. 15, 1986 7:00~-8:00 1664 60 min

ar11 loads represent the feeder load minus the
sawmill load. Note that other commercial loads are
included, however.
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Fig. D.3. Feeder load on selected similar hot days.
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The daytime load during the second season appears to be slightly lower
than that of the first season. The shape of the two curves is similar.

The average feeder loads during the similar—day periods discussed in
Sect. 3.2 were examined to determine the impact of the HRCP on the feeder
load. These loads for each season (normalized by using sets of siamilar
days) are shown in Fig. D.4. The average weekday feeder loads for all
four seascns are shown against time—of-day in Figs. D.5-D.8. The winter
savings are statistically insignificant, both with and without the saw—
mill load. The autumn savings are significant at the 907 level, and the
spring and summer increases are significant at the 957 confidence level.
A distribution of feeder loads shows (in Figs. D.9 and D.10) that the
feeder actually served higher loads duriang the second season with 53
15-min periods at loads >1980 kW compared with only 2 15-wmin periods at
this level during the first season.

The autumn comparison shows greater savings (significant at the 94%
confidence level) of ~23 kW (3%). These savings may appear larger be-
cause fewer homes were retrofit before and during the preretrofit autumn

period (16%) than in the preretrofit winter period (28%). Considering
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Fig. D.7. Average weekday feeder load profile, autumn.
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the magnitude and uncertainty of the commercial loads, these autumn and
winter savings are so small that the impact of the conservation program
is difficult to measure.

The spring and summer loads actually increasad by an average of
50 kW (7%) in the spring and 25 kW (4%) in the summer. The springtime
increase is most likely attributable to commercial customers because the
diversified load of the monitored group of residential customers de-
creased both in average load (by 0.1 kW/household) and in peak load (by
0.5 kW/household). Also, the measured level of wood heat used during the
spring increased between seasons 1 and 2 (see Fig. D.ll), so the feeder
load increase was not likely caused by a shift from wood to electric
heat. Swall increases in sumwmer air conditioning loads can be caused by
the installation of floor insulation.l However, the average load among
the monitored customers decreased for howes without air conditioning,
homes with one air conditioner, and homes with two or more air condition-
ers., Therefore, the summer increase is also more likely attributable to
the commercial customers tham to the residential program participants.

The Pacific Power and Light feeder was monitored to help measure the

effect of the program on the larger system. Additionally, it was hoped
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that some method of predicting system load savings from individual house-
hold savings could be derived. In particular, a relationship between
changes in residential end uses, such as space or water heating, and
changes in the feeder loads was desired. However, this was not realized

because of the following considerations:

l. the feeder savings were very small, both as a percentage of feeder
load and in absolute terms;

2. there were some indications (i.e., increasing spring and summer
loads) that the commercial loads (unmonitored until February 1986)
were increasing;

3. the conservation retrofit periods overlapped the feeder comparison
periods, thus obscuring some savings and affecting the measured
changes in edd«use loads;

4, the changes in end-use loads were often positive when the change in
feeder load was negative; and

5. the commerclal-sector load characterization was insufficient to cor-
rect for the noted deficiencies (a few possible correction methods
were judged to introduce errors larger than the small amount of mea-

sured savings).

Reference

1. F. Boercker, Technical Review of a Residential Coneervation Service
Measure: Insulation of Crawl Spaces, ORNL/CON-112, Union Carbide
Corp. Nuclear Div., Oak Ridge Natl. Lab., January 1984,
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Appendix E

USER GROUP LOAD PROFILES

Figures E.l—E.6 compare the preconservation load shapes for several

user groups discussed in Sect. 5.2.3.
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