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"STATISTICAL COMPARISON OF ENERGY REQUIREMENTS FOR DIFFERENT

TYPES OF RESIDENTIAL ELECTRIC HEATING"

By Larry L. Rushing

Missouri

Power & Light Company

Jefferson City, Missouri

Abstract

The heat pump can save approximately 40% in energy costs over a central electric

furnace and approximately 20% over electric cable heat or baseboard heat
Expected demand for any type electric heat

lations.
very cold weather.

1. INTRODUCTION

For many years electric utilities have "pushed'"the
all-electric home concept in an attempt to increase
winter loads. But only recently have electric
heating systems been installed on a large scale.
The natural gas shortage and relative high expense
of other forms of fossil fuels has forced building
contractors and homeowners to search for other
means of heating their homes. In almost all cases,
the only practical alternative to traditional fuels
is electricity.

Recognizing consumer problems in heating homes
electrically as efficiently and effectively as
possible due to increased energy costs and antici-
pating future winter peak loading, a study was made
to determine expected demand and energy usage for
all-electric homes and apartments in the central
Missouri climate.

Another related subject was a comparison of demands
and usage for the different type heating systems.
Most recent electric heat installations in central
Missouri have been central furnaces. But is there
a more efficient means of heating homes than
resistance heating?

2. DISCUSSION

Generally the months of January and February will
provide the coldest, hardest days of winter in
central Missouri. Accordingly this period was
chosen to collect demand and usage data for various
type heating installations in the area. Thermal
demand meters were installed on ten all-electric
homes with three different types of heating systems.

The meters were read daily and consistently at the
same time of day (early morning). For 29 days the
daily peak demand and daily usage data was collected

instal-
is about the same during

versus the daily low temperature. The demand data
should be considered as a 30-minute KVA demand to
reflect the time delay characteristic of the meter
in registering demand data.

A simple statistical analysis of the data provided
expected daily peak demand and energy consumption
for various daily low temperatures. Very rarely
are low winter temperatures in the area colder than
-10°F. Hence this point was selected as the lowest
temperature on which to project data.

Originally it was thought the demand and usage would
increase exponentially with lower temperatures.

The exponential nature of the general heat transfer
equation would be reflected in exponentially in-
creasing demands and energy consumption as the
temperature dropped. However this was not the case.
Plotting the data on semi-log graph paper did not
provide a linear relationship between daily low
temperature and consumption or demand.

Subsequently plotting the data on linear graph pap-
er did indicate a reasonable straight line relation-
ship for doth daily demand and usage versus daily
low temperature. With this relationship determined,
a linear regression line was calculated for daily
demand and daily usage for the data from each home
or apartment monitored. The correlation coefficient,
R, Ffor most curves indicated a good "fit" of the
linear regression line with the data points. Also
the t statistic, td, was significant and indicated
that demand or usage were dependent variables re-
lated to the independent variable, daily low tem-
perature. The second t statistic, tt, is a mea-
sure of the significance of the correlation coef-
ficient. In practically all cases the linear re-
gression line calculated was significant as a tool
to forecast the demand or usage for that particular
dwelling. A t statistic of 2.0 or greater implies

a 94% or greater confidence level for that particu-



lar element. For example, if tt is greater than
2.0, at least 94% confidence can be placed in that
particular regression line.

The appendix contains condensed data collected dur-
ing this study and provides a means of comparing
the different types electric heat on a common
basis, usage on a 2500 square foot living area

base and demand on a 25 KW installed heat base.

3. CONCLUSION

Many variables must be considered in arriving at

an expected peak demand or usage for a particular
dwelling. This study indicated a straight line
relationship exists between daily low temperature
and daily peak 30-minute KVA demand or daily en-
ergy consumption. However the slope and the inter-
cept describing this relationship vary depending

on occupants living style, quality of construction
and insulation and type electric heat installed.
The more 'open'a homeowners living style, the high-
er will be his demand and power bill. Also the
homeowner will pay a premium in high demand and
usage Tfor poor construction and insulation prac-
tices. A utility has limited control of the above
two variables but the utility can recommend a more
efficient type heating system than the common
central furnace.

The study indicated that, for very cold tem-
peratures, little difference exists between ex-
pected peak demands for the different type heating
systems. Hence any one type heat system installed
on a wide scale will not result in future system
"peak shaving”. Some form of "load management"
and attractive off-peak rates will apparently
have to limit peak demands.

This study also indicated heat pump instal-
lations in the central Missouri climate could re-
duce a homeowners expected heating energy consump-
tion about 40% from that expected with a central
furnace and about 20% from that expected with
cable ceiling heat or baseboard heat. For very
mild winter weather (daily low temperatures great-
er than 30°F) the energy savings from a heat pump
installation should be even greater.

Forecasting a peak expected demand for an indivi-
dual home or apartment is difficult because of the
prior mentioned variables. However a conservative
demand estimate would be the total installed heat
plus 25% or five KVA, whichever is greater. This
estimate must be applied with caution for customers
having nontypical residential loads, especially

in rural area.

693

Forecasting a peak expected demand, Dn, for a
number of homes or apartments is also difficult

to determine. This demand is believed to be
exponential in nature and to asymptotically ap-
proach a value approximately 1/3 the product of

the number of dwellings, N, and the expected de-
mand, Dqg, for one of the dwellings. The follow-
ing equation is offered as a suggestion which

fits the description and agrees with data collected
in the study.

Dn = Dg + NDX ~ 1 -e"-4(N-1) (N+8)/N2~
e = natural base = 2.71823

The study was made at a minimal cost and with
simple equipment. Using thermal demand meters to
monitor demands provided 30-minute KVA demand
data which did not reflect total demand. Tran-
sient demands were eliminated but actual demand
for the dwelling would be slightly greater than
that indicated.

Any statistical analysis will provide more mean-
ingful results if the sample data is as large as
possible. Ideally more total data would have
been collected in this study and data would have
been collected at very cold temperatures (below
0°F). Although this particular central Missouri
winter was mild and only a small computer was
required to analyze the data, the results of this
study are significant and should prove useful to
a utility and its customers.
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CONDENSED ALL-ELECTRIC HOME DATA
PAGE THREE
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