The Economics of the Heat Pump for Residential Heating
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THE USE of the heat pump for space heating, especially for the heating
of homes, has attracted such widespread attention in recent years that the
popular demand for such a method of heating has almost entirely preceded
the necessary research and compilation of data for the proper design and in-
stallation of such units. Because of the present dearth of such information
each heat pump installation must, if properly installed, be carefully studied
and engineered, and thus becomes rather expensive in first cost. Fortunately,
a few brave souls are wagering their judgment, backed by the necessary cash,
that such a heating system will prove economical, and careful studies of the
efforts of these pioneers may supply much of the necessary information. Once
such design and installation data have been established and become common
knowledge, the competition in supplying such installations will probably
bring the costs within the range of other methods of heating, while the fuel
costs will be much less.

SAVING IN FUEL CoST STUDIED

WITH SUCH CONSIDERATIONS in mind, the University of Washington has
planned a rather extensive study of some of the factors involved. The first
problem studied, and now completed, was a survey of the possible saving in
fuel cost over other types of heating. This report briefly summarizes the re-
sults of that portion of the work.
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The calculations involved in such a study must be based upon definite
assumptions, or sets of conditions, which should correspond as nearly as pos-
sible to the average practical conditions. At the time this study was started,
no authentic data could be obtained upon the first cost or installation cost of
heat pump equipment. Thus the first cost of the heating installation could
not be utilized as a factor. A comparison of the fuel energy costs appears to
be the most logical means of conducting the study. With this difference es-
“tablished, the home owner could consider the amount saved in energy costs
‘during the useful life of the equipment might be safely invested in the greater
~original cost plus the interest. Twenty years might be considered the useful
life for equipment of any heating method considered. The usual rate of de-
preciation would reduce the first cost to zero in that time, and the equipment
~would probably be obsolete as well. However, with proper maintenance such
equipment should still be serviceable.

In calculating the data for the heat pump two sources of information
were used. First, the power required for the given heat load was computed by
‘using the pressure-enthalpy thermodynamic cycle which corresponds as nearly
as possible to the practical case, and applying reasonable factors for all known
losses. Second, the power required for these same heat loads was calculated
by using actual test data obtained from the companies dealing in refrigera-
‘tion equipment. Results obtained from data supplied by the various com-
panies checked within about 1 per cent. The results from the theoretical
- computations were in general lower, with a maximum difference of about

per cent. ‘

HEAT Loss DETERMINES SIZE OF EQUIPMENT

HE SIZE OF THE EQUIPMENT necessary for any house is in general deter-

ined by the heat losses of the house on the coldest day of the season. The
energy necessary over the heating season depends largely upon the degree

ys for that year, as well as the size and type of house, and the inside tem-
perature maintained. The following equation is the one usually used in com-
puting the yearly consumption.

(24 hr./day) (deg. days/year) (heat load Btu./hr.)
‘Kw-h. per year =
' (temp. difference inside to outside) (3414 Btu./Kw-h.)
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The heat loss for a given house should be determined by calculating the
heat passing through the walls, ceilings, windows, etc. Some contractors use
the cubical contents, or the floor area, of the heated portion of the house to-

gether with the proper empirical factor to calculate the heat loss. Such meth-
ods often prove sufficiently accurate if properly applied.

While studying the various factors involved, and performing the multi-
tude of calculations necessary, the set of related curves shown in Figure 1
were obtained, and found to be convenient for heating-energy relationships,
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Thus by starting with a known evaporator temperature of, e.g., 40° F. and a
condenser temperature of 110° F., the coefficient of performance (C.O.P.) -
of the compressor unit is given as 4.2, By following the dash line vertically
to the known heating curve above of, let us say, 60,000 Btu. per hour, the
driving motor size shown to the right should be about 7 1/2 hp. Following
this horizontal dash line to the left until it intersects the degree day curve

for the locality, say 5000, and from this point vertically down to the curve
of minimum outside temperature of the locality, the yearly kw-h. consump-

tion for heating to an inside temperature of 70° F. is given on the left hand

scale.
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In the original report corresponding sets of curves were calculated for
other makes and types of existing refrigerating equipment, as well as for the
theoretical calculations.

Attention might be directed to the curves of minimum outside tempera-
ture on the lower left hand side of the figure. These curves appear to be in
reverse order, but by referring to the formula for calculating the kw-h. per
year, the factor for the temperature difference between inside and outside tem-
perature appears in the denominator, which indicates that the kw-h. is in-
versely related to the outside temperature. A lower outside temperature would,
of course, increase either the heating losses for the house or the degree days
for the year, or both.

The curves in Figure 1 can also be used to find the kw-h. per year required
for straight electric heating with unit type of heaters. Thus by starting from
some assumed point on the proper heating load curve for heat losses of the
house considered, the C.O.P. for the point chosen is found directly below.
From the point on the heating load curve chosen, follow horizontally to the
proper degree day curve, thence directly downward to the outside design tem-
perature curve, and again to the left find the kw-h. necessary at the C.O.P.
indicated. The product of the kw-h. value and the chosen C.O.P. factor will
give the proper kw-h. for straight electric heating. In general, heating by the
use of electric energy is not attempted unless the house is well insulated to
keep the losses low.

The maximum load curves in the heating load section indicate the maxi-
mum loads the specified type of machine will carry with the evaporator tem-
perature indicated. A study of the various curves clearly indicates that to ob-
tain the greatest possible delivered heat from a given unit, the evaporator
temperature must be as high as possible, and to obtain a good C.O.P. the
difference between the evaporator and condenser temperatures must be as
small as possible.

FUEL ENERGY CosTS COMPARED
THE ECONOMIC STUDY was greatly aided by the use of the curves of Figure 1.
For this study 2 number of assumed cases were used, and the fuel energy
costs by means of the different heating methods were calculated for compari-
son. The data compiled in Table 1 and shown in curve form in Figure 2,
gives the energy cost per year for the various heating loads. The last two
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columns give the saving in fuel energy costs over twenty years time for two
types of heat pump as compared to the electric furnace method of heating.
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Figure 2

Heating by means of unit heaters in each room was assumed to give 100
per cent efficiency of fuel, while to carry the same heating load by means of the
central electric furnace was assumed to require 30 per cent more electrical
energy in accordance with rather extensive tests conducted by the Portland
General Electric Company of Portland, Oregon. In making the calculations
for the heat pump data, the power requirements for all of the necessary auxil-
iary equipment such as fans, pumps, etc., were included in the overall coef-
ficient of performance. The C.O.P. thus derived is a little lower than a well
designed unit would give since no salvaging of motor heating losses, except
that of the compressor motor, was assumed. Usually such losses can be re-
covered in the heating system.

Other constants and conditions for the calculations were as follows: con-
denser temperature, 110° F.; evaporator temperature, 40° F.; C.O.P. of heat
pump only 4.15 using well water as heat source; C.O.P. overall of system
2.56 using well water as heat source; C.O.P. of heat pump only 2.40 using
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air as the heat source; C.O.P. overall of system 1.73 using air as the heat
source; electrical energy cost 7.5 mills per kw-h.; degree days per year 5000,
inside temperature maintained 70° F.; lowest outside temperature 10° F;
_ air used as heat source, 1900 cu. ft. per minute; static head of air 1/2 in.
. water; water used as heat source, 11.5 gal. per minute; water pumped against

Table 1
Energy cost per year Savings in 20 years over furnace
Heat Heat
Electric Elec. pump pump Heat pump Heat pump
./hr. furnace unit using using using using
heaters water air water air
e (dollars)  (dollars) (dollars) (dollars) (dollars) (dollars)
> 20 88 67.50 28 50.75 1200 745
S 40 176 135.00 56 101.75 2400 1490
60 264 202.50 84 152.50 3600 2235
80 352 270.00 112 203.50 4800 2980
100 440 337.50 140 254.25 6000 3725

Since compiled data on electrically heated houses in and near Portland,
Oregon, were available such data over a period of three years, on 39 houses,
were utilized for further comparisons. The energy consumed per year for
the average house was 10,776 kw-h. The average degree days per year for
the three years was 5105. By using the heating formula previously stated,
this gives the average heating load per house as 18,000 Btu. per hour for
the unit heater type of installation, or 23,400 Btu. per hour for a central
furnace type of installation. The central furnace compares more favorably
 with the heat pump in the heating comfort it affords. Using the method of

i

2

i
.

) calculating and the constants assumed for calculating data in Table 1, the total
power consumed, per year, by this average house was 4,933 kw-h. when using
the heat pump with ground water as its source of heat as compared to 14,000
kw-h. when using an electric furnace. This results in a total savings in twenty
years of $1360.00, at 7.5 mills per kw-h.

Another comparison was carried out in Table 2 by selecting twelve of
the most representative houses in the list from lowest to highest in energy
cost as well as a similar variation in cubic foot volume. The first five columns
in Table 2 were taken from the original report; the remaining data were

calculated.
. In order to compare the relative costs of heating by coal and oil to those
4. for the heat pump and resistance type of electrical heating, Figure 3 gives
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