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* 20 pel cent bat 6im added to the o 'notable internal gaia to account for 
(ft* luat of coopfcaioa added with the air-conditioning compressor.

Rg. 11 .... Quantity of Internal Heat Available to 
External Areas and Storage Tank at Various Outdoor 

Temperatures During Occupied Periods*

exterior and interior zones. Figure 11 shows the result of 
transferring this internal excessive heat gain to the exterior 
zone by means of a heat pump. Curve A of Fig. 11 is the total 
internal heat available and curve B is excess heat (above that 
needed by the exterior zone) which can be kept in a storage 
tank (using a cycle similar to that shown by Fig. 4) for future 
use at night, weekends, or other unoccupied periods. For this 
particular installation, during the occupied periods no out­
side heat source or supplemental heat is needed at outdoor 
temperatures of minus 5 F or above.

Rg. 12 .... Typical Plot of Structure Heat Loss and Sys­
tem Capacity for Various Outdoor Temperatures

the day at outdoor temperatures above 41 F. This tempera­
ture, at which the system changes from heating to cooling 
cycle, is referred to as the changeover temperature. The hourly 
occurrence of the various outdoor temperatures, needed to 
properly evaluate the operating cost for a particular area, can 
be compiled, for convenience, in the form of Table 1. This 
type of weather data, for the period of 1935-1939, can be 
obtained from the United States Department of Commerce, 
Weather Bureau, Asheville, North Carolina. Also, a number

Table ] Average Hourly Occurrence of 
Outdoor Temperatures*

For the 5-rear period 1934-39 far ftocncke, Virginia

OPERATING COST
It is preferable to compute the electric consumption of the 

refrigerating compressors and outdoor fans separately from 
that of the auxiliary equipment which is used more or less 
constantly, such as conditioner fans and water circulating 
pumps. This auxiliary equipment can then be included as 
part of the basic load of the structure. This is particularly 
true with air source-sink systems where the kilowatt inputs to 
the compressor and the heat source-sink fans vary with the 
outdoor temperature and, consequently, must be related to 
the expected hours of operation at the various outdoor 
temperatures.

In computing operaring cost of air-source heat pumps, it has 
been found from a study of actual installations that the kilo­
watt-hours consumed during the defrosting cycle are approxi­
mately 2-3 percent of the total heat pump electrical con­
sumption during the two or three coldest months and, there­
fore, can be neglected in the calculations without causing an 
appreciable error.

The first step in operaring cost analysis is to plot the day 
and night heat loss and the system beating capacity at various 
outdoor temperatures, as illustrated by Fig. 12, in order to 
obtain the day and night balance points, which are the points 
at which the hearing capacity satisfies the structure heat loss 
for the period. If .these balance points are above the outdoor 
design temperature, the portions represented by the shaded 
area must be furnished by supplemental heat. The actual re­
quired supplemental heat is represented by the difference 
between the quantity needed to heat the structure below 
the balance point and the quantity supplied by the heat pump 
system.

It can be noted from Fig. 12 that do heat is required during
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Rg. 13 .... Calculated Heat Loss and Gain at Various 
Outdoor Temperatures

of manufacturer’s product and application manuals include 
similar, weather data for many geographic areas.

The electric energy consumption for hearing must be 
added to that required for cooling to. obtain a total yearly 
cost. Tt is advantageous to compile the hours of operation at 
the different cooling loads, similar to the procedure followed 
for the hearing computations. Unfortunately, there is no 
positive way of predicting the operating time of a particular 
cooling installation. It is generally agreed by most air-con­
ditioning engineers, and has been substantiated in several 

(instances by published field test data, that commercial me­
chanical air conditioning equipment, during occupied periods, 
should be operated when the outdoor temperature is 55 F or 
above, and during other times when the outdoor temperature 
is 75 F and above, as shown by Fig. 13. Field data ran be 

. used as a guide in compiling the hours of operation at partial

loads, say 25, 50, 75 and 100 percent. Some judgment must 
be exercised, however, in using this data and design factors, 
since the amount of internal heat gain and size of equipment 
selected, in relation to the calculated load, will influence the 
partial load operating hours. The use of the equivalent full 
load hours of compressor operation is not realistic or accurate, 
even for conventional commercial cooling systems.

It is necessary to know the monthly kilowatt electric de­
mands and the corresponding kilowatt-hour consumption for 
the base electric load, as well as for the heat pump or any 
other electric equipment, in order to apply the proper elec­
tric tariff. The base loads, shown as columns 1, 2 and 3 of 
Table 2 may include lighting, elevators, office machinery, 
exhaust and supply fans, circulating pumps, and similar items 
which are normally essential to a structure and are not 
affected by a particular air conditioning design. The heat 
pump kilowatt demand, during the month, which is required 
to satisfy the net day and night heat loss or heat gain (which­
ever is the greater), can be obtained from manufacturer’s 
data. These resulting kilowatt demands are multiplied by a 
coincident factor to obtain the coincident demands, listed in 
columns 4 and 7, and which can be directly added to the base 
load demands to obtain the values listed in column 10. These 
coincident factors can best be obtained from published data 
on similar installations.

Operating costs are dependent upon a number of important 
influencing factors. In order to make sure that all of the items 
are properly considered, the following procedure has been 
found very helpful as a guide in obtaining reasonably ac­
curate heating and cooling operating costs of the refrigerating 
compressors and toe associated outdoor air fans, for an air- 
source, air-sink, commercial and industrial heat pump system. 
The procedure described here is primarily for air-source heat 
pumps, but may also be used for water-source systems.

Procedure for Estimating Energy Requirements 
For Heat Pump Heating and Cooling

It is necessary to compute the energy requirements for 
heating and cooling by months in order to apply the proper 
electric tariff as explained in toe section Operating Cost.

Heating
1. Calculate the Day and Night Heat Losses, obtain System 

Capacity data, and plat in the form given bu Fig. 12. The calculated 
gross had loss is credited with the useful internal gain to obtain 
the day had loss and with the reduced ventilation requirement 
for the unoccupied periods for the night heat loss. Suggestions are 
given in the section Heating and Cooling Load Estimates. The 
system heating capacities at various outdoor temperatures, 
including the additional heating effect obtained from liquid-gas 
heat exchangers or liquid suboooling coils, are obtained from 
manufacturers published data.

2. Obtain the Changeover Temperature (the outdoor temperature

Table 2 .... Suggested Form of Operating Cost Summary for Commercial and Industrial Heat-Pump System •
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