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ABSTRACT 

More than a quarter of all new houses built in the United States in the last decade are 
heated with solar energy by means of heat pumps. Including replacements and 
retrofits, the residential market is approaching one-million heat pumps per year, or 
approximately three-quarters of the country's heat pump sales. The quantity installed 
and average efficiency are increasing despite the dramatic decline in world oil prices, 
but penetration has fallen slightly after a period of steady growth. lnstaJJations typically 
use air-to-air, dual-mode (heating and cooling), electrically-powered heat pumps with 
heating capacities of 6-12 kW. This paper presents the equipment used, market situa
tion, and outlook for these energy saving, economic, and environmentally attractive 
systems. Factors influencing the unique status of heat pumps in the United States, 
including climate and energy prices, are briefly addressed. 
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EQUIPMENT USED 

The most widely used heat pump in residential applications is the unitary1 type. Sev
eral configurations are available, of which the most common is the split system with an 
outdoor heat exchanger and compressor unit and an indoor blower and heat 
exchanger unit. These assemblies are connected by refrigerant tubing, often 
precharged, with quick-connect fittings to simplify installation. The heat pump can be 
fully installed for $1,900-3,700 in the common 6-12 kW1 heating capacities. Virtually all 
residential systems are dual-mode, heating and cooling, using R-22 (chlorodifluoro-

1 
The unitary designation is defined by the performance rating standard and certification program 
established by the manufacturers' trade association [1 -3] . In practice, the unitary class of equipment 
refers to heat pumps (and air conditioners) that are manufactured in one, two, or sometimes three 
assemblies designed to be used together, to form a complete heat pump (or air conditioner), with a 
minimum of application engineering. 



methane) as refrigerant and air as both the thermal source (sink for the air conditioning 
mode) and indoor distribution medium. Supplemental and backup heat are commonly 
provided by electrical resistance heaters in one to three stages of 4-5 kW e each. 

Other popular configurations include air-to-air single-package heat pumps and pack
aged water-to-air units for incorporation into groundwater, ground-coupled, and 

Table 1: Heat pump equipment groups and typical usage 
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8 While equipment specifically produced tor heat pump use is available, equipment and components 
manufactured as or for air-conditioning chillers are often adapted. 

b Water-source equipment Is frequently applied in groundwater, ground-coupled, surface-water, and 
Oess commonly) city-water systems; aggregate installations were approximately 14,000 in 1986. 

c Various forms of heat reclaim devices are also used to recover heat as a cooling byproduct. 
d Data not available (combined sales of large unitary and field engineered heat pumps in 1985 were 

estimated at 5,000 units). 
• Trade associations: Gas Appliance Manufacturers Association (GAMA), Association of Home 

1 
Appliance Manufacturers (AHAM), and Air-Conditioning and Refrigeration Institute (ARI) 
ARI is the trade association for many of the products and components, but numerous other associa
tions are involved. 



surface-water systems; applications using city water as a source (and/ or sink) are 
rather uncommon due to the cost and disposal requirements for the water. Packaged 
terminal and water-loop (closed-loop water-source) heat pumps as well as central air
to-water and water-to-water heat pumps are also used for multifamily residences, and 
particularly in high-rise and mixed-occupancy complexes (e.g.J apartments over 
commercial space). 

The wide array of heat pumps marketed in the United States is summarized in Table 1; 
references 4-10 provide a more detailed introduction. 

HEAT PUMP MARKET 

Annual sales of heat pumps in the USA grew to approximately 1.25 million units in 
1986. In simple quantitiesJ the U.S. market is the second largest in the world, following 
that in Japan; it is by far the largest - for either new or existing installations - in terms 
of capacities [11]. The overall market for residential heat pumps increased again in 
1986J with declines only in the water-heating and residential groundwater categories. 

The sales growth for unitary heat pumps is depicted in Figure 1. This figure and related 
shipment statistics, however, do not reveal strong undercurrents that are likely to affect 
market progression. Indeed, a misleading perception of sustained expansion is given 
by the relatively steady increases in annual sales since 1982. 

CONSTRUCTION RATES 

Figure 2 compares unitary heat pump sales to residential construction2 rates. Single
family detached dwellings are the most popular, and represent nearly two-thirds of the 
total in most years. Such houses and low-rise multifamily buildings are the primary 
markets for unitary heat pumps, although retrofit and replacement sales of the latter 
are also significant. It is, nevertheless, interesting to note that annual sales of unitary 
heat pumps have matched approximately half the total residential construction rate 
consistently since 1980. Figure 2 also reveals a cyclic pattern of construction peaks 
and recessions, the next of which is imminent according to economic forecasts. Heat 
pump sales can be expected to temporarily decline - by as much as 30% - for two to 
three years when the construct.ion slump occurs. 
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Fig. 1. Unitary heat pump use (based on data from reference 12) 

2 Figure 2 Includes only privately-owned houses; the public share (e.g., for military or special purposes) 
Is negligible as a fraction of the total. 
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Fig. 2. Comparison of residential construction and unitary heat pump use 
(based on data from references 12 and 13) 

HEATING FUELS 

Further analysis of residential heat pump use requires examination of the fuels used for 
heating. The 1950s were marked by intense competition between the electric and gas 
utilities. Strategic marketing by the two groups has resumed, with both generally hav
ing adequate capacity - barring disruptions - for the near future. The electric utilities 
are projected to require more new capacity for the mid- and late-1990s, but the shortfall 
is generally for summer cooling. High-efficiency air conditioners and heat pumps are 
therefore being promoted, the latter to build a more even annual load profile. The gas 
industry, meanwhile, is promoting more efficient furnaces and other gas-fired systems 
to increase its competitiveness; it is also aggressively seeking to develop viable gas
fired engine-driven and absorption-cycle heat pumps. The gas heat pump option 
would be especially attractive for its summer load, a low-sales period for gas utilities. 
Although coal is used for more than half the nation's electric generation, it is no longer 
a significant fuel for building heating except in a relatively small number of district and 
central plants. Oil is competitive only in several areas, primarily New England, certain 
areas in the Midwest on the Great Lakes, a few west coast locations, Hawaii, and parts 
of Alaska. 

Figures 3 and 4 show the dominance of gas and electricity as well as the displacement 
and limited resurgence of oil as a heating fuel for single- and multifamily residential 
construction, respectively. The gas share has generally increased for the last decade, 
though total sendout has declined with conservation measures. The electric fraction 
has, for the same period, declined slightly. Overlaid on figures 3 and 4, are the shares 
of heat pump penetration. By contrast to figures 1 and 2, small declines can be seen in 
the last year for single-family and in the last two years for multifamily residences. It is 
also apparent, in both cases, that heat pumps represent an increasing share of the 
electric systems, displacing resistance furnaces and boilers as well as zonal resistance 
and radiant systems; all unitary and virtually all larger heat pumps in current residential 
use are electrically powered. 

REGIONAL PENETRATION 

Having started with a perception of rapid growth and moved to one of a slight decline, 
a regional analysis provides still a different view of heat pump application trends. 
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houses (based on data from reference 13) 
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Fig. 4. Heating fuels used and heat pump penetration In multifamily residences 
(based on data from reference 13) 

Because of its sheer size, the climatic variations in the United States far exceed those 
of the European countries individually or even collectively. Using the four regions for 
which econometric data are commonly grouped, figure 5 shows the very different 
regional patterns of heat pump acceptance. Penetration is highest in the South, where 
warmer climates typically result in the highest seasonal performance for air-source heat 
pumps; use in this region has increased appreciably since 1981. By contrast, heat 
pump popularity rose and fell over the past decade in the West. Except for the last 
year, steady growth - and nearly a doubling - has occurred in the Northeast with the 
opposite result in the Midwest; the last five years have been somewhat erratic in the 
latter, host to the most intense utility competition. 

Figure 6 adds some perspective to the regional examination by showing the construc
tion rates for single-family detached dwellings. Comparing the regional penetration of 
heat pumps with construction, it is evident that the recent decline in heat pump pene
tration on a national basis, also shown in figure 5, is more heavily influenced by demo
graphic shifts than declines in heat pump acceptance. 
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Fig. 6. Regional construction shares of new single-family detached houses 
(based on data from reference 13) 

COMPARISON TO EUROPEAN AND JAPANESE HEAT PUMPS 

The typical residential heat pump in the United States differs starkly from its European 
counterpart both because it is dual-mode (heatinQ and cooling) and because it uses air 
as the indoor distribution (delivery) medium. Single-mode machines are quite rare; 
nearly 70% of all new single-family and 90% of multifamily residences in the USA are air 
conditioned as shown in figure 7. These fractions are actually higher if air-conditioners 
added after initial construction are considered; more than 2.8 million room (mostly win
dow) air conditioners were purchased in 1986, a small decrease from preceding years, 
and many homes are also retrofit with central systems. Warm air - usually filtered and 
sometimes humidified - is used for heating; it is generally ducted to individual rooms 
or zones of the house. Cool, dehumidified, and filtered air is used in the air-condition" 
ing mode. Beyond the physical differences, the total installed cost of a heat pump 
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Fig. 7. Air-conditioning use in residences (based on data 
from references 12 and 13) 

system for a single-family residence is commonly a factor of 2-4 times less expensive 
than the heating-only, hydronic-distribution, European counterpart. The price differ
ence is due more to volume production and competitive marketing than physical or 
even application differences. 

Contrasted to the dominant Japanese heat pump - the room air conditioner heat 
pump - the typical U.S. product is of a higher-capacity and is applied in a central (to 
the building) system. Adjustable-speed unitary heat pumps, using inverters, have been 
commercially available in the United States since 1979, but relatively few have been 
sold; two-speed and dual-compressor products have been available even longer, 
again with low penetration. The two largest manufacturers of unitary heat pumps will 
have begun sales of inverter-driven heat pumps by the time this paper is published. By 
contrast, the split-system, room air-conditioner heat pump with inverter drive has dis
placed its single-speed counterpart as the norm in Japan. Another difference lies in the 
ratio of air conditioner (cooling only) to heat pump (heating and cooling) sales. 
Although this ratio has fluctuated significantly in the last decade [6], it has generally 
exceeded 3 in the USA. By contract, ratios less than 1 have been common in Japan in 
recent years. The availability - or more correctly lack of widespread availability - of 
pipeline gas for furnaces, higher fraction of multifamily high-rise residences, and 
warmer climates in the populous regions explain this difference. 

European use of heat pumps in block centrals and district heating far exceeds that in 
the United States on a per capita or even absolute basis. Several factors are at play, 
foremost of which are higher thermal demand density, due both to climate and housing 
styles (preponderance of large, clustered multifamily buildings), and institutional 
differences in the municipal planning and construction infrastructures. 

OUTLOOK 

The consensus of future projections for residential heat pumps in the United States is 
very favorable (see references 6, 8, 14, and 15). Nevertheless, a near-term decline in 
sales is probable, stemming from projected construction reductions and demographic 
shifts resulting in lower building rates where heat pumps have been most heavily 
applied; neither of these causes is expected to endure. 



Several factors point to a longer-term expansion of the heat pump market. Product 
improvements, regulatory actions, utility incentives, and consumer reactions to energy 
prices have resulted in sustained increases in heat pump seasonal efficiencies. As 
shown in figure 8, the improvement in seasonal performance has approximated 
2.5%/ year for the last decade. This rate is likely to increase due to intensive research 
and development efforts initiated several years ago during the period of rising energy 
process. Furthermore, expected penetration of inverter-driven heat pumps is projected 
to cut both off-peak cycling losses and peak use of supplemental heat. Regulatory 
actions, including a national minimum efficiency standard that becomes effective in 
1992, will also contribute. Expanding foreign competition in the domestic market as 
well as cost competition with high-efficiency furnaces, and to a lesser extent boilers, 
insure that installed heat pump costs will be maintained at competitive levels. 

An important long-term influence will be the price ratio of electricity to gas, the two 
dominant heating fuels. As shown in figure 9, this ratio has declined fairly steadily 
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(except during the 1973-4 interval) over the preceding twenty years [16]. The trend 
reversed sharply in the last several years, adversely impacting electric heat pumps 
relative to competing gas furnaces. Electric to gas price ratios are, however, projected 
to fall again within the next several years as shown in figure 10. 

Anticipated efforts to commercialize gas-fired heat pumps in the 1990s will have two 
influences on the heat pump market. First, any penetration will increase aggregate 
heat pump use. Second, such efforts will necessitate restraint in the aggressive 
campaign, by the gas industry, against electric heat pumps as the negative claims are 
likely to also affect the gas heat pump image by association. 

The heat pump outlook could be impacted by current deliberations on 
chlorofluorocarbon (CFC) refrigerant curtailments. R-22 (the dominant residential heat 
pump working fluid) is not, however, regarded among the CFCs of greatest concern. 
Moreover, the use of residential heat pumps is clearly beneficial in terms of other 
pressing environmental concerns. 

CONCLUSIONS 

Heat pumps are being used to heat and air condition nearly 30% of new residences in 
the United States and in nearly two-thirds of of those heated electrically. New records 
have been established for heat pump sales in each of the last four years. While the 
longer term outlook for expanded use is very favorable, declining sales are likely after 
1987 for a short interval. 
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