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ABSTRACT

Both field and laboratory testing have shown that a heat pump water heater (HPWH) uses
about half the energy for supplying domestic hot water as does an electric resistance water heater.
The HPWH accomplishes this savings by extracting energy from its surroundings, boosting it with
some electromechanical energy, and depositing the total energy in the water being heated. If the
HPWH is located in the conditioned space of a residence, the energy extracted from the conditioned
space must be replaced by the house heating system in the winter. During the cooling season, how-
ever, the HPWH will reduce the load on the house air conditioning system.

This report presents the results of a computer study of the effect on the house heating and
cooling system brought about by locating a HPWH in either the conditioned space of a house or in
unconditioned spaces simulating garages and basements. The effect of climate on HPWH perfor-
mance and an operating cost comparison of oil, gas, electric resistance, and electric heat pump
waler heaters are also presented.



SUMMARY

A computer study of the estimated performance of a heat pump water heater (HPWH) under
various in-house and geographical locations was carried out at the Oak Ridge National Laboratory
(ORNL). An estimated operating cost comparison was also made of gas-fired, oil-fired, electric
resistance, and heat pump water heaters for the same in-house and geographical locations. Field
test data, laboratory data, and manufacturers’ literature were used to model the various types of
water heaters and heating, ventilating and air conditioning (HVAC) systems for the study. A
ranch-style house was used as the model residence. Monthly groundwater temperature and bin
weather data for 18 different U.S. cities were used to model climactic effects. Daily domestic hot
water usage was fixed at 243 L (64.3 gal) at a delivery temperature of 60°C (140°F).

The results of the study show that a HPWH in a heat pump- conditioned space of a house can
save an average of 2400 kWh/year over an electric resistance water heater. The savings vary from
1200 to 2500 kWh/year in a resistance-heated (HVAC) house, with longer heating seasons
corresponding to reduced savings. Locating the HPWH in an unconditioned attached garage saves
about 2500 kWh/year compared to a similarly located resistance water heater, while an uncondi-
tioned basement location for the HPWH will save about 2800 kWh/year.

Although the operating costs for the HPWH are lower than those for oil-fired water heaters,
gas-fired water heaters are the most economical of the modeled water heating systems to operate in
17 of the 18 cities studied, with Seattle being the exception. HPWH operating costs were only
slightly higher than gas in both Atlanta and Knoxville. If natural gas is not available, a HPWH is
a very attractive choice for a domestic water heating system.

INTRODUCTION

The HPWH is currently making its appearance in the market place. The concept of a heat
pump dedicated to heating water for residential use is not new, as two firms manufactured and field
tested prototype units in the 1950s.! These units proved to be ahead of their time as energy prices
were low and the then exisiting heat pump technology did not match the potential of the concept.
However, present-day rising energy costs and a more mature heat pump technology and hardware
industry have brought about the reemergence of the HPWH.

Figure 1 depicts the national residential primary energy consumption for 1978. This figure
shows that domestic water heating accounted for 2.5 EJ (2.4 X 10" Btu), or 14.4% of the
total primary energy consumed to supply residential service.

The National Bureau of Standards has stated that an average family of four heats 64.3 gal of
water per day 90 F° (from 55°F to 145°F) for their hot water use.> This usage corresponds to
about 17.5 kWh/d (including tank losses) if an electric resistance water heater is used or 100 MJ/d
(0.95 therms/d) if a gas-fired water heater is used.

Of the 76 million households in the United States in 1978, about 31 million contained an elec-
tric resistance water heater’™ and 43 million had a gas-fired water heater. The potential replace-
ment market of HPWHSs for electric resistance water heaters may be estimated at somewhere
around 33 million units based on 1981 figures.

There are two types of HPWHs available in today’s marketplace, the integral type and the
separated or retrofit type. Figure 2 is a photograph of a display model of the integral type HPWH.
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RESIDENTIAL PRIMARY ENERGY CONSUMPTION
(ESTIMATED AS 16.5 QUADS IN 1978)

ANNUAL
ENERGY
USE % OF
APPLIANCE {QUADS) SECTOR
WATER HEATERS 237 14.4
GAS 0.88
ELECTRIC 1.27
. ANX -IN.G DRYERS 0,46 2.8
GAS 0.07
ELECTRIC 0.39
WASHERS 0.06 0.4
REFRIGERATORS 1.49 9.0
FREEZERS 0.65 39
AIR CONDITIONERS  1.12 6.8
ROOM 0.37
CENTRAL 075
LIGHTING 096 5.8 -
RANGES 0.89 5.4
OTHER 067 4.0
TOTAL 8.67Q 525 %

Fig. 1. National primary residential energy consumption for 1978.

The upper section of the unit contains the compressor, evaporator, expansion valve, etc. Figure 3 is
a photograph showing the location of these components. The lower section of the unit contains the
water storage tank, in which the condenser is located. The condenser may be seen through the
window of the disblay model in Fig. 2. As the word integral implies, the heat pump and water
storage tank of this type HPWH form a single unit. The water storage tank may be replaced, how-
ever, should it prove necessary during the life of the system. This operation could be difficult and
costly.

Figure 4 is a photograph showing three different models of separated HPWHs. All the heat
pump parts are located within these units. This type of HPWH may either be connected to a stan-
dard water heater using “washing machine” hoses, or be hard-plumbed to the tank. The separated-
type HPWH has components similar to the integral HPWH but also contains a small water pump
housed in the unit to circulate water from the storage tank through the condenser and back to the
storage tank. _ ‘

Figure 5 shows an experimental setup in the laboratory in which several HPWHs are undergo-
ing simulated draw schedule tests.

Figure 6 shows a schematic diagram of a HPWH. The four main parts of a HPWH are a
compressor, a condenser, an evaporator, and an expansion (flow control) device. In operation a
relatively low-pressure, low-temperature refrigerant vapor is compressed to a higher pressure and
temperature. The superheated vapor enters the condenser where it condenses to a high-pressure
liquid, giving up both sensible and latent heat to the cooler water surrounding the condenser. The
high-pressure refrigerant liquid passes through the expansion device and enters the evaporator, a
region of low pressure. Because the liquid refrigerant is above its boiling point in the evaporator, it

e .
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VIEW WINDOW
SHOWING
CONDENSER

Fig. 2. Display model of integral-type HPWH.
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Fig. 4. Three different separated-type HPWHs.
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Fig. 5. Laboratory setup used for testing HPWHs.
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Fig. 6. Schematic of HPWH.



starts to boil, becoming a relatively low-pressure, low-temperature vapor. The latent heat for boil-
ing the refrigerant is supplied by ambient air blown over the evaporaor coil by a small fan. The
temperature of the air decreases as it passes over the evaporator. The refrigerant completes its
cycle by returning to the compressor. ‘

Figure 7 schematically shows the concept for the HPWH, where the energy comes from, and
where it goes. ’ _

Given the performance information for a HPWH, one could estimate the potential savings
obtained by a ‘given market penetration of the HPWH. The performance of the HPWH, however,
is a rather nebulous parameter to quantify. Because the HPWH contains a refrigeration system, its
performancé is a function of both the source (evaporator side) temperature and the sink (condenser
side) temperature. Also, if the HPWH is located in a conditioned (heated and cooled) space in a
residence the HPWH will increase the heating load of the HVAC system during the heating season
and decrease the cooling load of the HVAC during the cooling season.

This report addresses the problem of the effect of geographic and in-house location on the per-
formance of the HPWH and uses the information to make an annual operating cost comparison of
HPWH and electric resistance, gas-fired, and oil-fired water heaters.

ORNL-DWG 81-4753
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MODELS, ASSUMPTIONS, AND METHODOLOGY

Laboratory and field tests® have shown that a HPWH uses about half the electrical energy
input when compared to an electric resistance water heater. However, since the HPWH extracts
energy from the air in its environment, the question arises as to how this energy extraction would
affect the house HVAC system if the HPWH were located in a conditioned space of a household.
A second question concerns the savings obtained by locating the HPWH in an unconditioned space
such as a garage or basement.

A computer study of these effects was carried out at ORNL. Since geography, house construc-
tion, type and efficiency of HVAC system, and hot water usage will all affect the effective HPWH
performance, some of these parameters were fixed, and some were allowed to vary in the study.

The effect of geographical location was determined by using weather and water temperature
data for 18 different cities in the United States and applying them to the same model residence.
Figure A.l in Appendix A shows the locations of these 18 cities.

The house construction was fixed — the author’s house was used as the model residence. It is
a single-story, well-insulated, ranch-style house, built in 1978, with a partly finished basement and
an integral garage. The house heating load line was estimated from data obtained during a
2.5-month winter heating period with central resistance heating, and the house cooling load line was
estimated from observed data of air conditioner operating hours.

The HVAC systems covered in this work include heat pumps, resistance heating with electric
air conditioning, and 60% efficient gas or oil furnaces with electric air conditioning. Table A.l con-
tains a description of the computer models used for the house and the HVAC systems.

Figure A.2 is a heating-cooling plot for the residence (without a HPWH) to which the high-
performance heat pump performance data have been added. Monthly bin data for each of the 18
cities’” were used as input weather data so that monthly HVAC loads could be calculated.

The hot water usage of the house was fixed at 243 L/d (64.3 gal/d) at a delivery temperature
of 60°C (140°F). Inlet temperatures to the hot water tank varied monthly for each location, and
the appropriate value of this parameter® was used in the calculations. Table A.2 contains the
monthly inlet supply water temperatures to the water heater for each of the 18 cities.

The effect of locating the HPWH in the conditioned spaces of houses with heat pumps as well
as resistance-, gas-, and oil-heated houses with electric air conditioners was studied. All calcula-
tions were made on a Hewlett-Packard (H-P) 9830A, a desktop computer. Table A.3 contains the
assumptions used in the analyses of both conditioned- and unconditioned-space HPWH locations.

Table A.4 is a sample of the output of the program showing monthly HVAC heating and cool-
ing loads for houses with and without a HPWH in a conditioned space. The weather bin data and
inlet water temperatures for each city were used to calculate the HVAC energy consumption for the
house first with a resistance water heater and then with a HPWH. The difference between these
values is the additional HVAC energy used in the house because of the presence of the HPWH.
This additional HVAC energy was added to the electrical input of the HPWH to give the
equivalent HPWH energy input. The HPWH annual performance factor was calculated by divid-
ing the annual electrical input to a resistance water heater by the annual equivalent HPWH energy
input.

Laboratory and field test data® were used to model the performance of an integral-type HPWH
as a function of ambient temperature, inlet water temperature, and delivery water temperature.



Unconditioned spaces simulating an attached garage and a basement were modeled as described in
Table A.3. These models were also used with monthly bin and inlet water temperatures to compute
the performance of both resistance water heaters and HPWHs in unconditioned spaces.

RESULTS AND DISCUSSION

Tables B.2 through B.10 in Appendix B contain the results of calculations for each of the 18
cities studied for a HPWH located in the conditioned space of a house with various HVAC systems.
Table B.1 contains an explanation of the several column headings used in these tables. All of the
energy usages in this report, except in Fig. 1, are expressed in equivalent kWh at the point of use
(primary energy source is not considered). _

Tables B.2 through B.4 show that locating a HPWH in a conditioned space of a house with a
heat pump HVAC saves about 2400 kWh per year in effective water heating energy compared to
the same house with a resistance water heater. Both geography (climate) and heat pump HVAC
efficiency show minor effects on the results.

‘Tables B.3 through B.7 show that locating a HPWH in a conditioned space of a house with a
resistance heat-electric air conditioner HVAC reduces the effective water heating energy (relative to
a resistance water heater) substantially in most cases, with climate having a major effect on the
results. A longer heating season will reduce savings, while a longer cooling season will increase sav-
ings. The annual savings ranged from 1200 to 2500 kWh for a resistance-heated house.

Tables B.8 through B.10 show that locating a HPWH in a conditioned space of a house with a
60% efficient gas or oil-electric air conditioner HVAC causes the results to be extremely climate
sensitive. Seattle and Portland have long heating seasons and short cooling seasons and show a
slight negative energy savings when a HPWH is used in place of a resistance water heater.

Tabtes B.11 and B.12 show the energy savings for a HPWH over a resistance water heater
when the comparison is made for locating each in unconditioned areas such as attached garages and
basements. The HPWH energy savings for these cases do not appear to be overly climate sensitive.
Savings obtained from locating the HPWH in an attached garage average about 2500 kWh per
year, and a basement location saves about 2800 kWh per year.

Table 1 summarizes Tables B.2 through B.12 and shows the effective annual kWh energy
usa‘ge of a HPWH (including any HVAC effects) as a function of both in-house and geographical
location. The energy usages of both electric resistance and 50%-efficient gas-fired water heaters are
also included in Table 1. This table shows that the preferred location for minimizing energy input
to a HPWH in 11 of the cities is an unconditioned basement; six cities favor the unconditioned,
attached garage; and of the cities studied, only Tampa favors HPWH placement inside the
residence, provided the residence has a heat pump HVAC.

If a residence does not have a basement, then 11 cities show minimum energy consumption by
locating the HPWH inside a residence with a heat pump HVAC, while seven cities favor the uncon-
ditioned attached garage.

Because energy costs vary from location to location and also depend upon the energy source,
mimimizing energy consumption will not necessarily result in minimized energy costs. Table 2 uses
the energy cost figures presented in Table B.13 and applies them to the data of Table 1. Data on
50% efficient oil-fired water heaters are also included in Table 2.



TABLE 1

EFFECT OF LOCATION ON EQUIVALENT ANNUAL KWH ENERGY USABE OF HPWH, ELECTRIC RESISTANCE, AND 6AS-FIRED WATER HEATERS

HPWH LOC INSIDE HOUSE WITH HVAC TYPE  HPWM LOC IN UNCOND ELEC RES WATER HEATER IN  BAS-FIRED WATER HEATER IN

cIry HI EFF HP  RES+A/C  60%6/0+A/C GARAGE  BASEMENT COND SP GARAGE BASEMENT  COND 5P GARAGE BASEMENT
ALBUQUERQUE 3540.9  4294,5 5205.9 3558.7 33937 §009.6 6083.5 6124,7  9615.4 9733.6 9799.3
ATLANTA 1298.3  392%.1 4648.5 3222.8 3274.0 5839.2 3871.7 5943,6  9342,7 93947 9509.8
BOSTON 4035.0  4903.3 4076.2 4235.1 3648.0 6424,3 6607.3 6585.4 10278.9 1057L.7 10536.6
CHICAGO 4023.8  4813.1 5928.6 4260.2 3641.3 6452,7 6628.7 6603.1 10324,3 10605.9 10565.0
DENVER 4043.6  4911.6 6094.5 4194.9 3650.8 6401.5 6587.4 4575.8  10242.4 10539.8 10921.3
FT WORTH 3022.5  3527.8 4115.2 2947.8 3085.3 5498.4 5469.7- 5580,3  B797.4 87315 6928.5
KNOXVILLE 3395.3  4070.4 4869.1 3363.9 1322.8 5907.4 5963.1 6018.0  9431.8 9541.0 9628.8
LOS ANBELES 3353.2 3949.4 4639.3 3018. ¢ 3254.1 5719.9 9§725.9 9B40.2  9151.8 9161.4 93443
NINNEAPOLIS 4291.7 49945 6174.0 4649,7 3744, 4 b668.5 6872.6 6827.4 10669.6 10996.2 10923.8
NEWARK 3757.7  4585.5 5610.6 3779.5 3523.2 6242,5 6361.4 6377.8  9988.0 10178.2 10204.5
PITTSBURGH 3954.3  4762.7 3854.3 4115.6 3815,2 6384, 6536.5 6547.4 10215.2 10493.6 10475.8
PORTLAND, OR 3912.3  5006.0 6257.3 3596.2 3819.2 6248,2 6386.8 6433.8  9997.1 10218.9 10294.!
SAN FRANCISCO 3742.5  4714.2 9830.5 3210.6 34468.7 5975.5 4020.0 4138.7  9560.8 9632.0 9821.9
SEATTLE 3992,1  5138.5 6441, 4 3603.5 3674.7 6356.1 6492,2 6546.0 10149.8 10387.5 10473.6
TANFA 2581.3  2791.9 3033.7 2626.5 2867.0 5242.8 5139.0 5280.9  B8388.5 B222.4 B449.4
WASHINGTON DC 36458  4421.2 5379.9 3878.3 3442.9 6089.1 6197.0 6219.0  9742,6 9915.2 9950.4
WESTHAMPTON, NY 3923.3  4812.9 5946.0 3956.4 3571.3 6242,5 4416.4  b40B.1  9988.0 10266.2 10233.0
WILHINGTON, DEL 3740.4  4368.4 5593.1 3767.4 3503.9 6191.4 6317.0 4331.6  9906.2 10107.2 10130.6

NOTE: ALL FIGURES BASED ON DAILY USAGE OF 243 LITERS AT &0C
BAS WATER HEATERS WERE ASSUNED TO BE S0% EFFICIENT



EFFECT OF LOCATION ON ESTINATED AMNUAL OPERATION COST ($) OF HPMH, ELECTRIC RESISTANCE, GAS-FIRED, AND OIL-FIRED WATER HEATERS

TA

BLE 2

HPUK LOCATED INSIDE HOUSE WITH HVAC TYPE

CITy HI EFF HP
ALBUGUERRUE 249.60
ATLANTA 140.18
BOSTOMN 318.76
CRICABD 2421
DENVER 215.12
FT WORTH 171.04
KNOXVILLE 128.48
LOS ANGELES 235.33
HINNEAPOLIS 213.04
NEWARK 260,37
PITTSBURGH 232,460
PORTLAND, OR 157,31
SAN FRANCISCO  200.49
SEATTLE 64.23
TANPA 136,83
WASHINGTON DC  179.88
HESTHANPTON,NY 264,94
WILHINGTON,DEL 190,01

302.72
166,73
385.45

268.19
261,30
199.64

154,02
277.18
247,93

317.73
280,14
201.29

252,54
82.68
148.00

218.14
325.02
232,07

RES+A/C 6OXGAS+A/C 6OXOIL+A/C  GARABE  BASEWENT COND SP
229,85 268,56 230,64 239,22 423.82
146,45 172.21 136.97 139,15 248,17
303,19 331,80 332.92 286.77  505.01
212,58 251.78 237.38 202,85 359.5%
210,11 244,04 223,17 194.22  140.5¢
167,36 191.66 167,95 174.60 31115
133,68 165. 64 127.29 125,73 223.54
222,28 252.08 211.81 228,37 401.42
197.31 239.89 230.81 185.87  331.02
264,61 285.53 261.88 244,12 432,94
201,29 260,34 242,08 212,65 375,54
158.09 20,23 144,60 145,53 251.24
192,35 239.04 171.99 185,66  320.11
111,29 140.96 37.98 W13 102,27
136.33 146,01 139.23 151.98  277.92
183.63 215.55 181.34 169.87  300.44
271.33 291,73 267.18 41,17 421,56
201.27 225,81 191,38 178.00 314,52

HPEH LOC IN UNCOND ELEC RES WATER HEATER IN

GAS-FIRED WATER HEATER IN

OIL-FIRED WATER HEATER IN

BARAGE BASEMENT  COND SP GARAGE BASEMENT COND 5P GARAGE BASEMENT
428.83 431.73 99.17 100,39 101,07  262.54 265.77 247.57
249,30 252,60 133.76  134.51 136,14 266,48 267.96 271.25
519.40  517.648 196,46 202,05 201,38  295.69 304.11 303.10
369.35 367.92  139.29 143,09 142,54  284.41 292.17 291,04
330.45 349,83 149.65 154,00 153,73 267.17 274,93 274,45
309,53 315,79 105.33 104,78 106.90  250.93 249,62 254,47
225.64 227,72 118,29 119.41 120,51  289.59 272.14 274.44
401.84  409.87 93.96 94,05 95,93 292.11 252.38 287.42
344,16 338,91 134,63 138,75 137,84 288,72 297.56 295.40
440,78 441,92 208.22 212,18 212,73 289.76 295.28 296.04
385.77 385,12 125.23 128,65 128,43 286,39 294,19 293.49
236,81 238,70  103.11 105,40 106,17 272,96 279.02 2081.07
322,49 328.85 101,09 101.B4 103,85  261.05 262.99  24B.18
104,46 105,33  187.50 191,51 193.10  280.15 286.15 288.52
272,42 279.94 104,81 102,74 103.58  239.26 234,33 241,00
305.76 306,85  148.20 150,83 (51,34 277.89 282.81 283.8!
433,30 432,74 215.4% 221,41 221,12 287,32 295.33 294.94
320.90 321,45  182.8! 186,52 186,95 277.72 283.36 284.01

NOTES: ALL FIGURES BASED ON DAILY USAGE OF 243 LITERS AT 60C

BGAS WATER HEATERS ASSUHED TO BE 50% EFFICIENT
DIL WATER HEATERS ASSUNED TO BE 502 EFFICIENT
FUEL COSTS ARE LISTED IN TABLE B.13

e
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Table 2 sums up the fuel cost economics of many water heating options available to a home
owner. It is no surprise that gas-fired water heaters are the most economical system to operate in
17 of the 18 cities studied, even though the gas-fired water heater rivals the oil-fired water heater
as the least efficient (point of use) system. Seattle has inexpensive electricity and hence favors a
HPWH over a gas-fired system. Many homes, however, do not have access to natural gas and must
heat their water with other energy sources such as electricity, oil, coal, wood, solar, etc., with elec-
tricity being the overwhelming choice. For this case Table 2 shows the operating cost advantage of
a HPWH over both a resistance water heater and an oil-fired water heater.

In many of the cities studied, especially in the south, differences in operating costs between
HPWHs in heat pump-conditioned spaces and in unconditioned spaces are small. Also, HPWHs
compare favorably with gas-fired water heating systems in both Atlanta and Knoxville.

The reader should keep in mind when interpreting the results of this report that they only
apply to the models used and the assumptions made. All models and assumptions were, however,
based on the best available information. The operating cost figures in Table 2 are sensitive to gas,
oil, and electricity prices, and the system with the lowest cost in any city may vary as prices change.
Differences in the performance of the various brands of HPWHs and the relative size of a heat
pump HVAC to the house heating and cooling load will have a slight effect on the results. Also,
Table B.14 shows how increased water usage results in greater savings for a HPWH over a resis-
tance water heater.
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Fig. A.1. Locations of the 18 cities covered in HPWH study.
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Fig. A.2.  Heating-cooling diagram of model residence (no HPWH) and characteristics of the high-performance heat pump.
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Table A.1. Computer models of house and heat pump

House model

Ranch house with finished basement and integral garage:
148.6 m (1600 ft2) on main level
74.3 m*(800 fi) in basement

Heating load line: kW = 5.43 — 0.3627 (°C) {Btu/h = 40,412 — 685T (°F)]
Cooling load line: kW = 0.828T7 (°C) — 19.79  [Btu/h = 1,571.4T (°F) — 117,857]

Heat pump model
High performance: Carrier Weathermaster 111 (38HQ 134/940 + 40AQ036)
Data per Carrier catalog No. 522-848

Cycling losses applied to capacity and COP listings of Carrier data: A linear decay of 25% at the temperature where heating
begins to O at the balance point

Defrost losses: Heat pump defrosts for 5 min out of each 95 min of compressor operation when the outdoor temperature is
betow 40°F. The heat pump effective heat output is reduced by a factor of 5/95 or 5.3%. Five kilowatts of resistance heat
(0.417 kWh) is added to the heat pump electrical input during each 5-min defrost period to nullify the heat removed from
the house by the heat pump

Medium performance: System COP assmed to be 90% of high-performance heat pump. Output identical to that of high-
performance heat pump

Low performance: System COP assumed to be 81% of high-peformance heat pump. Output identical to that of high-
peformance heat pump

Resistance heat model
System assumed to be 100% efficient
60% gas/oil furnace model
System assumed to be 60% as efficient as resistance heat model
Electric air conditioner models

Systems assumed to follow performance of high-, medium-, and low-efficiency heat pumps in cooling mode
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TABLE A.2

MONTHLY INLET WATER TEMPERATURES ()

CITY JuN JUL AUG BEF QCT NOV DEC JAN FER MAR  APR  MAY
ALEBURUEROUE 21,1 23.9 25,3 20.6 16.1 10,6 6.1 2.9 4.4 7.2 11.7 16.7
ATLLANTA 21.7 2F.9 23.9 21.7 17.2 12.8 8.9 6.7 7.2 9.4 13.3 17.8
BOSTON 12,2 18.6 17.2 16.7 14.4 10.6 6.7 3.9 2.2 2.8 6.0 8.9
CHICAGO 11,1 14.4 16.1 16.1 14,4 11,1 7.2 4.4 2.8 2.8 4.4 7.8
DENVER 12,73 16.1 17.8 16.7 14.4 10.6 6.7 3.3 2.2 2.8 5H.6 9.4
FT WARTH 20.6 28.75 28.3 28.6 Z1.1 1641 11.7 9.4 9.4 11.7 16.1 21.1
KNOXVILLE 21,7 23,9 23.9 21.1 16.7 11.7 7.8 5.6 5.4 8.7 12.8 17.8
L.O0S ANGELES 17.8 19.4 20.0 19.4 18.3 16.7 15.0Q 13,9 13.3 13.9 15.0 16.1
MINNEAFOLIS 6.1 8.9 11.1 12.8 12.2 10.6 8.3 5.6 3.3 2.2 2.2 7.9
NEWARE 16.7 19.4 20.6 18,9 15.6 10.6 6.1 3.3 2.2 3.9 7.8 12.2
FITTSBURGH 13.3 16.7 17.8 17.2 14,4 10.6 6.7 .3 2.2 323 5.6 9.4
FORTLAND 18.6 17.2 17.2 6.1 13.3 10.0 7.2 5.6 S.6 6.7 9.4 12.8
SAN FRANCISCO 15.6 16.7 16.7 16.7 135.6 13.9 12.8 11.7 11.1 11.7 12.8 13.9
SEATTLE 13.9 15.6 15.6 14.4 12.2 8.9 6.7 5.0 S.0 6.1 8.9 11.7
TAMFPA 26,1 27.8 27.8 26,1 23,7 19.4 16.7 14.4 14.4 16.1 19.4 22.8
WASHINGTON DC 20,0 22.8 22.8 20.0 135.6 10.6 6.1 3.3 2.3 5.6 10.0 15.0
WESTHAMFTON, NY 16.7 19.4 20.6 18.9 15.6 10.6 6.1 3.3 2.2 3.9 7.8 12.2
WILMINGTON, DEL 18.7 21.1 21.7 19.4 15.0 10,0 J.6 2.8 2.2 4.4 8.9 13.9

NOTE: SOURCE OF DATA

NEPHEW, E. ,ET AL, "PERFORMANCE AND ECONOMICS OF THE ACES AND
ALTERNATIVE RESIDENTIAL HEATING AND AIR CONDITIONING SYSTEMS
IN 115 US CITIES",ORNL/CON-32,MARCH, 1981
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Table A.3. Assumptions used for conditioned and unconditioned spaces

o

bl

Eadi o

Assumptions common to all calculations

HPWH performance factor’ = 1.754 + 0.0088C — 0.0022 (W — 15.5) where C = temperature (°C) in HPWH sur-
roundings and W = inlet water temperature (°C) to HPWH

Hot water consumption = 243 L/d (64.3 gal/d) at 60°C (140°F)

HPWH and resistance water heater standby losses (watts) = 3.69 (60 — C)

HPWH runs continuously but at reduced levels to meet both hot water demand and standby losses

House temperature kept at constant 21.1°C (70°F) in heating mode and 23.8°C (75°F) in cooling mode
Additional assumption — house without heat pump water heater

I’R water heater located in conditioned space of house
Additional assumptions — house with heat pump water heater

HPWH replaces IR water heater in house

HPWH extracts energy uniformly (at a constant rate) from house 24 h/d

House heating and cooling load lines include the hourly enthalpy extraction rate of the HPWH from the house

Additional assumptions — unconditioned attached garage

When T is greater than or equal 10 18.3°C, C = T where T = outside air temperature (°C)

When T is between —1.1°C and 18.3°C, C =T + 5.5

When T is less than —1.1°C, C = 4.4°C

When C = 4.4°C, HPWH operates in resistance mode

Additional assumptions — unconditioned basement

. When T is greater than 21.1°C, C = 21.1°C.

When T is between 21.1°C and 12.8°C, C =T
When 7 is less than 12.8°C, C = 12.8°C

“Based on laboratory and field test data.
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SAMPLE COMPUTER PROGRAM OUTFUT FOR HOUSE HVAC

HOUSE WITH HIGH FERFORMANCE HEAT PUMP LOCATED IN KNOXVILLE
HOUSE CONTAINS A HEAT PUMP WATER HEATER IN LIVING AREA

§ U MM A R Y
TOTAL BTU TOTAL EUWH

3. 829E+06
S.271E+06
4, HF9FE+OL
2.792E+06
2. 756E+06
6. 8OTIE+06
1. 024E+07
1.04SE+07
7.587E+06
b, 683E+04
ZLA1FTEAO6
2.401E+06

6. HHDE+O7

523.5
719.1
641,73
380.3
I62.5
931.8
1482.9
1550.6
1094, 6
L. 3
412.9
F24.9

9I40.0

HOWSE HEATING LOAD
HOUSE COOL.ING LOAD

HEAT PUMF CAPACITY

A/C CAPACITY AT 95F

H . E A
BTU DLVRD
5. 1795E+04
3.379E+03
5. 06BE+03
2. 680E+05
2. 294E+06
6. 781E+06
1.024E+Q7
1. 045E+Q7
7.587E+06
b HAFE+QE
2. 680E+06
6. 146E+05

4.76ZE+Q7

T 1

N

HTG KWH

-

0.

[
34.
298.
928.
1482.
1550,
1094,
?10.
349,
78.

&734.

7
4
7
3
o
7
9
&
)
4
2

2

8

40412 - 685XT BTU/HR

= 1571.4%T -

AT 47F

G g
HCORP’
2.28
2.27
2.27
2.29
2.26
2.14
2,02
1.98
2.03
2.14
2.25
2.30

2.07

= Z7300 BTU/HR
= J3500 BRTU/HR

cC 0 0
BTU REMVD

LI
CLG KWH

117857 BTU/HR

N G
CCOF

T.7T77E+Q6
5. 268E+06
4. 4HF0E+06
2.824E+06
4. H26E+05
2.240E+04
Q. OQOE+QO
Q. QOOE+Q0
Q. QQOE+00
Z.415E+04
4, 571E+05
1.787E+06

1.90ZE+Q7

HOWSE WITH HIGH FERFORMANCE HEAT PUMF LOCATED IN ENOXVILLE
NO HEAT PUMP WATER HEATER IN HOUSE

8 U M M A R Y
TOTAL BTU TOTAL kKWH

4.054E+06
S DOAE+0S
4.967E+06
2.897E+06
2.509E+06
6. 246E+06

- 9.545E+06

F.73IBE+QE
6. 95FE+O6
6. 079E+06
2.853E+06
2.442E+06

6. 28BE+Q7

S92,

755.8
b675.6
394.0
33341
863.9
1391.8
1457, 2
1012.5
841.5
379.4
330.9

8983.8

HOUSE HEATING LOAD
HOUSE COOLING LOAD

HEAT PUMF

H E A

T 1

CAFACITY
A/C CAPACITY AT 95F

N

BTU DLVRD HTG KWH

3.297E+404
2. 187E+03
3.281E+03
2.001E+05
1.988E+06
6. 219E+06
?.545E+06
P.7IBE+QE
6.95TE+06
6. QZ7E+Q6
2.333E+06
4, 915E+05

4., 3S4E+Q7

]

AT 47F

6
HCOF

2.26

2.25

[
2.28

2.27-
2,23

2.12
2.01
1.96
2.01
2.12

2,22

2.28

2.05

40412 - 685%T BTU/HR
1571.4%xT ~ 117837 BTU/HR

= 37500 BTU/HR
= AI[00 BTU/HR

c a0 o
BTU REMVD

L I
CLG KWH

Q.00
2.07
2.10
2.12

2.14

N G

4,.021E+06
5. 962E+06
4. 964E+06
2.697E+06
5. 216E+05
2.670E+04
0. 00OE+0O
Q. QO0OE+QQ
Q. OO0E+QQ
4.241E+04
5. 200E+05
1. 950E+04

2. 030E+Q7
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Table B.1. Explanation of column headings used in Tables B.2 through B.10

City The city names are:
Albuquerque, New Mexico
Atlanta, Georgia
Boston, Massachusetts
Chicago, llinois
Denver, Colorado
Fort Worth, Texas
Knoxville, Tennessee
Los Angeles, California
Minneapolis, Minnesota
Newark, New Jersey
Pittsburgh, Pennsylvania
Portland, Oregon
San Francisco, California
Seattle, Washington
Tampa, Florida
Washington, D.C.
Westhampton, New York (Long Island)
Wilmington, Delaware

HPWH kWh in The annual electrical kWh input to the
HPWH as measured on 2 kWh meter

Htg sys add kWh The additional kWh (or equivalent kWh)
input to the house heating system for a
house with a HPWH in the conditioned
space compared to the same house
without a HPWH

Clg sys kWh svd The kWh saved by the house cooling sys-
tem because of the cooling supplied by
the HPWH

HPWH eq kWh in  The equivalent HPWH kWh input taking
into account the added kWh to the heat-
ing system and the reduced kWh to the
cooling system

Res WH kWh in The annual electrical input into a. resis-
tance water heater

Annual kWh svd The equivalent kWh savings obtained by
using a HPW instead of a resistance
water heater taking into account the
added kWh to the heating system and the
reduced kWh to the cooling system

HPWH ann PF The predicted HPWH annual perfor-
mance factor obtained by dividing the
resistance water heater kWh input (Res
Wh kWh in) by the HPWH equivalent
kWh input (HPWH eq kWh in)
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"TABLE B.Z2

HFWH HTG SYS CLG 8YS HPWH EQ RES WH ANNUAL HPWH
CITY KEWHIN ADD KWH kKWH SVD KWH IN KWH IN  KWH SVD ANN FF
ALBUR NM  T076.8 613.5 149.4 3540.9 6009. 6 2468.7 1.70
ATLANTA 3008, 1 463,35 173,11 3298.7 5839.2 2541.0 1.77
BOSTON 3240.7 F11.0 6.7  A055.0 6424, 2369.73 1.58
CHICAGO 3251.7 a83.9 111.8 4023.7 L4527 2428.9 1.60
DENVER 3231.8 P06.4 P4.6 4043.6 6401.5 2357.9 1.58
FT WORTH 2847.9 375.8 221.2 3022.5 5498.4 2475.9 1.82
KNOX TN J035.7 S23.0 163.4 3395.2 G907.4 2512.2 1.74
LA CAL 2959. 4 438.2 44.4 335F.2 5719.9 2366.8 1.71
MINN MN 3334.9 1066.5 109.7 4291.7 6668.5 2376.8 1.55
NEWARK 3169.4 709.9 121.6 3757.8 6242.5 2484.7 1.66
FITTS PA 3225.1 82%.2 ?9.8 3954.6 384.5 2429.9 1.61
PTLND OR 3171.7 783.2 42.6 3I912.3 L248.2 2335.9 1.60
SF CAL 306301 702.7 23.3 3742.5 9975.5 223T.0 1.60
SEATTLE 3214.1 808.0 I0.0 0 3992.0 6356.1 2364.1 1.59
TAMPA 2760.3 152.1 3IZ1.3 2681.4 S5242.8 2661.5 2.03
WASH DC 3108.6 bb2.7 125.5 3645.8 6089, 1 244%.4 1.67
WHMTN NY 3169.4 810.1 6.2 I923.4 6242.5 2319.1 1.59
WILM DEL 3149.2 709.0 117.8 3740.4 46191.4 24351.0 1.66
NOTES: ALL FIGURES BASED ON DAILY USAGE OF 243 LTRS AT &0C

HFWH LOCATED IN CONDITIONED SPACE OF HOUSE

HOUSE EEPT AT 21.1C IN HTG AND 2Z.8C IN CLG
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TABLE B.3

HFWH IN HOUSE WITH MEDIUM FERFORMANCE HEAT FPUMF

HFWH HTG SYS CLG SYS HFWH ER RES WH  ANNUAL HFWH
CI T Y EWHIN ADD EWH KWH SVD EWH IN  EWH IN KEWH SVD ANN FF
ALBUR NM 670, 6 166.0 6009.6  T428.2 1.68
ATLANTA 511.2 192, 4 26, S839.2 2512.3 1.76
BOSTON 975. 4 107.4 4108.7  6424,3  2315.6  1.56
CHICAGE 9473, 8 124.7  4071.3  64%2.7 2381.4 1.58
DENVER 972, 4 105.1 4099.1  6401.5  2302.5  1.56
FT WORTH 2867.9 414.6 245.8 T036.7  S5498.4 2461.7 1.81
KNOX TN 574.4 181.6 T428.5 5907.4 2478.9  1.72
LA CAL 486.9 49,4 3I96.9  5719.9  2323.0  1.68
MINN MN 1120.3 121.9 4333.3  6668.5 2335.2 1.54
NEWARE 3169.4 772.7 135.1  I807.0  6242.5 2435.5  1.64
PITTS PA  3225.1 890.,7 110.9 4004.9  &T84.5  2379.6  1.59
PTLND OR 3171.7 B66. 5 47.3 I990.9  4248.2  2257.% 1.57
SF CAL 306T.1 780.8 25.9 3I818.0  S5975.5 2157.6  1.57
SEATTLE  3214.1 895, 3 IT.4 4076.0 63I56.1  2280.1 1.56
TAMPA 2760.5 169, 0 T6B.1  2561.4  S242.8  2681.4 2.05
WASH DC 721.5 139.5 T6%0.6  6089.1  2398.5  1.65
WHMTN NY 87¢.1 62.5 398%.1  6247.5 2257.4 1.57
WILM DEL 771.9 170.9  I790,2 6191.4  2401.2  1.63
NOTES: ALL FIGURES BASED ON DAILY USAGE OF 243 LTRS AT 60C

HFWH LOCATED IN CONDITIONED SPACE OF HOUSE

HOUSE EEFT AT

21.1C IN HTG AND 23.8C IN CLG
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TABLE E.4

HPWH IN HOUSE WITH LOW PERFORMANCE HEAT PUMP

HPWH HTG SYS CLG 8YS HPWH EB RES WH  ANNUAL HFWH
CITY KWH IN ADD KWH KWH SVD KWH IN KWH IN  KWH SVD ANN FF
ALBUR NM  3076.8 726.3 182.2 3621.0 6009.6 2388.6 1.66
ATLANTA I008.1 557.9 211.1 3354.8 5839.2 2484.4 1.74
BOSTON 3240,7 1038.732 117.9 4161.1 6424, 73 2263.2 1.54
CHICAGO 3251.7 1002, 3 136.4 4117.7 b452.7 2335.0 1.57
DENVER I231.8 103647 115.4 4153.2 6401.5 2248.4 1.54
FT WORTH 2867.% 452.3 269.8 3050.5 5498. 4 2447.9 1.80
KNOX TN 303G.7 62R4.5 199.3  3460.9 5907.4 2446.5 1.71
LA CAL 2959. 4 S534.4 S54.2 3439.6 5719.9 2280.73 1.66
MINN MN 3334.9 1172.7 133.8 4373.8 6668.5 2294.7 1.82
NEWARE: 3169.4 833.9 148.7% 3855.1 6242.5 2387.4 1.62
PITTS PA I228.1 F50. 6 121.7 40854.0 6384.5 2330.5 1.57
PTLND OR 3171.7 947.8 51.9 4067.6 6248, 2 2180.6 1.54
SF CAL I063.1 856.9 28.4 3891.6 S975.5 2084.0 1.54
SEATTLE 3214.1 980. 6 I6.6  4158.0 6356.1 2198.1 1.53
TAMPA 2760.95 185.4 404,0 2542.0 S5242.8 2700.9 2.06
WASH DC 3108.6 778.9 153.1 3734.4 6089.1 2354.7 1.63
WHMTN NY 3149.4 944.4 68.6 4045.3 6242.5 2197.3 1.54
WILM DEL 3149.2 833.1 143.7 73838.7 6191.4 2352.7 1.61
NOTES: ALL FIGURES BASED ON DAILY USAGE OF 243 LTRS AT 60C

HFPWH LOCATED IN CONDITIONED SFACE OF HOUSE

HOUSE KEPT AT 21.1C IN HTG AND 23.8C IN CLG
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TARE B.S

HFWH IN HOUSE WITH RESISTANCE HEAT % HIGH FERFORMANCE A/C

HFWH HTG SYS  CLG 8YS  HFWH EQ RES WH  ANNUAL HEWH
CITY KWHIN ADD EWH  KWH 8VD  EWH IN EWH IN  EWH SVD  ANN FF
AL.BUR NM 149.4 b 1715 1.40
ATLANTA 1088, 1 173501 2 191 ! 1.49
BOSTON 17869.3 6.7 = 1520.9 1.31
‘ CHICAGD o7 16732 111.8 481735, 7 1639.6 1.734
DENVER .8 1774.4 Pl b6 4911.6 5] 1489.9 1.5
FT WORTH 2867.9 881.1 2 FER7.8 5496, 4 1970.6 1.56
o ENOX TN 1198.1 163, 4 1837.0 1.45
LA CAL 107 44, .9 1770.3 .45
MINN MN 1769.3 109, 7 -5 1674.0 1.74
NEWARE 121.6 49895.6 o 1656.9 1.36
FITTS FA 9.8 4762.7 1 1621.8 1.734
FTLND OR 42,6 5O0L.0 2 42,2 1.25

SF CAL. 4714.2 e S 1261.4 1.27
SEATTLE 5138.4 : .1 1217.7 1.24
TAMFA 2791.9 Da242.8 2450.9 1.88

147E8.1 4421.2 &HOB9. 1 1667.9
1699.7 ; 48173.0 6242.5 1429.6
17 W0 117.8 4%5468.4 6191.4 1623.0

WASH D
WHMTN NY
WILM DEL

NOTES: ALL FIGURES BASED ON DAILY USAGE OF 243 LTRS AT &40C
HEWH LOCATED IN CONDITIONED SFPACE OF HOUSE
HOUSE KEFT AT 21.1C IN HTG AND 23.8C IN CLG
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TABLE B.6&

HFWH IN HOUSE WITH RESISTANCE HEAT % MEDIUM PERFORMANCE A/C

HFWH HTG BYS CLG SYS HPWH E@ RES WH ANNUAL HFWH
CITY KWHIN ADD EWH  KWH SVD  EWH IN KWH IN  KWH SVD ANN FF
ALBUR NM  2076.8 1367.1 166.0 4278.0 6009.6 1731.7 1.40
ATLANTA 3008, 1 1088. 1 192.4 3I903.8 5839.2 1935. 4 1.80
BROSTON 3240.7 1759.3 107.4 4892.6 642475 1531.7 1.31
CHICAGO 3281.7 16735.2 124,35 4B00.6 &a452.7 1632.0 1.34
DENVER 3251.8 1774.4 105.1  4901.1 6401.3 1500.5 ‘1.31
FT WORTH 2847.9 a81.1 245.8 3503.2 5498. 4 19935.2 1.57
KNOX TN 30385.7 1198.1 181.6 4052.2 5907.4 1855.2 1.46
LA CAL 2999. 4 1034. 6 49.4 3944.7 5719.9 1775.7% 1.45
MINN MN 3334.9 1769.3 121.9 4982.3 6668.5 1686.2 1.34
NEWARE: 3169.4 1837.7 138.1 4572.1 6242.3 1470.4 1.37
PITTS PA 3225.1 1637.4 110.9 4751.6 6384.5 1622.9 1.34
FTLND OR 3171.7 1876.9 47.% S001.3 6248.2 1246.9 1.25
SF CAL 306T.1 1674.4 25.9 4711.6 5975.5 1264.0 1.27
SEATTLE I214.1 1954. 4 3x.4 0 513501 6306.1 1221.0 1.24
TAMPA 2760.5 I62.7 36801 2755.1 5242.8 2487.7 1.90
WASH DC 3108.6 14738.1 139.5 4407.73 &HOB9. 1 1681.9 1.738
WHMTN NY 31469.4 1699.7 62.5 4806.7 6242.5 1435.8 1.30
WILM DEL 3149.2 18537.0 130.9 4555, 5 4191.4 163641 1.36

NOTES: ALL FIGURES BASED ON DAILY USAGE OF 247 LTRS AT 60C

HPWH LOCATED IN CONDITIONED SFACE OF HOUSE

HOUSE KEFT AT 21.1C IN HTG AND 23.8C IN CLG6
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TARLE B

HFWH IN HOUSE WITH RESISTANCE

.7

HEAT

% LOW FPERFORMANCE A/C

ALLRUR MM
ATLANTA
BOSTON

HE'WH
FWH IN

HTG &

1a88.1

1759, 7%

HEWH EE

EWH IN

ANNLUIAL.
EWH 8VD

HFWH
ANN FF

1.41
L0

il
e

CHICABO 167735.2 64527
DENVER 1774.4 b 39¢ 6401.5
FT WORTH 2867.9 881.1 269.8 479 . 5498, 4 2019.2
ENOX TN 1198.1 4¢ 5 SR07.4 1872.9 1.46
LA CAaL . I9E9.9 5719.9 1780.1 1.45
MINN MN 4970, 4 6668.5 1698.1 1.354
NEWARE 4558, 9 5 1.1
FITTS FA 4740.8 S 1,
FTLND OR 4996.7 2 1.0
[t

SF CAL 28.4 4709.1 P} 1.2
SEATTLE 3h.h 0 H1E1,.8 .1 1.24
TAMFA 404.0 2719.2 8 1,93
WASH DO 14738, 1 15301 6089, 1 1695.5 1.7
WHMTN NY 1699.7 68,6 &242.5, 1441.9 1.
WILM DEL 7.0 143=.7 b6191.4 1648.9 1

NOTESG BASED ON DAILY USAGE OF 247 LTRS AT 60C

IN CONDITIONED SFACE OF HOUSE

HOUSE

FEPT AT

“1.1C IN HTG AND

-8C IN CLLG
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TARLE R.8

HEWH IN HOUSE WITH &0% EFF GAS/0IL. HEAT % HIGH PERFORMANCE A/C

HFWH HTE 8Y5 CLG SYS HFWH EQ RES WH  ANNUAL HFWH
CITY kWHIN ADD KWH  kWH SVD  kKWH IN EWH IN  KWH SVD  ANN PF
ALBUR NM  3076.8 2278.5 149.4 S206.0 6HQOF . & 803.7 1.15
ATLANTA F008.1 1813.5 173.1  4648.5 o9, 2 1190.8 1.26
BOSTON 3240.7 29322 b, 7 LO76.2 6424. 3 =48.0 1.06
CHICAGQO 32861.7 2788.7 111.8 5928.95 6452.7 524.1 1.09 i
DENVER 32Z1.8 2957.% 94,4 6HO094.5 6401.5 307.0 1.05
FT WORTH 2867.9 1468.5 221.2 4115.2 5498. 4 1383, 2 1.34
ENOX TN 3038.7 1996.9 167.4 4869.2 5907.4 1038.2 1.21 i
L& CAL 1724.4 44.4 4639.4 5719.9 1080, 6 1.23
MINN MN 2948.8 109.7 6174.0 b668.3 494.3 1.08
NEWARE: 3169.4 2562.9 121.6 S5610.7 b242.5 631.8 1.11
FPITTS PA  3225.1 2729.0 99.8 5854.3 6384.5 530.2 1,09
FTLND OR  Z171.7 a1:28.2 42.6 6RT.E 6248.2 ~9.1 1.00
SF CAL. T06EL L 2790.6 23.3 8830.4 597%.% 145.1 1.02
SEATTLE 3214.1 3257.4 0.0 6441.4 6356, 1 -835.73 0.99
TAMPA 2760.5 604.5 IZLLE O OR0O3TLT 5242.8 2209.1 1.73
WASH DC 3108.6 2396.9 125%.5  8380.0 6089.1 709.2 1.13
WHMTN NY 3169.4 2832.9 56.2 S946.1 6242.5 296. 4 1.05
WILM DEL 3149.2 2561.6 117.8 5593.0 &191.4 598. 4 1.11
NOTES: ALL FIGURES BASED ON DAILY USAGE OF 243 LTRS AT 60C
HEWH LOCATED IN CONDITIONED SPACE OF HOUSE
HOUSE KEFT AT 21.1C IN HTG AND 23.8C IN CLG
. .J\_\
"
"
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TARBLE R.9

HEWH IN HOUSE WITH 60% EFF GAS/0IL HEAT & MEDIUM PERFORMANCE A/C

HFWH HTG SYS CLG SYS HPFWH EQ RES WH  ANNUAL HFWH

C Y  HWH IN ADD KWH  EWH SVD  HEWH IN EWH IN  KWH SYD  ANN FF

ALBUR NM 166.,0 5189.4 6009, 4 1.16
ATLLANTA 192.4  4629.2 S8E9. 2 1.26
BROSTON 107. 6O65.5 6424, 3 1.06
¢
CHICAGO SF916.1 b452.7 56,6 1.09
DENVER il 5. ] 6084, 0 6401.5 H7.5 1.08
FT WORTH 1468.5 245.8  4090.7 5498. 4 1407.8 1.34
¥
KINOX TN 1996, 9 181.6 4851.0 S907.4 1.22
LA CAL 1724.4 49.4 46354.5 5719.9 1.2
MINN MN 2948.48 121.9 6161.8 6H668.5 1.08
NEWARE jwi 645 .12
FITTS PA 5 S41. 1.09
FTILND OR Z ~4 .3 1.00
SF CAL. o S 147.7 1.03
SEATTLE 64738.0 63E6. 1 -B31.9 Q.99
TAMFA 2996.9 S5242.8 224%5.9 1.75
WASH DC D5366.0 608901 1.17
WHMTN NY S5939.9 6242, 5 1.05
WILM DEL S879.9 6191.4 i.11

NOTES: ALL FIGURES BASED ON DAILY USAGE OF 243 LTRS AT 60C
HEWH LOCATED IN CONDITIONED SFACE OF HOUSE
HOUSE KEFT AT 21.1C IN HTG AND 2Z.8C IN CLG
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TAELE E.10

HFWH IN HOUSE WITH 40% EFF GAS/0IL. HEAT % LOW FERFORMANCE A/C

cCIrTy

ALEBUR NM
ATLANTA
BOSTON

CHICAGO
DENVER
FT WORTH

ENOX TN
LA CAL
MINN MN

NEWARK
PITTS FA
FTLND OR

SF CAL
SEATTLE
TAMFA

WASH DC
WHMTN NY
WIL.M DEL

HEWH
KWH TN

J038.7

2959. 4
24, 9

I169.4

I22%.1

71,7

J063E. 1
3214.1
2760.5

3108.6
3169.4
3149.2

HTGE SYS
ADD KWH
2278.5
1813.5
2952.2
2788.7
2957.3

1468.5

1996.9
1724.4
2948.8
2862.9
2729.0

3128.2

2790. 4

I257.4
604, 5

CLG 8YS
KWH SVD
182.2
211.1
117.9

136.4
115.4
269.8

199.=
34.2
133.8

148,73
121.7
31.9

28.4
Jb.b
404,00

15341
68. 6
143.7

HFWH EQ
FWH TN

6055, 0

5904, 0
6073.8
4066.7

4833, 3
4629.6
6149.9

5584, 1
9832.4

&247.9

5825, 3
64734.8
29461.0

5352.4

S93I.8
5567.2

RES W
KWH IN

o
D
<
ot
bl

S5907.
5719.
66468,

o>

b242.5
6©384.5
2

6248, 2

6089, 1
6242.5

6191.4

ANNUAL.

EWH SVD
836.4
1228.8
369.2

548.7
327.8
143=1,7

1074.1
1090, 73
518.6

658.5
S52.1
Q.3

HFWH
ANN PF
1.16
1.27
1.06

1.09
1.0S
1.35

1.00

1.03
0.99
1.77

1.14
1.05
1.11

NOTES:

ALL FIGURES BASED ON DAILY USAGE OF 243 LLTRS AT 60C
HFWH LOCATED IN CONDITIONED SFACE OF HOUSE

HOUSE KEFT AT

21.1C IN HTG AND 23.8C IN CLG
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TARLE R.11

HEAT FUMF WATER HEATER FERFORMANCE IN UNCONDITIONED SPACE
SIMULATING A GARAGE

AVE IN RESIST HEAT FUMF HFPWH
WATER WTR HTR WTR HTR FWH HFWH

EWH SAVED FF

CITY NAME

AL BUQUERQUE

TEMP ()

W

& 1 1.71

‘ ATLANTA 5874, 4 1.82
BOSTON 6640, 5 1.56

‘ CHICAGD 9. 4 6£668.0 1.55
M DENVER 9.9 6619, 2 1.57
FT WORTH 18.7 7.0 1.84

14.7 1.77

) ; 16.6 1.90

MINNEAFOL IS 7.3 POR2.9 1,47

NEWARE 11.4 2E81.9  1.68

PITTSRURGH 10,0 ' 142, 2442.9  1.59

PORTLAND, ORE 11.4 LIEY. 2 T598. & 2790.7  1.78

SAN FRANCISCD Sy 2809.4 1.88
SEATTLE 7 2888.8 1.80
TAMFA ] 2012.5 1.96
WASHINGTON, DC 12.9 3 2521.7 1.68
WESTHAMFTON, NY 11.4 3.5 2460.0 1.62
WILMINGTON, DEL. 11.9 . 77901 2549.6 1.67

NOTES: T=0QUTSIDE AIR TEMFERATURE ()
C=TEMFERATURE (C) IN UNCONDITIONED SFACE
W=INLET WATER TEMFERATURE (C)
HFWH FF=1.754+0, 0088XC~0.0022% (W—15.5)
WHEN T IS GREATER THAN 18.7%, C=T
WHEN T 185 LESS THAN 18.7%, C=T+%.5
WHEN C=4.4 WATER HEATER OPERATES IN RES MODE
C NEVER GETS EELOW 4.4
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TABLE B.12

HEAT FUMF WATER HEATER FERFORMANCE IN UNCONDITIONED SFPACE

SIMULATING A RASEMENT
AVE IN RESIST HEAT FPUMF HFWH
WATER WTR HTR WTR HTR HWH
CITY NAME TEMF (C) FWH HWH SAVED
ALBUQUERGUE 13.8 6124.7 3393.7 2731.0
ATLANTA 15. 4 S594%.6 3274.0 2669.6
BOSTON 9.7 6585, 4 3648.0 2937. 4
CHICAGO 7.4 bHOE. 1 3641.37 2961.8
DENVER 9.9 657%5.8 3650.8 2925.0
FT WORTH 18.7 5580. 7% 3085.F 2495.0
ENOXVILLE 14.7 6018.0 IER22.8 2695.2
LOS ANGELES 16. 4 5840, 2 3254.1 2586. 1
MINNEAFOL.IS 3 6827. 4 3744.4 3083.0
NEWARE 11.4 6377.8 IH2IT.L2 2854.6
FITTSRURGH 10.0 6547.4 3615.2 2932.2
FORTLAND, ORE 11.4 64755, 8 3619.2 2814.7
SAN FRANCISCO 14.1 6178.7 3469.7 267301
SEATTLE 10,3 6£546.0 I674.7 2B71.3
TAMPA 21.2 5280.9 2867.0 2417.9
WASHINGTON, DC 12.9 6219.0 3442.9 2776.0
WESTHAMFTON, NY 11.4 6408.1 387143 2836.8
WILMINGTON, DEL 11.9 6331.6 35035.9 2827.7

HFWH
FF
1.80
1.82
1.81

1.81
1.80
1.81

1.81
1.79
1.82

1.81
1.81
1.78

1.77
1.78
1.84

1.81
1.79
1.81

NOTES: T=0UTSIDE AIR TEMFERATURE ()

C=TEMFPERATURE

)
W=INLET WATER TEMPERATURE

IN UNCONDITIONED RASEMENT
()

HFWH FPF=1.754+0,0088XC~0. 0022% (W~15.3)

WHEN T I3

WHEN T I8
WHEN T IS

GREATER THAN 21i.1, C=21.1
BETWEEN 21.1 AND 12.8, C=T
LESS THAN 12.8, C=12.8
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TABLE .13

ENERGY COSTS (JAN,1981) USED IN PREPARATION OF TABLE 2

FUEL OIL NATURAL GAS ELECTRICITY
CITY % /GAL $/100 THERMS #/1000 KWH
ALBURUERQUE 1.12 30.22 70.49
ATLANTA 1.17 41.9%5 42.50
BOSTON 1.18 S56.00 78.61
CHICABGO 1.13 39.53 556.72
DENVER 1.07 42.81 53,20
FT WORTH 1.17 35.08 56.59
ENOXVILLE 1.17 36.67 37.84
LOS ANGELES 1,173 30.08 70.18
MINNEAPOLIS 1.11 36.97 49.64
NEWARE 1.19 61.08 69,29
FPITTSRURGH 1.15 35.92 58.82
FORTLAND, OR 1.12 30.22 40,21
SAN FRANCISCO 1.12 30.98 853.57
SEATTLE 1.13 54.02 16.09
TAMFA 1.17 J36.61 53.01
WASHINGTON DC 1.17 44,57 49.34
WESTHAMFTON, NY 1.18 63,19 67.33
WILMINGTON, DEL 1.15 54.07 S50.80

NOTES: SOQURCES OF DATA INCLUDE
NEPHEW,E. ,ET AL, "PERFORMANCE AND ECONOMICS OF THE ACES AND
ALTERNATIVE RESIDENTIAL HEATING AND AIR CONDITIONING SYSTEMS
IN 115 US CITIES",ORNL/CON-52,MARCH, 1981
US NEWS AND WORLD REPODRT,FS57 (FEER ?,1981)

Us DEFT OF ENERGY,"TYFPICAL ELECTRIC BILLS-JAN 1,1979",
DOE EIA-QQ80(7%9),0CT 1979
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TARLE B.14

KWH SAVINGS OF HFWH
WATER HEATER

CITY
ALBUOUERQUE
ATLANTA
BOSTON

CHICAGO
DENVER
FT WORTH

ENOXVILLE
LOS ANGELES
MINNEARPOL IS

NEWARH
PITTSBURGH
FORTLAND, OR
SAN FRANCISCO
SEATTLE

TAMFA
WASHINGTON DC
WESTHAMPTON, NY
WILMINGTON, DEL.

Sb6b
554
466

529
S04
497

508
497
bbb

538

496
528

ANNL AL

IN M1 EFF HP

1610
16467
18530

15467
16524
1437
1647
1591
1520

1611

1570

1531

1611
1546
1767
1592
1509
1592

LTh /DAY HOT WATtR

2469
2541
2369

2429
2ERGHB 3
2476

2512 3
2347
2377 7

2485

24730

HUU%F

e

b
b

hb’m

£33
26

-
I
4 °
2

2447 35
2319

2451

lFRS/DAY HOT WATER

KWH 8§RAVED

a2

1022

1088
1003
17340

1242
1288
1099

1117
1087
889

991

873
1654
1129

P76
1098

BY

243
1715
1916

1521

14640
1490
1971

HF WM

IN RES HT+A/C HUUE)E-

.7bu
2205

2374
2162
2807

1837 267

1770

1674 2

14657
1622
1242

1261
1218
2451

2392
2347
1821

1884
1789
3480

24801
2069

L 27541

621
628
S73

361

552

S63

0OCATED

IN UNCONDIT GARAGE

ITR&/DAY HOT NATER

2 2528 3619
2649 T793

18525 2372 J405

2369
2I9TF
2502

T407
3474
575

2599
1752 2708

2223

721
873
T207

2 2582
2443
2791

3702
3507
3998

2 2809
2889

2813

4025
4144
3590

TH1O
3520
3653

2580

NOTE: ALL FIGURES BASED

ON HOT WATER TEMPERATURE OF 60C
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