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ABSTRACT

Energy Utilization Systems, Inc. (EUS), has developed an electric heat
pump water heater for residential applications. A heat pump water heater
is a device that works 1ike a room air conditioner except that it pumps
heat from a room, basement, garage, etc., into an attached water tank
instead of rejecting this heat out-of-doors. The development of this
device was the first phase of work sponsored by the U.S. Department of
Energy through the Oak Ridge National Laboratory under contract number
7321.

The second phase of work involved the field demonstration of this device.
Eighty-five heat pump water heaters were installed in single-family homes
located in the service territories of 20 geographically and climatically
dispersed electric utilities. The objective of this phase was to demon-
strate the reliability and operating efficiency of the device. Utility
personnel collected operating data and forwarded it to EUS on a monthly
basis. These data were then analyzed and a monthly coefficient of per-
formance (COP) was calculated for each unit.

This report details the results obtained from this field demonstration
project.



FOREWORD

This is a report of work performed by Energy Utilization Systems, Inc.
(EUS) covering the field demonstration phase of a heat pump water heater
development project. The project is being sponsored by the Buildings
and Community Systems Division of the United States Department of Energy
through the Oak Ridge National Laboratory.

This volume, a continuation of a series of reports [1, 2, 3], describes
and presents the results obtained from a one-year field demonstration
of 85 residential heat pump water heaters.

EUS gratefully acknowledges the cooperation and diligence of the 20
electric utilities that participated in this demonstration project.
Special recognition is due to Virgil 0. Haynes, our technical monitor,
for his guidance throughout this project and to William P. Levins of
ORNL for his many contributions concerning testing and data analysis
procedures.

Work has now begun on the final phase_of this project, which involves
the examination of 20 field-tested heat pump water heaters. The purpose
of these examinations is to determine the expected long-term reliability
and Tife expectancy of the heat pump water heater. The results of these
examinations will be presented in a future report.
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SUMMARY AND CONCLUSIONS

A heat pump water heater is an energy-saving device that operates on a
vapor-compression cycle similar to that of a window air conditioner,
pumping heat from the surrounding air into water contained in a storage
tank. It requires an energy input of one third to one half of that requir-
ed by conventional electric resistance water heaters. Because of the cost-
and energy-saving potential of the air-to-water heat pump water heater
concept, it has been a candidate for research and development aimed at
creating a practical commercial product.

Accordingly, Energy Utilization Systems, Incorporated (EUS) was granted a
contract in 1977 by the Buildings and Community Systems Division of the U.S.
Department of Energy for a project that was to be performed in two phases.
Phase I involved the development of the heat pump water heater, including
conceptual design and engineering, and Phase II involved building and field
testing preproduction prototypes.

The integral heat pump water heater (HPWH) developed under Phase I of this
project uses an 82-gallon water tank that has a 4-inch access hole in the
top to enable insertion of the condenser. The heat pump assembly, which is
mounted on top of the tank, is the same diameter as the tank and approxi-
mately 13 inches high. It houses the compressor, evaporator, thermal ex-
pansion valve (TXV), filter dryer, electrical controls, and fan. A cold
water inlet is located at the bottom of the tank and a hot water outlet on
the side of the tank near the top.

The HPWH uses R-12 refrigerant with a compressor that is rated at 11,000
Btu/h for R-22 refrigerant. The use of R-12 minimizes the maximum system
pressure.and reduces the average capacity to 7500 Btu/h. The immersion
condenser has a dual-tube construction to provide double separation between
refrigerant and potable water. The space between the tubes is filled with
water (dyed red) to improve heat transfer between the refrigerant and the
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water in the tank. In the event of a tube failure, a plastic cap is blown
off the top of the condenser and the red dye gives a visible indication of
the failure.

A retrofit HPWH, also developed under Phase I, was designed to be installed
on a standard water heater. It consisted of a heat pump cabinet, for
mounting on top of the water heater, and a condenser assembly, to be screw-
ed into the lower resistance element hole and connected to the heat pump
via copper tubes

The results of the Phase I research and development efforts were applied to
Phase II. The objective of Phase II was to test the performancé and re-
liability of the HPWH by subjecting the system to actual usage patterns
under a wide variety of operating conditions. A pilot run facility was
designed and constructed, and extensive laboratory tests were performed on
several pilot run units to determine expected HPWH performance under'vary-
ing conditions. The results of these tests are described in the Demonstra-
tion of a Heat Pump Water Heater, Volume I, Desian Report (ORNL/Sub-7321/3).
One unit was shipped to Underwriters Laboratories (UL) for pre-approval

testing and evaluation. Several minor design modifications were required,
but the prototype production design was approved and listed August 5, 1980.

Eighty-five integral and fifteen retrofit field demonstration units were
built, tested, and shipped to 20 electric utilties that had agreed to par-
ticipate in the project. These utilties arranged for the installation of
the test units in customers' homes and monitored their operation. They
were also responsible for providing EUS with site information and regularly
forwarding unit operating data. The service territories of the utilities
involved in the project represent a wide range of climates (see Fig. 1.3).

The units were installed between Mérch 1979 and January 1980. Because of -
the many difficulties encountered in installing the 15 retrofit units,'the
retrofit design was deemed unsuitable for commercialization and the retro-
fit test was dropped from the field demonstration.
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One anticipated benefit of the field demonstration was the identification
of potential problems. Two prevalent problems with the HPWH were loss of
refrigerant, due to failure of soldered joints or to poorly sealed TXV

flare fittings, and condensate overflowing or missing the condensate tray.
Because the major causes of joint Teaks were poor quality workmanship and
lack of vibration protection during shipping, the corrections included:
brazing all joints; using only experienced, qualified Tabor; a loop built
into the compressor discharge line to absorb stress; and fastening the tank
to the compressor base with metal straps during shipping. Also, the con-
densate tray has been replaced with one that is three times as deep, has a
drain hole twice as large, and has two overflow lips.

Two other, less common, problems were fan failures and water leaks at the
tank flange. A different fan blade and motor mount are now being used to
eliminate fan failures, and the flange gasket and sealing method has been
modified to minimize water leaks. All of these modifications were incor-
porated into subsequent production units. In spite of the initial prob-
lems, general performance of the field test units was quite good.

Each test unit was equipped with an instrumentation package for recording
data and initiating shifts in operating mode from heat pump to resistance
water heating and vice versa. The package recorded kilowatthours consumed
by the heat pump and the resistance elements, water temperature, ambient
air temperature, gallons of hot water used, and energy used by the house
heating and cooling system during each operating mode. Only one test site
at each utility was equipped with an inlet water temperature recorder be-
cause it was assumed that supply water temperature would not vary appre-
ciably within a utility service territory. While this was later found not
to be the case, methods of data evaluation were developed to obtain useful
results nonetheless.

Originally, the units were scheduled to shift modes, heat pump to resis-
tance or vice versa, on a daily basis; however, this complicated data anal-
ysis since every shift in mode required calculational data adjustments.
Therefore, in October 1979, the units were converted to a weekly mode shift
schedule.
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There were also significant problems with the instrumentation, particularly
the strip-chart temperature recorders, whose mechanical malfunctions in-
cluded the Toss of one channel, excessive gain or loss of time, erratic
tracking, broken impulse needles, tape jams, and complete motor failures.
Because these recorders are difficult to accurately calibrate in-field and
because of their tendency to drift out of calibration, periodic in-field
manual temperature readings were implemented in March 1980.

The data collection procedures and data reporting forms were revised sever-
al times to improve the quality of the data. The data were sent to EUS

for evaluation. Utility compliance with collection and reporting proce-
dures was mixed. Manual temperature checks were regu]af]y received from
approximate]y 67% of the test sites. MWeekly meter readings were regularly
received from only about 47%. Completed general site data forms were sub-
mitted for 90% of the test sites, and completed sketch sheets, showing the
Tocation and orientation of the HPWHs, were submitted for 60%.

At EUS, the temperature charts and meter’readings that were submitted by
the utilities were reduced and ana1yzed to determine the coefficient of
performance (COP) for each unit. A program was written to perform all of
the data adjustment ca]cu]ations'using a Texas Instruments TI1-59 program-
able calculator. Howevef, because not all the data received were accurate,
due to the instrumentation problems, and because complete, valid COP-cal-
culations were very limited, the program was modified to allow for direct
input of empirically determined water consumption data and to bypass the
 major temperature-dependent calculations. In addition, the data were
classified according to validity, Class 1 data carrying the highest level
of confidence, Class 3 carrying the lowest, and nonclassifiable (NC) .
representing meaning]ess or highly questionable data.

The field demonstration provided 643 unit-months of valid (complete and/or
consistent) operating data. Significant results include the following:

® The average monthly COP was 1.93, resulting in an energy
savings of 48.2% over electric resistance water heating.
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Average annual utility COPs ranged from a low of 1.70 to a
high of 2.03. These measurements of performance are con-
sidered conservative since several of the units, having been
damaged prior to installation, were suspected of substandard
operation. Performance (COP) of the field test units was
about 20% lower than that measured under laboratory condi-
tions.

e Annual household energy sévings, averaged by utility test
groups, ranged from 1366 to 4555 kilowatthours. Electric re-
sistance energy consumption averaged 6256 kWh/yr and HPWH
energy consumption averaged 3339 kWh/yr, for ar overall aver—.
age savings of 2917 kWh/yr.

® The performance is more sensitive to ambient temperature than
to inlet water temperature, the COP increasing by .0104
for each 1°F rise in ambient air temperature and decreasing
by .0015 for each 1°F rise in inlet temperature. These
sensitivities are both lower than those measured under lab-
oratory conditions.

e There was no discernable correlation between COP and regional
climate. It appears that the ambient temperatures affecting
the units do not necessarily reflect outdoer ambient temper-
ature,

@ The instrumentation utilized was inadequate to definitely
determine the impact of the HPWHs on house heating and cool-
ing Toads.

The validity of the test sample is enhanced by the fact that, after normal-
izing to the same family size, the average water heating requirements for
the test program were within 10% of the national average water heating re-
quirements as estimated by the National Bureau of Standards.

At the conclusion of the field test, participants were requested to com-
plete a questionnaire aimed at gauging their satisfaction with the HPWH.
The completed questionnaires indicate overall satisfaction with the unit.
Ninety-six percent of the respondents considered the dehumidification to
have either a positive effect or no effect. Eighty-three percent were
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either positively affected or unaffected by the cooler air temperature
surrounding the unit. Sixty-five percent considered the noise level to be
no problem. When the questionnaire responses were segregated according to
the location of the HPWH within the home, it could be seen that negative
responses concerning the above effects were directly related to the prox-
imity of the unit to living areas.

In order to estimate the economic attractiveness of the HPWH based on the
field test results, payback periods were calculated as functions of various
operating cost components such as effective overall COP (EOCOP), energy
consumption, and energy cost within the ranges experienced by field test
participants. The averages of the components obtained during the field
test are 6000 kWh/yr., EOCOP of 1.9, and $.05/kWh, yielding a simple
payback period of 0.7 years per $100 difference in initial costs. Assum-
ing a $600 difference in initial costs for the HPWH over a standard elec-
tric water heater, the average consumer would realize a payback period

of 4.2 years. System economics, as calculated, are most sensitive to
changes in electric rates; therefore, since rates are almost certain to
continue to increase, the HPWH appears to be an attractive investment.

Considering the present high cost of conventional energy sources and the
expected continuing increases in price, the appearance of the HPWH on the
market certainly seems to 'be timely. Moreover, the success of this DOE
program has given rise to a host of new devices based on the air-to-water
heat pump principle. Some of these products are: a new retrofit design
HPWH, a heat pump swimming pool heater, a heat pump spa heater, a
commercial-size HPWH, and a combination solar/heat pump water heater.

There are currently more than a dozen companies that are producing or have
announced plans to produce HPWHs of various designs. This Department of
Energy project can, therefore, be considered doubly successful in that it
both demonstrated the viability of the HPWH concept and provided the impe-
tus for the creation of a new domestic industry.
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Section 1

INTRODUCTION AND BACKGROUND

Energy Utilization Systems, Incorporated (EUS), in a project sponsored by
the Buildings and Community Systems Division of the United States Depart-
ment of Energy (DOE), through the Oak Ridge National Laboratory (ORNL),

has developed a heat pump water heater (HPWH) for residential installation.
A heat pump water heater is a device that pumps heat from the surrounding
air into a water tank, operating on a vapor-compression cycle similar to
that of a window air conditioner.

The work was divided into two phases. Phase I, which covered the develop-
ment of the heat pump water heater, including conceptual design and engin-
eering, was completed in August 1978 [1, 2]. Two types of HPWHs were
developed: an integral or new unit and a retrofit unit.

The integral HPWH (Figure 1.1) uses an 82-gallon tank manufactured by Mor-
Flo Industries, Johnson City, Tennessee. The tank is 52 inches high and
25 inches in diameter, and has a 4-inch access hole in the top to enable
the insertion of the condenser. The heat pump assembly, which is mounted
directly on top of the tank, is of the same diameter as the tank and ap-
proximately 13 inches high. It houses the compressor, evaporator, thermal
expansion valve, filter dryer, electrical controls, and fan. Figure 1.2
shows a cutaway view of the system.

The cold water inlet is at the bottom of the tank and the hot water outlet
is on the side of the tank near the top. This configuration eliminates

"~ any problem of interference with the heat pump unit during installation.
The compressor is a Copeland JRL4 model rated at 11,000 Btu/h using R-22
refrigerant. To avoid the high pressures associated with discharge temp-
eratures that can exceed 200°F, R-12 refrigerant is used instead of R-22.
This change in refrigerant reduces the compressor rating by approximately
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Figure 1.1 Figure 1.2
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one third, to 7500 Btu/h. The immersion condenser has a dual-tube con-
struction to provide double separation between refrigerant and potable
water, The space between the tubes is filled with water (dyed red with
food coloring) to improve heat transfer between the refrigerant and the
water in the tank. In the event of a tube failure, a plastic cap is
blown off the top of the condenser and the red dye gives a visible in-
dication of the failure. Additional information regarding the design of
this system can be found in references 1, 2, and 3.

The retrofit design was intended for installation on an existing water
heater. The model developed during this project consisted of a heat pump
cabinet (similar in appearance to the integral-type heat pump housing),
which was mounted on top of the water heater, and a condenser assembly,

which was screwed into the lTower resistuance element hole and connected to
the heat pump via copper tubes.
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Phase II of the project involved the field demonstration of the HPWH. It
was designed to test the performance and long-term reliability of the HPWH
by subjecting the system to actual usage patterns under a wide variety of
operating conditions. Under Phase II, a pilot run facility for unit assem-
bly and testing was designed and constructed [3]. One unit was sent to
Underwriters Laboratories (UL) for testing and evaluation. After several
minor design modifications, on August 5, 1980, the prototype production
design was approved and listed. Eighty-five integral and 15 retrofit units
were built, tested, and shipped to 20 electric utility companies that had
agreed to participate in the field demonstration. These utilities arranged
for installation of the test units in customers' homes and monitored their
operation.

The service territories of the 20 utilities involved in this project repre-
sent a wide range of climates. Figure 1.3 identifies these utilities and
their geographic locations. Additional information concerning specific
unit locations can be found in Section 3 of this report.

Figure 1.3
HPWH FIELD DEMONSTRATION UTILITY LOCATIONS
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The actual installation of the HPWHs commenced in March 1979. Several
problems arose with respect to the retrofit units. Installers found the
condenser assemblies difficult to install in the tanks. A few utilities
had difficulty locating appropriate installation sites: some sites had
inadequate space for the heat pump, some tanks were too small, and some
tanks had the wrong type of tank flange. As a result, by January 1980,
only eight of the fifteen retrofit units had been installed. Because of

these field installation difficulties, EUS determined early in 1980 that
this retrofit design would not be suitable for commercialization.

In March 1980, EUS and ORNL decided that the retrofit test, as it then
existed, would provide few positive results and that monitoring the in-
stalled retrofit units should be given Tow priority. This enabled us to
devote our available funding and manpower to the integral unit demonstra-
tion data analysis. As a result, this report does not address the retro-
fit unit test except as described here, and all further discussions of the
heat pump water heater test program refer only to the 85 integral units.
This report details the chronology and results of the HPWH field demon-
stration program,

This report is a summary of work performed during Tasks 5, 6, and 7 of
Phase II. A summary of the work scope for each task in Phase II is pro-
vided in Appendix D.
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Section 2

GENERAL OPERATING EXPERIENCE

One expected benefit of the field demonstration program was the identifi-
cation of potential problem areas. It was felt that the experiences
gained by subjecting the prototype HPWHs to actual operating conditions
would Tead to improvements in the product design. Although, in general,
the performance of the units, as described in later sections of this
report, was good, several operational problems did occur and are described
in this section along with actions taken to resolve these problems.

There were two prevalent problems with the HPWHs themselves. The first
was the loss of refrigerant caused by the failure of soldered joints or
by poorly sealed thermal expansion valve (TXV)flare fittings. Between
40% and 45% of the units involved in the demonstration program suffered
refrigerant loss to some degree and required the attentions of refriger-
ation service people. Although the majority of these leaks were dis-
covered and repaired at the time the units were installed, many others
were not discovered until significant amounts of unrepresentative data had
been collected. In some cases, these losses of charge caused damage
that necessitated compressor replacement. In the first twelve months of
the demonstration program, a total of seven compressors were replaced.
In addition, six complete heat pump assemblies were substituted for
defective field units. It is possible that some of these failures were
caused by defective components, but the majority are believed to have
been caused by the loss of refrigerant charge.

The major cause of joint leaks was poor quality workmanship due to
insufficiently trained labor, and was aggravated by a lack of protection
from shipping damage and vibrations during operation. To correct these
shortcomings, the original design has been changed to include the
following:
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() A1l joints, inc]uding those formerly flared, are now
brazed instead of soldered, and only experienced,
qualified labor is being utilized.

0 A Toop is now built into the compressor discharge line
to absorb the stress from compressor vibration during
shipment and operation.

° The tank is fastened with metal straps to the base on
which the compressor is mounted, to prevent shifting
between tank and compressor during transportation.

The incorporation of these modifications into the HPWH design has resulted
in the elimination of workmanship- and shipping-related refrigerant loss.
In addition to these mechanical changes, pressure switches have been added
to the basic design of the unit. A low-pressure switch has been added to
automatically switch the unit to the resistance mode in the event of
refrigerant loss, evaporator freeze-up, or if ambient temperatures fall

below about 40°F. This switch reduces the likelihood of compressor failure

in the event of loss of charge and enables the use of the HPWH in uncondi-
tioned spaces even where ambient temperatures periodically fall below
normal recommended operating ranges. A high-pressure switch has been added
to turn the unit off if there is a blockage in the refrigerant line or if
the water tank is empty. An empty tank will cause high pressures because
the condenser cannot transfer much heat. System reliability and operating
flexibility are thus greatly increased. ‘

The second most prevalent problem was that of condensate from the evapora-
tor coil overflowing or missing the condensate tray. It would then fun
down inside the base of the unit, often causing rust problems and/or wet-
tinq the tank insulation and the floor. A new Condensate tray was designed
~that is three times deeper than the original. It has a drain hole twice as
large as the original and has two overflow lips that direct condensate to
the outside of the unit in case the hole becomes plugged. Thirty-six of the
HPWHs involved in the field demonstration were retrofitted withvthis new
design tray.
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Two other unit design and construction problems occurred occasionally.
The first involved fan failures and the second involved water leaks at
the tank flange. A total of eight fan-related failures occurred, most
of which involved the fan blade itself. Several blades were damaged
because the fan motor mounts fell off, and several other blades literally
fell apart, the blade assembly separating from its mounting hub. A
different blade and motor mount are now being used to eliminate failures
of this kind. Some units experienced water leaks at the tank flange,
but in most cases these leaks were'minor, and self-sealed after a short
time. In the case of one utility, however, leaks on three units were
severe enough to require field service by EUS personnel. The flange
gasket and sealing method have been modified to minimize any such leaks
on current units,

Although most of the operational problems were resolved by the utilities
themselves, seven utilities required field service by EUS personnel,
These utilities, along with a brief description of the nature of the
service rendered, are listed in Table 2.1.

The instrumentation utilized to obtain data was also a source of problems
throughout the project. The most significant difficulty was with the
Rustrak strip-chart temperature recorders. Thirty-two recorders suffered
mechanical malfunctions that necessitated replacement of the recorders.
These malfunctions included the loss of one channel, an excessive gain

or loss of time, erratic tracking, broken impulse needles, tape jams,

and complete motor failures.

It is estimated that as many as 90% of the recorders were out of calibra-
tion to some extent, ranging from a few degrees Fahrenheit to as much as
20°F. Because these recorders are difficult to accurately calibrate
in-field and because of their tendency to slowly drift out of calibration,
procedures were implemented in March 1980, that involved periodic in-field
manual temperature readings against which the recorder readings were com-
pared. This procedure, along with a general discussion of all data collec-
tion practices, is discussed more thoroughly in succeeding sections of
this report.
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Table 2.1

UTILITY FIELD SERVICE SUMMARY

Utility

Duke Power Company
Hawaiian Electric Company

New York State Electric & Gas
Somerset Rural Electric Co-op
South Carolina Electric & Gas
Tennessee Valley Authority

Valley Rural Electric Co-op

Nature of Service

- Removed plastic anode bushings
which were prohibited by North
Carolina codes.

Replaced two heat pump assemblies,
repaired and recharged one unit,
installed new condensate trays.

Serviced instrumentation.

Repaired and recharged one unit,
replaced heat pump assembly on
one unit.

Sealed flange leaks on three units,
repaired and recharged all units.

Serviced instrumentation, repaired
and/or recharged all units.

Replaced compressor on one unit,
replaced heat pump assembly on
one unit.
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Section 3

TEST SITES AND SPECIFIC OPERATING EXPERIENCE

Twenty utilities participated in the HPWH field demonstration. The
utilities, the number of test units installed by each, and house and
family information are listed in Table 3.1. The remainder of this
section describes, for each utility, the testing period, site character-
istics, and any specific problems encountered with operation or data
collection. For several of the utilities, usable data were not available
until several months after the units were installed. Therefore, an
installation date and an available-data date are indicated.

TEST SITES

Arizona Public Service Company

Four HPWHs were installed by Arizona Public Service (APS) in August 1979.
Useful data were collected from November 1979 through October 1980. Al1l
four units were installed in unconditioned and uninsulated integral (i.e.,
basement) garages.

One of the original APS units failed soon after installation. A replace-
ment unit was sent and installed by November 1979, but the original was
not returned to EUS until March 1980. Because the utility's service
personnel had made extensive alterations in their attempts to fix the

unit, it was not possible to definitely identify the problem, but the

unit probably had poorly soldered fittings, resulting in refrigerant leaks.

APS modified at least two of the units by installing ductwork on the
evaporator face. The performances of these modified units were much
Tower than what would normally have been expected and it is believed
that this was due to the ductwork reducing the air flow through the units.



Location

Table 3.1

TEST SITE LOCATIONS AND CHARACTERISTICS

House Type Location

Phoenix, AZ
Phoenix, AZ
Phoenix, AZ
Prescott, AZ

Vernita, WA
Vernita, WA
Vernita, WA
Vernita, WA

Charlotte, NC
Matthews, NC
Charlotte, NC
Charlotte, NC

Miami, FL

Miami, FL

Miami Shores, FL
Miami Lakes, FL

* Details not provided

ARIZONA PUBLIC SERVICE

Ranch, Slab, Integral Garage Garage
Tri-level, Integral Garage Garage
Ranch, Slab, Integral Garage Garage
2-story, Basement, Integral Garage Garage

BONNEVILLE POWER ADMINISTRATION

Ranch, Partial Basement Partial Basement
Ranch, Full Basement, Attached Garage Full Basement

Ranch, Partial Basement Partial Basement
Ranch, Partial Basement Partial Basement

DUKE POWER COMPANY

Ranch, Crawl Space Utility Room
2-story, Slab Heat Pump Room
* Basement Basement
Ranch, Crawl Space Utitlity Room

FLORIDA POWER & LIGHT

Ranch, Slab, Garage _ Garage
Ranch, Slab, Garage Garage
Ranch, Slab, Garage Garage
Ranch, Slab, Garage Garage

People
in Family
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Location

Table 3.1 (Continued)

House Type

Gonzales, TX
Seguin, TX
Seguin, TX
Schertz, TX
Schertz, TX

Pensacola, FL
Milton, FL

Pensacola, FL
Pensacola, FL
Pensacola, ‘FL

Honolulu, HI
Kahaluu, HI
Honolulu, HI
Aiea, HI

Indianapolis,
Indianapolis,
Indianapolis,
Indianapolis,

Location

GUADALUPE VALLEY ELECTRIC COOPERATIVE

Ranch, Slab, Integral Garage
Ranch, Slab, Integral Garage
Ranch, Slab, Carport

Ranch, Slab

Ranch, Slab, Attached Garage

GULF_POWER COMPANY

Ranch, Slab, Integral Garage
Ranch, Slab, Integral Garage
Ranch, Slab, Integral Garage
Ranch, Slab, Integral Garage
Ranch, Slab, Integral Garage

HAWATTAN ELECTRIC COMPANY

Garage
Garage
Utility Room
Utility Room
Utility Room

Garage
Garage
Recreation Room
Garage
Garage

Slab, Carport
2-story, Carport
Split-level
Split-level, Carport

Carport Storage Cabinet

Carport
Utility Room

Open area under house

INDIANAPQLIS POWER AND LIGHT

Ranch, Partial Basement
1-1/2-story, Basement
Tri-level, Partial Basement
2-story, Basement

Basement
Basement
Basement
Basement

People
in Family
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Location

Table 3.1 (Continued)

Ellsworth, KS

Cheney, KS:

Burlington, KS

Mankato, KS

Wichita, KS
Wichita, KS
Wichita, KS
Goddard, KS

Jackson, MS
Jackson, MS
Pearl, MS. .
Jackson, MS

Freeville, NY

Ithaca, NY
Ithaca, NY
Dryden, NY
Ithaca, NY

* Details not provided

House Type Location

KANSAS ELECTRIC COOPERATIVES

T1-story, Basement, Attached Garage Basement
* Basement Basement
* *

Ranch, Basement Basement

KANSAS GAS & ELECTRIC

Ranch, Basement, Attached Garage Basement Utility Room
Ranch, Basement, Attached Garage Basement Heat Pump Room
Tri-level, Basement, Attached Garage Basement

Tri-level, Basement, Attached Garage Basement Utility Room

MISSISSIPPI POWER AND LIGHT

Ranch, Slab, Carport Utility Room
Ranch, Slab, Garage Storage Room
2-story, Slab, Garage Storage Room
Ranch, Slab, Garage Utility Room

NEW YORK STATE ELECTRIC AND GAS

2-story, Basement, Attached Garage Basement
2-story, Basement, Attached Garage Basement
Ranch, Basement, Carport. Basement
Ranch, Basement, Attached Garage Basement
2-story, Basement, Attached Garage Basement

People
in Family
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Location

Kelseyville, CA
Clovis, CA

Kelseyville, CA
Marysville, CA

Lake Oswego, OR
St. Helens, OR
Sherwood, OR
West Linn, OR

Plainfield, IN
Noblesville, IN
Plainfield, IN

Greenwood, IN
*

Berlin, PA
Meyersdale, PA

Boswell, PA
Friedens, PA

* Details not provided

Table 3.1 (Continued)

House Type Location

PACIFIC GAS AND ELECTRIC

Ranch, Crawl Space, Attached Garage Utility Room
Ranch, Crawl Space, Attached Garage Utility Room
2-story Utility Room
Ranch, Crawl Space, Attached Garage Utility Room

PORTLAND GENERAL ELECTRIC

Ranch, Basement, Integral Garage Basement Utility Room
2-story, Basement, Attached Garage Basement Utility Room
Ranch, Attached Garage Garage

* Basement, Attached Garage Basement Utility Room

PUBLIC SERVICE COMPANY INDIANA

Ranch, Partial Basement Basement

2-story, Slab, Attached Garage Garage

Ranch, Basement, Attached Garage Basement Storage Area
Ranch, Crawl Space, Attached Garage Basement Utility Room
2-story, Basement Basement Utility Room

SOMERSET RURAL ELECTRIC COOPERATIVE

Ranch, Basement Basement

2-story, Basement Basement Utility Room
with Wood Burner

Ranch, Basement Basement Workshop

Ranch, Basement Basement Utility Room

People
in Family
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Table 3.1 (Continued)

Location House Type

Location

SOUTH CAROLINA ELECTRIC & GAS

Columbia, SC 2-story, Crawl Space
Columbia, SC 2-story, Crawl Space
Columbia, SC 2-story, Crawl Space
Columbia, SC 2-story, Basement
Columbia, SC 2-story, Basement

SOUTHERN CALIFORNIA EDISON

Breezeway
Breezeway
Utility Room
Basement
Basement

Walnut, CA Ranch, Slab, Attached Garage
Orange, CA Ranch, Slab, Attached Garage
Torrance, CA Frame, Attached Utility Shed

Grand Terrace, CA Frame, Slab, Attached Garage

TENNESSEE VALLEY AUTHORITY

Garage
Garage
Utility Shed
Garage

Russellville, AL 2-story, Basement
Russellviile, AL Ranch, Basement -
Russellville, AL Ranch, Basement
Russellville, AL Ranch, Basement

Basement
Basement
Basement
Basement

VALLEY RURAL ELECTRIC COOPERATIVE

Huntingdon, PA Ranch, 2/3 Basement
Shade Gap, PA Ranch, Basement
Hustontown, PA . Ranch, Basement
Duncansville, PA Ranch, Basement

* Details not provided

Basement with Wood Stove
Basement

Basement with Wood Stove
Basement Utility Room

People
in Family
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One participant sold his house in May 1980. The unit from this house was
removed and, in June, was used to replace a unit that had failed. 1In
June 1980, the APS project engineer checked operating pressures of all
the units (at EUS request). He added charge to all the units to increase
the discharge pressure. There was a noticeable effect, particularly on
one of the units, for which COPs from June on were significantly higher
than in the preceding months.

Bonneville Power Administration

Four HPWHs were installed by Bonneville Power Administration (BPA) in
early September 1979. Useful data became available in March 1980 for

two units and in May 1980 for the remaining two units, and were collected
until December 1980. The absence of operating data for the first several
months was primarily due to chronic problems with the Rustrak temperature
recorders. In November 1979, BPA project personnel informed EUS that at
least three of the units had been bypassed after the participants com-
plained of a lack of hot water. Several diagnostic suggestions were
offered at that time and BPA personnel gave assurance that the units
would be serviced. In February 1980, BPA personnel again informed EUS
that the units were malfunctioning. No confirmation of this was possible
because not a single valid temperature tape had been submitted up to that
date.

After lengthy discussion it was discovered that BPA personnel had signifi-
cantly modified the units at the time of their installation. These modifi-
cations included the addition of high- and low-pressure cut-off switches
(setpoints unknown), the addition of copper tubing loops in the refrigera-
tion system, and the brazing over of all soldered joints. BPA was also

the only utility at the time that had not converted its units to weekly
mode shifts (see Section 4). BPA again agreed to service the units. EUS
provided a four-page letter of instructions for servicing and included
copies of all previous data collection instructions.

The units were repaired and put back into service in March 1980, but con-
tinued temperature recorder problems precluded data analysis on two units
until May 1980.
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Three of the units were installed in unconditioned, partial basements
and one was installed in an unconditioned full bésement. One major
administrative problem was that all of the units were installed in
Vernita, Washington, which is over ]00 miles frdm BPA's headquarters
in Portland, Oregon. This made mohitofing and servicing of the units
difficult. |

Duke Power Company

Duke Power Company (DPC) installed four HPWHs in June 1979, Usefd]‘data
were collected from October 1979 until monitoring was discontinued at the
end of July 1980. The units were installed in unconditioned spaceé: one
was in an open basement, two were in utility rooms, and one was in a
furnace room,

One unit developed several refrigerant leaks in July and August, 1979.
This unit was subseguently rep]aeed with a new one, and data collection
began in October 1979. Two other units were found to have much smaller
refrigerant ]eaks in April 1980. The units were recharged and later

- repaired, but several months' worth of data were lost because of the
delay. in identifying the problem and making repairs.

Florida Power & Light

Four HPWHs were jnstalled by Florida Power & Light (FPL) in October 1979
and data were collected from November 1979 through December 1980.. Al1l
four units were installed in garages '

One unit was found to be low on charge and was serviced in January 1980.

The only other significant problem at Florida Power & Light involved data
collection and recording procedures.  Temperature data consistently pro-

duced high1y suspicious calculated results, but it-was not until May 1980
that manual temperature checks confirmed that the recorders were all out

of calibration. ' '
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Guadalupe Valley Electric Cooperative

Three HPWHs were installed in July 1979 and two more were installed in
August 1979. Data were available from August 1979 through August 1980 for
one unit, through September 1980 for another unit, and through December
1980 for the other three units. All five units suffered refrigerant losses
that were not discovered and repaired until late in the first quarter of
1980. One site experienced chronic temperature recorder problems and
required recorder replacement three times. The fan on one unit failed

and the unit was out of service for two months before it was repaired.

One unit was removed from service in January 1980 and one was removed in
March 1980 because the participants had sold their homes and moved away.

A replacement site was found for one of these units in June 1980. Because
of these difficulties, the overall data base for Guadalupe Valley Electric
Cooperative (GVE) is very limited.

Two of the units were installed in garages and two in first-floor
utility rooms.

Gulf Power Company

Three HPWHs were installed by Gulf Power Company (GPC) in April 1979 and
two were installed in May 1979. Data were available for all units from
June 1979 through completion of GPC testing in June 1980.

The only significant problem encountered at Gulf Power concerns the
acceptability of data from one site. No weekly readings or manual temp-
erature checks are available for this site, and it is believed that this
participant would manually switch the unit from heat pump to resistance
mode whenever the room air temperature became too cool. As such, it was
difficult to accurately calculate performances for this site.

Four of the units were installed in unconditioned garages, while the
fifth was installed in a fully conditioned recreation room,



Hawaiian Electric Company

Four HPWHs were installed in July 1979, From the onset, the units
suffered operational problems, many of which are believed to be trace-
able to the fact that the units had been shipped lying on their sides.
Additional early problems included significant condensate overflows.
Early Hawaiian Electric Company (HEC) attempts to service the units
proved to be unsuccessful. In January 1980, EUS serviced all four units,
which involved the complete replacement of two heat pump assemblies,
repairing a leak, and recharging a third and fourth unit. A1l units
were retrofitted with large-capacity condensate trays. In addition,

two instrumentation panels required service. Data collection procedures
were also reviewed with HEC personnel,

Data on the four units were collected from January 1980 through September
1980. One unit was installed in an open carport, one in a closet in an
open carport, one in an above-grade utility room, and the fourth in an
open area beneath the home. '

Indianapolis Power & Light

Three HPWHs were installed by Indianapolis Power & Light (IPL) in June
1979 and a fourth unit was installed in July 1979. Data were collected
from August 1979 through August 1980 on one unit, through September 1980
on the second unit, through October 1980 on the third unit, and through
November 1980 on the fourth unit. The fourth unit was removed from a
participant's home in July 1980 and reinstalled in an IPL employee's
home for the duration of the test program. |

Testing proceeded extremely well at IPL with no significant problems.
A1l four units were installed in basements.

Kansas Gas and Electric Company

Kansas Gas and Electric (KGE) installed four units in November 1979 and
data were collected from the time of installation through November 1980
on two units and through December 1980 on the others. Three of the units
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were installed in unconditioned basement utility rooms; the fourth
unit was installed in an open basement area.

No major problems arose with KGE, except that data were sent in 3-month
batches, causing delay in our data reduction efforts. KGE did not pro-
vide any weekly readings but performed temperature checks. The data
quality appears to be good.

Kansas Electric Cooperatives, Inc.

Kansas Electric Cooperatives (KEC) is the statewide organization of
rural cooperatives in Kansas. KEC purchased four HPWHs for the DOE test
program and several additional units for its own test. The units were
then distributed to KEC's member co-ops for testing. Unfortunately, the
person originally coordinating KEC's test program retired at about the
same time the units were shipped. As a result, the program was never
properly organized, the participating co-ops were never properly
instructed in installation and maintenance procedures, and data collec-
tion efforts were severely hampered for most of the program,

Several additional problems occurred. KEC sent one HPWH to each of four
different co-ops for testing, but did not request additional source water
temperature recorders or installation/instruction manuals. One of the
participating co-op's coordinators, who had also been involved in the
initial planning for the test, suffered a heart attack early in the
program. As a result, a loss of charge in that co-op's unit went
undetected for about seven months because data were not being forwarded
to EUS. The person who took over KEC's coordination of the program did
not devote much time to this project. There were long delays between the
time the data were collected by the co-ops and the time EUS received the
data. Consequently, problems with temperature recorders went undetected
for long periods, and a great deal of data was lost.

Arrangements were finally made in May 1980 for EUS to deal with the
individual co-ops directly. However, by that time the project had been
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in progress for about a year and it was apparent that the only way that
the units could be put back into working order would be if EUS personnel
serviced them. This was considered to be too expensive, so the decision
was made to try to determine which units were operating properly and to
exclude what 1ittle data was available for the other units.

Although the units were installed in August 1979, there was no useable
operating information prior to December 1979 for three of the installa-
tions. No useable data were ever received for the fourth unit. Data
collection was terminated in October 1980.. Of the three units for which
there is some data, only one appears to be operatingwell; data for the
other two are highly suspect. Three of the units were installed in
unconditioned basements; the location of the fourth unit has still not
been determined.

Mississippi Power and Light Company

The first Mississippi Power and Light (MPL) HPWH was installed in July
1979. Two more were installed in August 1979 and the fourth was installed
in December 1979.

There have been no reported HPWH operational problems, but MPL's program
has been hampered by serious data flow problems. Chronic temperature
recorder malfunctions, coupled with misapplication of thermocouples,
prevented any meaningful data analysis through April 1980 for one site
and throughout the entire test at another site. The unit installed in
December experienced similar temperature problems in May 1980, after
which no useable data were available. Because of these difficulties, the
MPL data base is very limited. Monitoring continued from installation
through September 1980 for two units with temperature data.

A1l four units were installed in first-floor utility rooms.
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New York State Electric and Gas Corporation

Five HPWHs were installed by New York State Electric and Gas (NYE) in
late March 1979. Useable data are available for three of the units
beginning in July 1979 (daily cycle until October), for a fourth unit
since November 1979, and for a fifth unit since April 1980. Monitoring
was discontinued in August 1980. A1l five units were installed in
unconditioned basements..

There were early problems with all of the units, and a service call was
made by EUS personnel to make repairs. It was found that the condenser
inlet and outlet lines of one unit were reversed, resulting in high water
temperatures; several units had refrigeration leaks due to poor soldering;
and the instrumentation on one unit had malfunctioned. |

Poor data reporting resulted in the delay, until November 1979, of useable
data on the fourth unit. The fifth unit apparently failed shortly after
the EUS visit and was not repaired until April 1980. One of the three
units, for which data were available initially, appears to have failed in
February 1980, and was not repaired.

Pacific Gas and Electric_Company

Two HPWHs were installed by Pacific Gas and Electric (PGE) in August 1979.
A third unit was installed in November 1979 and a fourth was installed in
January 1980. While installing the fourth unit, a condenser failure was
detected. Soon after the condenser was replaced, the compressor failed.
The unit was finally put into service in April 1980. Other significant
problems at Pacific Gas and Electric involved an incorrectly wired kWh
meter that registered only one half of total resistance mode consumption

at one site, and a chronic Rustrak problem at another. Data were collected
from the time of installation through August 1980 at three sites and
through November 1980 at the fourth site.

A11 four units were installed in first-floor utility rooms.
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Portland General Electric Company

Portland General Electric (POR) installed two HPWHs in August 1979,
another in September 1979, and a fourth in November 1979. Data were
collected from December 1979 through October 1980 at one site, through
November 1980 at a second site, and through December 1980 at a third site.

No serious operational problems occurred, with the exception of recurring
temperature recorder failures at the fourth site, resulting in only one

month of useable data.

Three units were installed in basement utility rooms. The fourth unit
was installed in an attached garage.

Public Service Company of Indiana

Five HPWHs were installed in July 1979 and data were collected from August
1979 through completion of testing at the end of July 1980. Testing pro-
ceeded very smoothly at Public Service Company of Indiana (PSI) with only
one interruption in data flow. This interruption occurred when one unit
had to be switched to resistance-only mode for approximately three months
due to extremely low ambient temperatures.

Two units were installed in garages and three were installed in basements.

Somerset Rural E1ectrit Cooperative:

Four HPWHs were installed between Apri] and July 1979, Somerset Rural
E]ectr1c Cooperative (SRE) exper1enced several minor problems, including
loss of charge from two units and chronic temperature recorder prob]ems
at most sites.. These problems caused no major interruptions in data flow,
however, because EUS peksonne], being in close proximity to SRE, were
generally able to perform field service promptly.

A major problem did occur with one unit. This unit lost charge’early in
the test. It was recharged, but not before five months data had been lost.
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In November 1979, problems developed with its mode control timer. Calcu-
Tated performances were extremely low, so additional field service was
performed in July 1980 when the unit was diagnosed to have a faulty com-
pressor. The unit was rebuilt in July 1980. Data were collected from
July 1979 through July 1980 for two units and through August 1980 for a
third. No useable data on the fourth unit were obtained following the
rebuilding effort,

One unit was installed in a full basement. The remaining three were
installed in basement utility rooms.

Southern California Edison

Four HPWHs were installed in September 1979. Data for three units were
collected from October 1979 through October 1980, though several months
data are missing. No meter readings were available for the fourth unit
after February 1980. No operational problems were evident; however,
Southern California Edison (SCE) did not transmit program data and inform-
ation on a regular basis, and did not even supply participant project
input data until April 1981,

‘South Carolina Electric and Gas Company

Five HPWHs were installed in early fall of 1979. Several significant
operational problems occurred soon after installation, delaying the
commencement of the program. All five units developed water leaks and
at least two units had lost refrigerant charge. One water leak was so
severe that it damaged the floor. In November 1979, EUS personnel
serviced all five South Carolina Electric and Gas (SCL) units and
corrected these difficulties. Formal testing did not begin, however,
until late February 1980. This additional delay was caused by the
utility's desire to observe the units for a period of time, so that they
could be assured that all earlier problems had been resolved. Data were
collected from March 1980 through December 1980, except for one unit
which reportedly failed in July 19803 no further data were obtained for
this unit.
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One unit was installed in a first-floor utility room, two in basements,
and two in entrance rooms between the garage and home.

Tennessee Valley Authority

Although Tennessee Valley Authority (TVA) had administrative responsibility
for this portion of the demonstration project, the actual installation and
testing of the units was performed by the municipal utility of Russellville,
Alabama.

Four HPWHs were installed in June 1979. From the onset, operational and
instrumentation problems were evident. Russellville and TVA personnel
were either unable or unwilling to service the units. In December 1979,
TVA contacted EUS and insisted that EUS perform field service on all of
the Russellville units. In January 1980, EUS personnel visited Russell-
ville and serviced the units and the testing program was reactivated.

In the following months, no operational problems occurred, but several
instrumentation and procedural difficulties did develop. A malfunction-
ing timer caused one unit to remain in resistance mode until April 19é0,
when Russellville personnel serviced the timer. After servicing, the unit
shifted to and remained in heat pump mode for the duration of the test.

EUS was not provided with weekly meter readings or manual temperature
checks, despite assurances from Russellville and TVA that these data

would be transmitted.

Testing was concluded in July 1980. A1l four units were installed in
basements.

Valley Rural Electric Cooperative

Valley Rural Electric (VRE) installed three HPWHs in April 1979, and a

fourth one in May 1979. One unit experienced a compressor failure that
was not corrected until August 1979. Soon after the compressor was

replaced, an electrical problem developed, causing the system circuit
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breaker to constantly trip. The problem was finally diagnosed as a
faulty breaker in the house service entrance and data collection resumed
upon reparation. Another unit also developed operational problems early
in the test. EUS personnel serviced this unit in January 1980.

Data are available for these two units from January 1980 through July
1980. Data are available for the other two units from July 1979 through
completion of testing in July 1980, although early data from one of these
is extremely suspect. One unit represents a highly atypical test site
since this family's hot water consumption averages less than ten gallons
per day.

A1l four units were installed in unconditioned basements, two of which
contain wood-burning stoves.



Section 4

DATA COLLECTION

INSTRUMENTATION

Each installation in the field demonstration program was equipped with an
instrumentation package consisting of five kWh meters, a dual-channel,
strip-chart temperature recorder, and a 14-day timer to shift the unit
between heat pump mode and resistance mode according to a set schedule.

A water meter was installed on the cold-water inlet of each water heater.
Figure 4.1 shows the elements of the electrical-temperature instrumentation
package. A more detailed description of this panel can be found in the
design report for this project [3].

Figure 4.1
INSTRUMENTATION PACKAGE

Measures consump-
Measures total tion of upper
consumption of ‘ METERY , «—element in heat
resistance mode 1 pump mode

‘\\\‘ Measures consump-
tion of compressor

Contrgl'panel system in heat
containing pump mode
14-day mode —-
shift clock

Dual-channel
[:] strip chart
temp. recorder

House HVAC ‘
consumption in — House HVAC
heat pump mode consumption in

resistance mode
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During resistance mode operation, meter 1 measured total kilpwatthour
consumption of both the upper and lower resistance elements in the tank.
During heat pump operation, meter 2 measured the kilowatthour consumption
of the heat pump system, while meter 3 measured any upper resistance ele-
ment consumption. Meter 4 measured the consumption of the house heating
and/or cooling system while the unit was in the heat pump mode. Meter 5
measured this consumption while the unit was in the resistance heating mode.

The dual-channel temperature recorder recorded ambient air temperature on
one channel via a thermocouple mounted above the air intake of the unit.
Delivery water temperatures were measured on the second channel via a
thermocouple securely clamped to the hot-water outlet line of the water
heater. A separate, single-channel, strip-chart temperature recorder
monitored inlet water temperatures via a thermocouple clamped to the cold-
water inlet line to the water heater. Only one test site at each utility
was equipped with this single-channel recorder. The rationale for util-
jzing only one inlet water recorder at each utility was based on the
assumption that supply water temperatures would not vary appreciably from
test site to test site within a given utility service territory. While
this was later found not to be the case, methods of data evaluation were
developed to obtain useful results, as explained in Section 5. Each
utility was responsible for collecting and recording meter readings and
replacing the recorder charts. The data were then forwarded to EUS

for analysis.

MODE SHIFT SCHEDULES

The recommended procedure for collecting the data was altered several
times during the demonstration program. A change in the schedule for
shifts between two water heating modes (heat pump -and resistance heating)
was also made early in the test period. The original schedule was for
the unit to shift modes, heat pump to resistance or resistance to heat
pump, on a daily basis, changing at approximately 12:30 a.m. Because
calculational adjustments, to account for water temperature differences
from mode to mode, were required each time a unit shifted modes, the
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decision was made in October 1979 to convert all of the units to a weekly

mode shift schedule. The resultant reduction in mode shifts significantly
reduced the number of required data adjustments and simplified data anal-

ysis. A discussion of the rature of these and all other data adjustments

is presented in the data analysis section of this report.

DATA REPORTING FORMS

The data collection procedures and data reporting forms were revised sev-
eral times to improve the quality of the data. The original data collec-
tion form was designed to record monthly meter readings. Concurrent with
the October 1979 change from daily to weekly mode shift schedules, utilit-
jes were requested to read and record water consumption and kilowatthour
data on a weekly basis. This procedure would provide a true indication of
the amounts of water consumed in each mode and would eliminate the need to
quantify these water apportionments through calculations. A new form was
prepared and distributed (Appendix A, page A-1) to accomodate weekly data
recordings.

By March 1980, it had become apparent that the temperature data derived
from the Rustrak strip charts were not consistently reliable because of
calibration, tape loading, and mechanical problems. Utilities were re-
quested to take monthly manual readings of delivery water, inlet water and
ambient air temperatures and to check these readings against Rustrak re-
corder readings. A second page (Appendix A, page A-2) was added to the
data reporting form for entry of these manual readings, and thermometers
were provided to any utility that requested them. This supplemental form
also requested checks on Rustrak recorder and mode-control timing.

UTILITY PARTICIPATION

Utility compliance with data collection and reporting procedures was mixed.
Manual temperature checks were received regularly from approximately 67%
of the test sites. Weekly meter readings were regularly provided by only
about 47% of the test sites. The availability of weekly readings and
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temperature checks has a direct impact on the level of confidence placed
in the data. These effects are discussed in the section on data analysis.

In addition to submitting unit operating data, utilities were requested

to provide information on the physical characteristics of the sites and

to obtain feedback from users by way of a participant interview form. A

- two-page project input data form (Appendix A, pages A-3 and A-4) was pro-
vided with each HPWH, with the request that it be completed at the time of
unit installation. This form requested general information on the size
and style of home, family size, insulation data, and location of the unit
within the home. Completed forms were submitted for approximately 90% of
the test sites. In-March 1980, it became evident that further data were
required, so more detailed site information was requested. A sheet was -
provided (Appendix A, page A-5) so that utility personnel could sketch the
location and orientation of the HPWH within the area of its installation.
Piping runs, thermocouple locations, heat sources, and area dimensions
were to be indicated. Completed sketch sheets are available for approxi-
mately 60% of the test sites. Another two-page form (Appendiva; pages
A-6 and A-7) was provided to obtain information from the users concernfng
their satisfaction with the units. The responses.are presented in

Section 6.
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Section 5

DATA ANALYSIS

After operating data were collected by the utilities and submitted to
EUS, the data were analyzed to determine the monthly coefficient of
performance (COP) for each unit. The COP is defined as the ratio of
kilowatthours consumed by the unit during resistance mode operation to
the kilowatthours required during the heat pump mode to produce the same
quantity and quality of hot water.

Over a given monitoring period, the electrical consumption of the units
under the two modes of operation can be determined directly from meter
readings. If a11 things were equal, the COP could be derived simply by
dividing the resistance-mode kilowatthour consumption by the heat-pump-
mode kilowatthour consumption. The result of this comparison is what is
referred to as the "raw" or apparent COP. Since the heat pump COP is
calculated as a function of the resistance-mode heating energy, the gn]y
way to determine a realistic heat pump COP is to ensure that the calcu-
lations are all based on delivery of the same amount of water at the same
temperature from the same inlet water temperature.

Because of the relative locations of the condenser, lower resistance
element, and thermostat, the average delivery water temperature pro-
duced during the heat pump mode is higher than that generated during the
resistance mode. While this difference in temperature can vary from a
few degrees to as much as 15°F on some units, the average difference
found during the field demonstration was 5°F. This means that the heat
pump supplies the water with more energy than does the resistance element;
and since the temperatures of the water and tank are higher, the jacket
losses are also higher during the heat pump mode. In addition, every time
the unit shifted from the heat pump mode to the resistance mode, energy
stored in the tank would be credited to, though not provided by, the
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resistance element. Conversely, additional energy was required when the
unit shifted from the resistance mode to the heat pump mode, and it was
provided by but not credited to the heat pump system. The method of
analysis adjusts the resistance heating energy by the amount that would be
required for the resistance heaters to supply water at the same temperature
as that supplied by the heat pump. Additional adjustment factors are nec-
essary to account for differences in jacket losses caused by differences in
the number of days that the unit was in each mode, and differences in
amounts of water consumed in each mode.

DATA REDUCTION

Prior to the actual analysis of operating data, the raw data (temperature
charts and meter readings) submitted by the utilities were reduced. The
first phase of this reduction process was the translation of the tempera-
ture charts into average delivery water, average ambient, and average inlet
water conditions for each period that a given unit operated in each mode.
As discussed in Section 4 of this report, each site was equipped with a
dual-channel temperature recorder for measuring delivery water and ambient
air temperatures. One unit in each utility group was equipped with a
single-channel temperature recorder for measuring inlet water temperatures.

A typical temperature tape contains 28 to 35 days of data. Daily averages
were determined for delivery water and ambient air temperatures, recorded
on a tape translation form, and then grouped according to heat pump or-
resistance mode. From these groupings, an average heat pump mode delivery
water temperature (TH), average resistance mode delivery water temperature
(TR), and average ambient temperature under each mode (TAH, TAR) were
determined for the monitoring period. Source water temperature tapes were
translated in a similar manner, except that no distinction was made
between modes of operation. The resultant average inlet water tempera-
ture (TI), along with the above-mentioned temperature averages, was
entered on a monthly calculation sheet. Cumulative kilowatthours and
water meter readings were then transferred from the data reporting form
to the monthly calculation sheet and reduced to gallons of water and
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kilowatthours consumed during the monitoring period (W, M1, M2, M3, M4, and
MS)‘ If weekly meter readings were provided by the utility, the total
amounts of water consumed in heat pump mode (WHX and resistance mode (WR)
were determined from the data reporting form and entered on the calculation
sheet. The final stage of data reduction involves determining the exact
number of days that the unit was in each mode (DH, DR) during the monitoring
period, and the number of times that the unit shifted from resistance mode
to heat pump mode (ZH) and vice versa (ZR). A1l of these data are used in
the calculation of unit performance.

As mentioned previously, certain performance calculation adjustments were
necessary to account for the different amounts of water consumed in each
mode and for the differences in water temperature, between each mode. The
first step in the analysis of the data was the calculation of the amounts of
water consumed in each mode (WR, WH). A detailed description of the proce-
dure used for this calculation is shown in Appendix B. The procedure
basically calculates WR based on M], TR, TI, TA, DR, TH, and an empirically
determined system loss characteristic (H). WH is then derived by subtract-
ing WR from the total water consumption (W) for the monitoring period. The

ratio %%—is applied to correct the data for unequal water apportionments.

The balance of the calculations deals primarily with the differences be-
tween TH and TR. The calculation prbcedure-used to account for this AT
adjusts the resistance heating energy by the amount that would be required
for the resistance heaters to supply water at the same temperature as that
supplied by the heat pump. A detailed description of the method of analysis
used to make these AT adjustments is shown in Appendix B.

In October 1979, a program was written to perform all of these adjustment
calculations using a Texas Instruments TI-59 programmable calculator. A
Tisting of this program is provided in Appendix B.

EFFECTS OF FLAWED DATA

As with any calculational tool, the COP derived by using this program is
only as valid as the data used. As discussed in Section 4 of this report,
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the weakest 1ink in the data flow was the temperature data obtained
from the Rustrak temperature recorders. The effects that inaccurate
temperature readings can have on the finai calculations is best demon-
strated through the use of an example.

~ Table 5.1 lists data as reported for the four-week period, December 3,
1979 to December 31, 1979, for one of the test sites.

Table 5.1
REPORTED OPERATING DATA

v Backup
Operating Mode Resistance Heat Pump Resistance Water
Reading at Time of Ml M2 M3 Meter
Date Reading _(1in kWh) (in kWh) (in kWh)  (gallons)

12/3/79 R 00738 00298 00036 6863

- 12/10/79 - HP 00739 00368 00051 - 7593
12/17/79 R ' 00889 . 00369 - 00051 - 8292
12/24/79 HP 00889 00450 - 00067 -~ 9103
12/31/79 R . 01040 00450 00067 - 9658

The raw or apparent COP is determined by dividing the total M1 consumption
by the M2 + M3 consumption.

302 kih = (152 kWh + 31 kWh) = 1.65

- Translation of the temperature tapes for this site showed the following
average temperatures: ' -

Average‘hedt pump modé'de1ivery water temperature 137°F

~ Average resistance mode delivery water temperature 127°F
Average ambient air temperature 74°F

Average inlet water temperature 37°F
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These temperatures, along with kilowatthour and water consumption data
obtained from the data reporting form, are entered into the correction
program, the output of which (shown in Figure 5.1) indicates a COP of
2.39. This calculated COP is a true reading of the unit's performance,
provided that the temperature and consumption inputs are correct.

An appropriate technique for evaluating the validity of the data is to com-
pare the calculated water apportionments (WR and WH) with actual readings.
This technique is particularly useful in determining the validity of temp-
erature data because the apportionment calculation relies very heavily
upon all temperature inputs. The program printout in Figure 5.1 shows

Figure 5.1
CORRECTION PROGRAM QUTPUT*

EUS HPF DATAH ANARLYSIS

2735, I

2. M1

o2, Me

21, M3

14, IiH

14, IF

2. ZH

2. ZF

137, TH

127, TR

a3V 71

T, TH

o H

o] P bR

= =] WH

2 SELSIS aT
T BYIVEILLSE .4
1. 93 aF

1.24 H
324772531 Mic
Z. 220012238 COF

* Data inputs from Table 5.1.
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calculated water consumptions of 1213 gallons on resistance days and
1582 gallons on heat pump days. The weekly meter readings in Table

5.1 show that actual consumptions were 1254 gallons and 1541 gallons,
respectively, and indicate that the data are reasonably accurate,
although somewhat suspect. A manual temperature check was made at the
site in question and revealed that the source water temperature was
actually 3°F higher than was indicated by the temperature recorder.
Entering the corrected TI into the correction program yields the results

~shown in Figure 5.2, indicating a COP of 2.27.

Figure 5.2
CORRECTION PROGRAM QUTPUT*
(TI Corrected +3°F )

EUS HP DATA ANALYSIS -
2735, i
20z, i1
152, M2
M3
I'H
IF
ZH
o
::‘; o T H
: TR
TI
TH
. _ H

]
-te

3P P e e v

LR |

=
=
411
e
7

y

Wik
WH
CHT
ad
Gk
GH
MicC
~CorF

* Data inputs from Table 5.1.



5-7

The water apportionments calculated in Figure 5.2 are within 1 gallon of
the actual water apportionments and indicate that the data, as corrected,
are accurate. The 3°F change in TI in this example resulted in a 5%
change in calculated COP.

Since the three temperature inputs (delivery water, ambient, and source
water) are produced by three separate thermocouples and two separate
recorders, it is possible for all three temperature readings to be
incorrect, independent of one another. Assuming a t5°F recorder error,
the printouts in Figure 5.3 and 5.4 show the two extreme cases possible
if all temperatures reported were I5or,

Figure 5.3 Figure 5.4
EXTREME CASE #1 EXTREME CASE #2
Delivery water 5°F  Tow Delivery water 5°F high
Inlet water 5°F high Inlet water 5°F  Tow
Ambient 5°F high Ambient 5°F  Tow

T
¥
X
T

S W

o P,

...‘..‘

~|
X0 I e CTTYT N

B I

W

T

D E
l.—u-

SR R

) K D

C R Y W ]
D

1 o
-~
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In these examples, altering all temperatures by t5°F altered the calcu-
lated COPs by ¥20%. While careful manual temperature checks would have
improved the validity of these calculations, a simpler and more reliable
method is available. Since, in these examples, the actual WR and WH are
available, it is possible to enter these empirical values directly into
the correction procedure, thereby bypassing a long string of highly -
temperature-dependent calculations,

The calculations that follow the WR-WH determinination in the analysis pro=
cedure -show far less sensitivity to temperature values. This is because »
" these remaining calculations correct for the difference between TR and TH.
Since both of these values are produced by the same thermocounle and
recorder channel, it is reasonable to assume that the difference between
TR and TH will always be reasonably valid, even though the absolute values
of TR and TH may be incorrect because of recorder calibration errors.

The correction program was modified in March 1980 to allow for the direct
input of empirically determined WR and WH (progfam option 3). Figures
5.5 and 5.6 show the outputs of this option using the same data arrays as
those used in Figures 5.3 and 5.4, respectively.

Figure 5.5 Figure 5.6
PROGRAM OUTPUT WITH INPUT WR, WH PROGRAM QUTPUT WITH INPUT WR, WH
EXTREME CASE #1 EXTRENE CASE $12
OFT. 2 *IHFUT WR LH# OFT. 3 #IMFUT WR lWH*
1254, =y 1254, WE
1541, bH . iS4, WiH
1254, LR 1254 WE
1541, WH 1541, WH
i 0, 3445 aT 20, 2483 aT
T.ETETEIILE a4 T.BTETEIILS a4
1. 39 R 1. 93 Gr
1. 399 aH 1. 99 3H
§33 4260973 Mic 09, 8210304 MiC
2. EROGTEIR Ccar 2. 2R1208091 car
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The calculated COPs in these two examples come within less than 1% of the
calculated value of Figure 5.2 despite the fact that all temperature
values were altered by ¥5°F, This demonstrates the validity and the
value of this calculation option. |

Thus far, the validity of the calculations has been dependent upon the
availability of good weekly meter readings and/or good manual temperature
checks. As mentioned in Section 4 of this report, only 47% of the test
sites provided weekly readings and only 67% of the test sites provided
manual temperature checks. Of those that did provide weekly readings
and/or temperature checks, a certain percentage did not take all meter
readings on the correct days or did not provide sufficient information
with the manual temperature readings to make the readings useful. As

a result, only about 50% of the data received from the test sites may
be analyzed using one of the two procedures outlined thus far, with any
reasonable level of confidence in the final answer.

In March 1980, another modification (program option 2) was made to the
correction program to allow for analysis of incomplete or suspect data.
This program option also bypasses the major temperature-dependent
calculations (WR and WH determination), in this case, by assigning a
water apportionment based on the number of days the unit operates in
each mode. For example, if a unit operated for 14 days in heat pump
mode and 14 days in resistance mode during a given 28-day monitoring
period, then WR is assumed to be equal to WH. If, however, the unit
operated for 16 days in heat pump and 15 days in resistance during a
31-day monitoring period, then WR is set equal to %% of all the water
consumed during the monitoring period. This is all based on the assump-
tion that the daily water consumption at the site is relatively constant
and is independent of the mode (heat pump or resistance) during which it
occurs. While this assumption may be statistically valid when long per-
iods of time are considered, it is not nécessari]y valid for the short
monitoring periods used in this project. The result, very often, 13 a
series of monthly COPs which possess greater validity when considered

as a whole, rather than individually. This method of analysis does,
however, make possible the use of some incomplete or suspect data.



DATA CLASSIFICATION

As described in this and prevfous’sections, the qua]ity of the data sub-
mitted by the utilities ranges from excellent to extremely poor. This,

coupled with the fact that several differentvpro;edufes may be utilized

to analyze the data, results in calculated COPs to which various levels

of confidence may be assigned. =~

A method was developed whereby useable data were ranked into one of three
c]asseé. Class 1 data are those that carry the highest level of confidence,
Class 2 data carry a mid-level of confidence, while Class 3 data cérry the
lowest level of confidence. ~This data c1ass1ficat1bn refers only to the
quality of the data flow itself and does not reflect the relative quality
of the units (gbod performer, poor performer, etc.) from which the data
were collected. In addition to these three data classes, a nonclassifiable
(NC) category .is defined for meaningless or highly questionable data.

Figure 5.7 presents the logic flow for data analysis in a decision tree

type format. There are basically three major checks. The data are reported
either week]y or month]y;'é¥e comp]ete:or incomb]ete;'and are provided with
or without temperature correlations. Where data afe incomplete, further
attémpté are made to obtain the missing data. The end result of each
decision péth'is the assignment of a data class and a corresponding‘COP.

It was often possible to "recover" NC data the next month, either by
calculating a two-month average COP or by determining what the original
data should have been, based on thé fo]]oWing month's data. For example,
if a watek'meter reading was not available for a given month, the read-
ings for the previous and following months could be used. If there was

an apparently incorrect reading for M], M2’ or'M3, the correct reading
could often be inferred (or sometimes supplied) from the following month's
data. The originally NC data could then be reclassified, based on the

new data. | | '
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Figure 5.7

OATA CLASSIFICATION DECISION TREE
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Starting at the top of Figure 5.7, the data are determined to be either

weekly or monthly. In the case of normally weekly readings with one or

more readings missing during the month, the data for that month is
considered to be monthly. In addition, the term "weekly readings" implies
highly reliable weekly data (i.e., data for which the M], M2’ M3, and W
readings are apparently taken at the right times). Following the arrow
down the "weekly"side of the figure, the data are checked for completeness.
If they are recorded weekly and are complete, the data and calculated COP
are considered to be Class 1. If the data set is incomplete, further
checks are necessary to determine jts classification.

Missing meter readings (M], M2, M3, or W) make it impossible to calculate
the COP with any accuracy for that period; therefore, the data are placed

~ in the NC category. If the meter readings are complete, but some of the

temperature data are missing, the final classification is dependent on the

available temperatures.

The availability of inlet water temperature (TI) is checked first. If we
have weekly readings, it is possible to have Class 1 data, even if TI is
missing, because TI is only used to determine the water usage split between
heat pump and resiétance mode operation. By using the option 3 calculation,
the actual water usage for each mode (obtained from the data sheet) can be
used to determine the COP. In order to call this C1ass 1 information,
however, there must be some ihdication that the other temperature data (i.e.,
temperature corré]ations for ambient and delivery water temperatures) are
correct..

If there are no témperature correlations, the data file for the site is
checked fOr prior delivery and ambient temperature history.  If there is

" prior information and the current TH, TR, and TA are consistent, the data

are Class 1. If there is no prior history for TH, TR, and TA, the data are -
Class 2. Because weekly readings are available, the option 3 calculation
is used in both cases.
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If TI, as well as TH, TR, and/or TA is missing, the data will be NC if
there is no well-established prior history for TH, TR, and TA. The class-
ification will be Class 2, however, if such a history does exist, because
changes in TA, and particularly in TH and TR, are generally relatively
small from month to month. Again, the option 3 calculation is used with
the actual water usage for each mode.

Turning to the "monthly" side of Figure 5.7, the situation for incomplete
data is much simpler than the corresponding weekly case. If any meter
readings are missing, the data are NC. If any of the temperature data

are missing and there is no reliable history for ‘the missing temperatures,
the data are again NC, because any attempt at calculations would involve
pure guesswork for the input data. Where a prior history exists, the data
and resulting COP are Class 3 and are generally based on the option 2 cal-
culation, because this is less dependent on -input temperatures than is
option 1.

For complete monthly data, a check is made to determine if useable temper-
ature correlations are available. Where temperature checks are available,
the data are used with both option 1 and option 2 calculations. If the
calculated results from these two methods are within about five percent of
each other, the data and resultant COP are Class 1. If the results do not
agree within the specified 1imit, the option 2 results are chosen, because
of the decreased dependence on temperatures and the assumption of equal
daily water usage, and the data class is reduced to Class 2.

When temperature checks are not available, the logic sequence is the
same, but the resultant data classes are reduced from Class 1 or Class 2
to Class .2 or Class 3 because of the reduction in data confidence levels.
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Section 6

FIELD DEMONSTRATION RESULTS

The field demonstration has provided data for a total of 733 unit-months
. of operation. This corresponds to an average 8.6 months of operational
data per test unit. A1l of these data have been reduced and monthly
performances have been calculated and classified using the techniques
described in Section 5 of this report.

For the purpose of data aggregation and evaluation, only 643 of the 733
calculated COPs are utilized. The remaining 90 COPs (12.3% of the data
base) were removed from consideration for one of several reasons. Twenty
COPs were excluded because the units for which they were calculated had
been significantly modified at the time of installation and, as such,
were deemed to be nonrepresentative of the intended test device. Thirteen
COPs were excluded because of extremely 1dw water consumption rates
(averaging 10 gallons per day) at one site. These low water consumption
rates were deemed to be nonrepresentative of normal use characteristics.
Fifty-seven COPs were excluded because the units for which they were
calculated had lost all or most of their refrigerant, or had experienced
some other form of operational difficulty. This latter group of COPs

was excluded only after utility personnel had confirmed the condition of
the units involved. It is highly probable that an additional number of
units were in substandard operating condition during the demonstration
project. Although the COPs calculated for these substandard units are
not representative, no field confirmation of the relative conditions of
these suspect units is available. Therefore, no attempt was made to
subjectively remove any additional data from consideration.

FIELD DATA AGGREGATION - TOTAL PROGRAM

Table 6.1 lists the number of field data points in each data class, the
average COP for each data class, and the average operating conditions
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corresponding to each average COP. The entire 643 unit-month data base
is presented in Appendix C of this report.

Table 6.1

FIELD DEMONSTRATION DATA BREAKDOWN
AVERAGE OF ALL FIELD DATA BY CLASS

Number Daily Air Inlet Water Delivery
: of HPWH Water Temp Temp Water Temp
Data ~ Unit cop Consumption  °F °F °F

Class Months (avg) (avg gals) (avg) (avg) (avg)
1 194 1.95 72 7N 61 140
2 306 1.97 76 72 60 - 140
3 143 1.81 67 69 62 ~ 138
A11 Data 643 1.93 73 7 61 » 140

As shown in Table 6.1, the average COP of all the units in the field demon-
~ stration program was 1.93. This COP translates to an average operating cost
savings of 48.2% over resistance'héating. The average COPs for Class 1, 2,
and 3 data are 1.95, 1.97, and 1.81, respectively, translating to respective
operating cost savings of 48.7%, 49.2%,and 44.8%.

The average water consumption for the sites in the field demonstration was
73 gallons per day for a data-averaged family size of 3.62. The average
required temperature rise (inlet water temperature to delivery water temp-
erature) was 79°F. This water consumption and required temperature rise
equate to an average daily energy requirement of 47,635 Btu for water
heating, not counting losses. The National Bureau of Standards estimates
[4] that the average American family of four requires 64.3 gallons of
water, heated over a 90°F temperature rise, daily. These NBS estimates
equate to an average daily water heating energy requirement of 43,260 Btu,
not counting losses, for a family size of 3.62. The average field demon-
stration site requirements are, therfore, about 10% higher than the NBS
estimates, indicating that the average hot water usage for the field test
site was reasonably close to the NBS estimate for the national average
water heating energy consumption patterns.
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The average COPs in Table 6.1 represent performances obtained by individ-
ual units operating over wide ranges of inlet water, delivery water, and
ambient temperatures. It is desirable to know the sensitivity of a unit's
performance to each of these three main operating parameters independently
of one another (e.g., COP versus ambient temperature at a fixed inlet and
delivery temperature). Once these sensitivities are known, performance as
a function of these parameters may be plotted. Developing these field data
correlations can be useful in several ways. For example, they can be used
to predict the COP of a unit under a given set of operating conditions.
These correlations may also be used to compare the performance of the
field units to performances obtained in controlled laboratory tests.

Certain assumptions can be made concerning the sensitivity of performance
to each operational parameter. For example, it is known from prior labor-
atory tests that COP increases as ambient temperature increases, and
decreases as inlet and delivery water temperatures increase. In order

to determine the magnitude of performance sensitivity to these parameters,
it is necessary to correlate COP against each of these parameters. Develop-
ing these correlations from field data poses several problems. Ideally,
each parameter correlation should be done with all other parameters fixed
at some nominal level. This is because some parameters, particularly
ambient and inlet water temperatures, are partially offsetting in terms

of their effect on performance, yet tend to vary simultaneously in the
same direction.

To achieve the desired correlations, it is necessaryﬂeither to greatly
delineate the data base or to adjust the data base. Delineation of the
data base would involve selecting, for each correlation, only those COPs
" produced by units operating within the same noncorrelated parameters.
For example, if a correlation of COP versus ambient temperature were
desired, only COPs produced under the same inlet and delivery water
temperatures could be used. Attempts at this type of delineation gener-

ally resulted in the removal of an unacceptably high percentage of the
data base. As an alternate method, the decision was made to adjust the
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data base by first fixing the noncorrelated parameters to nominal condi-
tions -- defined as the average condition for that parameter, as shown
in Table 6.1, rounded to the nearest 5° (e.g., ambient 70°F, inlet 60°F,
delivery water 140°F) -- and then adjusting each COP by factors related
to each fixed parameter's deviation from the nominal condition. These
normalization factors were derived USing the entire 643 unit-month data
base in a least-squares regression fit to an equation of the form:

COP=A+BxTA+CxTI +DxTH
where:
TA, TI, TH = the operating parameters of ambient, inlet
~ water, and delivery water temperatures, respectively;
B, C, and D = performance sensitivity per °F change in
" each respective parameter; ' '
A is a constant,

An expanded exp]énation of this method of analysis is presented in
Appendiva of this report. The equation that best fits the 643 unit-
month data base using this method is:

CoOP = 1.7000 + 0.01040 x TA - 0.0015 x TI - 0.0030 x TH

The coefficients of TA, TI, and TH are, by definition, the change in per-
formance that would be expected from a 1°F change in that particular
parameter. '

These coefficients were then used to "normalize" the data base by first
fixing two of the three temperature parameters to the nominal conditions
andbthen adjusting the individual COPs according to the deviation of each
fixed parameter from the nominal condition, For example, to normalize a
unit-month of data to a fixed delivery water temperature of 140°F and a
fixed inlet water temperature of 60°F, the following equation is used:
cop + [(60°F - TI

cop actua-l)(-.0015)]

])(—0.003)]

actual
+ [(140°F - TH

normalized ~

actua
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Adjusting all 643 field COPs in this manner resulted in a new data base
for which the effects of varying inlet and delivery water temperatures

had theoretically been eliminated. The COPs in this new base can be
correlated to the unfixed parameter (ambient temperature in this case)

so that performance as a function of this parameter can be plotted.

The effects of ambient temperature may be removed from the data base by
substituting [(70°F - TAactual) X (.0104)] for one of the other parameter-
normalizing segments in the above equation.

Figure 6.1 plots COP as a function of ambient temperature with all 643
COPs normalized for 60°F inlet water and 140°F delivery water. The data
points shown in Figure 6.1 are normalized ambient-temperature-group
average COPs that were developed from the full data base. Also shown
in Figure 6.1 is a plot of COP versus ambient, at 60°F inlet and 140°F
delivery water temperature, that was developed from laboratory tests of
similar units, as presented in the Design Report [3] of this project.
The performances of the field units are approximately 20% lower than
those shown in the laboratory tests. The field units also appear to be
slightly less sensitive to changes in ambient (.0104 ACOP per 1°F ATA)
than indicated in the laboratory tests (.0133 ACOP per 1°F ATA).

Figure 6.2 plots COP as a function of inlet water temperature (ambient =
70°F, delivery = 140°F) for both the field units and the laboratory units.
Here, again, field unit performances are approximately 20% lower than
those shown in laboratory tests, and the field units are less sensitive

to changes in inlet water temperature (.0015 ACOP per 1°F ATI) than the
Taboratory units were (.0048 ACOP per 1°F ATI).

There are three main reasons why the field units performed at COP levels
20% below the expected levels. The first is that the data base includes
operating data from units that are believed to be in substandard con-
dition., It is known that many units arrived in damaged condition, devoid
of refrigerant charge. Following field repair, the amount of charge in
each of these units was somewhat different because of the various methods
of charging used by the local refrigeration technicians. Several units
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are known to have been operated for extended periods of time at low charge
Tevels, and it is quite possible that compressor damage occurred as a
result. Data from these suspect units were not removed from the data base,
however, unless field confirmation concerning their condition was received.
Therefore, the data aggregations and correlations presented herein are con-
sidered to represent conservative minimum performance expectations.

Another reason for the lower performance is that the laboratory tests were
performed under controlled conditions with prescribed water use patterns
within which no upper resistance element use occurred. In the field demon-
stration program, an average of 6.7% of the total heat pump mode energy

was used by the upper resistance element. This element use can be attrib-
uted to high water demands at some sites and/or reduced heat pump heating
capacities at sites with defective units. Resistance element usage was in-
cluded in the monthly calculation of system COPs.

The third reason for the discrepancy between Taboratory and field test
results is that the laboratory tests were conducted over 10- to 14-hour
periods depending upon the recovery rates of the units and, therefore, did
not include the energy required to replace any post-test-period tank losses.
The laboratory tests, therefore, were not completely representative of a
daily use pattern. Because heat loss maintenance requires the system to
operate at its least favorable sink conditions (highest condenser tempera-
tures), the performance of the system during heat loss maintenance is lower
than during recovery from a water withdrawal. If the laboratory tests had
been conducted over a full daily cycle, the resultant performances would
probably have been somewhat lower.

Figure 6.3 plots field unit COPs .as a function of delivery water tempera-
ture with the data normalized for 70°F ambient and 60°F inlet water tempera-
tures. Figure 6.3 shows that the field unit performance sensitivity to
changes in delivery water temperatures is .003 ACOP per 1°F ATH. No cor-
responding laboratory curve is shown because the previous project design
report did not address this question. The field demonstration project was
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Figure 6.3
COP VS DELIVERY WATER TEMPERATURE FOR AMBIENT = 70°F, INLET WATER = 60°F
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ofigina]]y designed to_e]iminate any effects of delivery water temperature,
and all units were factory pre-set to deliVer-1409F water while in the heat
pump mode. = This predetermined control was only relatively successfu1 1n
that 75% of all field operating data show delivery water temperatures of
140¥5°F.  The 25% that varied from this intended range represents units
whose thermostats were re-set to match the preferences of the individual
test participant, or under—éapacity units that’were, perhaps, incapable of
meeting the de]iveky water temperature reqdirements; Because of the limit-
ed distribution of empirical data for the 110°F to 160°F range, shown in
Figure 6.3, this data correlation is considered to be the least reliable
correlation of COP versus operating parameter. |



6-9

FIELD DATA AGGREGATION - BY UTILITY

The aggregations and correlations presented thus far have been performed
using the entire 643 unit-month data base. It is of interest to segre-
gate this data such that information pertaining to each individual util-
ity may be presented. Table 6.2 presents a breakdown, by utility, of
performances for each data class. These performances, listed in Table 6.2,
are measured in effective overall COPs (EOCOPs) rather than in numerical
average COPs. The distinction between the two is that the EOCOP repre-
sents cumulative savings as opposed to average savings. Because a COP

is a ratio, monthly COPs for any given site or utility are not additive

if the goal is to measure cumulative savings. For example, if a unit were

to operate at a COP of 1.8 one month and at 2.2 the next month, it could
2.2 + 1.8 _

ot
This, however, would be an inaccurate description of the total or cumulative

be said that the unit operated at an average COP of 2.0 (

energy savings for that two-month period. COPs may be converted to per-

centage of operational savings using the following relationship:
1

% Operating Savings = (1 - COP) x 100%

A COP of 2.0, obtained by using this relationship, would imply a 50% savings,
a COP of 1.8 would imply a 44.4% savings, and a COP of 2.2 would imply a
54.5% savings. If, in this example, the home would have required 500 kWhs
each month for resistance water heating, a HPWH with consecutive monthly
COPs of 1.8 and 2.2 would have saved 222 kWhs (500 x 44.4%) and 272.5 kWhs
(500 x 54.5%), respectively. Total savings for the two-month period would
be 494.5 kWhs, or 49.5% of the total 1000 kWh resistance consumption. This
cumulative 49.5% savings, when converted back into COP terms, becomes 1.98,
which is slightly less than the two-month average COP of 2.0. The cumula-
tive or effective overall COP (1.98 in this example) is similar in its
derivation to the seasonal performance factor (SPF) of a space heating heat
pump.

The EOCOPs listed in Table 6.2 were derived taking these relationships
into account. An expanded table, showing individual unit EOCOP deriva-
tions may be found in Appendix C of this report.



" Table 6.2
FIELD’DEMONSTRATION DATA BREAKDOWN - EFFECTIVE OVERALL COPs BY UTILITY

P Effective Overall COP .
Utility g Class 1 Data Class 2 Data Class 3 Data A1l Data

Arizona Public Service o === : 1.89 --- 1.89
Bonneville Power Administration - 1.68 2.08 1.84 1.97
Duke Power S 199 C .84 .66 1.84
Florida Power & Light 2.0 2.04 1.70 1.77
Guadalupe Valley | e 1.74 1.84 1.93 1.79
Gulf Power | R T 2.03 1,97 2.00
Hawaiian Electric S 2.06 2.01 --- 2.03
Indianapolis Power & Light 1.89 1.86 - 1.95 1.87
Kansas Gas & Electric 1.92 1.99 1.80 1,93
Kansas Statewide Cooperatives. | 2,14 2.05 . 1.83 1.81
Mississippi Power & Light 1.80 o167 C - 1.74
New York State Electric & Gas 1.78 1.77 : 1.70 1.76
Pacific Gas & Electric 1.59 2.12 1.38 2,02
Portland General Electric 1.90 2.10 e 2.00
Public Service Indiana 1.93 2,05 2.08 2.01
Somerset Rural Electric o 1.83 - 1.70 1.69 1.70
Southern California Edison - - 1.80 1.79 1.80
South Carolina Electric & Gas 1.92 1.88 1.49 1.85
Tennessee Valley Authority ' 1.86 1.81 . 1.75 1.83

Valley Rural Electric —- 2.12 1.68 2.02

oL-9
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The EOCOPs shown in Table 6.2 range from a utility low of 1.70 (all
classes of data considered), or 41,2% cumulative operating savings, to

a utility high of 2.03, or 50.7% cumulative savings. Attempts were made
to develop some correlation of performance as a function of geographic
or climatic region, but no such correlation could be established using
the full data base. For example, the six utilities that are situated

in the mildest climate zones (Hawaiian Electric, Southern California
Edison, Arizona Public Service, Guadalupe Valley Electric Cooperative,
Gulf Power, and Florida Power and Light), defined as zones with 2000
heating degree-days or less, showed the exact same group average EOCOP
as the six utilities situated in zones of 5000 heating degree-days

or more (Bonneville Power Administration, Indianapolis Power and Light,
Public Service of Indiana, Somerset Rural Electric, Valley Rural Electric,
and New York State Electric and Gas). This lack of correlation demon-
strates, since most of the units were installed in unconditioned areas
within the homes, that the ambient temperature around the unit does not
necessarily correspond to the outdoor ambient temperature. The unit site
conditions will be examined in more detail later in this section.

Although the EOCOPs shown in Table 6.2 provide indications of overall per-
formances, the true measurement of the viability of the HPWH is the amount
of energy savings and, hence, the operating cost savings that the units are
capable of providing. Table 6.3 presents a summary of average household
annual energy savings due to the operation of a HPWH in place of a resist-
ance water heater. The kilowatthour figures presented in this table are
based on one-year extrapolations of the average daily kilowatthour require-
ments derived in the preparation of Table 6.2. These average utility load
requirements are also presented in detail, by site, in Appendix C of this
report.

Table 6.3 spows that the average household in the test program consumes
6256 kWhs per year for resistance water heating. Replacing this resist-
ance water heater with a HPWH reduced the average energy requirements to
3339 kWhs per year, resulting in an annual energy savings of 2917 kWhs.



Table 6.3
FIELD DEMONSTRATION DATA BREAKDOWN - AVERAGE HOUSEHOLD ANNUAL ENERGY SAVINGS BY UTILITY

Average Household Annual Average Household Annual
' Energy Consumption (kWh) Energy Savings (kWh)
Utility R Resistance Heat Pump -
Arizona Public Service 2884 | 1522 | 1362
Bonneville Power Administration 7453 ‘ 3760 3693
Duke Power . 8023 - 4344 3679
Florida Power & Light 6165 - 3635 2530
Guadalupe Valley ' - 6077 3526 ' 2551
Gulf Power - - - 5041 2515 2526
Hawaiian Electric E | 8873 4318 4555
Indianapolis Power & Light 6409 3409 3000
Kansas Gas & Electric 6012 3099 2913
Kansas Statewide Cooperatives 4457 L 2427 2030
Mississippi Power & Light ; 5044 , 2957 | - 2087
New York State Electric & Gas 6347 3624 | 2723
Pacific Gas & Electric 7041 3500 , 3541
Portland General Electric 8508 4271 : 4237
Public Service Indiana | _ 5971 . 3008 2963
Somerset Rural Electric . 6158 3566 2592
Southern California Edison , 6059 T' 3318 2741
South Carolina Electric & Gas 5230 2935 2295
Tennessee Valley Authority 7369 3960 <3409
Valley Rural Electric 5990 3088 2902

AVERAGE 6256 3339 2917

AR
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These average annual savings ranged form a utility low of 1362 kWh per
household to a utility high of 4555 kWh per household. This wide variance
is primarily due to differences in total water consumption and to re-
quired temperature rises within the test group. Since these numbers rep-
resent the average consumption of small test samples (5 households or
less) at each utility, they do not represent statistically valid averages
from which definitive conclusions concerning average consumptions may be
drawn. The individual consumption figures in Table 6.3, therefore, are
not necessarily typical or representative of the average customer for that
utility. They do, however, represent the range of consumptions that could
be expected on a nationwide basis.

This information on energy savings will be expanded later in this section
to reflect operating cost savings ($/year), and will be applied to an
economic evaluation of the HPWH,

SPACE HEATING AND COOLING LOAD IMPACTS

One of the questions that the field demonstration was designed to address
concerns the impacts that a HPWH would have on the space heating and cool-
ing (HVAC) loads of a house. The HPWH has the potential for negatively
affecting the space heating and positively affecting the space cooling
loads of the house. This potential exists because the unit operates by
removing heat from the air. If this heat was provided by or replaced by
the home heating system, the unit is effectively "stealing" useful energy
and, theoretically, increasing the heating load of the house. During the
cooling ‘season, the reverse is possible. If the heat that the unit re-
moves from the air normally would have been removed by the home air-con-
ditioning system, the unit is providing free air conditioning and theore-
tically, reducing the cooling load of the house.

The scenario described above represents the extreme cases possible, in
terms of load impact, and implies that the unit is installed in a fully
conditioned space within the house. The operation of the unit in such an
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environment could have two different measurable effects, depending upon the
dynamics of HVAC system control and air circulation.,. If the unit were in-
stalled in a relatively small, confined area, heated and cooled by a cen-
tral ducted system, it is conceivable that the operation of the unit would
not affect the HVAC system at all (or only slightly) in terms of kilowatt-
hours consumed. The measurable impact of the unit would, instead, be the
creation of a cool, dry zone within the home, which is neither fully sensed
nor compensated for by the HVAC system. If, on the other hand, the unit
were installed in a larger, open or well-controlled area with its own ther-
mostat, the expected result would be a measurable increase or decrease in
energy consumed by the HVAC system. This is because the HVAC system would
be capable of directly sensing and compensating for the heat removed by the
HPWH. In this case, no cool zones would be created.

In either'case, the seasonal and annual HVAC impacts of the HPWH in a fully
conditioned space can be calculated (or predicted) using a relatively sim-
ple modeling technique. The HPWH is considered to be an "internal heat
Toss" and may be handled, in Toad calculations, in much the same fashion
that internal heat gains are handled. The overall seasonal impact would
then be a function of both the type of HVAC system and the relationship
between total cooling and heating loads. |

For example, if the HVAC system were a heat pump, the overall impact would
be expected to be slightly negative in a cold climate and slightly positive
in a warm climate. If the HVAC system were an electric furnace and an air
conditioner, the cold climate overall impact would be more negative and the
warm climate overall impact would be less positive. The difference results
from the relative heating efficiencies of a heat pump and an electric fur-
nace. Total overall impacts may also be affected by differences in air
conditioner EERs.

While the full impact (fully conditioned space) scenario is the easiest
to model, it represents the least common of the installation practices.
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Only about 8% of the field test units were installed in fully conditioned
spaces, and most of these installations were in mild, southern climates.
Seventy-nine percent of the field demonstration units were installed in
unconditioned basements, attached or integral garages, or utility rooms,
and the remaining units were installed out-of-doors or in unattached gar-
ages. While it is possible that units installed in these types of environ-
ments can negatively or positively affect HVAC system loads, the level of

impact, if any, is far more difficult to predict through purely calculation-
al means.

Each instrumentation package used in the field demonstration (see Section 4
of this report) included two kilowatthour meters, designated M4 and M5,
that monitored the energy consumption of the home HVAC system. M4 measured
HVAC system kilowatthour consumption when the HPWH was in the heat pump
mode and M. measured this consumption when the HPWH was in the resistance
mode. It was originally felt that any differences in total M4 and M5 con-
sumption over the course of the monitoring period would be attributable to
the operation of the heat pump. If, for example, M4 readings exceeded M5
readings and the system operated for the same number of days in each mode,
then the HPWH was assumed to have negatively affected the HVAC system by
(M5 - M4) kWh. Conversely, if M4 readings were less than M5, then the HPWH
would have positively affected the HVAC system by (M. - M

)
5 4
there are two potential problems associated with this monitoring technique.

kWh. However,

This method only considers energy consumption differences and does not
consider the more subjective effects of creating cool, dry zones within the
home. It also assumes that, on the average, weather conditions during the
two modes of operation were essentially equal. Actually, HVAC load varia-
tions cause some difference in M4 and M5 independent of HPWH-induced differ-
ences. This latter consideration was thought to be less of a factor in

the earlier stages of the field demonstration when the units were on a
daily mode shift schedule. It was felt that, since the units alternated
modes daily, the effects of variations in climate-induced HVAC loads would
average out for the two modes of operation when the data were evaluated on
a seasonal basis. When the units were placed under a weekly mode shift

schedule, the probability of natural, weather-induced differences occurring
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in M4 and M5 increased, which is probably the main reason for our inability
to draw any valid conclusions from these data. The remainder of this dis-
cussion describes the approach used in our unsuccessful attempt to evaluate
the HVAC energy consumption data. |

Prior to analyzing the M4 and M5 data, all units were organized into four
categories according to their installation characteristics. The types of
installation were defined as: Type 1 - unit installed in a fully condi-
tioned space, Type 2 - unit installed in an unconditioned basement, Type 3
- unit installed in an unconditioned space that is laterally attached to a
conditioned space, and Type 4 - unit installed in an unconditioned space
that is not attached to any conditioned space. As mentioned previously, 8%
of the test units were installed in fully conditioned spaces (Type 1).
Forty-four percent of the installations were classified as Type 2, 35% as
Type 3, and 13% as Type 4. This classification technique was developed so
that the HVAC impacts could be evaluated as a function of the location of
the HPWH in the home.

The following criteria were established to determine which site data would
be used in an evaluation of the HPWH impact on space heating loads:

1. A minimum of 90 days of operating data within the
’ ~ period November 1 to March 1 (assumed heating season)
must be available. -
2. The site being evaluated must have an electric heating
system (heat pump, zoned baseboard, electric furnace,
“etc.) so that M4 and M5 information can be obtained.
3. The site must be free of mode shift difficulties during

the period under consideration.

Cooling load impacts were evaluated in much the same fashion as heating
load impacts. The following criteria were established to determine
which site data would be used for evaluation:

1. A minimum of 75 days (2.5 months) of operating data
within the period June 1 te October 1 (assumed air
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conditioning season) must be available.

2. The site being evaluated must have an electric air
conditioner or heat pump.

3. The site must be free of mode shift difficulties
during the period under consideration.

Application of these criteria resulted in the removal of data for all but
29 sites for heating and 23 sites for cooling Toad evaluations. Analysis
of the data for these sites implied that the operation of the HPWH actually
reduced the heating loads and increased the cooling Toads at several sites.
Since such results contradict logical trends, two additional criteria were
established for HVAC impact analysis. The criteria for heating load im-

pact are:

4, Any differential space heating energy (M5 - M4) must indicate
an increase in space heating energy consumption during heat
pump mode operation.

5. The differential energy must be equal to or less than the en-

ergy extracted by the HPWH.

The criteria for cooling load impact are:
4, Any differential space cooling energy (M5 - M4) must indicate
a decrease in space cooling energy consumption during
heat pump mode operation.
5. The differential energy must be equal to or less than the
energy extracted by the HPWH.

Applying heating Toad criterion #4 resulted in the removal of data for 11
additional sites from consideration, leaving 18 sites for the heating load
impact analysis. Applying cooling load criterion #4 resulted in the re-
moval of 10 sites from the data base, leaving 13 sites for the cooling
load impact analysis. Applying the fifth criterion for both loads elimin-
ated all but 6 heating load and 5 cooling load sites from the data base.

The resulting data base is too limited to draw any valid, quantitative
conclusions concerning the HPWH impact on heating and cooling loads. From
a qualitative point of view, the trends indicate that units installed in
fully conditioned spaces affect heating loads negatively and cooling loads



6-18

positively, while units installed in unconditioned areas show little or
no impact. However, no quantification of these trends was possible.

PARTICIPANT INTERVIEW

In February 1981, participant interview questionnaires were distributed to
the 85 consumers in whose homes the HPWHs were installed. These question-
naires were designed to gather subjective information from the test parti-
cipants concerning their satisfaction or dissatisfaction with the units.
The form contained questions covering seven general topics ranging from
system noise level to perceived worth of the system. Additional space was
provided on the questionnaire for consumer suggestions, complaints, and
comments. Sixty-six questionnaires were completed and returned prior to
the established deadline. A copy of this questionnaire with a breakdown
of all responses is presented in'Appendix A of this report.

The first question asked the consumer to compare the test system with his
previous system in terms of its ability to meet hot water requirements.
This question was intended to serve as an indicator of any previously un-
identified system problems. Because the tank capacity of the HPWH (82
gallons) was almost always greater than that of the consumer's previous

_system, any response that rated the HPWH lower than the previous system

could be indicative of a system problem. Eighty-eight percent of the res-
pondents rated the HPWH equal to or better than their previous system for
hot water availability. Data for the units that could not meet require-
ments as well as the original systems were examined. In all cases, the

| inability to meet hot water requirements was the result of a malfunction,

or because the consumer used large quantities of water and previously
had a system whose capacity (water and/or heating rate) exceeded that of
the HPWH

Question number two solicited consumer reaction to the noise level of the
HPWH. Sixty-five percent of the respondents indicated that the noise was
no problem or was undetectable, 17% considered the noise level to be a
problem, and 18% considered it to be annoying.
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Question number three concerned consumer reaction to the air temperature in
the area of the water heater. Thirty-eight percent of the respondents
indicated that they considered the cool air to be beneficial, 42% said that
it made no difference, and 12% disliked it. Eight percent of the respon-
dents gave seasonally conditional responses, saying that they liked it in
the summer but not in the winter.

Question number four concerned the dehumidification effects of the HPWH.
Forty-five percent found the dehumidification to be helpful or very help-
ful, 52% said it made no difference, and 1% found it to be undesirable or
highly undesirable. Two percent gave seasonal responses, saying that the
dehumidification was undesirable in the winter but very helpful in the
summer.

The responses to questions two, three, and four would be expected to vary
as a function of the location of the HPWH within the home. Because these
three questions cover areas of potentially negative effects of the HPWH
operation on the consumer, any correlations that could be established would
be helpful in selecting optimum installation locations within the home.

The completed questionnaires were segregated according to the location of
the unit in the home. The site types used were the same as those described
in the previous section on heating and cooling load impacts (Type 1 - fully
conditioned spaces, Type 2 - unconditioned basements, Type 3 - uncondition-
ed spaces laterally attached to conditioned spaces such as garages and
utility rooms, and Type 4 - unconditioned unattached spaces). The possible
responses to these three questions enabled the consumer to indicate the
degree of negative or positive reaction to the HPWH operation, or to indi-
cate neutrality on the specific question (neither positive nor negative
reaction). Table 6.4 shows the results obtained by segregating responses
according to installation type.

On the jssue of noise level, Table 6.4 shows a predictable trend, in that
the level of objection to increased noise levels is directly proportional
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v Table 6.4
HPWH FIELD -DEMONSTRATION - QUESTIONNAIRE RESPONSES*
ACCORDING TO INSTALLATION TYPE

A1l _
Respondents  Type 1 Type 2 Type 3 Type 4

Noise Level:

No Impact | 659 33% 589 729 71%

Negative Impact - . 35% 67% 42% 28% 29%
Air Temperature: , | | ,

No Impact/Pos. Impact 84% 50% 75% 91% 100%

Negative Impact ' 16% 50% 25% 9% 0%
Dehumidification: .., _

No Impact/Pos. Impact - 98% - 100% 94% - 100% 100%

Negative  Impact - 2% 0% 6% 0% 0%

* Seasonally conditioned responses prorated

to the unit's proximity to the 1iving space. Sixty-seven percent of the
Type 1 site réspondents found the HPWH noise level to be objectionable.
This objection 1eVe1 dropped to 42% for units installed in basements (Type
2), 28% for Type 3 installation units, most of which were in attached
garages, and 29% for‘Type 4 installation units. This trend implies that
consumer acceptance of the HPWH would be enhanced if noise levels could

be reduced. |

Thé responses concerning air temperature changes show a similar trend in
'terms_of the HPWH's potential for negatively or posifively'éffecting the
consumer. Fifty percent of the Type 1 reSpondents found the air temper-
ature changes to be objectionable. (Seasona]ly'conditioned responses were
prorated as both negative and positive responses.) This objection level
dropped dramatica11y to 25% for Type 2, 9% for Type 3, and 0% for Type 4
sites. ’
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On the question of dehumidification there was near unanimity in the
responses, showing 100% acceptance for all site types but Type 2. The
6% negative response for this site type represents one respondent who
found the dehumidification effect to be highly undesirable and one who
gave a seasonally conditional response.

It would be of interest to further separate the responses to questions
three and four according to climate but, given the limited sample size,

it was felt that further delineation would diminish the statistical valid-
ity of the answers.

Overall, the majority of respondents were either unconcerned by or felt
positively about the operation of the HPWH in terms of noise, air temp-
erature, and humidity.

Questions five, six, and seven explored consumer perception of the worth of
the HPWH. Question number five asked if the HPWH saved the consumer any
money. Seventy-seven percent of the respondents acknowledged operating
savings, 9% perceived no difference in operating cost, 3% claimed to have
lost money, and 11% did not answer the question. Question six asked how
much money the consumer would be willing to pay for a HPWH over and above
the cost of a standard electric water heater. A1l but 17% of the respond-
ents indicated that they would be willing to pay more for a heat pump
water heater. Twelve percent responded that they would pay over $400
more, 57% would pay between $100 and $400 more, and 12% would pay less
than $100 more. Two percent did not answer the question. Question

seven asked the participants to rate the HPWH overall performance com-
pared with their previous systems. Sixty-seven percent rated the HPWH

as better or much better, 26% said both systems were about the same, and
6% gave their previous systems a superior rating. One percent gave no

answer,

Many participants offered suggestions and comments for improving the HPWH.
Among the more common suggestions were: improving the condensate tray,
adding more insulation to the water tank, providing for easier tank
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draining, and adding an air intake filter. Most of these featureé
have already been incorporated into units constructed after the test
units were built.

ECONOMIC ANALYSIS

The economic viability of the HPWH is a function of two major factors:
its cost to the consumer and the level of operating savings it produces
for the consumer. Both of these factors must be considered relative to
a standard residential water heater (base system). The cost that the
consumer must consider, therefore, in an evaluation of the HPWH is the
difference in installed costs (AIC) plus any differences in owning costs
between the HPWH and the base system. Likewise, the operating savings

is the difference in operating costs between the HPWH and the base system.
For the sake of s1mp11c1ty, the base system is assumed to be a standard,
82-galion, electric resistance storage water heater.

The operating performances of the field test units, along with the informa-
tion deve]oped on kilowatthour savings (Tables 6.1, 6.2, and 6.3), may be
used to calculate ranges of expected operating cost savings as a function
of varying energy rates.

Table 6.3 showed average energy savings ranging from 1362 kWh to 4555 kWh
per year and an average annual savings of 2917 kWh. Translating this
range of energy savings into cost savings requires the app11cat10n of an
energy cost range in terms of $/kWh.

Since electricity rates vary widely in different parts of the country,
this range of energy savings can result in an even wider range of cost
savings. Assuming a national range of electric rates of from $.02/kiWh

o $.19/kWh, the range of kilowatthour savings could conceivably corres-
pond to a cost savings range of $27 to $456 per year. This resultant
wide range of cost savings demonstrates that the savings obtained by using
a HPWH is a function of not only its performance in terms of EOCOP, but

also the total base energy normally required for water heating and
the per-unit cost of this energy. If the field demonstration average
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annual savings of 2917 kWh were applied to an assumed average cost per
kilowatthour of $.05, then the average participant in the program would
realize operating cost savings of $146 per year.

One of the easiest methods of examining the economics of an investment is
to calculate simple payback (n), which is defined as the difference in
first costs (AIC) divided by the difference in annual operating cost
(AAOPC). Figure 6.4 plots simple paybacks, in years, for the HPWH as
functions of COP (curve #1), base system energy requirements (curve #2),
and cost of energy (curve #3). Because the AIC for a HPWH fluctuates
significantly, depending upon the model and the channel of distribution,
and because these systems are expected to drop in price as manufacturing
volume increases, it is difficult to select a AIC that is meaningful. The
paybacks shown in Figure 6.4 are, therefore, expressed in terms of years
to payback per $100 AIC.

The three plots in Figure 6.4 demonstrate the sensitivity of system econ-
omy to changes in the three main components of operating cost. Each

curve is designed to show this sensitivity over the range of values exper-
ienced by one component in the field demonstration program, with the other
two components fixed at average conditions. The EOCOPs (Table 6.2) ranged
from 1.70 to about 2.1, with an average EOCOP of slightly under 1.90. The
base system consumptions (Table 6.3) ranged from 3884 kWh to 8873 kWh,
with an average consumption of 6256 kWh per year. Although a quantifica-
tion of each consumer's energy cost was not within the scope of the field
demonstration, an informal survey of utility participants showed residen-
tial rates ranging from about $.02/kWh to over $.10/kWh, with an average
rate of slightly less than $.05/kWh.

Curve #1 in Figure 6.4 shows payback as a function of EOCOP, within the
range of 1.70 and 2.10, for a fixed base consumption of 6000 kWh/yr and a
fixed electric rate of $.05 per kWh. The resultant curve is relatively
flat within this range, which implies that system economics are relatively
insensitive to further increases in EOCOP.
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Figure 6.4
PAYBACK AS A FUNCTION OF QPERATING COST COMPONENTS
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Curve #2 in Figure 6.4 shows payback as a function of base system energy
consumption within the range of 3000 to 9000 kWhs per year. EQOCOP is
fixed at 1.90 and the rate is again fixed at $.05/kWh. The resultant
curve shows that system economics are more sensitive to increases or
decreases in base energy use than to EQCOPs within the identified ranges.

Curve #3 in Figure 6.4 shows payback as a function of electric rates within
the $.02/kWh to $.10/kWh range, with EOCOP fixed at 1.90 and base energy
consumption fixed at 6000 kWhs/yr. The resultant curve shows that system
economics are more sensitive to changes in electric rates than to either

of the other two operating cost components.

Applying all of the averages of 6000 kWh/yr, EDCOP of 1.9, and $.05/kWh
yields a simple payback of 0.7 years per $100 in AIC. Assuming a present
day AIC of $600 for the HPWH, the average consumer would realize a pay-
back of 4.2 years.

The relationships developed thus far indicate that the economics of the
HPWH will improve dramatically in the near future. As mentioned, the
typical AIC for the system is expected to drop somewhat or, at least,
stabilize once large-scale production commences. Increases in EOCOP are
expected as the HPWH design is further refined, resulting in an increased
percentage of energy savings, but the actual kilowatthour savings on an
average basis may remain relatively constant if future reductions in fam-
ily size and increased energy awareness bring about further reductions in
base system energy requirements. The most dramatic improvement in system
economics will come from future increases in energy rates. As demonstrated
in Figure 6.4, system economics are more sensitive to changes in electric
rates than to any other operating cost components. The average cost per
kilowatthour is one component that is almost certain to increase signifi-
cantly.
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TEMCOR HEAT PUMP WATER HEATER FIELD DEMONSTRATION
' DATA REPORTING FORM

IMPORTANT: This is the revised data reporting form, to be used effective November
20, 1979. Please discard any blank copies of any earlier data forms you may
have and replace them with this form.

PLEASE COMPLETE ALL SECTIONS OF THE FORM FOR EACH REPORTING PERIOD.
DATA FORMS AND TAPES SHOULD BE RETURNED TOGETHER WHENEVER POSSIBLE.

Name of Utility
Installation Number

Monitoring Period: From To

(Please indicate month, day, year)

CUMULATIVE METER READINGS: (Please take reading just prior to mode switch and
indicate actual reading rather than difference)

Operating Mode Backup
Reading at Time of Resistance Heat Pump Resistance Water
Date Reading M M2 M3 M4 M5 Meter

DATE AND TIME OF RUSTRAK RECORDER TAPE INSTALLATION:

DATE AND TIME OF RUSTRAK RECORDER TAPE REMOVAL:
(Please also mark the above items on the tape if possible)

IF TAPE RAN OUT, JAMMED, OR OTHER PROBLEMS OCCURRED DURING THE PERIOD, PLEASE
INDICATE AND NOTE DATES AND TIMES IF AVAILABLE

EXTENDED POWER OUTAGES: FROM T0 (Dates and Times)

FROM TO (Dates and Times)
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DATA REPORTING FORM - PAGE 2

Unit is on [:] weekly [:] daily cycle

Unit is set to shift modes at (time) on (day of week)

Temperature Checks (Monthly Manual-to-Rustrak Correlations) AM
Date and time of manual temperature reading at : PM

Manual Reading Rustrak Reading

Ambient °F °F

Delivery H20 ' °F °F

Inlet H20 °F °F

(if installed)

PLEASE ALSO RECORD MANUAL READING ON RUSTRAK TAPE AT TIME OF READING

Is Rustrak showing correct time? [:] yes [:] no

(If no, enter correct time of day and date on tape and reset)

Control Timer (Inside Instrumentation Panel)

Was timer showing correct time? [:] yes [:] no

Was timer showing correct.day? [:] yes [:]no
(6:00 position of star wheel)

If no to either of the above, specify variance

RESET TIMER IF NECESSARY



PROJECT INP

Name of Utility
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UT DATA FORM

Utility contact

Phone:

Name of consumer

Installation #

Address of consumer

Style of house:

a. D Ranch

b. [:] Basement

C. [:] Integral garage
Other

[:] Two story [:] Split level

[:] Crawl Space [:] Slab

[:] Attached garage [:] Carport

d. Utility room
e. Furnace room

f. Insulation in:

Walls inches
Ceiling inches
Floor inches
Basement inches

g. Windows:
[:] Single pane

h. Portion of basement wall

[ ] 25% [ 1502

[::]Yes [:] No
[:] Yes [:] No

D Wood D Metal
[:] Dual pane [:] Storm

below grade:

[ ] 759 [ 100z

Family size: Adults
Children



10.

1.

12.

13.

14.

15.

A-4

Normal thermostat settings:
Winter: Day Night
Summer: Day Night

Type of present water heater:

Electric Gas 011

Size of present water heater:
[:] 40 gallon [:] 52 gallon [:] 66 gallon

[:] 82 gallon [:] Other

If electric, size of elements:

Top watts
Bottom watts

Estimate number of times per year running out of hot water
Type of heat pump water heater installed:
New [:]Retrofit

Location of installation:
[:] Utility room [:]Furnace room [:] Basement

[:] Other

Size of room: ft. by ft.

a. Area exposed to outside, earth or unconditioned space:

Walls sq. ft. Floor sq. ft.

Ceiling sq. ft. Windows

b. Area exposed to conditioned space:

Walls sq. ft. Floor sq. ft.

Windows

Ceiling sq. ft. and doors sq. ft.

and doors sq. ft.
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INSTALLATION SKETCH SHEET

¥

¢ )

TEMCOL SeHomaTC

o
NG
Coy Q§§====”7
warR " VAR
wor
WATTR.

Indicate dimensions of smallest enclosed space surrounding
heat pump water heater.

Indicate, for each wall, whether it is an inside wall (IW)
or outside wall (OW).

Indicate any doorways, walkways, or windows that are
normally open.

Indicate any heat sources, such as furnaces, heat vents,
clothes dryers, etc.

Show location and orientation of TEMCOR by sketching a schematic
similar to the one shown above (or cut out schematic and tape
on a diagram).

Indicate location of ambient air thermocouple with an "X" on the
diagram, and indicate the approximate height from the top of
the unit.

Indicate location of delivery (hot) water thermocouple and source
water thermocouple (if applicable), with arrows pointing to the
pipes.
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DC

Questionnaire responses are given in percentages. uc
SR

PARTICIPANT INTERVIEW
Department of Energy Heat Pump Water Heater Field Demonstration

NAME : UTILITY SITE #:

ADDRESS:
DATE:

1) How often did you run out of hot water using your previous system (A}, using
the test system (B)?

A. Previous System B. Test System
53% [ JNever : 62%[] Never
23% [(JRarely 2791 ] Rarely
21% [JPeriodically 59, [] Periodically
29 [_JFrequently 6% ] Frequently
14 [JConstantly [J constantly

2) How was the noise level of the water heater?

3% [JUndetectable
62% [ 1Mo problem
17% ] Small problem
18y [] Annoying
[Junbearable
3) How was the air temperature in the area of the water heater?

5%E]Great1y improved 8% Better summer, worse winter

337[] Better
42% [ ] Made no difference

12% [] Worse
[[]Much worse
4) How was the dehumidification effect?

o[ 1 Very helpful v 2% Very helpful summer, undesirable winter
393 ] Helpful
524 ] Made no difference

o%D Undesirable (over)
1% ["]Highly undesirable
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5) Did the system save you money?

354 ] Saved very much 11% No answer
427 ] saved a little
991 No difference
39 JLost a little
DLost very much

6) Assuming a replacement electric water heater cost of $150, how much more

would you be willing to pay for a heat pump water heater?

17%[JNo more 2% No answer
129[ JLess than $100

24515100 - $200

15415200 - $300

12475300 - $400

99 []$400 - $500

33 Over $500

7) Compared to your previous system, how would you rate the test system?

35%[ JMuch better 12 No answer
32‘21;[] Somewhat better
26%[] About the same
6% [ ]Not as good
[JMuch worse

8) Do you have any suggestions, complaints, or other comments?
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CORRECTION CALCULATION PROCEDURE

Basis of analysis: water delivery conditions from heat pump mode

Definition of Terms

M] = kWh used in resistance mode over a period of D days
(from meter reading)

M2 = kWh used by heat pump over a period of D days
(from meter reading)

M3 = kWh used by upper element over a period of D days
(from meter reading)

D = period in days between meter readings = (DR + DH)
DR = days water heater operates in resistance mode
DH = days water heater operates in heat pump mode

TR = average delivery temperature of hot water in resistance
mode (°F)

TH = average delivery temperature of hot water in heat pump
mode (°F)

TI = average inlet water temperature to water heater (°F)
T, = average ambient air temperature (°F)
= total gallons hot water used in D days = (NR + wH)

W
wR = gallons hot water used in resistance mode
wH = gallons hot water used in heat pump mode
JA

g - number of times unit switches from resistance to heat pump
mode (cycles)

ZR = number of times unit switches from heat pump to resistance
mode (cycles)

QR = kWh added to resistance-heated water stored in tank to raise
temperature from TR to TH each time a resistance cycle ends

QT = kWh added to resistance-heated delivered water to raise
temperature from TR to TH
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QJR = kWh lost through the tank jacket during resistance heating
operation

QJH = kWh lost through the tank jacket during heat pump heating
operation

QH = extra kWh in heat pump heated water in tank at end of
each heat pump cycle (QH = R)

M = corrected value of My accounting for 1) additional kWh to
raise delivery temperature to T ) additional jacket losses
at higher temperature Ty, gd1t1ona1 kWh to raise water
in tank to Ty at end of each resistance cycle, and 4) added
or reduced kuh for jacket losses for the same number of days
of operation in resistance mode as in heat pump mode

(M2 + M3)C = corrected value of ( ) accounting for reduction
of kWh needed to ra1sg tané temperature from TR‘to TH
at start of each heat pump cycle

Assumptions for Calculations

1. Water in tank is at uniform temperature ecual to delivery
temperature. ' ' '

Btu

hrefF

air temperature.
3. MCp (heat capacity) for water from 60° to 140°F is 8.26
Water tank volume is 82 gallons.

Btu
gal°F"

Calculation Steps

STEP 1 Calculation of water usage during each mode:

The amount of water used during the resistance mode can be
determined, based on the net energy added to the water
during resistance heating:

(total energy used during)_ ( energy lost )
resistance mode through jacket

added heat per gallon of delivered
resistance-heated water
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where

total energy added during resistance mode

= (metered resistance energy) + (correction for energy available
from heat pump cycle)

t .
[3413 (%W%) x M1 + [82 (gallons) x 8.26 (%g%oF) x Zp x (T, = Tg) °F]

= 3413 M, + 677.3 ZR (T

1 W™ Tr)-
Energy lost through jacket

_hr
day

=8 ( ) x (Tp - T

T - Ta) (°F) x 24

FroF ) X DR (resistance days)

= 192 Dy (TR - TA).

Added heat per delivered gallon _ g ,¢ ( Btu ) x (Tp - TI) (°F)

of resistance-heated water gal°F
= Btu
=8.26 (Tp - Ty) (Gg7)-
Then
o - 3413 M] + 677.3 ZR (TH - TR ) - 192 Dp (TR - TA)
R 8.26 (TR - TI)
413.2 M, +822, (T, -T, ) -23.240, (T, - T )
(gallons) =[ 1 R *'H R R 'R A ]
and
wH =W - NR.

STEP 2 Calculation of energy terms:

a. QR = energy added to water stored in tank each time
resistance cycle ends to raise temperature from

TR to TH
8.26 (-Std) « 82 (=L x (T, - Tp) (°F)
= O gal°F’ X cycle H R
Btu
3413 (EWH)

kWh ).

QR = (0.1985 (TH - Tp) (cyc1e
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QT = energy added to water withdrawn during heat pump mode
to raise temperature from TR to TH

8.26 ( ?Eg ) x Wo (gal) x (T, - Tp) (°F) -

‘ga
Btu
3413 (FWF)

0.00242 (TH - TR) Wp (kwh)

o
=
[[]

where NR is obtained from Step 1.

QJR = energy lost through the jacket during the resistance
heating mode

3 (hBtu ) x (Tg- Tp) (°F) x 24 (day) x Dp (resistance days)

3413 (%ﬁ%)

QJR = 0.0563 Dp (TR - TA) (kWh)

energy lost through the jacket during the heat pump mode

Qn =
=8 B x (1, - T (°F) x 28 () x D, (heat pump days)
Btu
3413 (EWF)
QJH = 0.0563 DH (TH - TA) (kWh)
QH = extra energy stored in tank each time heat pump cycle
ends due to lower resistance temperature
= = kWh
QH = QR- 0.1985 (TH - TR) (cycle )
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Calculation of meter corrections:

a.

In order to determine what My should be,based on the
heat pump conditions, add the energy difference and
correct the jacket losses.

W
Mic = M + Qp + QpZp - Qppl X (W%) * Qy

The bracketed term corrects My for the difference in
operating temperatures and deducts resistance-mode

Jacket losses; the W /wR term corrects for the difference
in water usage; and the last term is the correct jacket
loss at the heat pump temperature.

(M, + M,). and Heat Pump Performance Factor (COP):
2 3'C

The correction for the heat pump meters depends on the
unit's COP. However, the COP is based on the heat pump
meter reading and should include the correction. There-
fore, the two equations are combined and solved first

for COP and then for (M2 + M3)C.
(0, ¢ M) = (M, + M) - (HxTH Z”)
2 ¥ M3)¢ 2 ¥ M3 CoP
COP = Mic

(M2 + M3)C

Substituting for M]C and (M2 + M3)Cin the equation for COP,

=

() (My + Qp + QuZy - Qi) + Q
cop = Mol TR TRt Qgpd * Quy

W
(M +My) - ()



Solving to get COP only on the left s1de of
the equation,

cop = L (WE') (M + Q + QeZg - Q) + Qg 1+ Q2

]

Mic * Oy Iy
(M, + M)

cop

Once the value for COP is calculated, it can be
plugged into the equation for (M2 + M3)C to obtain
corrected meter readings.
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DATA CORRECTION PROGRAM LISTING
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PROGRAM LISTING (Continued)
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PROGRAM LISTING (Continued)
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PROGRAM LISTING (Continued)
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LINEAR REGRESSION METHOD FOR ESTIMATING THE DEPENDENCE OF COP ON TEMPERATURE

Let S = =] (COP — COP*)2 = =] [COP — (B + BT, + CT, + DTyl

A I
where
COP = measured coefficient of performance,
COP* = A + BTA + CTI +,DTD is the predicted COP,
TA = ambient temperature,
TI = supply water temperature,
TD = delivery water temperature, and

A,B,C, and D

regression coefficients.

To minimize S, set the first derivatives of S = 0. This results in the
following equations:

%§.= 0 = 2z [COP — (A + BT, + CT; + DT)1(-1) , (1)
8% = 0= 2 [COP — (A + BT, + CTy + DTY)1(-T,) (2)
8 - 0= 220 [cop — (A + BT, + CT; + DTp)1(-T;) , and (3)
%%—= 0 = 227 [COP — (A + BT, + CT} + DT))1(-T,) . (4)

Rearranging Eqs. (1) through (4), we have the following:

=COP = An + BETA + CETI + DETD .
. = 2
TCOP TA AETA + BETA + CETITA + DETD A
. = 2
=CcopP TI AETI + BETATI + CETI + DETDTI , and
. = 2
zCOoP TD AETD + BETATD + CZTITD + DETD .

The constants A, B, C, and D may be found by solving these simultaneous
equations using matrix techniques.
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FIELD DATA BASE AND SUMMARIES

EUS Field Test Data C-1

Summary of EUS Field Test C-14
Data by Utility and Unit



OO S R R OOV R RV el xS S Jr S ls S 00 OO FL I Y IV

FOPaTdr i+ s s s et e s
G - M

— 00 00— (T

LG 0 B2 00 Td PO T T

300 D0 00 G0 0 DO i
03 =4 3 N P O3

l_ﬂ

CICI LI 0T GI0Y O3 - = = 03 G IO G2 G0 P P G0 G0 00 00 G0 G0 G 53 [ = e 133 B 0D B B POPRI PRI P = PO TR LA I P PO TS o

C-1

EUS FIELD TEST DATA

AYE RIR IMLET DLYRY
HFLIH DRILY TEMP WATER WATER

cCor GALLOMS WF TEMPCF ) TEMPCF
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EUS FIELD TEST DATA (COMT!DY

AYE AIR INLET DLYRY
DATH HFWH  DRILY  TEMP WATER WATER
ENTRY ©CLASS ~ COP  GALLOWS  <F» - TEMP(F» . TEMP(F:
51 3 1.54 23 77 34 135
52 5 1.79 23 57 71 113
53 3 1.57 2z 57 71 118
54 3 1.52 23 83 71 139
55 2 1.54 31 g5 20 143
56 3 2,87 35 75 65 145
57 5 2.31 115 75 63 145
53 3 2.85 39 74 &5 143
53 3 2,73 187 69 75 146
&0 3 2.00 a1 73 73 1439
51 3 2,31 94 75 59 1589
B2 3 1.64 89 =) 84 147
63 3 2.13 182 a2 68 142
g4 3 1.87 183 34 71 128
&5 2 2,29 121 55 ) 14
86 2 2,44 138 78 75 149
67 2 1,59 152 78 73 138
55 1 2.18 162 75 70 139
53 3 1.93 38 75 73 142
75 3 1.58 45 75 73 144
71 3 2,83 43 72 73 149
72 3 1.69 48 53 73 142
73 3 " 1.53 32 53 55 141
74 .3 1.40 36 75 21 139
75 3 3.8 27 74 78 1489
76 3 1.50 24 85 34 158
77 3 2.45 31 36 71 148
73 3 2.35 28 31 74 118
73 3 2,33 14 85 78 118
aa 2 2.51 26 52 20 127
a1 2 2,19 27 75 76 126
8z 2 2,69 33 74 72 139
33 2 2,88 46 72 57 127
a4 3 1,82 159 77 65 138
a5 5 1.38 169 30 29 135
86 3 1.27 159 50 78 138
57 2 1.61 149 ag 34 133
g8 3 1,88 165 a5 71 132
5% 3 1,59 1439 85 71 141
= 2 2.B87 132 5E 38 142
31 1 1.95 143 85 77 141
az 2 1.35 153 g2 72 142
93 2 1.85 171 79 71 143
24 2 1.75 44 59 54 127
35 3 2.04 56 78 8@ 137
36 3 2.33 44 76 72 136
a7 3 2.30 43 s 84 137
ag 2 3.86 37 85 35 137
29 2 1.94 a7 82 85 141
198 5 2,83

43 &3 [ 137



C-3

EUS FIELD TEST DATH CCOMT? D
RYE AIR IHLET DLYRY

DATA HFWH DIRILY TEMP WATEF HATER
- ENTRY CLASS COp LALLOMNS LE TEMPCF 2 TEMPCF 3

181 2 2.581 4z 4 ) 138
18z & 1.7v1 435 E7Y 61 e
183 3 1.54 35 B2 61 132
164 3 2.69 Bl 21 =18 137
185 3 1.92 BV =8 26 137
l1ag K 1.83 &3 =1 54 1386
1av 2 1.58 15 °Y Y 13

1ea 2 2.87 61 24 36 143
13 1 1.25 &g R 79 131
11a 2 1,38 T av 59 148
111 2 1.648 96 v 1 133
11z 3 1.78 &3 a8z 56 128
113 3 1.79 a7 e 36 128
114 2 2.49 45 = 24 125
113 2 1.73 94 B o4 1323
l11g 1 1.26 59 v 63 1335
117 1 1.358 =14 =) 83 134
113 1 2. 85 59 LS 25 128
113 & 2. 58 =35 29 87 1326
124 1 1.77 63 23 g7 135
121 1 2.34 189 r 4 124
122 2 1.34 41 vl 8 13

123 1 1,28 = 23 9 133
124 1 1.74 3 a4 78 133
125 1 1.84 i it 13 131
128 1 1.37 v v 61 124
12y 2 1.58 1e? 3] 54 121
122 2 1.88 193 B2 54 131
129 2 l.51 192 53 92 131
1329 2 1.74 133 &3 58 138
121 2 1.29 234 ra 3¢ 132
1az 3 l.69 91 38 4 128
132 3 1.83 1 85 74 12

134 3 2.8y S g1 74 141
135 1 1.89 53 vy 72 144
136 1 1.43 %) fe e 148
137 1 1.6% 53 &4 -1 lds
138 3 1.48 a4 =3 53 146
139 & 1.38 B B2 64 t4e
144 1 l.66 3] 7l [ 145
141 1 2.58 =7 B89 7e 143
142 & 1.78 1 i) 7l 142
143 1 2.19 .33 [ 74 139
144 1 2.37 35 82 [ 138
145 1 2,25 32 =3 74 138
145 1 2.18 38 ] [ 139
147 1 1.68 43 7 78 133
148 1 1.84 46 &1 56 141
143 1 2.22 44 63 53 141
138 1 1.41 43 B2 64 144



c-4

EUS FIELD TEST DATA <CONT*D)

: AVE RIR INLET DLYRY

DATH HFKH DRILY TEMP  WRATER - WATER

EMTRY CLASS COP LALLONS R TEMPCF) TEMPC(F
151 1 1.68 42 57 4! 148
132 1 1.55 39 B3 72 148
153 1 1.87 38 re 71 144
154 1 1.99 37 83 x-B 1486
153 2 2.21 96 89 I8! 145
136 3 2.22 28 24 71 152
157¢ 1 2.33 43 g2 74 141
132 1 2.3 58 a4 74 140
139 1 2.41 43 =L 74 139
168 1 2.39 38 a4 °4 141
1el 1 2.13 43 Y ra 139
1e2 1 1.34 29 59 7B 141
183 1 1.77¢ 81 &l 66 142
leg 1 1.7 =1 B2 63 142
185 1 1.73 vl 59 &4 142
166 1 1.76 65 7B e 144
1e7¥ 1 2.44 44 -1 e 144
168 1 2.77 449 83 e 146
169 1 2.37 69 a4 [ 144
178 1 2.3 41 o4 74 136
171 1 2.41 96 i3 74 136
1ve 1 2.39 B v 7e 139
173 1 2.87 a4 71 7o 148
174 1 2.11 83 &9 65 140
1vS 1 2.186 87 78 63 141
17e 1 2.87 181 53 64 141
177 1 2,88 &7 B9 7e 142
173 2 2.24 e B 7e 141
1ve 1 2.19 a7 281 71 141
1sa 2 2.35 36 36 71 142
121 1 1.74 223 e 7@ 137
122 2 1.98 229 e 78 139
183 1 2.33 232 ’B 73 141
184 1 2.39 214 i =] 1480
185 2 2.22 137 V3 71 138
1865 1 2.34 173 7 64 147
137v 2 2.79 181 83 66 157
1z 2 2.47 188 re 68 142
189 1 2.084 133 [ ra 147
198 1 1.97 142 7l 78 145
191 2 1.71 121 73 73 147
192 2 1.385 159 73 80 147
193 2 1.87 133 4 71 147
194 2 1.75 121 7 78 139
195 2 2.13 115 7Y 76 142
19¢ 2 1.92 128 73 68 146
197 1 2.85 43 e e 135
193 1 2.11 47 78 e 137
199 2 2.89 41 4 73 137

288 1 1.84 48 71

80 135



C-5

EUs FIELD TEST DRATH CCOMT*D)

RVE HIR IMLET DLYRY
HFEH DAILY TEMP HATER WHTEFR
CoOF GALLOME wF TEMPCF S TEMFCF

P I e |
|
I —

T

EMTRY

o ol
o
—
I
ra

A3
()]
-4
—
£a

0D

SO Y O L3 B B Fe OO Ja 03 G
X
T
(8]
—
g
[2

DTN R WO

[l 2 Y ¥ Rt
i = FaTaF
Lo ]
—
100
0

[Sa 8 y]

281 1 1.5 =3 v 71 136
282 1 2.81 &5 Ve re 137
213 1 2. 15 = T e 141
2B 2 1.78 5 a3 6583 144
285 & 1.57 o T Fg" 131
SHE = 1.968 &1 = 3 138
s & 1.35 4.3 = Ys) 141
ey b o 1.581 e fa! 57 125
pauhe 1 1.95 av e 45 136
218 1 2081 VB o 42 156
211 o 1,93 EE =i 40 134
212 i 1.95 (3¢ e 43 145
a1 = 1.51 i YE 43 145
=214 1 1.99 1] i 44 143
215 1 1.595 F T sa 145
alE ) 2. B T e ey 149
217 = 1.53 27 = 53 137
218 1 JEC S5 T Te 141
21e z 2. HE 45 a4 B 149
23R 1 2.8 bt | 5 e 135
221 = 1.98 194 TE ) 132
sas 2 1.95 187 T 63 131
a2 = 1.91 185 vl 3 132
g = 1.98 114 &7 5| 132
225 1 1.92 168 & 54 132
S2E 1 i 1@ £ 43 132
S22 1 e It 18z = 45 133
sas = 2. 115 oy 43 1295
2a 1 1.583 = B 43 141
23R i .94 95 Fom 5a 141
231 1 e TE a7 ) 138
oo 1 2esd 3] i Ed 137
23T e 1.:28 =55 7l B2 151
2o = 1.76 8] Ta Ad 159
235 1 1.68 TE =5 Bl 152
236 1 1.57 ops T av 148
257 1 1 = = a5l 139
245 1 1 = e 4 129
el 1 1 o () 42 129

1 1 ()

1 1 =

1 1 £

2 1 ¥

z i v

2 2 I

2 i v

1 1 v

1 1 -

1 1 [

O3y Q- i~ Ay~ faha

SNETROROOOGAM AR B

—



C-6

EUS FIELD TEST DATA <CONT Do

AYE AIF IMLET DLYRY
DAILY TEMP WATER WATER
GALLOME wF TEMPLF) TEMPCF

[ R

T
XL

o T
Hix]
Ly Jow o
[
mE
T

EMTRY

51 142
46 140
48 142
44 149

o 00 00 00 00 OO 00 0
Forr AT e 030D

Fo = d U0 D U D A e
2§

RWORAGRO R E DO AN T~ &0

[l st ol S o
TR == L I o

251 1 2.12 181 (3 42 144
25z 1 2.17 164 2] 48 145
233 & 1.89 117 B 43 lds
254 & 2.7 111 BE 43 14
295 2 1.89 c] > L) 49 147
298 2 2.81 25 L, 56 147
237 2 1.74 39 B B8 145
258 2 1.397 a8 71 1 143
259 1 1.97 21 vl a9 144
268 2 1.85 =12) 7l o4 149
2el 1 1.97 [ B 46 148
2R 1 1.83 51 S8 45 141
283 2 1.38 BE &7 44 139
24 & 1.47 32 B 43 139
263 2 1.77 47 B 94 135
2EE 2 .38 L e 51 148
267 3 1.568 23 T v 143
_2eE 2 1,99 a6 e 59 141
269 e 2.43 44 31 73 131
278 3 1.52 32 e va 139
271 2 1.75 a7 73 67 144
2re 3 1,329 4 &7 28 138
273 3 1.46 B2 3¢ a1 141
274 2 2437 X TE 465 142
273 & 2.23 4z cH 48 142
275 1 1.91 43 B 44 134
277 2 1.76 91 & 48 37
2y 2 1.89 38 5 54 136
P 2 1.58 =15 v gl 139
=15 2 2.3 29 7 7 135
1 2 1.3 449 v B3 134
2 2 1.9 13 2 e 129
3 3 1.3 2 o 57 135
4 3 1.1 3 = o8 148
b c: 2.8 2
£ 3 2.2 v
v e 1.7 v
8 2 1.9 =
2 1.8
& 2.2
a2 2
2 1
1 1
1 2
1 2
Z 1
1 1
1 1

R aORRRD S aMDrG

e .29 = 43 138
xS 23 ¥ 24 142
ER .18 7 61 143
22 37 7 ve 144
X .24 =15] v K 145
L) o2 B89 v 3 139
B0 83 4 v re ' 142
1= 43 a4 i 67 149
97 .13 e 3 58 142
L .33 &g v 34 145
23 « 33 v v 46 144
g P2 61 v 46 ld4s



EUz FIELD TEST DATA <COMT*DO

HVE AIR IMLET DLYRY
ATH HFWH DRILY TEMP WATER WATER
LHES coF GALLOMS CF TEMPCF TEMPCF

i 44 147
73 48 146
63 54 146
5 61 145
7B 136
59 147
73 143
72 145
57 145
58 147
45
45
45
55
45
45
54
54
&8
1)
56
78
56
56
45
54
57

35

[ %5
n

oo
o
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i
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. =

T T T
T S T
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e
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342

&

T
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330 -1 = ) |

il LB 4 & 52

mnE i 1 ) ]

333 e 4 B o2

it o3 1 £ e

425 L1 & & )

ARG O3 C & 68

AT B 140 & 52

EE =9 138 & G2

e 53 146 ) 54 148
48 20 115 58 141
ad] a3 118 7a 138
W65

243 BB a3 7

44 37 26 e

345
345
347
S

(8]
iy

68
33
52 .
23

. B2
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C-8

EUS FIELD TEST DATA CCOMT*D

RYE RIF IMLET DLYRY
HFWH DAILY TEMP WATER WATER
COP GRLLOMS wF TEMPLF TEMFCF S

=
e |
[y i u ]

D

EMTRY

[ ]

351 2 1.598 29 B 46 141
ana 3 2. 48 2 &5 48 143
s 2 1.71 ) 53 49 146
a4 = 1.57 e &5 1t} 148
355 & 1.528 T &5 S 142
358 = 1.68 & o= o4 121
aET7 2 1.57 £ T 54 144
aEa 3 1.4 ) T 56 145
359 a3 1.74 55 5 58 148
iy 2 1.74 55 S 53 147
361 3 1.78 I EE 49 148
e 2 1.62 5 £ v 148
263 2 2.34 49 TE 53 148
el 2 1.98 37 Fa 449 148
36T & 1.83 3 s 47 8
IEE & 1.53 av 7 46 148
HET 2 1.63 TE 7 48 142
e 3 1.81 i) &1 58 137
el = 1.4%9 50 3 =@ 138
ave 2 1.75 47 a5 53 141
a7 1 1.83 4 ) 54 129
are 2 3.19 et e 54 137
73 o 2.85 bk B 56 131
374 1 2.83 a5 E B 52 133
ava 2 2.18 £ 549 53 135
ave 2 2,33 ) 53 49 138
3T 2 2.85 £ b 47 138
3TE ] 1.58 a5 &8 46 137
ara 1 1.82 Fe =4 48 138
258 1 2.11 25 56 58 136
351 1 1.73 =g a4 58 135
aae 2 1.92 ) By 51 136
oo 2 1.681 g] T 58 125
2ad o 2.41 a7 7o 58 129
et 3 1.68 45 £ 56 149
IEE = 1.85 43 57 58 144
a7 2 1.18 45 3] a4 138
aEe 2 1.61 42 7o 58 138
oS 2 1.85 ]| TE 58 137
298 2 2. 26 148 e 7 131
391 2 2.57 139 71 7 13
392 2 1.39 135 ) =15] 143
395 2 2.49 27 rar 57 149
394 2 1.32 115 s Y] 148
395 2 2.41 185 e 58 148
396 2 1.59 117 73 57 158
397 2 1.52 128 74 51 148
333 2 1.38 123 T &4 151
e 2 2.49 a7 T8 &Y 148
486 2 2.14 e 74 e 143
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C-9

EUS FIELD TEST DATA CCOMT DO

AVE RIF IMLET DLYRY
HF bH DRILY TEMF WHTEFR HATEFR
COF GHLLOMS wE TEMPOF TEMFCF

147
133
143
133
142
144
145

3}
(=%

.
s

EX
O3 03 (a

o 00 00

R NN A

-f 73 ] OO0 Pl OO

{ax]

fxx]

v €43

)
£
o 1
)
2
e

o 0 4

LR EERS TR EN]

L ol e RV IR S S SR RN I AR T Y I S N ST N SV Y
= = 8 &5 B & ®= = = = .2 ® ® & & =

= § T 0 e o 000
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137

138
e 138
3 159
26 1395
o 15 1ze
= ) o 5 142
21 = & =6 128
94 ] v 58 141
TE 7 4 a4 139
o] o ] 42 126
Ao 185 o] 37 137
(5 117 2 37 1368
45 121 4 3 135
43 181 & 48 138
el 113 ] ¥ 138
B 113 4 S5 125
19 =d 3 42 131
23 169 5| 58 135



C-10

EUS FIELD TEST DATA CCOMT*ID

AVE RIF INLET DLVRY

DATA HFWH DRILY TEMP WATER WATER

EMTRY CLRSS CoF GALLONS L TEMPCF TEMPCF
431 2 1.98 113 B9 92 135
452 2 2.84 181 B9 91 148
453 2 2.89 83 &7 51 137
4354 2 1.88 ] &3 37 149
4355 1 2.249 24 i) 51 145
455 1 2.89 54 V4 - 97 141
4357 1 2.28 [k ve 36 141
458 1 2,38 [ RE: 94 148
439 2 2.597 ] 78 91 142
468 2 2.27 47 rE 49 141
461 2 2.12 43 v 47 138
462 1 2.26 SE TE 47 141
463 1 2.2 &3 &Y a8 148
464 1 2.13 3 &8 58 142
465 2 2.48 63 vl 53 142
456 1 1.36 32 a7 986 135
467 2 2.83 29 6% 92 142
458 & 1.93 3 8 58 14
459 e 2.19 34 83 33 147
47 2 2.36 27 v 64 147
471 2 2. 44 23 86 -1 148
47z 2 2.38 96 73 61 146
473 1 2.31 =L 83 37 143
474 1 1.36 63 24 =13 144
473 1 2.22 28 [ 54 148
476 1 2.18 63 B 3l 143
477 1 1.96 o8 7l 49 145
478 1 2.12 o4 3 47 141
475 1 1.74 e rl 47 142
438 1 2.81 g1l B3 o8 145
431 2 1.88 82 73 <8 147
482 2 2,449 4 er 53 144
423 2 1.85 24 3 56 144
454 2 2.22 47 [ a8 136
455 1 2.14 Y e 61 137
4865 1 2.87 a8v 7 57 138
437 1 1.81 B BE 36 135
438 1 1.94 e 63 34 139
439 1 1.74 - 73 529 91 138
430 & 1.7 v =11 49 139
431 1 1.7 g 56 47 139
492 2 1.03 868 61 =¥ 142
433 1 1.82 7B 63 58 144
494 2 1.82 85 7a 98 142
495 2 2.18 74 73 33 145
435 3 2.85 58 81 S6 140
437 2 1.63 69 63 49 133
438 2 1.63 47 65 47 143
439 2 1.33 59 78 49 151
151 1 1.568 58 &7 1% 151



C-11

EUz FIELD TEST DATH <COMT DD

HYE AIR IMLET OLYRY
A HFWH ODAILY TEMP WRATEFR WATER
S5 CoF LALLOMS oF TEMPCF TEMPOF

65
58
68
65

51

SE1 1 1.74 4e BT 58 154
sEs 2 1.868 Es] e 53 144
503 3 2.1 by & &1 i1
564 2 1.93 71 e e 142
RES ] 245 ¥ 59 56 1282
SRS 2 1.97 Y e 53 137
SET 3 2. 06 E e 55 55 139
5k i 2.42 e ) 55 146
HEa 2 1.76 Ta & 35 142
514 1 L v ) 53 141
511 1 1.79 ] 52 51 142
a1 = 1.32 71 =54 49 142
=13 2 1.82 ) 51 35 1432
514 = 1.43 &1 =1 46 144
515 1 1.67 e Se 49 143
518 3 1.74 a7 57 46 144
17 3 8. 94 5 1 o4 144
=le ] 1.17 £ & 58 148
514 2 1.85 e 7 23 148
S 3 1.584 161 ve 55 143
D21 & 1.9%9 116 e 53 148
Bad 1 1.82 164 s 51 144
B3 1 1.82 182 B 49 148
g24 1 2.BaT 188 e 41 143
RE5 1 1.91 161 1= 45 148
) 1 1.83 k] £ 36 143
BT 1 1.71 ke =Y 58 144
ek 1 1.75 e &7 54 149
529 1 1.683 R e 54 147
526 1 1.83 Ve Td =T 153
=aq ] .59 = 1| 53 151
Hae 3 1.12 29 T 53 145
33 = 1.56 21 7a 55 145
pet 3 2R 23 7 55 145
535 2 2025 26 s 53 142
I8 = 1.71 35 T 55 125
BIV ] 1.12 o e EF: 128
538 2 1.39 25 e 46 133
5o9 = 2.85 3ar = 48 138
=40 2 1.14 17 b 49 137
541 2 1.87 33 & 493 148
542 2 2.249 =1 & o4 148
543 3 1.46 o] & a3 28
544 2 1.31 253 & 55
545 2 1.48 28 5 61

2 1.53 21 )

2 1 on 5

2 1 Bea )

] i 21 ]

2 1. 22 &

-
S = 0 I D e T 00 LR O
. et b b ek s eh
1O L [0 D G G i
00 0 ~J ~J &) (3 o

e OO
[ KX R TS o Y



c-12

EUS FIELD TEST DATH (EDHf’D?

RYE RIR IMLET DLYRY
HFWH - DHILY TEMF WATER WATER
Cop GALLOMSE GFD TEMPCF 2 TEMPOF S

[l ven

T
0 D

I —

EMTRY

551 2 1.68 122 & A 55 131
552 2 1.95 28 57 58 132
555 K] 2. 654 Ta 57 53 . 123
554 2 1.77 a1 fs) 55 131
555 2 2,89 g9 =] 57 132
S5E 3 1.79 TE BE e 134
EET 3 2,89 53 a5 75 128
=55 2 2,88 e a8 72 133
HE Y 2 1.67 B e e 123
S5 3 2,85 54 6 68 121
561 2 1.50 Ta 63 53 131
52 2 1.85 75 58 51 129
553 3 2,89 61 g3 B85 133
S 3 1.53 s 56 58 132
5L 2 2.13 71 e 53 134
SEE 2 2.18 52 a7 55 134
BET ] 2.43 £ BT 57 134
S5 E 2 2,18 49 74 7O 135
BT 2 2.18 36 7 7 134
570 2 2,41 49 TE 7a 137
571 2 2,52 53 e 7a 136
] 3 2,65 213 T2 58 128
573 2 1,43 145 B8 B85 129
574 2 1.82 168 69 61 129
575 3 2,680 153 64 8BS 13

576 3 1.52 143 3] 50 129
577 2 2,81 127 &7 63 138
5TE 2 1,99 128 TH 85 138
579 3 1.91 149 71 67 131
530 2 2.49 137 74 78 121
531 2 2.85 118 T2 78 138
53z 3 1.65 &8 A 57 153
S5a5 2 1.93 71 7o 62 154
524 2 1.42 = Az 65 151
5a5 2 1.68 61 95 58 151
SEE 2 2.18 54 a4 68 152
587 1 1.57 62 25 75 144
538 1 2,83 45 a4 rirs 149
589 2 2.33 52 ELs 54 158
530 2 2.26 53 164 58 159
591 2 1.93 51 7B 54 148
532 2 2.86 38 re 57 136
593 2 2.80 28 B 62 133
594 2 2.18 38 68 55 131
5495 2 2.11 25 67 68 129
535 1 2.18 25 55 58 123
537 1 1.686 13 a4 69 139
595 1 1.99 24 78 rard 132
599 1 2.87 ar 68 53 148
B85 1 1.83 T4 69 54 141



C-13

EUS FIELD TEST DATA CCOMT*D>

AVE AIR IMLET DLYRY
HFWH DARILY TEMP WATER WATER
COF GALLOKWS wF D TEMPCF2 TEMPC(F

[ ==

I
fn

D

ol

EMTRY

BE1 1 1.94 59 ) 57 127
EBaZ 2 1.81 45 v 55 148
ga3 2 2.2y 51 w3 58 158
Ead = 2,24 40 =l &8 146
RES 1 2. 89 51 Il v 144
ERE 2 2.54 58 15} (2 147
sar 2 1.55 49 29 54 148
BEE 1 2,349 s = &8 143
B = 1.68 71 T3 56 148
148 2 1.42 g8 ) 54 147
g1l = 1.249 29 £ 57 152
g1z 2 1.78 23 Ta £2 158
B13 2 3.87 b T 55 148
514 2 1.42 3] = 7Y 151
515 2 1.88 7 T3 54 149
618 2 1.21 = e &6 149
517 3 1.33 b 1S 56 147
613 P .84 1358 v 43 147
13 2 1.96 145 I 43 158
(el 2 1.94 159 e 58 14
Gl 2 2.31 27 71 58 144
BE2 2 2.13 164 ] 67 141
E23 3 1.75 o s 74 139
G4 = 1.49 &8 B 43 137
B2 1 1.594 & £ 43 137
el 1 1.35 Sk T 568 136
BT 2 2,088 57 e 55 137
e 1 1.34 58 TE &3 13
fod 1 1.67 53 v 74 1325
£330 2 1.1%9 ¥ e 43 141
£ 2 1.69 52 T4 43 145
B2 2 1.96& 71 B 58 143
£33 2 1.95 &4 e 538 141
524 2 1.74 59 e 57 143
ek 2 1.98 &1 ) 7e 142
BaE 2 2,25 38 ra 37 145
ERY 2 2.43 4= T 35 149
BIE 2 2. 28 38 e 35 145
e ] 1.59 ae 5. 41 156
548 ] 1.685 51 49 37 158
541 ] 1.72 54 47 35 133
B2 2 1.92 &8 49 33 155
B3 3 1.82 e 49 54 145



UTIL

AFS

UNIT

[F%]

AVERAGE
BPA

£ I

AVYERAGE
DPC

+a O Py =

AYERAGE
FPL

F WMo

AYERAGE
GVE

N Do

AVERAGE
LPC

AW~

ARYERAGE
HEC

f WM

AVERAGE

A Y

E

c-14

R

A

G

E

SUMMAREY OF EUS FIELD DRTR BY UTILITY AND UNIT
-ARLL DATA CLASSES

S

KWHR-D  KWHP-D

4,17
4.17

7. 86
15.24
8.68

19,38

14.48
9.39
9. 95

21.71

11.98
4,39
12.16
4,23
19.086
9,96

CoP

1.98
1.84
1.73
1.82
1.57

1.79

1.78
1.85
2.21
2.82
2.19

2.80
2.21
1.99
2.809

2.03

GAL~-D

93
23
41
69

58

23
112

i
32

lez
33

45
64
)

-

198
91

-

61
48
88
55
&9

63
284

132
51

n

—
)
1

DTCF

61
61

78
24
81

81

[
7
83
70

[4"]

61
74
62
64

63

63
69
62
355
74

&35

71
78
78
(@
78

72
[
72
65

ro

AMBCF)

92
92

68
73

[
71

66
ve
71
84

73

62
77
76
83

76

73
86
80
79
63

(4

73
el
85
73
76

76
7
74
[

[&]

UNIT
MOS

n
Mo UD r =~I-40 +

=J

1

el o
DMWr

ATV

3

PN — Q0

[l Pt e

{0 00 GO

24
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UNMHPr OF EUS FIELD DATA BY UTILITY AND UNIT (COMT®D>
-ALL DATA CLASSES

A Y E R A G E S
LR B e I B e B B I I I I I Y SNU I RN BN B N I B B RN B BN Y TN B I N B R B B R ) L'NIT

UTIL UNIT KWHR-D KWHP-D CcoP GAL<D  DTC(F>»  AMBCF) MOS

IPL

1 14,12 7.15  1.97 S 4 83 71 16
2 21,28 11.53 1.89 az 22 62 15
3 12.12 7.47 1.62 29 99 70 18
4 22,19  11.21  1.9% a3 26 £9 15
AYERAGE  17.56 9,34 1.87 78 a5 69 Se
KGE »
1 14,48 2.87 1.79 51 8z 69 13
2 12,42 §.46  1.92 44 20 65 12
3 22.28  11.14 2.85 188 83 88 12
4 16,15 2.28 1.9 57 86 73 13
AYERAGE 15,47 2.49  1.93 55 33 72 59
KEL
1 9.78 £.39 1.53 25 87 56 4
2 17,11 7.51 2.28 73 74 67 19
3 9,74 6.85 1.61 28 73 61 7
AYERARGE  12.21 6.65 1.81 42 78 63 21
MPL
1 2.24 4,81 1.84 a2 49 67 5
2 18,88  11.29 1.65 118 76 75 g
AYERAGE  13.32 8.18 1.74 71 62 71 14
MYE
1 23,45 13,96 1.6% gz 9 3 12
2 17.47  18.86 1,74 S1 a5 63 5
3 14,14 7.89  1.7% 45 39 63 19
4 18,52 9.48 1.97 56 82 £0 12
5 12,36 2,35 1.6 42 87 65 5
RYERAGE 17,39 9,92 1.76 57 29 54 44
PGE
2 25,35 12,59 2.81 188 79 74 13
3 19.65 9.39 1,92 28 79 73 11
4 12,92 .28 2.86 8 70 72 5
AYERAGE 19,29 9.59 2.8z 55 76 73 29
POR
1 26.83 12.37 2.1@ 97 181 71 13
2 19,82 a.56  2.97 73 31 653 11
3 25,82 12,99 1.93 186 21 g2 11
4 22,36 11,29  1.8% 75 112 g9 i
AVERAGE  23.31 11.78  2.89 a5 99 66 36
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SUMMARY OF EUS FIELD DATA BY UTILITY AND UNIT C(CONT’D?
-ALL DATA CLASSES

RV E F. R G E 3

.lllllllllllllIllIl'll'lllll.lllllllll..lll’ Uf’IIT

UTIL MUHIT KWHR-D KWHF-D COF GAL-sD  DTCFY  AMBCFD MO3

PSI v
1 19, B@ 8.35 2.2V &6 as 71 11
z 3. 76 4,21 2.8% 26 85 78 &
3 15,20 8.12  2.07 64 ap 74 17
4 23.86 1B.78  1.86 73 a5 §7 12
5 17.16 .72 1.76 &6 I8 £9 g
AYERAGE  16.36 g.24  2.01 59 28 72 SR
SRE | o
1 12.84 1@.28 1.56 &5 9 59 14
2 23,23 12,69 1,83 a5 95 £8 12
2 3,323 .75 1.82 283 89 73 12
AYERAGE 15,87 9,77 1.78 £d 91 67 33
SCE . |
1 3,30 S.59  1.49 29 £9 2 5
2 13,11 3,98 1.81 a9 54 &1 1z
3 14,329 .18 2,608 &8 57 68 1z
4 25.60 13,63  1.88 143 54 78 18
AYERAGE 15,60 9.89 1.308 a1 65 65 39
SCL
1 13,69 7.29  1.88 59 a7 87 g
z 3,92 4,42  2.02 3 70 78 3
4 14,28 2,45  1.98 7 82 84 18
5 19.98 12,98 1.53 g1 a7 72 2
AYERAGE  14.32 g.84 1.85 57 g2 78 36
TVA |
2 29,81 14,79 2.82 126 89 75 5
3 14,53 8.85 1.81 59 79 71 5
4 16,22 9,78 1.67 54 37 72 &
AYERAGE  26.19 16.85  1.83 83 35 3 18
YRE
1 13.99 5.85 2.31 37 198 72 3
2 13.8¢ 18,86 1.73 57 113 49 5
AYERAGE  16.41 8.45 2.02 47 110 60 8



SUMMARY OF EUS FIELD DATH TILITY AMD UMIT

E
~0OHLY DRATA CLAS

i
o

H W E R H G E 5
[ T I SN NN SN AU O I I I I 44 W G N e EE NN e NN LII."lIT

UTIL UHMIT EWHRSD  EMHP-T  COF GAL-D  DTCFS AMECFY  MOS

———e o - - — —— - - ——— —— i ——— e - - - —— - —-——r— - ——

AFS

THERE I= MO DATA FOR CLASS 1
BFA

2 2.59 Seal 1,85 28 e 67 1
4 17.84 18, G 1. 7E Fs v (g~ 2

]
—
oy
(2 2]
I

L
-4
[2x]
-~
Fax]
[X8 )

ARYERRGE 13,31 Rl
nFe

300 11,47 5,95 1.93 41 23 71 2
4 44,58 21,71 2,85 &3 78 84 !
AYERAGE  27.9%  13.83  1.99 55 7E 78 2
FFL
2 29.87 13,61  2.18 162 59 75 1
4 25,36 13.89  1.35 145 &4 83 1
AVERAGE 27,51 13,31 2,87 159 &7 82 2
I; |'|'l E
18,87 5.44 1.8 64 52 31 1
3 13,28 8.51  1.56 €3 55 83 4
4 15.88 8,27 1.81 82 7 34 5

E Y
—
—
=3
B
|
[ §2 ]
on
(41}
oo
o
—
[n )

RYERAGE 12,7

GRC
1 13.87 T.583 1.73 SE ¥ Y1 5
2 16,48 S.:1 1,525 46 S| 7 12
4 13.8% B SE N v e 55 71 T 12
] 15,95 o33 2,18 e S| o 1
AVERAGE 13,32 £, 83 1.95 a5 7l v 39
HEC
z 25,449 16,48 2. 18 211 S| TE 4
e 21,75 15,584 a1 138 e 7l =
4 11,827 5,87 2,82 S 53 74 &

AYERAGE 2E. 3T la.71

ra
=
o
(x5
ot
L]
0
&
=J
o
—
]
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SUMNHRY OF EUS FIELD DATA BY UTILITY HND UNIT (CDNT’D)
-0ONLY DATA CLASS 1

A Y E R A G E S
5 8 9 6 8 0 B 308 CE AN E NS URED PN O BN NS S0 QSN PN UNIT

UTIL UNIT KWHR/D KWHP<D COP  GAL-/D DTC(F) AMBC(F) MO3

IPL

1 15.57  7.69 2.82 'S7 34 68 5
2 21.34 18.91 1.96 88 83 67 g
3 12.58 7.85 1.59 48 33 69 7
4 25.98 13.16 1.97 198 88 69 5
AYERAGE 18,85 9,98 1.89 71 g7 68 27
KGE |
1 13,78 18.34 1.%8 &1 a5 61 2
2 12,17 6.89 1.91 45 9@ 63 1
3 17.38  8.73 1.39 79 73 8o 3
4  19.83 19.54 1.88 68 99 73 2
AYERAGE 17.52  9.13 1.92 63 a9 7@ g
KEC |
2 16,95  7.91 2.14 71 78 63 3
AVERAGE 16.95  7.91 2.14 71 78 63 .3
MPL
1 3.98  4.79 1.86 31 52 66 4
2  16.61 9.53 1.74 95 72 79 5
AVERAGE 12.76  7.16 1.88 63 62 73 3
NYE |
3 13.58  8.28 1.63 49 85 69 1
4 19.32 18.86 1.92 71 86 56 4
AYERAGE 16.41 = 9.17 1.78 6@ 85 63 5
PGE . .
4  13.46  B.47 1.5%9 6B 73 56 {
AYERAGE 13.46  8.47 1.59 60 73 56 1
POR
1 24,69 11.77 2.18 95 99 72 9
2 208.25 9,93 2.84 75 3g 64 8
3  24.84 15.88 1.57 114 92 59 4
AYERAGE 23.26 12,58 1.9 94 93 65 21

i
!



SUMMARY OF EUS FIELD DATA BY UTILITY AWD UNIT (CONT®D>
~-0OMLY DATA CLASS 1

A Y E R A G E S
LS e I D I I R R R R R I I TR I I I R B I B B BT R I S R ) LJ’"IT

UTIL UHIT KMWHR<D KHWHP-D COP GAL~D  DTC(F) RAMBIF) Mos

PSI

1 13.24 2.24 2.21 £ 27 71 T
2 2.79 .2 1.856 e T 57 1
3 17.94 8,39 2.83 55 92 74 2
4 19,72 18.54 1,87 ) 83 66 7
3 19.7% 11.87 1.87 &l 39 67 2
AYERAGE 16.91 3.86 1.93 &1 88 B7 25
SEE
1 28,22 11.42 1.82 Fal= a3 87 =
2 23.45 12.81 1.83 K] & 67 o
AYERAGE 22.12 12.12 1.83 24 92 62 12
SCE
THERE I3 MO DRTA FOR CLASS 1
SCL
1 11.25 6,50 1.73 54 71 84 2
2 7.04 3.548 2.81 25 64 72 4
4 16.88 3,34 2.82 55 81 s 4
AYERAGE 11.72 6.11 1.92 43 re 78 18
VAR
3 14,38 revl 1.88 &8 T Fat 4
AYERAGE 14,386 T.71 1.8¢6 &8 7Y 73 4
YRE

THERE IS HO DATA FOR CLASS 1



UTIL  UMHIT

APS

AVERRGE
BFH

AVERAGE
nFC

0 —

RYERRGE
FFL

S 3

AVERRAGE

GVE

LIRS R AR Y R

AVERRGE

GFC

23—

]
RVYERAGE
HEC

AVERAGE

C-20

SUMMARY OF EUS FIELD DATA BY UTILITY AMD UNIT
~-QHLY DATA CLASS 2

UMIT
MOs

AMBCF

KLHE-T

EHHPAT

lla|:llllllll|:-;*I:-:”:..‘-'..]ljllun-i";:lF:l

A Y E R A G E S
)

COF

-1t 4,15 1.9 47 &l 32 4
TP 4,17 1,89 45 &1 Bz 4
11,54 5,238 l.88 44 F= 69 &
CIEE 15,31 2.12 141 23 3 &
12,21 2,43 2,23 57 283 71 4
21.82 18,491 2. 88 md sl 7l la
le. 44 3.7 1,868 =15 T 81 2
11,848 3.58 2. B8 28 71 By 1

—
[ R
o
|
o
I
—
oo
I
i
N
£
e |
£
g

23,64 18,88 2,17 137 By =25 K
B S5E 2,93 2,33 2 54 7E 4
26, 98 16.681 l.ee 152 &3 Bz 3
19.17 18,13 2. 64 182 63 79 18
18,24 5.28 1,99 42 &5 74 &
3,24 L1 1.72 &4 &4 83 4
12,74 B, 23 2.8v &3 -1 8 3
B.62 I 1% 1.4 41 43 71 1
32,52 28,67 1.57 198 v B 3
15,13 .85 1.34 =3 =3 74 19
15.848 3,27 l.62 1 i ) 2
18.75 2,48 2.21 E1- 74 89 1
11.58 5.89 2. 28 1 '8 al 2
15.11 7.el 2,83 T3 74 73 5
35.57 15.79 2.25 197 i) 78 4
24,11 12.99 1.88 138 vl 79 &
EFR- 3.1%9 1.391 43 78 73 2
23,26 11.32 2.81 123 re v 12
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SUMMARY OF EUS FIELD DATA BY UTILITY AMD UNIT <COMT*DI
-0MLY DATA CLASS 2

H W E R R G E )
L I R R I R O R I R I R O O R N A I I NN I R UNIT

UTIL UNIT KMHR<D KWHP-D  COP  GAL D DTCFy HMECFS  MOS

I[FL

1 12.65 B, Al 1.94 S1 31 73 9
b 22,33 12,25 1.82 Q49 81 69 g
3 11.24 h,o9 1.78 35 83 re 3
4 12,67 9,91 1,99 a8 35 62 9
H?EEHGE 15,47 2. 22 1.38 2] 32 71 23
KiGE
i 14,28 ¥.35 1.93 49 22 79 Y
z 13.41 £, R 2. 82 45 r9 63 S
e 25,55 12,18 2.1 1848 34 . 84 7
4 15,29 ¥a.96 1.92 54 88 rac 3
AYERAGE 1iv.11 3.53 1,99 &4 33 73 3a
KEC '
& 16,21 r.21 2.25 7d Y 63 3
e 2. ad 4,34 1.85 25 4 67 2
AYERRAGE 12.13 53.78 2.85 449 78 Y] b
MEL v
1 2,57 4,87 1.76 34 38 63 1
5 21,55 3T 1.57 128 88 71 4
AVERAGE 15, 86 3,29 1.67 21 99 59 5
HYE
1 21,38 12,938 1.64 T 39 64 )
2 17.584 18,683 1.68 S5d 33 &8 2
3 14,88 r.6d 1.84 48 29 ra 2
4 18,22 3.748 2.18 G4 24 62 &
b 12,45 .91 1.57 43 o4 67 4
AYERAGE 18,79 3,57 1.77 56 38 65 25
FiGE
2 2ve 1l 13, 5E 2. 684 115 31 7d 12
3 28,31 18,81 2.88 21 17] 73 8
4 12,79 5.73 2.23 rl £9 76 4
AYERAGE 24,22 9,63 212 39 76 4 24
FOR
1 29,84 13,73 2.12 181 187 7l 4
2 13,89 8. 56 2.18 67 93 68 3
3 23.12 11,39 2.21 18z B &4 Ik
4 22,368 11,33 1.88 9 112 63 1
RYERRARGE 22,88 11,39 2.18 26 196 &6 15
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SUMMARY OF EUS FIELD DATA BY UTILITY AMD UNIT <(CONT’D>
-0OMLY DATR CLASS 2 -

A Y E R A G E 8
ll!lllllllllllllll.lllllllllllllllllllllll. UNIT

YUTIL UNIT KWHR-D KWHP-D COP  GALs/D DT(F> HAMBC(F) MOS

PSI
1 20,32 3.396 2.37 &2 91 78 4
2 2.57 4,489 2.14 29 86 82 3
3 16.48 T.78 2.13 63 86 79 3
4 2z2.18 12.195 1.82 g2 89 67 4
2 16.85 - 9.33 1.77¢ 61 21 71 3
AVYERAGE 16,85 28,39 2.83 59 88 73 23
SRE :
1 17.22 11.85 1.43 67 91 96 3
2 26,19 13.18 1.93 118 93 7e 1
3 2.91 3.96 1.66 29 v 7e v
AYERARGE 17.77 18,32 1.78 &9 21 67 13
- SCE '
1 B.65 5.30 1,49 29 7l 61 4
2 18.32 18.28 1.78 92 63 6l 3
3 13.68 B 74 2,83 av 66 78 3
4 24.87 13.13 1.89 138 64 71 6
AYERAGE 16.38 8.99 1.88 e &Y 66 26
sCL - '
1 14.12 7.15 1.97 &8 21 91 6
2 18,43 5.13 2.83 v 7S 69 2
4 13.41 6,88 1.93 31 22 a8 5
2 19.36 12.29 1.58 e 87Y 72 v
AYERAGE  14.33 7.87 1.88 1 24 88 24
TVA
2 32.00 15.59 2.895 133 93 76 )
3 14.88 .72 1.71 59 83 69 2
4 1g.22 .70 1.67 &4 87 re &
AYERARGE 21.83 11.34 1.81 25 88 (= 13
VYRE
1 13.99 6.09 2.31 37 i@s 72 3
2 22.19 11.56 1.93 58 120 49 1

AVERALE 18.89 8.77 2.12 43 114 1% 4
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SUMMARY OF EUS FIELD DARTA BY UTILITY ANMD UNIT
-0HLY DRTA CLASS

A Y E R

UTIL UMIT KWHR<D KWHP~D CaF

AFS
THERE I3 HO DATA FOR CLASS 3
BFA
e 21,13 12.83 1.63
3 13,29 14.384 1.3¢
4 1s.72 6,43 2.58
AYERAGE 19.8¢8 11.38 1.84

DFC
1 22,83  15.72 1.45
2 19, 44 5,57 1.88

AYERAGE 16,63 18,64  1.66
FFL

7.37 4.39  1.68
12,42 1.94

Fo LI M
o
S
[+~
-~

RYERAGE 17.89 18.706 1.78
GVE

1 12.38 B.7% 1.97
2 11.84 9433 2.87
3 15.81 8.93 1.76

AYERAGE 13,14 5.88 1.93

GPC
1 19,13 J.21 .72
3 15,64 7.83 2.22
RYERAGE 12.91 6.48 1.97

HEC
THERE IS WO DATA FOR CLASS 3

A

3D

T Lo D
(YA Ry N vy ]

D
—

15
&3

g1
&5

3

GAL~D DTCF

62
21

va

"RMBCF)

583
75
72

e

72
88
=12

89

-y

i

a4
81

UNIT

MOS

— pad

[y
- =

—
T = o0 ol

o
al

L I A 7% Y

— b
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“UNNHE? OF EUS FIELD DATH BY UTILITY AMD UMWIT cCOMT*D3
-0HLY DATH CLASS 3

A V E R A G E S
.llIIlllllll'llllll‘llllllll'.lllllllllilllll UHIT

UTIL UHIT KWHR#D KWHF-T . COP GHL ‘D DTCFD HHBiF) MOSs

IFL '
1 18.57 3.02 1.9 - B3 1g2 [ 1

AVERAGE 18,57  9.52 1.95 63 182 75 1
KGE =
{ 12,89 8.1 1.48 St 7 71 4
2 3,55  5.85 1.83 33 20 56 3
3 21,78 11.13  1.96 148 95 - 78 2
4 - 16,14  7.61 z.12 59 79 73 £
AVERAGE 14,89  8.20 1.80 71 83 69 12
KEC | , -
1 9.78  £.3%  1.53 28 87 6@ 4
2 17,98 7.43 2.41 73 78 63 4
3 1B.42  6.73 1.55 28 73 59 5
RYERRGE - 12.78  6.85  1.83 42 79 61 13
MPL :
THERE 15 NO DATA FOR CLASS 3 4
HYE . ' o o '
1 25.61 14,93 1.71 &7 91 62 5
2 17.23  9.67 1.78 49 94 65 3
3 15.36  9.54 1.61 39 87 - 61 1
4 17.61 18,28 1.73 &4 83 63 2
5  17.88 18.12 1.68 48 39 63 1
AYERAGE 18,56 18.89 1.78 57 91 63 13
PGE :
2 4,22 4.6 1.84 20 65 . 72 !
3 16,48 9.5 1.71 3@ 76 74 3
AVERAGE  18.31  6.81 1.38 50 71 73 - 4
POR |

THERE IS MO DATA FOR CLASS 3
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SUMMARY OF EUS FIELD DATA BY UTILITY AMD UMIT CCOMT*D:
-0OMLY DATA CLASS 3

na %R LI ) LR TN TN TN TN BN INR N RN BN ) IJt‘*IT
UTIL UMIT  KMHRE-D KWHF-D COF GAL-D  DTCFY  AMECFD MOs

— - — - i - — - — vt vt o e s s - - n o= —————— e > —— s

Fazl

A E R A G E 5
5

4 14,38 T.He 2. B3
E‘ » o] 3

[L g N
LE5]
[e sl
—_

3

3
73]
f
n
-4
=4
~d
L
o

AYERAGE 13,249 Ba.TH 2 i

SRE -
1 17.24 304 .77 = 29 B &
2 28,24 11,72 1,75 3V 9z e 2
3 2,591 D45 1.3 29 IS 74 b
HYERAGE 15,335 3. 898 l.e% B3 31 6% 13

SCE

1 = 4.75 1,48 25 Y] BE 1
2 1v.e% R 1,33 @ B4 52 4
E 15.51 2. 8e 1.%8 1) & &3 4
4 26.780 14,37 1.3e 185 B3 B9 4

HYERAGE 1&.

|
faa]

0
—
I
P
~1

ey}
o
[}
Ty
KoY
()]
on
—

]

Sl

1 16, 88 ER .85 B 35 i 1
3 23,684 17,73 1,33 35 31 BE 1

[
—
.—-
=4
£
[y
=
(¥
Wi |
(%]
£}
o
o
(XN}
I

AYERAGE 19,32

VA

[xx]
(15
-
facx]
s |
LR}
—
~J
n
[vx]
[ x)
(2]
on
=~
[x]
—

2 13,4

RYERAGE 12.8

fax]
Ty
—
a3
—J
0
—
-4
n
[xx)
oo
[0 3
(o)}
i |
=
[

WEE

LA ]
o
[xx]

z 13,

18,78 1.

h
oo
n
|

111 43 4

RYERAGE 1E. e

IEI
—
[ux]
=
[
—_
o5
fa]
n
-4

111 43 4



APPENDIX D
SUMMARY OF PHASE II WORK BY TASK
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TASK 1

Develop final specifications and engineering design of the optimized heat
pump water heater and of the pilot run manufacturing facility. Major

work items include completion of final design, preparation of heat pump
water heater specifications and drawings, design of pilot run tools and
fixtures, completion of final design of instrumentation package, selection
of suppliers, preparation of detailed pilot run cost estimates, preparation
of pilot run facility layout, and submission of Task 1 report covering
these items.

TASK 2

Prepare facility for pilot run. Major work items include purchasing of
tools and equipment, ordering of material and.components for 88 new

units and 25 retrofit units, pre-pilot run checkout of assembly procedure,
and purchasing of pilot run supplies.

TASK 3

Construct and test three pilot run prototypes. Major work items include
assembly of three prototype units, laboratory testing of one prototype,
submission of test results to ORNL, and sending prototypes to Underwriters
Laboratory (UL) for testing and approval.

TASK 4

Manufacture and test heat pump water heaters, instrumentation packages, and
service parts. Major work items include assembly and testing of 88 new
units and 25 retrofit units, assembly and testing of instrumentation
panels, packaging and shipping of equipment, and submission of report
summarizing Task 3 experience to ORNL.

TASK 5

Train utility service personnel for method of installation, servicing, and



D-2
data monitoring and collection. Work items include utility selection and
contractual agreements and conducting training sessions for utility

personnel at the pilot plant.

TASK 6

Install heat pump water heaters and instrumentation packages in pre-
selected locations and monitor operation. Major work items include
installation, monitoring assistance, data reduction and analysis, servic-
ing installations as necessary, summarizing data, and submission of report
to ORNL.

TASK 7

Analyze and evaluate results of a 12-month field demonstration and prepare
a final report for ORNL. Revise market analysis based on field experience
and make recommendations for further work which could accelerate commer-
cialization of the heat pump water heater.

TASK 8

Make special presentations as requested by ORNL. Submit 24 monthly
reports.






