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Preface 
The Public Interest Energy Research (PIER) Program supports public interest energy 
research and development that will help improve the quality of life in California by 
bringing environmentally safe, affordable, and reliable energy services and products to 
the marketplace. 

The PIER Program, managed by the California Energy Commission (Commission), 
annually awards up to $62 million to conduct the most promising public interest energy 
research by partnering with Research, Development, and Demonstration (RD&D) 
organizations, including individuals, businesses, utilities, and public or private research 
institutions. 

PIER funding efforts are focused on the following six RD&D program areas: 

• Buildings End-Use Energy Efficiency 

• Industrial/Agricultural/Water End-Use Energy Efficiency 

• Renewable Energy 

• Environmentally-Preferred Advanced Generation 

• Energy-Related Environmental Research 

• Energy Systems Integration 

What follows is an attachment to the final report for the Design Refinement and 
Demonstration of a Market-Optimized Residential Heat-Pump Water Heater project, 
Contract Number 500-98-028, conducted by TIAX.  This project contributes to the PIER 
Building End-Use Energy Efficiency program. 

This attachment, “California Field Test Data and Analysis” (Attachment A-2), provides 
supplemental information to the project’s final report and includes the following 
documents: 

• Field-Test Data Analysis 

• Field-Test Unit Summaries 

• Interview and Survey Templates 

For more information on the PIER Program, please visit the Commission's Web site at: 
http://www.energy.ca.gov/research/index.html or contact the Commission's Publications 
Unit at 916-654-5200. 

 



 

Abstract 
This “California Field Test Data and Analysis” attachment is a set of reports produced by the 
Design Refinement and Demonstration of a Market-Optimized Residential Heat-Pump Water 
Heater project, funded by the California Energy Commission’s Public Interest Energy Research 
(PIER) Program. 

“Market-optimized” means that cost and performance are balanced to meet market needs.  
Specifically, the market-optimized heat-pump water heater (HPWH) is less expensive and easier 
to install relative to other HPWHs on the market.  Prior to this project, with support from the 
U.S. Department of Energy Oak Ridge National Laboratory, TIAX and EMI developed and 
tested two generations of prototype market-optimized HPWHs.  The overall scope of this project 
was to further refine the design of the market-optimized HPWH and then verify the third-
generation design through both laboratory and field testing.  Oak Ridge National Laboratory 
conducted laboratory-based durability tests on ten units, simulating the equivalent of ten years of 
heat-pump cycling under normal operation.  TIAX and EMI then conducted a yearlong field test 
in California on 20 units. 

This attachment, “California Field Test Data and Analysis” (Attachment A-2), provides 
supplemental information to the project’s final report and includes the following documents: 

Field-Test Data Analysis 
This report summarizes results of California field testing of the third-generation HPWH design. 

Field-Test Unit Summaries 
Contains detailed summaries on each of 20 HPWH field test sites. 

Interview and Survey Templates 
Contains the templates used for conducting field test interviews. 
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1.0 Introduction 

The programs used to analyze the field test data were written in Visual Basic code and run through Microsoft 
Excel.  There are two such programs, the Weekly Analysis and the Annual Analysis.  The Weekly Analysis 
organized the data that were downloaded each night and calculated weekly performance.  The Annual 
Analysis compiled the weekly results and generated annualized averages for performance characteristics for 
each field test site. 

We estimated space-conditioning impacts of the HPWH for the three units installed in fully conditioned 
spaces and the two units installed in semi-conditioned spaces. 

Three field test sites had hot-water recirculation loops that kept hot water in the distribution piping.  One 
participant agreed to switch off the recirculation system for the duration of the field test.  We discuss the 
impacts of the recirculation loops on the test results for the other two units. 
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2.0 Weekly Data Analysis 

The purpose of the Weekly Analysis is to compile and organize the data that are downloaded each night, and 
it was typically run every Monday.  An overview of the program is shown in Figure 2-1. 

Import Data from Daily Files,Import Data from Daily Files,
Sort by Unit NumberSort by Unit Number

Truncate Data Beginning/End ofTruncate Data Beginning/End of
Week for Each UnitWeek for Each Unit

Identify and Process Data Gaps,Identify and Process Data Gaps,
with User Inputwith User Input

Calculate HPWH PerformanceCalculate HPWH Performance

Simulate  Electric-Resistance WaterSimulate  Electric-Resistance Water
Heater (ERWH) PerformanceHeater (ERWH) Performance

Compare HPWH to ERWHCompare HPWH to ERWH
 

Figure 2-1:  Overview of the Weekly Data Analysis Program 

Data were downloaded from the datalogger at each field test site every night, and were temporarily stored in 
a text file.  The dataloggers recorded data every minute from the HPWH instrumentation (thermistors, water 
flow meter, and power meter) and stored these data until the time of the download.  The downloaded data are 
in raw form, meaning the temperatures are still stored as the millivolt readings from the thermistors and the 
flow meter readings are in pulses.  Before storing the daily data in CSV files (a particular format of Excel 
file), the temperature readings are converted from millivolts to degrees Fahrenheit.  The daily CSV files are 
named using the last two digits of the year, followed by the day (numbered from 001 to 365), on which the 
download was completed (for example 03002.csv would be the file downloaded on January 2, 2003).  The 
daily files were backed up and saved to a company server approximately twice each week. 

The HPWH Analysis portion of the program takes the values from the daily CSV files and calculates the 
Weekly Analysis values that are of interest.  Figure 2-2 shows the inputs and outputs of this program.  
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Table 2-1:  Key Weekly Data Analysis Inputs and Outputs 

Inputs: From Daily CSV Files/Data Logger  Outputs: To Weekly Analysis 
Date & Time  Average Water Consumption (GPD) 
Compressor Discharge (Temperature)  Energy Delivered to Home (kBtu) 
Evaporator Inlet (Temperature)  Energy Loss from Tank to Ambient (kBtu) 
Compressor Suction Temperature  Energy Change of Tank (kBtu) 
Compressor Shell Temperature  Load Served by Heat-Pump (%) 
Ambient Air Temperature  ODE (unitless) 
HPWH Upper Tank Water Temperature  Heat-Pump Capacity 
HPWH Lower Tank Water Temperature  Heat-Pump Coefficient of Performance 
Inlet Water Temperature  Maximum Compressor Discharge Temperature 
Upper Element Flat (On/Off)  Hot Water Deficit 
Lower Element Flat (On/Off)   
Water Flow (Pulses)   
HPWH Power Draw (kW)   

2.1 Importing and Sorting Data 

The Weekly Analysis imports all of the daily data that were collected over the past seven days, and sorts the 
data by field-test unit number.  Each field-test unit is assigned a different tab in the spreadsheet format, and 
the data under each tab are placed in chronological order. 

2.2 Data Truncation 

The data analysis program involves truncating the data at both the beginning and end of the week.  This 
process helps to ensure that the energy content of the tank is nearly equal at the beginning and the end of the 
week.  The average water temperature in the tank is calculated from two tank wall temperature 
measurements at the top and bottom of the tank.  This configuration does not capture the temperature 
stratification within the tank with any degree of accuracy.  The data are, therefore, truncated at points where 
the tank temperature stratification can be assumed to be similar.  The beginning of the week’s data are 
truncated to the point when the HPWH has just finished heating the water in the tank and satisfied the 
thermostat set point for the first time that week.  The end of the week is truncated to the minute immediately 
following the final heating cycle of the HPWH within the week.  The tank stratification should be very 
similar following the heating cycle, and as a result the average tank temperature will be almost equal 
(assuming no change in the thermostat set point).  We do, however, correct for any small differences in tank 
energy content between the beginning and end of the truncated week.  This process is explained below: 

• To correctly represent weekly performance the starting and ending energy contents (average 
temperatures) of the storage tank must be equal. However, in general, this will not be the case. 

• Data for each week we truncated data so that the average tank temperature was about the same at the 
start and finish of the week. 

• We assume that a heating cycle consistently heats tank water to the same average temperature. 
(This assumption would not be valid if the HPWH temperature set point is adjusted.) 

• At the beginning of the file, the program finds the first minute when the power has dropped from above 
to below 50 W, indicating the end of a heating cycle. All data before the selected minute is truncated. 
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• At the end of the file, the program finds the last minute of the file when the power drops from above to 
below 50 W, indication the end of a heating cycle. All data following this selected minute are truncated.  

2.3 Identification of Gaps in the Data 

After the beginning and end of the truncated week are established, the program searches through the 
remaining data for gaps.  Data gaps can result from sporadic failures of the datalogger to capture data, power 
outages at the field test site (if the datalogger loses power any data stored since the last download is lost), or 
errors with the computer used to download data.  When the program finds a gap in the data, it checks its 
duration.  If the gap is less than five minutes the program does nothing.  If the gap in the data is greater than 
five minutes the program begins the process shown in Figure  

2-2. 

GreaterGreater
Than 15Than 15
MinutesMinutes

Heating,Heating,
Either inEither in
MinuteMinute

PrecedingPreceding
oror

FollowingFollowing
Gap?Gap?

Prompt User forPrompt User for
Input (See Table 2-2)Input (See Table 2-2)

Record and ContinueRecord and Continue
with Analysiswith Analysis

More thanMore than
1.25 gal1.25 gal
WaterWater
DrawnDrawn
DuringDuring
Gap?Gap?

No No

Yes Yes Yes

NoData Gap ofData Gap of
Greater than 5Greater than 5

MinutesMinutes
Detected?Detected?

 

Figure 2-2:  Logic for Handling Data Gaps 

The data-analysis engineer decides how to handle the data gap based on the data that are present immediately 
preceding and following the gap.  The engineer will initially look at the duration of the gap. If it appears that 
there is no sizeable change in the water draw (less than a couple gallons) or heating of the tank, the engineer 
can choose to ignore the gap.  Under these circumstances the program recognizes the length of the gap and 
assumes that any water flow is spread equally among the minutes that are missing.  The engineer’s three 
options are explained in Table 2-2. 

Table 2-2:  Data Gaps, User Options 

Option Consequence 
Ignore gap The program will evenly distribute any water draws over the duration of the gap and 

assume no heating takes place. 
Delete all data preceding 
gap 

The program truncates all data from the start of the week until the end of the gap.  The 
truncated data are not reflected in subsequent calculations. 

Delete all data following 
gap 

The program truncates all data from the start of the gap until the end of the week.  The 
truncated data are not reflected in subsequent calculations. 

If the gap is significant, meaning more than an hour, then the engineer will typically delete either the data 
before or after the gap (whichever represents less overall data loss).  The deletion becomes necessary 
because it is impossible to tell exactly how much heating, if any, has occurred during the gap, or to 
determine the water draw profile.  The total number of gallons drawn over the gap can typically be calculated 
from the pulse count of the flow meter before and after the gap, but the Energy Delivered (see Section 2.4.1 
below) cannot be calculated since the water delivery temperature is unknown. 
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Due to data gaps and truncation, it is necessary to extrapolate certain parameters to reflect a full seven day 
week in each Weekly Analysis.  The HPWH Energy Delivered, HPWH Energy Consumption, Upper 
Element Energy Delivered, and Lower Element Energy Delivered are all summed from the truncated week 
data and then extrapolated to 10,080 minutes/week.  The HP Capacity (see Section 2.4.1), HP Coefficient Of 
Performance (see Section 2.4.2), HPWH Overall Delivery Efficiency (see Section 2.4.3), ERWH Overall 
Delivery Efficiency (see Section 2.5), Hot-Water Deficit (see Section 2.5), and Energy Savings (see Section 
2.5) calculations are not extrapolated, as the common extrapolation ratio would have no effect on the result. 

2.4 Calculating HPWH Performance 

Several assumptions are made and used in conjunction with the collected data to arrive at the outputs 
variables that are listed in Table 2-1.  The key assumptions for the HPWH performance calculations are: 

• Average temperature of upper 1/3 of tank is equivalent to temperature read by thermistor mounted on 
tank wall 8” below top of tank; 

• Average temperature of lower 2/3 of tank is equivalent to temperature read by thermistor mounted on 
tank wall 36” below top of tank; 

• The measured upper tank temperature is equal to the temperature of the water delivered to the house; 

• Data remaining after truncation are representative of (i.e., can be extrapolated to) the full 7-day 
week; and 

• The tank overall heat-transfer coefficient (UA) is constant. Standby losses are proportional to the 
average tank temperature (Tavg = 1/3 Tup + 2/3 Tlow), minus the average ambient temperature. 

Because the sensor is mounted under the HPWH shroud and is affected by natural convection from the tank, 
the ambient air temperature measurement is applicable only when the heat pump (and therefore the 
evaporator fans) are running. Only data during such periods are incorporated into the average ambient air 
temperature calculation. Because of conductive heating from the storage tank, the inlet water temperature 
measurement is only valid when there is a water draw, and fresh water entering the tank. Only data during 
such periods are incorporated in the average inlet water temperature calculation. 

The focus of the HPWH performance analysis is the calculation of three values that define the performance 
of the unit:  Heat-Pump Capacity, Heat-Pump Coefficient of Performance (COP), and HPWH Overall 
Delivery Efficiency (ODE). 

2.4.1 Heat-Pump Capacity 

The capacity of the heat pump is defined as the heat delivered to the storage tank by the heat-pump’s 
condenser, averaged over the week.  It is not the same as the capacity of the HPWH, which has electric-
resistance heating elements for back-up.  The heat-pump capacity will vary with the ambient air temperature 
and the tank water temperature.  The capacity calculated reflects the conditions under which the heat pump 
operates during the week, and, therefore, is not the same as the nominal capacity. 

The heat-pump capacity is calculated only during time periods when the heat pump is heating the water, 
excluding any periods when either the upper or lower element is activated.  The heat-pump capacity is, 
therefore, not impacted by any amount of element heating that may have taken place during the week. 

We empirically determined the overall heat-transfer coefficient (UA value) of the HPWH from field test 
data, and used the result to calculate the standby losses from the HPWH tank to the environment.  We 
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analyzed data from field-test Unit 13 during a period in which no water draws occurred and no tank heating 
occurred (i.e., the change in tank temperature was due only to stand-by losses.  The resulting tank UA value 
(overall heat-transfer coefficient) based on the difference between the upper tank temperature and the 
ambient air temperature, was 5.2 Btu/hr-°F.  We verified this value for several time periods for Unit 8.  We 
assumed this value was valid for all 20 test units.  This UA value is, however, significantly higher than 
typical of electric-resistance water heaters (see discussion in Section 2.5 below).  Plausible explanations for 
the difference in UA values include: 

• Additional conductive losses from the condenser inlet and outlet tubing; 

• Slightly reduced insulation thickness due to the condenser; 

• “Reverse cycling” of the refrigeration system (i.e., when shut off, the refrigeration system begins 
working like a heat pipe, shorting heat from the condenser to the evaporator).  However, the thermostatic 
expansion valve should limit the tendency for reverse cycling in the HPWH; and 

• Experimental error.  As noted previously, the two tank-wall-mounted thermistors provide only a rough 
indication of the average temperature of the tank. 

In any case, the HPWH UA value impacts only heat-pump capacity and heat-pump COP calculations.  It 
does not impact ODE or energy savings calculations. 

The standby losses are calculated for each minute during the week, 
regardless of what the HPWH is actually doing during that minute.  The 
standby loss is calculated using the UA value, the average tank temperature, 
and the ambient air temperature. 

The heat-pump capacity is calculated using five variables compiled from the test data: Energy Delivered 
(EDELIVERED), Energy Loss (ELOSS), Energy Change (ECHANGE), Upper Element Energy consumed 
(UpperELEMENT), and Lower Element Energy consumed (LowerELEMENT) .  Energy Delivered is calculated 
each minute using the water draw, delivered water temperature, and the inlet water temperature and then 
summed over the truncated week for inclusion in the capacity calculation.  Energy Loss is a summation of 
the minute-by-minute standby losses, described above.  Energy Change is a calculation of the difference in 
HPWH tank energy content between the beginning and the end of the week.  It reflects any difference in tank 
temperatures between the first and last minutes of the data in the time period in question, which should be 
minimal due to the data truncation.  The energy consumption of the upper and lower HPWH elements are 
summed from the recorded data, and reported in kWh.  The element energy is corrected for the assumed 
element heating efficiency (0.98) and converted to kBtu.  The total compressor run time (CompTIME) for the 
time period is also involved in the calculation. 

To separate the heat-pump heating energy from that delivered by the electric elements and to account for 
standby losses, the Heat-Pump Capacity equation was set up as follows: 

[ ] ( )[ ]
[ ]TIME

ELEMENTELEMENTCHANGELOSSDELIVERED
Comp

3.413*0.98*Lower  Upper -  E  E  E
Capacity  HP

+++
=  

2.4.2 Heat-Pump Coefficient of Performance 

The heat-pump Coefficient of Performance (COP) is calculated using the Heat-Pump Capacity as defined 
above.  The heat-pump energy consumption (HPENERGY) is summed, and used to calculate the heat-pump 
COP.  Therefore, the COP is another term that only applies to the heat-pump operation of the HPWH and 
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does not include any heating input from the electrical elements. The Heat-Pump COP is calculated as 
follows: 

3.413 * HP
Comp * HP  COP HP

ENERGY
TIMECAPACITY=  

2.4.3 HPWH Overall Delivery Efficiency 

The HPWH Overall Delivery Efficiency (ODE) is the term that captures the overall field performance of the 
HPWH, including both the heat-pump and electrical element heating cycles.  This value is calculated using 
the Energy Delivered (see Section 2.4.1), Energy Change (see Section 2.4.1), and the total HPWH energy 
consumed (HPWHENERGY). The HPWH ODE is calculated as follows: 

4133.*HPWH
E  E ODE  HPWH
 ENERGY
CHANGEDELIVERED +

=  

ODE is not to be confused with Energy Factor (EF), which is a performance indicator based on a prescribed 
DOE test procedure and not a measure of field performance. 

2.5 ERWH Performance Simulation 

To evaluate the energy savings of the heat pump water heater, a Visual Basic computer program simulates 
the theoretical behavior of a typical electric resistance water heater using the same water draw data and 
initial water tank temperatures as the HPWH.  An overview of the simulation is shown in Figure 2-3.  The 
simulation starts with data from the HPWH and then proceeds to a minute-by-minute analysis of the ERWH 
tank temperatures and heating element states (i.e., on/off).  After simulating the behavior of the ERWH for 
the same time period as the corresponding HPWH data set (usually a week), the computer program provides 
a summary of the ERWH performance over a week’s time.  The weekly energy consumption and hot-water 
deficits of the ERWH are then compared to empirical values for the corresponding HPWH. 

Input data:  upper and lower tank temperatures for first minute; water draw profile.

Minute-by-Minute and Zone-by-Zone Outputs:
Energy delivered (water flow driven)
Standby losses (temperature driven)
Heating element energy added (upper and lower)
Updated Zone temperatures, heating element statuses

Weekly Analysis Outputs: Energy delivered (sum minute-by-minute values)
Energy loss (sum minute-by-minute values)
Energy change (difference in zone temperatures from 

beginning of week to end of week)
Upper element energy (sum minute-by-minute values)
Lower element energy (sum minute-by-minute values)
ER Overall delivery efficiency (ODE) 
Hot water deficits

 

Figure 2-3: Electric Resistance Water Heater Simulation Overview 
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The electric resistance water heater is divided into four unequal zones as shown in Figure 2-4 to model the 
vertical temperature gradient of the water.  The top zone is Zone 1; the next lower zone is Zone 2 and so on.  
Each zone is assumed isothermal and is characterized by a temperature, Tn (n=1,..,4).  As in a real water 
heater, hot water is delivered to the house from the top, Zone 1, and inlet water at temperature, Tin, is 
supplied to the water heater at the bottom, Zone 4.  Zones 1 and 2 each have a volume of eight gallons, and 
Zones 3 and 4 each have a sixteen gallon volume.  Thus, the total capacity of the water heater is 48 gallons.  
The actual volume of a 50 gallon nominal water heater is typically roughly 48 gallons so this volume is 
representative.i 

We assume that the upper heating element only heats Zones 1 and 2 and that the lower heating element heats 
all four zones.  Typically, the upper heating element is located one fourth of the way down from the top, and 
the lower heating element is one fourth of the way up from the bottom of the tank.  The heat from the lower 
element is distributed over the entire tank despite the fact that the lower heating element in a real water 
heater only heats the water in the bottom half of the tank.  However, in reality there is mixing of water from 
the bottom to the top due to convection currents.  The distribution of heat from the lower element effectively 
prevents hot water from being below a zone of colder water (an unstable situation).  However, Figure 2-4 
also shows that the simulation distributes heat from the upper element to only Zones 1 and 2 because there is 
no opportunity for hot water in Zones 1 and 2 to mix significantly with cold water in Zones 3 and 4.   

Zone 1Zone 1

Zone 2Zone 2

Zone 3Zone 3

Zone 4Zone 4

8 Gal T1

8 Gal T2

16 Gal T3

16 Gal T4

Delivery Temperature to House, T1

Inlet water, Tin

Water
draw

Water
draw

Water
draw

Water
draw

Standby loss

Standby loss

Standby loss

Standby loss

Lower ElementLower Element

Upper ElementUpper Element

Ambient Air 
Temperature, Tamb

 

Figure 2-4: Zones for ERWH Simulation, Water Heater Tank Diagram 

Several simplifying assumptions are made about the ERWH’s behavior.  The assumptions are partitioned 
into three categories: water heater, thermostat settings, and environment as shown in Table 2-3.   

Table 2-3: Key Assumptions for Electric Resistance Simulation 

Water Heater Thermostat Settings Environment 
Standby loss is continuous. Upper element thermostat setting is determined 

from maximum water temperatures in HPWH data 
set. 

Constant UA value of 3.2 
Btu/hr-°Fa.  A is the total 
surface area of the tank. 

Lower element thermostat setting is 10°F lower than 
the upper element thermostat setting. 

Ambient air temperature is 
constant and equal to time-
average ambient air temperature 
from corresponding HPWH data 
set. 
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Deadband for upper thermostat is 27°F. Heating elements are 4.5 kW 
each with 98% efficiency. 

Deadband for lower thermostat is 20°F. 

 

a) Derived from assumed Energy Factor of 0.87 for nominal 50-gallon electric resistance water heater. 
 

The minute-by-minute analysis begins with importing the initial conditions from the HPWH field test data.  
The first minute’s temperatures for Zones 1 and 4, T1 and T4, are taken from the HPWH data.  As indicated 
in Figure 2-5, the initial values of T2 and T3 are interpolated from T1 and T4.  The heating elements are both 
assumed off for the first minute.  In addition to the initial tank temperatures, the HPWH data provides the 
current minute’s water draw.  From this initial set of data and an energy balance on each zone, the current 
minute’s zone temperatures are calculated.  After calculating the zone temperatures, the simulation decides 
the status of the upper and lower heating elements.  Then the simulation checks for hot water deficits.  
Finally, the next minute is analyzed unless the end of the data set has been reached.  If the end of the data set 
has been reached then the simulation proceeds to the weekly summary.  Each of these steps and their order is 
depicted in Figure 2-5.   

Starting with Zone 1 we describe in detail the energy balance indicated in the flow chart of Figure 2-5.  The 
total enthalpy change of Zone 1 for the initial minute depends on four terms: 

1. Water draw; 

2. Heat from upper element; 

3. Heat from lower element; and 

4. Standby loss. 

Initial T1 = first minute HPWH upper temperature
Initial T4 = first minute HPWH lower temperature
Initial T2 and T3 based on linear interpolation of T1 & T4
both heaters off

Import water draw
 for current minute
from HPWH data.

Energy balance on each zone
in order from 1 to 4

(water draw, standby loss, heaters)

Current minute upper element on/off?

Current minute T1 < 105oF

End of week?

No

No

Off

Record water draw as
deficit

Go to Weekly
Summary

Yes

Yes

Current minute’s T1..T4

Current minute lower element on/off?

Use T1..T4 and heater
element states from
current minute as
initial data for next

minute analysis.

Current minute lower
element OFF

On

 
Figure 2-5:Electric Resistance Simulation Algorithm, Minute-by-Minute Analysis 

A water draw causes hot water to leave Zone 1 and water from Zone 2 to enter Zone 1 (see Figure 2-4).  The 
enthalpy change due to the water draw is ∆mcp(T2-T1) where ∆m is the mass of water drawn during the 
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current minute; cp is the specific heat of the water (1 Btu/lb-°F).  The temperatures T2 and T1 are the initial 
temperatures.   

The heat from the upper element into Zone 1 is calculated as: 










−

−

2

198.0
TT
TT

P
upperset

upperset
upper . 

Pupper is the electrical energy supplied to the upper heating element, and the factor of 0.98 represents the 
efficiency of the heating element in converting electrical energy into heat. 

Tupperset is the thermostat set point of the upper heating element.  Tupperset is determined from the maximum 
water temperatures in the HPWH field data set.  Using the HPWH data set ensures that the thermostat set 
points of the ERWH simulation closely follow those of the HPWH field test.  The exact formula for 

 Tupperset is given as follows: 
2

F10max,max,
o++

= lowerupper
upperset

TT
T  where Tupper,max and Tlower,max are 

the maximum water temperatures of the upper zone and lower zone of the corresponding HPWH, 
respectively.  

The ratio of 










−

−

2

1

TT
TT

upperset

upperset  determines how the heat generated by the upper element is partitioned between  

Zones 1 and 2.  The ratio compares how close Zone 1 and Zone 2 are to the set point temperature and 
distributes more heat to the zone that is colder than the set point.  The remaining heat is supplied to the 
warmer zone.  This apportionment scheme is also used for the bottom element.   

The heat from the bottom element into Zone 1 is calculated as: 







−
−

4

198.0
TT
TT

P
lowerset

lowerset
lower . 

Plower is the electrical energy supplied to the lower heating element.  Tlowerset is the thermostat setpoint of the 
lower heating element. Tlowerset is simply 10°F less than Tupperset.  As with the upper heating element, the factor 
of 0.98 represents the efficiency of the heating element in converting electrical energy into heat. 

Finally, the standby loss for Zone 1 during the current minute is UA(T1-T2)/60.  Note that the 
temperature difference for the standby loss calculation is not proportional to (T1-Tamb) where Tamb is 
the ambient air temperature.  The calculated standby loss for the entire tank is UA(T1-Tamb)/60, 
which implies that the standby loss only depends on T1.  Therefore, the fraction of the total standby 
loss that is lost from Zone 1 is (T1-T2)/(T1-Tamb).  Notice that the total standby loss has been 
apportioned by a ratio of the temperature difference; the UA value remains unchanged.  The 
apportionment of the total standby loss to the other three zones is similar to Zone 1 and described 
later in the text.  Of course, the sum of the four zones’ individual standby losses is UA(T1-Tamb)/60. 

The standby loss is calculated this way to account for convective mixing in the tank.  In reality, temperature 
differences between zones causes water to mix between the zones; however, this mixing is not explicitly 
modeled in the simulation.  So this apportionment scheme of the standby losses account for the inter-zone 
heat transfer caused by water mixing.   

The total enthalpy change of the water in Zone 1, ∆H1, for the current minute is then calculated, and 
T1 is calculated for the current minute.  M1 is the mass of water in Zone 1.   
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Similarly, for Zone 2 the total enthalpy change of the water in Zone 2 depends on:  

1. Water draw; 

2. Heat from upper element; 

3. Heat from lower element; and 

4. Standby loss. 

A water draw causes hot water to leave Zone 2 and water from Zone 3 to enter Zone 2 as shown in Figure 2-
4.  The enthalpy change due to the water draw is ∆mcp(T3-T2).  The temperatures T3 and T2 are the initial 
temperatures.   

The heat from the upper element into Zone 2 is calculated as: 
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The heat from the bottom element into Zone 2 is calculated as: 

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Finally, the standby loss for Zone 2 during the first minute is UA(T2-T3)/60.  Note that the 
temperature difference for the standby loss calculation is not proportional to (T2-Tamb)ii. 

The total enthalpy change of the water in Zone 2 for the current minute is then calculated, and T2 is adjusted 
accordingly. 
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The total enthalpy change of the water in Zone 3 depends on:  

 

1. Water draw; 

2. Heat from lower element (notice that there is no heat from the upper element); and 

3. Standby loss. 
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A water draw causes hot water to leave Zone 3 and water from Zone 4 to enter Zone 3.  The 
enthalpy change due to the water draw is ∆mcp(T4-T3).  The temperatures T4 and T3 are the initial 
temperatures.   

The heat from the bottom element into Zone 3 is calculated as: 







−

−

4

3298.0
TT

TTP
lowerset

lower . 

 

Finally, the standby loss for Zone 3 during the first minute is UA(T3-T2)/60.  Note that the 
temperature difference for the standby loss calculation is not (T3-Tamb)iii. 

The total enthalpy change of the water in Zone 3 for the current minute is then calculated, and T3 is 
adjusted accordingly. 
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Similar to Zone 3, the total enthalpy change of the water in Zone 4 depends on:  

1. Water draw; 

2. Heat from lower element; and 

3. Standby loss. 

A water draw causes hot water to leave Zone 4 and cold inlet water to enter Zone 4.  The enthalpy 
change due to the water draw is ∆mcp(Tin-T4).  The temperatures Tin and T4 are the initial 
temperatures.   

The heat from the bottom element into zone 4 is calculated as: 



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TT
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Finally, the standby loss for Zone 4 during the first minute is UA(T4-Tamb)/60.  Note that the 
temperature difference for the standby loss calculation is (T4-Tamb).iv 

The total enthalpy change of the water in Zone 4 for the current minute is then calculated, and T4 is 
adjusted accordingly: 
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At this point, the simulation has calculated T1 through T4 for the current minute by a first law of 
thermodynamics analysis of each zone.   

Using the updated temperatures, T1 through T4, the simulation determines whether or not the upper 
or lower element is on or off for the next minute of the simulation.  The decision to turn on the 
upper element is made first.  If T1 is less than the upper element’s setpoint minus the deadband then 
the upper element will be on.  If T1 is less than the setpoint but greater than the setpoint minus the 
deadband, and the lower element was on in the previous minute then T1 will remain on.  See Figure 
2-6 for a diagram of the upper element control scheme, and see Figure 2-7 for an example of when 
the upper element is on as T1 varies with time. 

Deadband

Off

On if On during
previous minute

On

T1

Tupperset

Tupperset-27oF

 
Figure 2-6: Upper Element Control Scheme 

T1

Tupperset

Tupperset-27oF

OFF OFFON
time

 
Figure 2-7: Example of Upper Element Control 

If the upper element is on then the lower element is prevented from coming on.  Otherwise if the upper 
element is off then the simulation checks whether T4 is less than the the lower element’s thermostat set point 
minus the deadband.  If so then the lower element is turned on.  If T4 is less than the lower element’s setpoint 
but not less than the setpoint minus the deadband and the lower element was on the previous minute then the 
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lower element remains on for the next minute.  See Figure 2-8 for a graphical representation of the lower 
element’s control scheme. 

 

Deadband

Off

On if On during
previous minute

and upper
element Off

On if upper
element Off

T4

Tlowerset

Tlowerset-20oF

 
Figure 2-8: Lower Element Control Scheme. 

As shown near the bottom of Figure 2-5, a deficit is defined as the volume of water drawn with a 
temperature less than 105°F.  The simulation also records whether or not T1 was less than 105°F and if there 
was a water draw.  If so then the water draw amount is recorded as a deficit.   

The minute-by-minute analysis continues until the ERWH has been simulated for the week (or the time 
period corresponding to the HPWH data, if less than a week).  The current minute’s zone temperatures and 
heater element states become the next minute’s initial data.  Energy balances are again calculated for each 
zone, the zone temperatures are updated, and the statuses of the heating elements are decided.  This process 
continues until the water draw data has been completely used up.   

The ERWH simulation then sums the results for the week (see Figure 2-9).  The weekly results include: 

• Energy delivered; 

• Energy loss; 

• Tank energy change (difference between starting and ending energy content); 

• Total energy used by upper element; 

• Total energy used by lower element; 

• Total deficits; 

• The Overall Delivery Efficiency (ODE); and 

• Energy Savings. 

The most important weekly result is the energy savings of the measured HPWH relative to the simulated 
ERWH. 
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Calculate Energy Delivered: Sum of the energy delivered during all
water draws

Calculate Energy Loss: Sums the standby losses to the ambient air
(uses avg. ambient temp, see Figure 1-3 for definition)

Calculate Energy Change: Captures difference in energy of water in
tank from beginning of week to end of week. Determined by tank
water temperatures.

Sum Upper Element Energy

Sum Lower Element Energy

Calculate ODE: ( ) ( )
( )EnergyElement Lower  Energy  Element Upper 

ChangeEnergy   DeliveredEnergy 
+
+

Calculate Energy Savings: ( ) ( )
( )ODE ERWH

ODE HPWH
1 - ODE ERWH

1

1

Sum Deficits
 

Figure 2-9: Electric Resistance Simulation Algorithm, Weekly Analysis 
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3.0 Annual Average Performance Characteristics 

The Annual Analysis is the second program written in Visual Basic and executed with Excel.  The purpose 
of the program is to use the results from the weekly files to generate annualized averages for a number of 
performance parameters.  The relevant inputs and outputs of the program are shown in Table 3-1.  

Table 3-1: Key Annual Data Analysis Inputs and Outputs 

Inputs:  From Weekly Summary Outputs: To Annual Summary 
Average Water Consumption (GPD) Data Start and End Dates 
Energy Delivered to Home (kBtu) Total time for which we have data (days) 
Energy Loss from Tank to Ambient (kBtu) Average Water Draw (gallons per day) 
Energy Change of Tank (kBtu) Annualized Total Energy Delivered (kBtu) 
Load Served by Heat-Pump (%) Annualized Total Element Energy Consumed (kWh) 
ODE (unitless) Annualized Total HPWH Energy Consumed (kWh) 
Heat-Pump Capacity (kBtu) Average Heat-Pump COP (unitless) 
Heat-Pump Coefficient of Performance (unitless) Average Heat-Pump Capacity (kBtu) 
Maximum Compressor Discharge Temperature (oF) Average HPWH ODE (unitless) 
Hot Water Deficit (%) Average ERWH ODE (simulated) 
 Average Annual Energy Savings (%) 
 Hot-Water Deficit (%) 

The weekly average values are weighted by the energy consumption during the corresponding week when 
calculating average annualized values. 
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4.0 Space Conditioning Impacts 

A stand-alone HPWH draws heat (through its evaporator) from the air surrounding the HPWH and pumps 
this heat (along with the heat of compression) into the water storage tank.  As such, the HPWH evaporator 
cools (and dehumidifies) the air.  If the HPWH is installed in an area within the home that is heated in the 
winter and/or cooled in the summer, the HPWH will increase space-heating loads and reduce space-cooling 
loads.  The impact on space-conditioning energy consumption depends on several factors, including 
household hot-water consumption and hot-water temperature rise, climate, efficiency of the space-heating 
system, and efficiency of the space-cooling system.  In the Deep South, the space-conditioning impacts tend 
to provide a net benefit – that is, overall space-conditioning loads are reduced.  However, in most areas of 
the country, there will tend to be a slight negative impact. 

An “equivalent” ODE, that accounts for the energy impacts associated with the change in space-conditioning 
loads, can be calculated for three types of cases: 

1. The HPWH is installed in an unconditioned space; 

2. The HPWH is installed in a fully conditioned space; and 

3. The HPWH is installed in a semi-conditioned space. 

Previous analyses conducted by TIAX staff (when they were employed by Arthur  D. Little, Inc.) suggest 
that HPWH space-conditioning impacts are generally well under 10 percent (i.e., energy savings relative to 
an electric-resistance water heater are reduced by well under 10 percent) [ADL 1998; Appendix K]. 

4.1 Unconditioned Spaces 

When the HPWH is installed in an unconditioned space, the cooling of ambient air is of no consequence, 
and, hence, there is no impact on space-conditioning loads and the equivalent ODE equals the ODE.  Of the 
20 field-test units, 15 were installed in unconditioned spaces. 

4.2 4.2 Fully Conditioned Spaces 

When the HPWH is installed in a fully conditioned space, we estimated the space-conditioning impacts 
based on the type and estimated seasonal efficiencies of the space-heating and space-cooling systems, and on 
the climate.  Table 4-1 lists the assumptions used for the relevant space-heating and cooling systems.  Table 
4-2 lists the approximate heating- and cooling-season durations for three California cities.  For field-test 
units installed in other cities, we used the city in Table 4-2 that is closest to the field-test unit. 
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Table 4-1: Assumed Space-Heating and Cooling System Seasonal Efficiencies 

Heating Equipment Cooling Equipment 
Equipment Type Seasonal Efficiency Equipment Type Seasonal 

Efficiency 
Central Heat Pump 6.8 HSPF Central Heat Pump 10 SEER 
Electric Resistance 100% Central Air Conditioner 12 SEER 
Wood Stove 50%, or 1.6 site-electric equivalenta Room Air Conditioner 10 SEER 
a) Since wood is a primary fuel, we converted to a site-electric equivalent based on a national average electric 

generation, transmission, and distribution efficiency of 31.7 percent [DOE 2002; Table 6.2.4 for year 2000]. 

Table 4-2: Approximate Durations of Heating and Cooling Seasons(a) 

CA Climate Zone Heating Season Durationb Cooling Season Durationc 

3 83% 3% 
9 61% 17% 
10 58% 21% 
12 70% 16% 

a) Based on WYEC2 weather data. 
b) Assumes heating season corresponds to percent of time that the ambient air temperature is below 60°F. 
c) Assumes cooling season corresponds to percent of time that the ambient air temperature is above 75°F. 

Over the course of a year, the HPWH impact on space-conditioning loads (relative to an electric-resistance 
water heater) is: 

Qspace = Qstandby ERWH + Qevap – Qstandby HPWH 

Where Qspace is the impact on space-conditioning loads (positive value for heat removed from the space), 
Qstandby ERWH is the stand-by losses for the electric-resistance water heater displaced by the HPWH, Qstandby 

HPWH is the stand-by losses for the HPWH, and Qevap is the heat removed by the evaporator. 

From a heat balance:  Qevap = Qdel + Qstandby HPWH – Qelec 

Therefore:  Qspace = Qdel + Qstandby ERWH – Qelec 

Qstandby ERWH = UA(Ttank – Tamb)∆t = (3.2 Btu/hr-°F)(125°F – 75°F) 8760 hours/year) = 1.4 x 106 Btu/year 

Where UA is the overall heat-transfer coefficient for an electric-resistance water heater (having a value of 
about 3.2 Btu/hr-°F for a 0.87 EF water heater – See Table 2-3 above); Ttank is the average tank temperature 
(assumed to be 125°F); Tamb is the tank ambient air temperature (assumed to be 75°F), and ∆t is the number 
of hours in a year. 

We can adjust the electric consumption of the HPWH to account for the space-conditioning impacts as 
follows (neglecting the seasonal variations in hot-water energy delivered and HPWH performance): 

Qelec
 
equiv = Qelec + (1/3414) Qspace [(Heating Duration)/ηhtg – (Cooling Duration)/ηcooling] 

Where Qelec equiv is the equivalent annual electric consumption of the HPWH in kWh; Qelec is the actual 
HPWH annual electric consumption in kWh; Heating Duration is the fraction of time during the year that the 
space is being heated; Cooling Duration is the fraction of time during the year that the space is being cooled; 
ηhtg is the seasonal efficiency of the space-heating system; ηcooling is the seasonal efficiency of the space-
cooling system; and 1/3414 converts Btu to kWh. 

The Overall Delivery Efficiency (ODE) of the HPWH, corrected for space-conditioning impacts, is: 
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ODEcorrected = Qdel/Qelec equiv 

Where ODEcorrected is the corrected ODE and Qdel is the hot-water load delivered during the year. 

Of the 20 field-test units, three were installed in fully conditioned spaces. 

4.3 Semi-Conditioned Spaces 

We define a “semi-conditioned” space as a space that is maintained at a temperature between the indoor and 
outdoor temperatures by virtue of incidental heating (or cooling).  That is, the space is not intentionally 
heated (or cooled), but a change in the air temperature within a semi-conditioned space will change the 
space-conditioning loads (due to changes in conductive and convective losses from the conditioned space).  
In these cases, accurate assessments of space-conditioning impacts are difficult to make.  We simply 
assumed that the space-conditioning impact in a semi-conditioned will be half the impact for a fully 
conditioned space.  Of the 20 field-test units, two were installed in semi-conditioned spaces. 
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5.0 Impacts of Recirculation Loops 

Three of the 20 field-test units utilize recirculation loops that keep hot water in the distribution piping so that 
hot water is supplied without delay when a tap is opened.  Unit 2 uses a free-convection system that 
necessitated installing the flow meter in the inlet piping (because the flow meter interfered with flow in the 
recirculation loop). We moved the flow meter to the inlet side after several months of field testing, so we 
have data with and without an operational re-circulation loop. Unit 5 uses a circulation pump, and we were 
able to leave the flow meter at the HPWH outlet.  The host for Unit 7 was able (and agreed) to shut off the 
recirculation loop for the duration of the field test.  Since each of the three recirculation loops are different 
and have different impacts on the field-test results, we address those impacts in the respective unit history 
reports in Attachment III. 

                                                      
i Personal communication from A.O. Smith representatives to Peter Pescatore of TIAX LLC, 30 June 2003. 
ii See previous discussion of standby loss from Zone 1. 
iii See previous discussion of standby loss from Zone 1. 
iv See previous discussion of standby loss from Zone 1. 
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1.0 Introduction 
 
Attachment 2 provides detailed summaries for each field-test unit, including: 
 
• Installation Site Characteristics; 
• Installation Description; 
• Maintenance and Repair History; 
• Data Gaps; 
• Performance; and 
• Interview/Survey Results. 
 
We arbitrarily assigned numbers to each field-test unit – unit numbers do not correlate with 
prototype fabrication date or installation date.  To protect the privacy of the field-test 
participants, we do not list participants’ full names or full street addresses. 
 
Attachment 2 provides a detailed discussion of our data-analysis process.  As discussed in 
Attachment 2, we recorded data at one-minute intervals.  Time intervals of this scale are 
necessary to capture water-draw profiles, and heat-pump and electric-element run times.  To 
present such large amounts of data in a practical and understandable way, we generally use 
weekly, monthly, or annual averages. 
 
There are some gaps in the data retrieved from each of the field-test units.  Reasons for these 
gaps include: 
 
• Failure to upload data before the data-logger buffer was filled, resulting in overwriting of 

data in the data logger.  This occurred frequently before the automatic upload software was 
debugged, and uploads had to be done through a daily, labor-intensive manual process; 

• Field failure of the data-acquisition system (either hardware or software) or instrumentation, 
resulting in loss of data until the data-acquisition system or instrumentation could be repaired 
or replaced; or 

• Replacement of a HPWH in the field with a spare HPWH not having a data-acquisition 
system (due to a delay in shipping spare data-acquisition systems to California). 

 
In most cases, the data gaps are not sufficiently large and frequent to be of consequence, 
although there are cases where more weekend data were lost than weekday data.  For some units, 
a large block of data is missing.  In some cases, this prevented us from detecting a HPWH 
failure.  (The HPWH can often continue to deliver hot water using the back-up resistance 
elements even if the heat pump has failed, and, therefore, will generally not trigger a complaint 
call from the participant.)  When calculating annual average performance, we account for data 
gaps.  In other words, we do not simply average weekly or monthly values, which would 
disproportionately weight weeks or months having data gaps, but rather we add up minute-by-
minute values, and divide by the number of minutes in the year for which we have data. 
 
For each unit, we report the number, and dates of gaps of data that exceeded 7 days. 
In addition to the data gaps, we deliberately truncate additional data in each weekly data set.  The 
purpose of this truncation process is discussed in Section 2.2 of Attachment 2. 



 

 

 
We report efficiency of the heat pump (not the HPWH) in terms of a Coefficient of Performance 
(COP).  COP is energy delivered to the water tank by the heat pump divided by the total energy 
input to the heat pump (compressor, fans, and controls).  COP does not account for stand-by 
losses from the tank or electric-resistance heating.  Therefore, COP does not reflect the overall 
performance of a HPWH. 
 
We report efficiency of the HPWH in terms of an Overall Delivery Efficiency (ODE).  ODE is 
the water-heating load delivered by the HPWH divided by the energy input to the HPWH.  ODE 
can be used to characterize the field performance of a water heater.  For comparison, we report 
the simulated ODE of a conventional, electric-resistance water heater operating under the same 
conditions as the HPWH.  The method for simulating the electric-resistance water-heater ODE is 
discussed in Section 2.5 of Attachment 2.  ODE should not be confused with Energy Factor (EF), 
which is a performance indicator based on a prescribed DOE test procedure and not a measure of 
field performance. 
 
We report hot-water deficits for the HPWH, and compare this to the simulated hot-water deficit 
for a conventional, electric-resistance water heater operating under the same conditions as the 
HPWH.  We define hot-water deficit as the percentage of water (on a volume basis) delivered 
below 105°F, regardless of thermostat set point.  105°F is a typical shower-water temperature 
and, therefore, generally reflects the minimum hot-water temperature that occupants will find 
acceptable.  (Refer to Attachment 2 for the details of how we calculate hot-water deficits.)  
However, there is no standardized definition of a hot-water deficit.  Some researchers determine 
the number of hot-water run outs ([ORNL 2002] for example), rather than the volume of water 
delivered below the acceptable temperature limit.  Either way, quantification of hot-water 
deficits is at best an imperfect indication of an end-user’s acceptance of water delivery 
temperature because: 
 
• End users may modify their behavior to accommodate the hot-water delivery capability of 

their water heater, typically by avoiding multiple sequential showers or by shortening 
showering time.  End users may be frustrated by the need to modify their water-use habits, 
but their frustration will not be reflected in measured deficits; and 

• End users have widely varying tolerances for hot-water run outs.  While we can report 
deficits, it may be difficult to access whether the level of deficits would be acceptable to 
most end users. 

 
In the end, perhaps the best indicators of satisfaction with delivery water temperature are the 
results of the participant surveys.  Even here, one cannot assume that the participants in this field 
test are representative of all Californians.  First, the sample size is too small.  Second (and 
probably more important), end users willing to participate a field test are probably more willing 
than the average person to tolerate some inconvenience to save energy. 
 
Because the HPWH draws heat from the space surrounding the HPWH, the HPWH will have an 
impact on space-heating and space-cooling loads if it is installed in a conditioned space.  
HPWHs installed in unconditioned spaces, such as garages, will not impact space-conditioning 
loads appreciably.  Based on previous simulations performed by TIAX staff (while employed at 



 

 

Arthur D. Little, Inc.), space-conditioning impacts can increase net energy consumption of a 
HPWH up to 40 percent – the worst case being for a northern US home using electric-resistance 
space heating and having the HPWH installed in the conditioned space [ADL 1998; p. 8-4].  
(This is why Northeast Utilities’ HPWH promotional program does not include Connecticut 
homes having water heaters installed in spaces heated by electric resistance.)  For most 
California homes, however, the space-conditioning impacts will be much less.  See Section 4.0 
of Attachment 2 for details. 
 
Three of the 20 field-test units utilize recirculation loops that keep hot water in the distribution 
piping so that hot water is supplied without delay when a tap is opened.  We discuss in each of 
these three unit histories how the recirculation loop impacts the results (and usefulness of the 
results). 
 
We’ve included tables showing the results of the participant interview and surveys.  We 
conducted the interview (typically in person) at or near the time of unit installation.  We then 
conducted three surveys by mail during the field test, with the third survey at or near the 
completion of the field test.  We also indicate whether the participant elected to keep their unit.  
(Unless a unit had to be returned to EMI for testing/evaluation, we gave participants the option 
of keeping their test unit.  EMI provided a limited, one-additional-year warranty for participants 
who kept their unit.) 



HPWH Field Test: Unit 1 Summary 

The characteristics of the Unit 1 HPWH installation site are presented in Table 1-1. 

Table 1-1: Site Characteristics 
Location  Sacramento, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0789-35 Installation Location Laundry Room 
Type of  Home 1 Story Detached House Conditioned Floor Space 1400 sq. ft. 
Number of Baths 2 Household Size 2 Adult, 3 Child 
Conditioned Space1 Semi Enclosed2 No 
Previous WH Type 50 Gallon Electric Water Hardness3 3 grains/gallon 
California Climate Zone4 12 US Climate Zone5 3 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on March 24, 2003 in the laundry room. The laundry area was originally at the back 
end of the garage, but the host had constructed a wall with a door that separates the back part of the garage 
(where the laundry appliances, water heater, and furnace resides) from the rest of the garage which is used as 
a spare room. Figure 1-1 shows the view from inside the garage towards the laundry room. The first (closer) 
doorway in Figure 1-1 is the entrance to the laundry room and the second (further) doorway is the entrance 
to the house via the Kitchen (which makes the laundry room fairly narrow). Just inside the laundry room, to 
the right is the clothes dryer, to the left is the clothes washer. Figure 1-2 shows the HPWH installed with the 
washer at the bottom right corner of the picture and the furnace behind the HPWH. The HPWH was installed 
in the same location as the previous water heater, and used the same electrical and water connections. 

In Figure 1-2, the wall to the right is the wall shared with the interior of the house, the wall to the left is 
shared with the garage/spare room, the remaining two walls (one not show in picture) are exterior walls. The 
condensate pump was not installed because a drain for the clothes washer was close-by for the gravity fed 
condensate drain system. 



Figure 1-1:  View from inside garage towards laundry room 

Figure 1-2:  HPWH Installation 



Maintenance and Repair History
Table 1-2 lists the maintenance and repair activities for this unit. 

Table 1-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

Severity1 Addressed by 

NO MAINTENANCE OR REPAIR ACTIVITIES 
PERTAINING TO THE OPERATION OF THE HPWH 
REPORTED 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were five significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 1-3. 

Table 1-3: Data Gaps1

Start Finish Duration 
05/12/03 05/20/03 8 
07/24/03 09/10/03 49 
09/18/03 09/29/03 11 
10/29/03 11/05/03 7 
11/07/03 11/19/03 12 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over eight months of operation and data collection the unit performed with an estimated energy savings of 
52 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 1-4. 



Table 1-4: Unit 1 Performance Summary
Start Date 3/24/03

End Date 11/30/03 

Average Water Consumption 64.0 GPD 

Total Energy Delivered 4051 kBtu 

Resistive Element Energy Consumed 131 kWh 

Heat Pump Energy Consumed 565 kWh 

Maximum Compressor Discharge Temperature 223 oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 5 % 

Hot-Water Deficit 3 %

Simulated Hot-Water Deficit, Conventional Water Heater 0 % 

Average Heat Pump Coefficient of Performance 2.47

Average Heat Pump Capacity 3.87 KBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.78

Simulated Conventional Water Heater Overall Delivery Efficiency 0.831

Annual Energy Savings (does not include space conditioning impacts) 52 % 

0

1

2

3

4

5

3/29/03 4/28/03 5/29/03 6/28/03 7/29/03 8/28/03 9/28/03 10/28/03 11/28/03 12/28/03 1/28/04 2/27/04 3/29/04

W
ee

kl
y 

A
ve

ra
ge

 H
ea

t P
um

p 
C

O
P 

(U
ni

tle
ss

) a
nd

 C
ap

ac
ity

 (k
B

tu
h)

Heat-Pump Capacity (kBtuh)
Heat-Pump COP

Average Capacity = 3.87 kBtuh
Average COP = 2.47

Unit 1: Sacramento, CA
Installed: 03/24/03
Unenclosed, Semi-conditioned 

Figure 1-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 1-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 1-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 1-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 1-7:  Temperatures, Weekly Average Values 
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Figure 1-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 1-9:  Hot Water Deficit Comparison, Monthly Average Values 

Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 1-5), from the three follow-up surveys (Table 1-6), and the participant’s comments following 
completion of the test (Table 1-7). 



Table 1-5: Installation Interview 
Installation Date 3/24/03 Interview Date 3/24/03 
Interview Completed by Maria   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Laundry room 

Primary Space Heating / Cooling Information 
Heating Central warm air furnace Cooling Central Heat Pump or Air Conditioner 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Save money on electricity. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No.

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Expect to save money and to work like the old water 
heater.

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Somewhat important. 

Would you like to make any other comments at this time? Appreciate TIAX moving my stuff for me to make room 
for taking out the old water heater and installing the new 
one.

Table 1-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 6/3/03 9/16/03 12/4/03 
Days since installation 71 176 255 
Survey completed by Maria Maria Maria 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No. Everything still the 
same. On till today, June 
3, 2003. 

No None 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 3 Medium 4 Medium 5 Medium 
Frequency of hot water run-outs 3 Medium 5 Medium 3 Medium 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

4 Medium 4 Medium 3 Medium 

Frequency of maintenance/repair 4 Medium 4 Low 3 Medium 
Cooling/Dehumidification effect 
created by water heater 

4 High 4 Low 4 Medium 

Electricity Costs (based on 
electric bills) 

5 High 4 Medium 4 High 

Overall level of satisfaction 5 High 5 High 5 High 
    
Additional Comments We are very satisfy with 

our new water heater. 
And with Mike that calls 
to find out how is the 
water heater doing. 
Thanks alot. 

We are very happy with 
our new water heater. 
We always have hot 
water. 

The heat pump works 
great all we can say is 
thank you for your help! 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High



Table 1-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept 

HPWH
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

The water heater works great it does not need any 
improvement! 



HPWH Field Test: Unit 2 Summary 

The characteristics of the Unit 2 HPWH installation site are presented in Table 2-1. 

Table 2-1: Site Characteristics 
Location  Santa Clara, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0790-35 Installation Location Exterior Utility Closet 
Type of  Home 2 Story Attached House Conditioned Floor Space 1400 sq. ft. 
Number of Baths 1.5 Household Size 2 Adults 
Conditioned Space1 No Enclosed2 Yes 
Previous WH Type 40 Gallon Electric Water Hardness3 1 grains/gallon 
California Climate Zone4 4 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (see Appendix II Introduction). 

Installation Description 
The unit was installed on March 26, 2002 in an exterior utility closet (no vents). Figure 2-1 shows the 
previous water heater. The HPWH was placed in the same location as the previous water heater, and used the 
same electrical (after enlarging the hole in the HPWH’s shroud) and water connections.  

The HPWH installation is shown in Figure 2-2. The wall to the right of the HPWH is an interior wall. The 
wall behind the HPWH is shared with the garage. The other two walls are exterior walls (with one of them 
being the closet door). A condensate pump was not required because the laundry area is just on the other side 
of the wall behind the HPWH. A hole was drilled through the back wall and the condensate drain was 
plumbed into the clothes washer’s drain. 

This home has a passive hot water recirculation loop. There is no pump that actively pumps the water 
through the recirculation system. Natural convection (warm water rising and cooled water falling) is the 
principle behind the passive hot water recirculation. Figure 2-3 is a schematic of the hot water recirculation 
system at the time the HPWH was installed. The flowmeter and check valve (both are installed under the 
shroud of the HPWH) are part of this project’s data acquisition system and are not in the commercial version 
of the HPWH. The flowmeter in Figure 2.3 was subsequently moved to the cold water supply line so that it 
would not interfere with the recirculation loop (see Figure 2.4). 



Figure 2-1:  View of Previous Water Heater 

Figure 2-2:  HPWH Installation 
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Figure 2-3:  Schematic of Hot Water Recirculation Loop with HPWH – As Originally Installed 
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Figure 2-4:  Schematic of Hot Water Recirculation Loop with HPWH – As Modified 10/25/02 



Maintenance and Repair History
Table 2-2 lists the maintenance and repair activities for this unit. 

Table 2-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

3/27/02 --- 

Severity1 Addressed by 

Minor Mike Chan on 
10/25/02 

The hot water 
recirculation loop 
did not work after 
the HPWH 
installation

The passive hot water recirculation loop (see Figure 2-3) 
could not overcome the resistance from the paddle wheel 
inside the data acquisition system’s flowmeter. Mike Chan 
moved the flowmeter from the hot water outlet side to the 
cold water inlet side upstream of the check valve. The 
passive recirculation loop worked after the move. 

Date
Reported Component Complaint Diagnosis / Resolution 

4/21/02 Unknown 

Severity1 Addressed by 

Major
Host on 4/21/02 
& Mike Chan on 
4/22/02

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  Mike 
Chan disconnected the ground wire on the control board, in 
accordance with advice from the control board manufacturer 
on 4/22/02. 

Date
Reported Component Complaint Diagnosis / Resolution 

10/28/02 Evaporator 

Severity1 Addressed by 

Minor Ron, EMI 
technician 

Evaporator 
frosting is 
observed 

Cause of evaporator frosting had not been determined. Ron, 
EMI technician, revisited the site twice and replaced 
thermistors, but the evaporator still frosted over. HPWH 
continued to produce hot water. Frosting was observed up 
until the end of the field test (5/1/03). The small exterior 
closet with no venting was assumed to be the cause. 

Date
Reported Component Complaint Diagnosis / Resolution 

11/12/02 Unknown 
Severity1 Addressed by 

Major Host on 11/12/02 

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH. No 
cause for this failure was immediately determined. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were four significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 2-3. 



Table 2-3: Data Gaps1

Start Finish Duration 
06/21/02 6/29/02 7 
07/30/02 08/27/02 27 
11/22/02 12/03/02 11 
12/19/02 01/12/03 23 

   
   
   
   
   

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over seven months of operation and data collection without an active recirculation loop, the unit performed 
with an estimated energy savings of 36 percent, relative to a simulated conventional electric water heater.  A 
summary of the relevant performance data is shown in Table 2-4. 

Table 2-4: Unit 2 Performance Summary
Without 

Loop 
With 
Loop 

Start Date 3/26/02 10/27/02 

End Date 10/26/02 03/31/03 

Average Water Consumption 39.0
GPD

33.4
GPD

Total Energy Delivered 1479 
kBtu

1395 
kBtu

Resistive Element Energy Consumed 31 kWh 130 kWh 

Heat Pump Energy Consumed 385.5
kWh

727
kWh

Maximum Compressor Discharge Temperature 209oF 222oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 0.0% 11% 

Hot-Water Deficit 1.5% 1.0%

Simulated Hot-Water Deficit, Conventional Water Heater 0.0% 0.0% 

Average Heat Pump Coefficient of Performance 2.0 0.93 

Average Heat Pump Capacity 3.13 kBtu 1.46 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.15 0.59 

Simulated Conventional Water Heater Overall Delivery Efficiency 0.729 0.699 

Annual Energy Savings (does not include space conditioning impacts) 36% -22% 
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Figure 2-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 2-3A:  Heat-Pump Performance, Weekly Average Values 
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Figure 2-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 2-4A:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 2-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 2-5A:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 2-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 2-6A:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 2-7:  Temperatures, Weekly Average Values 
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Figure 2-7A:  Temperatures, Weekly Average Values 
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Figure 2-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 2-8A:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 2-9:  Hot Water Deficit Comparison, Monthly Average Values 

0%

2%

4%

6%

8%

10%

Nov-02 Dec-02 Jan-03 Feb-03 Mar-03 Apr-03 May-03 Jun-03 Jul-03 Aug-03 Sep-03 Oct-03

H
ot

-W
at

er
 D

ef
ic

it:
 P

er
ce

nt
 o

f W
at

er
 D

el
iv

er
ed

be
lo

w
 1

05
 D

eg
 F

HPWH

Electric Resistance
WH (simulated)

Annual Average HPWH Deficit = 1.0%
Unit 2: Santa Clara, CA
Installed: 03/26/02
Enclosed, unconditioned space

Figure 2-9A:  Hot Water Deficit Comparison, Monthly Average Values 



Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 2-5), from the three follow-up surveys (Table 2-6), and the participant’s comments following 
completion of the test (Table 2-7). 

Table 2-5: Installation Interview 
Installation Date 3/26/02 Interview Date 3/26/02 
Interview Completed by Charles   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Exterior Utility Closet 

Primary Space Heating / Cooling Information 
Heating Electric Baseboard Cooling None 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

To learn about how heat pumps work and for energy 
efficiency. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

The HPWH is bigger than the old one.  Concern about 
the closet being able to give enough heat for the HPWH 
to work.  Question about their hot water loop and 
whether the sensors for water usage will be affected. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Use less electricity.  Lower operating costs. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Important.

Would you like to make any other comments at this time? No. 

Table 2-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 5/28/02 10/24/02 3/19/03 
Days since installation 63 212 358 
Survey completed by Charles Charles Charles 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

None No No, just one month 
vacancy mid-Dec to mid-
Jan.

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 2 High 2 High 1 Medium 
Frequency of hot water run-outs 3 Medium 3 Medium 3 Medium 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 High 3 High 3 High 

Frequency of maintenance/repair 3 High 3 High 3 High 
Cooling/Dehumidification effect 
created by water heater 

3 Low 3 Low 5 Low 

Electricity Costs (based on 
electric bills) 

3 High 4 High 5 Medium 

Overall level of satisfaction 2 High 3 High 3 High 
    



Additional Comments from Survey #1
When it was installed you asked me if I had any concerns and I listed two; 1)possible loss of the hot water loop, and 2) 
possible problems with the lack of air circulation in the closet.  Both have been problems, and neither has been 
corrected.

Trudy has discussed the first with you at some length so I will only say we are looking forward to having the loop 
operating again, soon. 

On the second; After the installation you made arrangements for a city inspector to inspect the installation.  He came 
as scheduled and DID NOT sign the approval.  His reason was the lack of air circulation in the closet.  He said he 
would discuss it with you and we would hear back.  This has never been mentioned since and our installation still does 
not have city approval. 

This is a concern to me because the unit seems to run pretty much all day and evening.  The heat pump draws about 
1/6 the current of a standard water heater.  If a standard heater would recover in a half hour and the HPWH takes 
three hours, that would be break even on electricity.  In fact, the HPWH often seems to take 4-6 hours for full recovery.  
I have no way to isolate the power drawn by the unit but I suspect it is using more than a standard unit for this reason.  
With two months of data it should be possible for you to provide an initial comparison of electricity use from your 
monitoring devices.  I look forward to seeing performance data on our installation.  Can you compare our unit 
performance to another installation without the stagnant air problem?  Do you plan to secure city approval? 

My own electric bills only tell me that whatever it is doing isn't gross enough to be apparent among all the other electric 
uses.

I would also like to offer some amplification on your survey ratings in #4: 

4a)  The original heater was, of course, completely silent so any sound is a infinite increase.  Noise pollution is a 
serious problem in this area so any new source is to be avoided.  This new heater IS an audible new source of noise.  
Thankfully, it isn't very loud.  This is probably abated by our installation being outside the house proper.  I would be 
reluctant to recommend an installation of this type of heater inside the house or in a garage/basement space close to 
sleeping quarters.  This could be improved if venting caused the unit to run for less time (and save electricity as well). 

4b)  In spite of long showers we rarely ran out of hot  water with the old unit and the new unit has not run out either. 

4c)  There was no mold/moisture problem before and the new unit has not created one, as I would expect it would not. 

4d)  This new unit has required no service and a standard unit rarely requires service either.  Clearly there are more 
parts to wear out and the heat-pump unit will eventually require more expensive repairs which must be deducted from 
operating savings.  It's much too soon to answer this question meaningfully. 

4e)  In our external, but enclosed, installation no benefit is provided to living spaces by the cooling effect.  It will be 
tempting to run a duct into the house when the heat waves hit (or even to shut myself in to the heater closet!).  At 
some point it might be fruitful for the company to market "kits" for the do-it-yourselfer to install ducting and controls to 
benefit from drawing heat and delivering cold to the right places at the right time. 

4f)  As stated, the electric consumption is close enough so far to the old unit to be indistinct on two electric bills.  I look
to you to provide more detailed data from your telemetry. 

4g)  Overall satisfaction:  Our old unit was quiet, this one makes noise.  We used to have a hot water loop, now we 
don't.  A subtle item; because the old unit was quiet, it was out-of-sight-out-of-mind.  Now, whenever I hear it running I 
am reminded of the electricity it is using and wondering how much is wasted.  This sound could be the sound of 
savings if in-fact the unit generates a savings but at the moment I would have to say we are worse off than before.



Additional Comments from Survey #2
It still makes noise but I guess we are getting used to it as it doesn’t seem as bothersome as before.  Perhaps 
because it’s summer and it doesn’t need to run as long.  Perhaps in the summer the windows are open and there are 
other competing noises.  Perhaps part of the reason is that it really does seem to be making  a difference in the 
electric bills.  Nearly every month the consumption is a bit lower than last year.  There are many other factors each 
month so it is hard to isolate the savings attributable to the water heater but the WH is the only major long-term 
change.  Other changes are the variables of life, like trips and staying up late.  We seem to be saving about $5/mo, 
could be more.  This makes the noise a bit more tolerable.  At the time of the first survey we had not yet seen any 
savings and it seemed the long run times could just be wasting electricity. 

As the weather gets colder, our electric heat will begin to mask any WH savings. 

The permit issue has been resolved.  Thank you Michael. 

The hot water loop is still a sore spot.  We are looking forward to hopefully solving that problem tomorrow. 

Regarding run-outs, mold, and maintenance; our old heater didn’t experience any of these problems and the HPWH 
has not either.  The cooling/dehumidifier effect is lost in our closet and provides no benefit (although I did shut myself 
into the closet for a few minutes one sweltering day). 

Additional Comments from Survey #3
Had a couple of freeze-ups (frost).  Have not had any lock-ups requiring reset recently. 
Have been having a problem with apparently running out of hot water when filling the tub but I suspect a different 
cause, still investigating. 
1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale
2Participant rated each characteristic Low, Medium, or High

Table 2-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Does not want to keep unit (due to limited warranty) 
TIAX action upon completion of field test Removed unit (plumber disposed of unit) and 

installed electric-element water heater (5/1/03). 
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

Needs anti-frost protection.  Put filter in front for 
easier cleaning.  A kit for adding in/out air ducts. 



HPWH Field Test: Unit 3 Summary 

The characteristics of the Unit 3 HPWH installation site are presented in Table 3-1. 

Table 3-1: Site Characteristics 
Location  Oakland, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0784-35 Installation Location Large closet in garage 
Type of  Home 3 Story Detached House Conditioned Floor Space 1200 sq. ft. 
Number of Baths 1 Household Size 2 Adult 
Conditioned Space1 Semi Enclosed2 Yes 
Previous WH Type 80 Gallon Electric Water Hardness3 2 grains/gallon 
California Climate Zone4 3 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on November 12, 2002. The home was built on a hill with a two car garage under the 
living area where each car had its own garage door entrance. The host had converted one of the garages into 
a guest bedroom with an enclosed closet at the back of the former garage where the water heater resides. 
Figure 3-1 shows the front of the house where the closed garage door is the garage that had been converted 
into the guest room. This guest room is enclosed and separate from the garage (on the left) and the entrance 
to the house (on the right). Figures 3-2 and 3-3 are pictures of the right side of the closet as viewed from the 
closet doorway.  From the closet doorway, the left wall is concrete (garage on the other side), the back wall 
is concrete (side of the hill on the other side), and the right wall is a mix of concrete/drywall (the other side is 
the entrance to the house and stairway to the living areas upstairs). The last wall (with the closet doorway) 
separates the closet from the converted guest room (the main living areas are upstairs). The HPWH was 
placed in the same location as the previous water heater, and used the same electrical and water connections. 
There is no drain in this area, so the condensate pump was installed with the condensate being pumped up to 
the ceiling, through the cement wall into the garage, across the length of the garage, and out through the front 
wall of the house into the driveway. 



Figure 3-1: Front View of Guest Room (garage) 

Figure 3-2: View of Closet from Doorway



Figure 3-3:  View of HPWH Installation

Maintenance and Repair History
Table 3-2 lists the maintenance and repair activities for this unit. 

Table 3-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

December 
2002 

HPWH/Electric 
mode switch 

Severity1 Addressed by 

Minor Host  

When guests stay 
over, there is no 
easy way to 
switch off the loud 
noise from the unit 
being in HPWH 
mode.

When guests stay over in the guest room (right next to the 
closet with the HPWH), the noise of the unit in HPWH mode 
was too loud. The Host attached an external linkage to the 
HPWH/electric-element mode switch on the control board to 
make switching to the quiet electric-element mode easier. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were two significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 3-3. 



Table 3-3: Data Gaps1

Start Finish Duration 
11/22/02 12/03/02 11 
12/22/02 01/05/03 14 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit has performed with an estimated energy 
savings of 40 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 3-4. 

Table 3-4: Unit 3 Performance Summary
Start Date 11/12/02 

End Date 6/25/03

Average Water Consumption 20 GPD 

Total Energy Delivered 1155 kBtu 

Resistive Element Energy Consumed 3 kWh 

Heat Pump Energy Consumed 362 kWh 

Maximum Compressor Discharge Temperature 207 oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 0%

Hot-Water Deficit 4%

Simulated Hot-Water Deficit, Conventional Water Heater 0%

Average Heat Pump Coefficient of Performance 2.21

Average Heat Pump Capacity 3.9 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.16

Simulated Conventional Water Heater Overall Delivery Efficiency 0.628

Annual Energy Savings (does not include space conditioning impacts) 40 % 
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Figure 3-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 3-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 3-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 3-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 3-7:  Temperatures, Weekly Average Values 
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Figure 3-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 3-9:  Hot Water Deficit Comparison, Monthly Average Values 

Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 3-5), from the three follow-up surveys (Table 3-6), and the participant’s comments following 
completion of the test (Table 3-7). 

Table 3-5: Installation Interview 
Installation Date 11/12/02 Interview Date 11/12/02 
Interview Completed by Robert   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Large closet in garage (garage was 

converted into guest room with closet) 
Primary Space Heating / Cooling Information 
Heating Wood stove (also have electric baseboard, 

but do not use) 
Cooling None 

Fuel Wood (electricity)  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Interested in the technology and save money. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No.

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Expect it to perform as well as the old 80 gallon water 
heater.

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very important. 

Would you like to make any other comments at this time? No. 



Table 3-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/09/03 3/14/02 6/19/03 
Days since installation 58 122 219 
Survey completed by Robert Robert Robert 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No. None No 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 Medium 1 Medium 1 Medium 
Frequency of hot water run-outs 3 Medium 3 Low 3 Medium 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 High 4 Medium 5 High 

Frequency of maintenance/repair 3 High 3 Medium 3 High 
Cooling/Dehumidification effect 
created by water heater 

5 Medium 5 Medium 5 High 

Electricity Costs (based on 
electric bills) 

? Medium 3 High 4 Medium 

Overall level of satisfaction 3 Medium 3 Medium 4 High 



Additional Comments There is really little 
difference from previous 
water heater except 
1)noise and 2)cooling/ 
dehumidification.  The 
noise level is really very 
high but has no direct 
impact as the water 
heater is one level below 
out living space and the 
floor is concrete so the 
noise is not a problem.  
However, the heater is 
located adjacent to our 
guest bedroom which will 
be a problem if/when we 
have guests.  I have jury-
rigged a way to turn off 
the heat pump and use 
resistance heating when 
the adjacent bedroom is 
in use.  It might be a 
good idea to provide an 
external switch for 
accomplishing this.  The 
cooling/ dehumidification 
is a side benefit that 
cools my wine cellar and 
reduces the humidity.  
We were away three 
weeks during the holiday 
period so I have no good 
basis for noticing and 
electric bill effect. 

Generally quite satisfied: 
like cooling and 
dehumidification, like 
reduced energy use (but 
hard to tell on bill), dislike 
high noise level but live 
with it. 

Put in an easily 
accessible override 
switch so noise can be 
eliminated when 
necessary; or, cut down 
the noise level. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 3-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept 

HPWH
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

No problem except for noise. 



HPWH Field Test: Unit 4 Summary 

The characteristics of the Unit 4 HPWH installation site are presented in Table 4-1. 

Table 4-1: Site Characteristics 
Location  Santa Clara, CA Installed by Pacific Plumbing 
Serial Number   1-02-C-0972-11 Installation Location Garage/Laundry Room 
Type of  Home 1 Story Attached House Conditioned Floor Space 1200 sq. ft. 
Number of Baths 1 Household Size 1 Adult 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 52 Gallon Electric Water Hardness3 1 grains/gallon 
California Climate Zone4 4 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of 
incidental heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on December 1, 2002 in the laundry area in the back of the garage.  The HPWH was 
placed in the same location as the previous water heater, and used the same electrical and water 
connections. Figure 4-1 shows the back of the garage with the water softener system to the left of the 
HPWH and the laundry appliances to the right of the HPWH. Figure 4-2 is a close-up view of the HPWH 
installation. The wall behind the HPWH is shared with the interior of the house. The other three walls are 
exterior walls (of which one of them is primarily the garage door). 

During installation, a hole in the top of the HPWH’s shroud needed to be enlarged to accommodate the 
larger conduit providing power to the unit. A condensate pump was not installed because the drain for the 
clothes washer is right next to the HPWH. The temperature and pressure relief drain was plumbed behind 
the clothes washer/dryer and through an exterior wall. 



Figure 4-1: View of the back wall of the garage/laundry area 

Figure 4-2: View of HPWH Installation 

Maintenance and Repair History
Table 4-2 lists the maintenance and repair activities for this unit. 

Table 4-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

1/24/03 Condensate 
Drain

Severity1 Addressed by 

Minor Mike Chan on 
2/10/03

Drainage tube 
attached to the 
wall was leaking 
and caused 
stains/mildew. 

Primary condensate drain was plugged and caused 
condensate to exit via the secondary condensate drain. A 
new condensate tube was installed for the primary 
condensate drain and the problem was resolved. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were seven significant (one week or more in duration) gaps in the data collection over the course of 
the field test.  The details of these gaps are shown in Table 4-3. 



Table 4-3: Data Gaps1

Start Finish Duration 
02/08/03 02/17/03 9 
03/01/03 04/04/03 34 
04/10/03 04/28/03 18 
07/23/03 08/23/03 31 
08/27/03 09/27/03 14 
09/17/03 09/30/03 13 
10/29/03 11/09/03 7 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over nine months of operation and data collection the unit has performed with an estimated energy savings 
of 44 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 4-4. 

Table 4-4: Unit 4 Performance Summary
Start Date 12/01/02 

End Date 11/08/03 

Average Water Consumption 2.9 GPD 

Total Energy Delivered 875 kBtu 

Resistive Element Energy Consumed 26 kWh 

Heat Pump Energy Consumed 251 kWh 

Maximum Compressor Discharge Temperature 177oF

% of Compressor Run Time where Compressor Discharge exceeds 220oF 0%

Hot-Water Deficit 0.6%

Simulated Hot-Water Deficit, Conventional Water Heater 0%

Average Heat Pump Coefficient of Performance 2.23

Average Heat Pump Capacity 4.36 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.12

Simulated Conventional Water Heater Overall Delivery Efficiency 0.602

Annual Energy Savings (does not include space conditioning impacts) 44%
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Figure 4-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 4-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 4-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 4-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 4-7:  Temperatures, Weekly Average Values 
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Figure 4-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 4-9:  Hot Water Deficit Comparison, Monthly Average Values 

Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 4-5), from the three follow-up surveys (Table 4-6), and the participant’s comments following 
completion of the test (Table 4-7). 

4-5: Installation Interview 
Installation Date 12/01/02 Interview Date 12/01/02 
Interview Completed by Ken   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage / Laundry room 

Primary Space Heating / Cooling Information 
Heating Electric baseboard Cooling Room Air Conditioners 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Interested in the technology. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

Went smoothly. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Expect that the water heater will run like the old water 
heater.  Expect to notice any difference. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Important.

Would you like to make any other comments at this time? No. 



Table 4-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/24/03 3/26/03 10/27/03 
Days since installation 54 115 330 
Survey completed by Ken Ken Ken 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

None None None 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 Low 1 Low 2 Low 
Frequency of hot water run-outs 3 High 3 High 3 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

1 Medium 3 Medium 2 Medium 

Frequency of maintenance/repair 3 High 2 Medium 2 Medium 
Cooling/Dehumidification effect 
created by water heater 

3 Low 5 Low 4 Low 

Electricity Costs (based on 
electric bills) 

3 High 5 High 4 Medium 

Overall level of satisfaction 3 High 3 High 4 High 
    



Additional Comments The unit is in my garage, 
so noise is not a concern 
to me, but it probably 
would be if the unit were 
in the living area. 

The installer clamped a 
drainage tube to the wall, 
resulting in water stains 
and mildew.  I 
repositioned the tube so 
that it drains into a 
bucket.

I really don’t have a basis 
for comparing electricity 
costs yet because my 
winter utility costs are 
completely swamped by 
electric space heating.  
(At some point in the 
future I may put in an 
electric heat-pump HVAC 
unit.)

Prior to the last survey 
there was a dripping 
problem that was 
causing mildew.  Mike 
Chan fixed it on his last 
visit and it had been 
working fine since then.  
I’ve never had hot water 
run-outs.  The data 
collection system has 
never worked properly, 
but that’s not my 
problem. 

Re #4a I rated 
importance of Noise as 
low because the unit is in 
my  garage. If it were in 
the living area of my 
house it would be more 
of a problem. 

Re #4b I have never had 
hot-water run-outs, but I 
also never had run-outs 
with the previous water 
heater.

Re #4c, 4d There was a 
problem with moisture 
and mildew during the 
first  couple months of 
service because of a 
problem in the way it was 
Installed. (I think the 
drain was not leveled 
properly.) However, the  
Problem was corrected in 
a subsequent service call 
and I've had no problems 
since then. 

Re #4f I haven't actually 
run the numbers to see 
what the effect has been 
on electricity costs, but 
my understinding is that 
the HPWH is something 
like 2-3X more efficient 
than conventional electric 
water heating. 

Re #4g I have been very 
satisfied with the HPWH, 
although I was also 
satisfied with the old unit. 
I rated my satisfaction 
level higher than The 
previous water heater 
because of the energy 
efficiency. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High



Table 4-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Host wanted to keep the HPWH 
TIAX action upon completion of field test HPWH sent back to EMI for Energy Factor testing. 

Replaced with electric element water heater 11/7/03. 
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

The only specific suggestion I have would be to try 
to reduce the noise level. 



HPWH Field Test: Unit 5 Summary 

The characteristics of the Unit 5 HPWH installation site are presented in Table 5-1. 

Table 5-1: Site Characteristics 
Location  Harbor City, CA Installed by PHD Plumbing 

Serial Number
1-01-H-0783-35 (11/22/02) 
1-01-H-0792-35 (7/11/03) 

Installation Location Garage/Laundry Room 

Type of  Home 2 Story Detached House Conditioned Floor Space 2300 sq. ft. 
Number of Baths 2.75 Household Size 2 Adults 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 65 Gallon Electric Water Hardness3 12 grains/gallon 
California Climate Zone4 8 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on November 22, 2002 in the garage next to a refrigerator. Figure 5-1 shows the 
previous water heater. The laundry area is on the other side of the garage. The wall behind the water heater is 
the interior wall. The other three walls are exterior walls (one of them being primarily the garage door).  

The HPWH was placed in the same location as the previous water heater, and used the same electrical and 
water connections. The HPWH installation is shown in Figure 5-2. A condensate pump was not required 
because a gravity driven condensate drain was plumbed along the wall of the garage and through the exterior 
wall next to the garage door. 

This home has a hot water recirculation loop, which is driven by a recirculation pump with a timer. Figure 5-
3 shows a schematic of the hot water recirculation loop. At the time of installation, the HPWH’s check valve 
(which is not part of the commercial version of the HPWH) was not installed because the host site already 
had check valves installed for their recirculation loop. 



Figure 5-1:  View of Previous Water Heater 

Figure 5-2:  HPWH Installation 
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Figure 5-3:  Schematic of Hot Water Recirculation Loop with HPWH 

Maintenance and Repair History
Table 5-2 lists the maintenance and repair activities for this unit. 

Table 5-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

11/30/02 Temperature and 
Pressure Relief 

Severity1 Addressed by 

Minor
Tim, PHD 
Plumbing, on 
12/3/02

Water hammering 
and dripping T&P 
drain 

Water hammering and dripping T&P line was due to the host 
site’s existing check valve on the cold water supply line. 
Tim, PHD Plumbing, returned to the site on 12/3/02 and 
disabled the check valve. 

Date
Reported Component Complaint Diagnosis / Resolution 

4/2/03 Thermostat 
Temperature/ 
thermostat of the 
HPWH tends to 
move/change

The Host noticed that the temperature (thermostat knob) 
tends to move/change and required readjustment. The Host 
put some tape on the thermostat knob to keep the setting 
stable.



Severity1 Addressed by 

Minor Host 

Date
Reported Component Complaint Diagnosis / Resolution 

4/2/03 Compressor/ 
Heat-pump 

Severity1 Addressed by 

Minor  

HPWH stays does 
not stay in heat 
pump mode. 

The Host noted that the HPWH did not stay in heat pump 
mode for very long before it switched over to electric-
element mode. Issue was not addressed before the 7/7/03 
incident.

Date
Reported Component Complaint Diagnosis / Resolution 

7/7/03 Unknown 

Severity1 Addressed by 

Major
Ron, EMI 
technician, on 
7/11/03

HPWH not 
operating, no hot 
water available to 
the house 

The heat pump and the upper heating element were not 
functioning. The nonfunctioning unit was replaced with a 
new HPWH on 7/11/03. The check valve under the shroud 
of the new HPWH (not part of the commercial version of the 
HPWH) was left in place. In the 11/22/02 HPWH installation, 
this check valve was not installed because the host already 
had check valves installed for his recirculation loop). 

Date
Reported Component Complaint Diagnosis / Resolution 

12/4/03 Upper heating 
element 

Severity1 Addressed by 

Major
Tim, PHD 
Plumbing, on 
12/5/02

HPWH not 
operating, no hot 
water available to 
the house 

The upper heating element was not functioning. Since this 
was the end of the field test, the host decided to replace the 
nonfunctioning HPWH with an electric element water heater 
on 12/5/03. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were four significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 5-3. 

Table 5-3: Data Gaps1

Start Finish Duration 
07/23/03 08/23/03 31 
08/27/03 09/10/03 14 
09/13/03 10/01/03 18 
10/03/03 10/12/03 9 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over eight months of operation and data collection the unit has performed with an estimated energy savings 
of 29 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 5-4. 



Table 5-4: Unit 5 Performance Summary
Start Date 11/22/02 

End Date 11/03/03 

Average Water Consumption N/A GPD 

Total Energy Delivered 3556 kBtu 

Resistive Element Energy Consumed 562 kWh 

Heat Pump Energy Consumed 248 kWh 

Maximum Compressor Discharge Temperature 199 oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 8.1%

Hot-Water Deficit 20%

Simulated Hot-Water Deficit, Conventional Water Heater 0%

Average Heat Pump Coefficient of Performance 3.64

Average Heat Pump Capacity 4.78 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.36

Simulated Conventional Water Heater Overall Delivery Efficiency 0.922

Annual Energy Savings (does not include space conditioning impacts) 29% 
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Figure 5-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 5-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 

Figure 5-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 

Figure 5-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 5-7:  Temperatures, Weekly Average Values 

Figure 5-8:  Electrical Consumption Breakdown, Total Monthly Values 

Figure 5-9:  Hot Water Deficit Comparison, Monthly Average Values 



Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 5-5), from the three follow-up surveys (Table 5-6), and the participant’s comments following 
completion of the test (Table 5-7). 

Table 5-5: Installation Interview 
Installation Date 1/22/02 Interview Date 11/22/02 
Interview Completed by Richard   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage / Laundry room 

Primary Space Heating / Cooling Information 
Heating Central warm air furnace Cooling Room Air Conditioners (3 window A/C) 
Fuel Natural gas  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Previous experience with the HPWH and wanted to have 
another HPWH.  Did research on the internet and came 
across this field test. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

Done very well. Very professional. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Expect to have reduction in electric usage.  Assume 
maintenance free operation. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very important. 

Would you like to make any other comments at this time? Hope it goes as I expect it to. 

Table 5-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/22/03 3/28/03 11/29/03 
Days since installation 61 126 372 
Survey completed by Richard Richard Richard 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

Yes, we purchased and 
used a small electric 
space heater for our 
family room shortly after 
the HPWH was installed.  
It was rated at 1500 
watts, thermostatically 
controlled. 

Yes, we replaced the 
small electric space 
heater, rated at 1500 
watts as noted in the 
previous survey, with one 
rated at 1000 watts, and 
used it more sparingly. 

Yes, we replaced the 
small electric space 
heater, rated at 1000 
watts as noted in the 
previous survey, with one 
rated at 750 watts. Use 
has been minimal during 
this time. 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 2 Low 
(unimportant 
since HPWH 
is in garage) 

2 Low 2 Low 



Frequency of hot water run-outs 3 Medium 
(none yet) 

2 Medium 
(lower 

temperature 
at times, but 
not “run-out” 
per se-see 
comments

below) 

2 Medium 
(Lower 

temperature 
at times; but 
not full Run-

Outs)

Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 Low 
(unimportant 
since HPWH 
is in garage) 

3 Low 3 Low 

Frequency of maintenance/repair 3 Medium 
(none yet) 

2 Medium 
(need to 
adjust 

temperature 
control-see 
comments

below) 

2 Medium 
(Note: this is 

the 2nd

HPWH;
replacement 
~ July 2003) 

Cooling/Dehumidification effect 
created by water heater 

4 Low 
(unimportant 
since HPWH 
is in garage) 

4 Low 4 Low 

Electricity Costs (based on 
electric bills) 

2 High (see 
additional 
comments

below) 

3 High 3 High 

Overall level of satisfaction 3 Medium 
(same as 

previous WH, 
which was 

good) 

3 Medium 3 Medium 

    



Additional Comments Electric bill dated 1-15-03 
indicated an increased 
use of electricity versus 
the same period of time 
in the previous year: 
2862 KWH (Nov 02-Jan 
03) vs. 2447 KWH 
(previous) and 43 KWH 
daily average vs. 38 
KWH (previous), 
respectively. This 
increase is probably due 
more to the new space 
heater than to the 
HPWH; e.g., estimate 
heater on for 20 
hours/day at 50% load 
would yield an increase 
of 15 KWH daily 
average. If true, recent 
daily average would have 
been 28 KWH. Note that 
the space heater has 
been replaced with a 
lower capacity and more 
efficient version for the 
remainder of cold 
weather months, and 
then unused after that 
period. Hopefully, warm 
weather months will yield 
a more favorable 
comparison. 

Electric bill dated 3-14-03 
indicated a slightly
decreased use of 
electricity versus the 
same period of time in 
the previous year: 2462 
KWH (1-13-03 to 3-12-
03) vs. 2581 KWH 
(previous), and 42 KWH 
daily average vs. 43 
KWH (previous), 
respectively.  We expect 
the upcoming warm 
weather to provide even 
more decrease since the 
space heater won’t be 
used at night and full 
benefit of HPWH will be 
obtained. 
   One small problem 
should be noted. My wife 
noticed a decrease in the 
hot water temperature at 
the kitchen sink. We 
measured it with a 
thermometer and found it 
to be about five degrees 
lower that it had been. I 
checked the temperature 
control knob at the 
HPWH and found that it 
had rotated about 1-2 
degrees counter-
clockwise, probably due 
to vibration from the 
HPWH. I reset it and 
taped it in place to 
prevent reoccurrence. 
Later (about 1-2 weeks) 
she noticed that 
temperature was again 
reduced. This time I 
checked the control 
knob, and found it had 
not moved this time, so I 
set it 1-2 degrees 
clockwise. Temperature 
at the sink returned to 
normal. This latter 
condition has occurred 
one more time, and I 
again set the control 
knob CW about 1-2 
degrees.

Electric bill dated 11-12-
03 indicated a slightly 
increased use of 
electricity versus the 
same period of time in 
the previous year: 2075 
KWH (9-9-03 to 11-7-03) 
vs. 2031 KWH 
(previous), and 35 KWH 
daily average vs. 34 
KWH (previous), 
respectively. 
   Prior electric bill dated 
9-11-03  indicated an 
increased use of 
electricity versus the 
same period of time in 
the previous year: 2285 
KWH (7-10-03 to 9-9-03) 
vs. 2200 KWH 
(previous), and 42 KWH 
daily average vs. 36 
KWH (previous), 
respectively. 
   Prior electric bill dated 
7-14-03 indicated a 
slightly decreased use 
of electricity versus the 
same period of time in 
the previous year: 2057 
KWH (5-11-03 to 7-10-
03) vs. 2066 KWH 
(previous), and 33 KWH 
daily average vs. 33 
KWH (previous), 
respectively. 
   Apparently the 
replacement HPWH in 
July had little or no 
impact on energy saving. 
In fact, electric bills 
(above) show increases. 
  We generally had warm 
weather from May 
through Oct, so above 
information suggests that 
the HPWH did not 
improve energy use 
during that time frame. 
Also, it suggests that its 
performance was 
independent of ambient 
temperature; a surprise 
to me.
    Regarding max hot 
water temperature at the 
kitchen sink: HPWH 
control knob has been 
kept in the position 
reported in the last 
HPWH survey; i.e. about 
1-2 degrees clockwise 
from “12 o’clock”, or mid-
way between ‘c’ and ‘I’ in 
the labeled word 
‘efficient’. Hot water 
temperature is typically 
about 120-122 degrees 
but at times drops to 
about 108 110 degrees



1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 5-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Upper element of HPWH stopped working 12/4/03. 

Host wants to remove the HPWH. 
TIAX action upon completion of field test Removed unit (plumber disposed of unit) and 

installed electric-element water heater (12/5/03). 
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

1) Preclude fluctuations in max hot water 
temperature. It varies even when hot water 
hasn’t been used for some time. 

2) Provide increased energy savings, 
independent of use of recirculation pump. 

3) Provide easy “straight-through” 
replacements for two built-in check valves. 

4) Calibrate temperature control knob with 
easily viewed temperature readings at the 
HPWH.



Heat Pump Water Heater 

Returned Product 
Evaluation Report 

By
John F. Hoyt 

Sr. Project Engineer 
Cooling Products of ECR International 

October 23, 2003 

Model Number: HPWH500AA0B 

Serial Number: 1-01-H-0783-35 

RGA Number: N/A   

Returned From: CEC Field Test Unit #5 
   Richard Rountree

26520 Senator Avenue 
   Harbor City, CA 90710 

Received:  10-21-03 

Reason for Return: 

According to collected data, performance of this unit was not commensurate with its 
design.

Below is the e-mail correspondence between Ryan Lennie and me regarding the above 
unit.  Ron Robinson was sent to this site to investigate, troubleshoot, and if necessary, 
change the unit.

-----Original Message----- 
From: lennie.ryan@tiax.biz [mailto:lennie.ryan@tiax.biz] 
Sent: Thursday, April 03, 2003 11:19 AM 
To: johhoy@enviromaster.com 
Cc: chan.michael@tiax.biz 
Subject: Unit 5 operation 

John, 

Mike was in southern CA yesterday and was able to replace the inlet water 
thermistor that was malfunctioning (unit 14) and also to install an 
operational data acquisition system on the Rountree unit (# 5).  When we 
started communicating with unit 5, I saw data that is out of the ordinary. 
The evaporating temperature on this unit is higher than what is typical, 



and is causing the unit to cycle quite frequently as the compressor 
discharge temperature increases quickly and hits the 220F cut out.  Another 
result of the short cycles is the frequent usage of the lower element.   
Reason for Return Cont’d: 

We have not received any complaints about the delivery of hot water to the 
house, and its entirely possible that this unit has been performing like 
this for some time, as it was installed in late November.  I wanted to send 
this data to you, and see if you've got any idea of why the unit would be 
operating as it is.  Thanks-- 

Ryan

Ryan,

Based on the data you sent, it appears the unit may be low on charge, have a 
problem with the TXV, or a combination of the two. 

Has the operation changed since the data you sent me? 

If no improvements, we should change out the unit with one of the spares. 

- John Hoyt 

Observations:

Upon examining the unit, the following observations were made: 

1-01-H-0783-35 As received 
No data logger or modem was returned with this unit. 



Observations Cont’d: 

Severed capillary tube from suction temperature sensing bulb to TXV 

       Upper Element        Lower Element 

Screw hole in 
outer jacket

Outer jacket, and insulation 
removed behind screw hole



Testing / Evaluation: 

When Ron Robinson visited the site, he informed me that the installer used 3” screws to 
secure the condensate drain line to the side of the tank.  He was concerned that the 
screws pierced the condenser coil, and allowed the refrigerant to escape.  When the unit 
was returned, the outer shell and insulation was removed around the area where the 
screws were installed.  The condenser coil was in tact, and there was no evidence of any 
contact from the screws.   

 All thermistors were verified to report correct temperatures to the 
control.

 The upper element was inoperable due to 0 resistance. 

 The current sensor that reported upper element operation to the data 
logger had a severed wire. 

 The capillary tube that connects the suction line temperature sensing 
bulb to the TXV was severed at the top of the TXV.   This was the 
cause of the performance issue described in the above e- mail. 

Bob Zogg of TIAX was contacted regarding the disposition of the units after evaluation.
Below is his e-mail advising direction: 

John,

This is to clarify our discussion today about disposition of HPWH 
materials. (This includes field-test HPWH units and associated 
instrumentation.)

EMI may dispose of HPWHs returned to them when they are finished testing, 
evaluating, and documenting the units.  You should document when and how 
HPWHs were disposed.  You may also dispose or reuse for other purposes, 
(as you see fit) instrumentation components returned to you.  Again, 
please document disposition.  You do not need to keep track of 
instrumentation (in contrast to what we had discussed in our call).  It is 
our intent that EMI have the option to take possession of all project 
materials after they are of no further use to the project. 

If EMI would like to take possession of additional field units  beyond 
those which must be returned for testing/evaluation), EMI will be 



responsible for packaging, shipping, and disposal of unwanted items for 
those units.  (This means that if you want the instrumentation, you must 
also deal with the HPWH.) 

We do not anticipate needing to account to the CEC for any materials 
purchased under this contract.  Our contract only requires accounting for 
"equipment", which is defined as items "having an acquisition unit cost of 
at least $5,000 and purchased with Commission funds." 

Bob
____________________________________________________

Robert A. Zogg 
TIAX LLC, Powered by Innovation since 1886 
Phone:  617.498.6081, Fax:  617.498.7213 

TIAX LLC (www.TIAX.biz) is an independent company operating at the 
intersection of business and technology.  Formerly Arthur D. Little's 
Technology & Innovation business, TIAX builds on its rich heritage, 
creating business opportunities and growth through the power of 
technology, innovation, and applied science. 

 Due to the nature of the damage, power was not applied to this unit.  
All DAQ equipment was salvaged, and the water heater was scrapped 
10-30-03.



HPWH Field Test: Unit 6 Summary 

The characteristics of the Unit 6 HPWH installation site are presented in Table 6-1. 

Table 6-1: Site Characteristics 
Location  Coloma, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0788-35 Installation Location Laundry Room 
Type of  Home 2 Story Detached House Conditioned Floor Space 2100 sq. ft. 
Number of Baths 3 Household Size 2 Adult, 2 Child 
Conditioned Space1 Yes Enclosed2 No 
Previous WH Type 52 Gallon Electric Water Hardness3 19 grains/gallon 
California Climate Zone4 12 US Climate Zone5 3 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on October 29, 2002 in the laundry room that can only be accessed from a door in the 
middle of the house. The HPWH was placed in the same location as the previous water heater, and used the 
same electrical and water connections.  The back wall of the laundry room is shown in Figure 6-1. The back 
wall and the wall to the right are exterior walls. The two remaining walls are interior walls. Figure 6-2 shows 
the installed HPWH. 

Due to the hardness of the water, the old water heater could not be drained prior to moving it out because the 
drain valve at the bottom of the water heater was plugged. A new temperature and pressure relief line was 
installed because the old temperature and pressure relief drain was plugged. A condensate pump was not 
installed at this location because the drain for the clothes washer was nearby. 



Figure 6-1: View of the Back Wall of the Laundry Room with Previous Water Heater 



Figure 6-2: View of HPWH Installation 

Maintenance and Repair History
Table 6-2 lists the maintenance and repair activities for this unit. 

Table 6-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

11/18/03 --- 

Severity1 Addressed by 

Nuisance --- 

Noticed some 
water/corrosion on 
the bottom of the 
HPWH.

Host could not determine the source of the moisture/rust on 
the bottom of the HPWH. This was noticed near the end of 
the field test and a decision needed to be made as to 
whether they wanted to keep the HPWH or to replace it. 
Host decided to replace the HPWH with an electric element 
water heater. After taking out the HPWH, the plumber thinks 
the moisture could have came from the piping around the 
check valve or flowmeter under the shroud of the HPWH. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were three significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 6-3. 



Table 6-3: Data Gaps1

Start Finish Duration 
11/21/02 12/03/02 11 
12/13/02 12/22/02 9 
01/11/03 01/19/03 8 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit performed with an estimated energy savings 
of 33 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 6-4. 

Table 6-4: Unit 6 Performance Summary
Start Date 10/29/02 

End Date 11/13/03 

Average Water Consumption 64 GPD 

Total Energy Delivered 5690 kBtu 

Resistive Element Energy Consumed 358 KWh 

Heat Pump Energy Consumed 979 kWh 

Maximum Compressor Discharge Temperature 201 oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 0%

Hot-Water Deficit 4%

Simulated Hot-Water Deficit, Conventional Water Heater 3.5%

Average Heat Pump Coefficient of Performance 1.89

Average Heat Pump Capacity 3.22 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.28

Simulated Conventional Water Heater Overall Delivery Efficiency 0.838

Annual Energy Savings (does not include space conditioning impacts) 33% 
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Figure 6-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 6-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 6-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 6-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 6-7:  Temperatures, Weekly Average Values 
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Figure 6-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 6-9:  Hot Water Deficit Comparison, Monthly Average Values 

Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 6-5), from the three follow-up surveys (Table 6-6), and the participant’s comments following 
completion of the test (Table 6-7). 

Table 6-5: Installation Interview 
Installation Date 10/29/02 Interview Date 10/29/02 
Interview Completed by Richard   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Laundry room 

Primary Space Heating / Cooling Information 
Heating Electric baseboard, Wood stove Cooling Room Air Conditioner, Evaporative cooler 
Fuel Electricity, Wood  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Something new and energy conservation. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

Good installation. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Expect it to be low maintenance and to see a decrease 
in electrical expense. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very important. 

Would you like to make any other comments at this time? Real happy with the installation. 



Table 6-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/27/03 3/21/02 10/21/03 
Days since installation 90 143 357 
Survey completed by Richard Richard Richard & Cindy 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

None None None 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 Medium 1 Medium 1 Medium 
Frequency of hot water run-outs 3 High 3 High 3 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 Medium 3 High 4 Medium 

Frequency of maintenance/repair 3 High 3 High 3 High 
Cooling/Dehumidification effect 
created by water heater 

2 Low 1 Medium 1 
Cooling 

Low 

Electricity Costs (based on 
electric bills) 

5 High 5 High 5 High 

Overall level of satisfaction 5 High 5 High 4 High 
    
Additional Comments We have estimated that 

we are seeing a 40% 
drop in our electric bill 
since install.  Very 
Happy!! 

We have not had any 
problems with the water 
heater.  The noise is not 
a problem in our location, 
the cooling is a bit 
bothersome but well 
worth the savings. 

Son Andrew has not 
been with us for several 
weeks and for the rest of 
the school year (until 
June 15th) will only be 
staying with us on 
weekends.  So that is 
definitely less of a 
demand on the system.  
After June 15th, he 
should be back with us 
on the regular schedule 
which for both kids is 2 
weeks on and 2 weeks 
off.

Never experienced a 
problem with the HPWH 
getting stuck and not 
producing hot water.  Is 
this something I should 
be aware of since we are 
planning on keeping the 
unit?? 

I would appreciate any 
information you can give 
me here also contact 
information for technical 
support should future 
need arise. 

Thank you and please 
keep us in mind for any 
other home trials your 
company may be 
running. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 6-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Wants to replace HPWH (noticed water/rust on 

bottom of HPWH and did not know the source) 
TIAX action upon completion of field test Removed unit (plumber disposed of unit) and 

installed electric-element water heater (12/5/03). 
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

It would be good if the unit were less noisy. 



HPWH Field Test: Unit 7 Summary 

The characteristics of the Unit 7 HPWH installation site are presented in Table 7-1. 

Table 7-1: Site Characteristics 
Location  Placerville, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0798-35 Installation Location Garage 
Type of  Home 1 Story Detached House Conditioned Floor Space 2000 sq. ft. 
Number of Baths 2.5 Household Size 2 Adult, 2 Child 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 52 Gallon Electric Water Hardness3 2 grains/gallon 
California Climate Zone4 12 US Climate Zone5 3 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on October 28, 2002 in the garage.  Figure 7-1 shows the rear of the garage with the 
old water heater on the right side of the figure. The HPWH was placed in the same corner of the garage as 
the previous water heater, and used the same electrical and water connections. Figure 7-2 shows the installed 
HPWH. This installation has a hot water recirculation loop, which can be seen connected to the drain valve 
at the bottom of the HPWH in Figure 7-2. The host was asked (and he agreed) to leave the hot water 
recirculation loop off for the duration of this one-year field test.  

Looking at Figure 7-1, the to the right of the water heater is the wall shared with the interior of the house. 
The other three walls are exterior walls (with one of them being mainly the garage door). A condensate 
pump was not required for this location because the gravity driven condensate drain was plumbed through 
the exterior wall and under the deck outside of the wall. 



Figure 7-1: View of the Back Wall of the Garage 

Figure 7-2: View of HPWH Installation 

Maintenance and Repair History
Table 7-2 lists the maintenance and repair activities for this unit. 

Table 7-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

11/8/02 Unknown 

Severity1 Addressed by 

Major Host on 11/8/02 

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 



Date
Reported Component Complaint Diagnosis / Resolution 

11/14/02 Unknown 

Severity1 Addressed by 

Major Host on 11/14/02 

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 

Date
Reported Component Complaint Diagnosis / Resolution 

2/2/03 Unknown 

Severity1 Addressed by 

Major Host on 2/2/03 

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 

Date
Reported Component Complaint Diagnosis / Resolution 

2/9/03 Unknown 

Severity1 Addressed by 

Major Host on 2/9/03 

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 

Date
Reported Component Complaint Diagnosis / Resolution 

3/4/03 Unknown 

Severity1 Addressed by 

Major Host on 3/4/03 

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 

Date
Reported Component Complaint Diagnosis / Resolution 

--- Control Board 

Severity1 Addressed by 

Major Jason, EMI 
technician 

HPWH randomly 
gets stuck and 
produces no hot 
water until power 
was reset at the 
circuit breaker 

The randomness of the HPWH getting stuck and requiring a 
power reset was attributed to the control board being 
affected by power fluctuations. An newer version of the 
control board (described as being more “robust”) was 
installed by Jason, an EMI technician, on 3/25/03 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There was one significant (one week or more in duration) gap in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 7-3. 



Table 7-3: Data Gaps1

Start Finish Duration 
11/07/02 11/14/02  

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit performed with an estimated energy savings 
of 32 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 7-4. 

Table 7-4: Unit 7 Performance Summary
Start Date 10/28/02 

End Date 11/02/03 

Average Water Consumption 56.2 GPD 

Total Energy Delivered 5328 kBtu 

Resistive Element Energy Consumed 233 kWh 

Heat Pump Energy Consumed 1065 kWh 

Maximum Compressor Discharge Temperature 219oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 0.3%

Hot-Water Deficit 2.71%

Simulated Hot-Water Deficit, Conventional Water Heater 0.0%

Average Heat Pump Coefficient of Performance 1.74

Average Heat Pump Capacity 3.25 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.23

Simulated Conventional Water Heater Overall Delivery Efficiency 0.825

Annual Energy Savings (does not include space conditioning impacts) 32% 
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Figure 7-3:  Heat-Pump Performance, Weekly Average Values 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

11/2/02 12/2/02 1/1/03 2/1/03 3/3/03 4/3/03 5/3/03 6/2/03 7/3/03 8/2/03 9/2/03 10/2/03 11/1/03

W
ee

kl
y 

A
ve

ra
ge

 H
PW

H
 a

nd
 E

le
ct

ric
 R

es
is

ta
nc

e 
O

D
E

HPWH ODE

Electric Resistance ODE

Average HPWH ODE = 1.23
Average Electric Resistance ODE (simulated) = 0.825 

Unit 7: Placerville, CA
Installed: 10/28/02
Unenclosed, unconditioned 

Figure 7-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 7-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 7-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 7-7:  Temperatures, Weekly Average Values 
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Figure 7-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 7-9:  Hot Water Deficit Comparison, Monthly Average Values 

Interview Results 

The following tables contain information collected during the installation interview with the 
participant (Table 7-5), from the three follow-up surveys (Table 7-6), and the participant’s 
comments following completion of the test (Table 7-7).

Table 7-5: Installation Interview 
Installation Date 10/28/02 Interview Date 10/28/02 
Interview Completed by Jeff   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank and hot water recirculation 
loop 

Location Garage 

Primary Space Heating / Cooling Information 
Heating Central heat pump Cooling Central Heat Pump / Air Conditioner 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Lower electric bills. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No.



What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

No difference from old water heater. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very important. 

Would you like to make any other comments at this time? No. 

Table 7-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/13/03 3/14/03 10/30/03 
Days since installation 77 137 367 
Survey completed by Jeff Jeff Jeff 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

None None No changes 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 High 1 High 1 High 
Frequency of hot water run-outs 3 High 2 High 4 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

5 High 5 High 4 High 

Frequency of maintenance/repair 3 High 2 High 5 High 
Cooling/Dehumidification effect 
created by water heater 

3 Low 3 Medium 4 High 

Electricity Costs (based on 
electric bills) 

5 High 5 High 5 High 

Overall level of satisfaction 5 High 4 High 5 High 
    
Additional Comments Find a way to muffle the 

noise. 
Occasionally stops 
producing hot water.  
Have to go through ritual 
of shutting off breaker 
and or unplugging plug to 
data logger.  Both are on 
separate circuits.  
Occasion does not 
correlate with power 
outages or surges that I 
can identify. 

Have had no problems 
except the data logger 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for 5description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 7-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept 

HPWH.
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

Muffle the noise 



HPWH Field Test: Unit 8 Summary 

The characteristics of the Unit 8 HPWH installation site are presented in Table 8-1. 

Table 8-1: Site Characteristics 
Location  Newark, CA Installed by Pacific Plumbing 

Serial Number
1-01-H-0777-35 (3/24/02) 
1-02-C-0984-11 (4/12/02) 
1-01-H-0782-35 (6/14/02) 

Installation Location Garage/Laundry Room 

Type of  Home 2 Story Detached House Conditioned Floor Space 1600 sq. ft. 
Number of Baths 3 Household Size 3 Adult, 1 Child 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 50 Gallon Electric Water Hardness3 14 grains/gallon 
California Climate Zone4 3 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on March 24, 2002 in the laundry room area that is set up along one wall of the 
garage.  The garage is used as a part-time family area that is furnished with a desk, couch and hide-away 
bed.  The area is occupied occasionally by both the family and guests.  The HPWH was placed in the same 
location as the previous water heater, and used the same electrical and water connections.  The HPWH 
shroud had to be cut to provide a larger hole for the electrical connection, but this was the only unexpected 
issue that came up during installation.  The family room is shown below in Figure 8-1, and the HPWH 
installation is shown in Figure 8-2. 

Figure 8-1:  Family Room 



Figure 8-2: Installation 

Maintenance and Repair History
Table 8-2 lists the maintenance and repair activities for this unit. 

Table 8-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

4/10/02 Unknown 

Severity1 Addressed by 

Major Ron Robinson on 
4/11/02

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, and 
operation could not be easily restored.  Ron replaced the 
control board and also noted that the power supply for the 
data logger was burned out and not operating.  He replaced 
the data logger and its power supply as well. 

Date
Reported Component Complaint Diagnosis / Resolution 

4/12/02 Unknown 

Severity1 Addressed by 

Serious Ron Robinson on 
4/12/02

HPWH not 
operating, no hot 
water available to 
the house 

Ron returned to the site and again found that the unit 
operation could not be easily restored.  He decided to 
replace the unit, and installed a new HPWH that was not 
instrumented for data collection.  This unit served as a 
temporary solution until a HPWH with data collection 
instrumentation was available for installation (6/14/02). 



Date
Reported Component Complaint Diagnosis / Resolution 

4/15/02 Unknown 

Severity1 Addressed by 

Major Mike Chan 

HPWH not 
operating, no hot 
water available to 
the house 

Again there was not hot water available to the house, and 
the power to the unit was turned off and then back on at the 
circuit breaker.  This action restored operation, and the 
HPWH was set to electric only mode.  Mike also discovered 
a slow continuous hot water leak in one bathroom of the 
house, which may have had some effect on hot water 
availability. 

Date
Reported Component Complaint Diagnosis / Resolution 

6/14/02 HPWH 

Severity1 Addressed by 

----2 Pacific Plumbing 

None by 
participant. 

The unit that had been installed on April 12, 2002 was 
replaced with a HPWH that was instrumented for data 
collection. The ground wire for the condensate 
management system was disconnected from the control 
board on the new HPWH (this may have been the cause of 
the 4/15/02 event with the previous HPWH).

Date
Reported Component Complaint Diagnosis / Resolution 

11/20/02 Condensate 
drain 

Severity1 Addressed by 

Minor
Ron, EMI 
technician, on 
11/20/02 

There is a pool of 
water at the 
bottom of the 
water heater, not 
sure where it is 
coming from. 

Ron found that there was something plugging the primary 
condensate line, preventing any drainage through that line.  
The secondary line, which is not affixed as well as the 
primary line, was allowing for condensate drainage but 
leaking slightly.  Ron removed the plug in the primary line 
and normal condensate drainage was restored. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  
2Not applicable in this case, as the HPWH was replaced due to data collection needs rather than performance issues. 

Data Gaps
There were four significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 8-3. 

Table 8-3: Data Gaps1

Start Finish Duration 
06/21/02 06/29/02 8 
08/02/02 08/27/02 25 
08/29/02 09/08/02 9 
11/21/02 12/04/02 13 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over ten months of operation and data collection the unit has performed with an estimated energy savings of 
36 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 8-4. 



Table 8-4: Unit 8 Performance Summary
Start Date 6/17/02

End Date 3/19/03

Average Water Consumption 56.2 GPD 

Total Energy Delivered 3676 kBtu 

Resistive Element Energy Consumed 284 kBtu 

Heat Pump Energy Consumed 3127 kBtu 

Maximum Compressor Discharge Temperature 223.1oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 2%

Hot-Water Deficit 2.73%

Simulated Hot-Water Deficit, Conventional Water Heater 1.25%

Average Heat Pump Coefficient of Performance 1.68

Average Heat Pump Capacity 3.02 kbtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.25

Simulated Conventional Water Heater Overall Delivery Efficiency 0.757

Annual Energy Savings (does not include space conditioning impacts) 36% 

Due to problems encountered early in the testing of this unit (see Table 8-2), the data begins on June 21, 
2002 rather than the installation date.  This applies to Figures 8-3, 8-4, 8-5, 8-6, 8-7, 8-8, and 8-9. 
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Figure 8-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 8-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 8-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 8-6: HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 8-7:  Temperatures, Weekly Average Values 
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Figure 8-8: Electrical Consumption Breakdown, Total Monthly Values 
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Figure 8-9:  Hot-Water Deficit Comparison, Weekly Average Values 



Interview Results 

The following tables contain information collected during the installation interview with the participant 
(Table 8-5), from the three follow-up surveys (Table 8-6), and the participant’s comments following 
completion of the test (Table 8-7). 

Table 8-5: Installation Interview 
Installation Date 3/24/02 Interview Date 3/24/02 
Interview Completed by Pascal   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage / Laundry room 

Primary Space Heating / Cooling Information 
Heating Electric baseboard 

Forced air heaters 
Cooling None 

Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

A colleague at work sent an email about this program.  
Idealism in participating in a test program to conserve 
energy. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No comment. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Concern about the unit able to produce hot water.  Noise 
and vibration are a concern. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Important.

Would you like to make any other comments at this time? Nope. 



Table 8-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 11/14/02 1/14/03 3/20/03 
Days since installation 235 296 361 
Survey completed by Pascal Pascal Pascal 
Have any occupants left or joined 
your household since the time of 
installation? 

No. No. No. 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

None. None. None. 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 High 1 Medium 1 Medium 
Frequency of hot water run-outs 2 Medium 3 High 2 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

4 Low 3 Medium 2 Medium 

Frequency of maintenance/repair 3 High 3 High 2 High 
Cooling/Dehumidification effect 
created by water heater 

3 Low 2 Medium 2 Medium 

Electricity Costs (based on 
electric bills) 

4 Medium 4 Medium 4 Medium 

Overall level of satisfaction 2 ---3 2 Medium 2 High 
    
Additional Comments I didn’t understand just 

how noisy it would be.  
Our water heater is in the 
garage, not an enclosed 
closet.  We use the 
garage as a part-time 
family area.  There is a 
desk and a couch w/ a 
hide-away bed where 
guests can sleep. 

In addition to the noise 
level, the cold air exhaust 
is an issue in  the winter 
when it is cold (though it 
was a bonus in the 
hottest days of the 
summer).

Just too noisy…cold air 
is a problem in the winter 
as the water heater is in 
a California garage used 
as a living room/guest 
room/ play room.  Kink in 
the condensate hose 
caused water to leak 
onto wooden platform, an 
unwanted complication.  I 
will be requesting a 
regular water heater at 
the end of the test 
period, even if it costs 
more to operate in the 
long run.  Thanks, 
Pascal.

After I filled out survey 2, 
my wife complained 
about the water 
temperature being too 
cold and we turned the 
water heater up.  More 
than once I’ve had to 
‘wiggle’ the condensation 
discharge tube to prevent 
water from pooling on the 
wooden platform the 
water heater rested on; it 
seems to get kinked for 
no apparent reason.  
When a guest slept in a 
fold-out bed in the 
garage, we turned off the 
water heater at night 
because of the cold air 
and noise. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High 
3Participant did not rate the importance of this characteristic.



Table 8-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Does not want to keep unit 
TIAX action upon completion of field test Removed unit and returned to EMI for hard water 

testing (5/1/03). 
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

Too loud.  Too cold in the winter for a California 
garage.  Perhaps cold air could be exhausted 
outdoors through a vent?  Also, adjust sensor design 
so a hot water leak won’t cause it to shut down. 



HPWH Field Test: Unit 9 Summary 

The characteristics of the Unit 9 HPWH installation site are presented in Table 9-1. 

Table 9-1: Site Characteristics 
Location  Irwindale, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0795-35 Installation Location Closet 
Type of  Home 1 Story Office Conditioned Floor Space 4000 sq. ft. 
Number of Baths 2 Household Size 401

Conditioned Space2 Yes Enclosed3 Yes 
Previous WH Type 30 Gallon Electric Water Hardness4 9 grains/gallon 
California Climate Zone4 9 US Climate Zone6 4 
1HPWH is installed in a warehouse that has been converted to cubicle space, and services the Men and Women’s bathrooms in the 
office of 40 people. 

2Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

3Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
4From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
5California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
6US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on November 21, 2002 in the janitor’s closet of an office building.  The closet is part 
of a men/women’s bathroom structure that was built inside a warehouse that has been converted to office 
space. In Figure 9-1, the opened door on the left (with someone going in) is the janitor/water heater closet. 
The water heater services primarily the closet sink and the men/women’s bathrooms. Due to the space 
constraints, the HPWH was installed away from the back wall (where the previous water heater was 
installed). Figures 9-2 and 9-3 show the previous water heater and the HPWH installation respectively. The 
HPWH used the same electrical connection (after enlarging the hole in the HPWH shroud) but had to change 
the water connections to accommodate the increased width and height of the HPWH. 

All four walls of the closet are within the environmentally controlled office. A condensate pump was not 
required for this location because the drain in the middle of the closet floor was available. 



Figure 9-1: Front of Janitor/Water Heater Closet  

Figure 9-2:  Previous Water Heater Installation 



Figure 9-3:  HPWH Installation 

Maintenance and Repair History
Table 9-2 lists the maintenance and repair activities for this unit. 

Table 9-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

3/24/03 Unknown 

Severity1 Addressed by 

Major Host on 3/24/03 

HPWH not 
operating, no hot 
water available to 
bathrooms 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 

Date
Reported Component Complaint Diagnosis / Resolution 

5/12/03 Unknown 
HPWH not 
operating, no hot 
water available to 
bathrooms

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined.



Severity1 Addressed by 

Major Host on 5/12/03 

Date
Reported Component Complaint Diagnosis / Resolution 

7/1/03 Unknown 

Severity1 Addressed by 

Major Host on 7/1/03 

HPWH not 
operating, no hot 
water available to 
bathrooms 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were two significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 9-3. 

Table 9-3: Data Gaps1

Start Finish Duration 
03/17/03 03/24/03 7 
05/02/03 05/14/03 12 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit performed with an estimated energy savings 
of 1 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 9-4. 



Table 9-4: Unit 9 Performance Summary
Start Date 11/21/02 

End Date 11/13/03 

Average Water Consumption 9.6 GPD 

Total Energy Delivered 408 kBtu 

Resistive Element Energy Consumed 36 kWh 

Heat Pump Energy Consumed 282 kWh 

Maximum Compressor Discharge Temperature 100.1oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 6%

Hot-Water Deficit 0.0%

Simulated Hot-Water Deficit, Conventional Water Heater 0.0%

Average Heat Pump Coefficient of Performance 2.08

Average Heat Pump Capacity 4.14 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 0.43

Simulated Conventional Water Heater Overall Delivery Efficiency 0.408

Annual Energy Savings (does not include space conditioning impacts) 1% 
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Figure 9-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 9-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 9-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 9-7:  Temperatures, Weekly Average Values 



0

50

100

150

200

250

Dec-02 Jan-03 Feb-03 Mar-03 Apr-03 May-03 Jun-03 Jul-03 Aug-03 Sep-03 Oct-03 Nov-03

To
ta

l E
le

ct
ric

al
 C

on
su

m
pt

io
n 

(k
W

h)

Lower Element
Upper Element
Heat Pump

Unit 9: Azusa, CA
Installed: 11/21/02
Enclosed, conditioned space

Figure 9-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 9-5), from the three follow-up surveys (Table 9-6), and the participant’s comments following 
completion of the test (Table 9-7). 

Table 9-5: Installation Interview 
Installation Date 11/21/02 Interview Date 11/21/02 
Interview Completed by Henry   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Utility Closet 

Primary Space Heating / Cooling Information 
Heating Packaged rooftop heat pump Cooling Packaged rooftop heat pump
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Help with market transformation of PIER projects to the 
commercial market. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

Smooth installation.  No problems. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Hoping that the water heater can perform well.  Hoping 
that there will not be any maintenance issues. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very important. 

Would you like to make any other comments at this time? No. 

Table 9-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/22/03 4/09/03 10/30/03 
Days since installation 62 139 343 
Survey completed by Henry Henry Henry 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

2 new employees arrived 
in December, 1 in 
January.  1 employee left 
in January. 

None No change 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 Medium 1 Medium 2 Medium 
Frequency of hot water run-outs 3 (Never) Low 3 Low 2

(Twice) 
Low 

Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 (Not 
happen) 

High 3 High 3
(None) 

Low 



Frequency of maintenance/repair 3 (Never) High 3 High 2 (Reset 
few 

times)

Low 

Cooling/Dehumidification effect 
created by water heater 

5 (Bad 
for

winter, 
good for 
summer)

High 5 High 4 (Helps 
cooling 

the
space)

Medium 

Electricity Costs (based on 
electric bills) 

We do 
not pay 

the
electric

bill.

Low We do 
not pay 

the
electric

bill.

Low Not
paying 

Low 

Overall level of satisfaction 4 (Good)  4  4 Medium 
    
Additional Comments None. HPWH got stuck and 

required a reset at the 
circuit breaker. 

It needs to reset more 
often than conventional 
water heater 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 9-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intended to keep the HPWH 
TIAX action upon completion of field test Sent unit back to EMI for Energy Factor testing. 

Replaced with electric element water heater. 
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

Reduce the diameter of the heater. It takes up more 
space than the conventional water heater. 



HPWH Field Test: Unit 10 Summary 

The characteristics of the Unit 10 HPWH installation site are presented in Table 10-1. 

Table 10-1: Site Characteristics 
Location  Sacramento, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0785-35 Installation Location Garage/Laundry Room 
Type of  Home 1 Story Detached House Conditioned Floor Space 1600 sq. ft. 
Number of Baths 2 Household Size 3 Adults, 2 Children 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 50 Gallon Electric Water Hardness3 2 grains/gallon 
California Climate Zone4 12 US Climate Zone5 3 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (see Appendix II Introduction). 

Installation Description 
The unit was installed on March 24, 2003 in the laundry area that is open to the garage.  The HPWH was 
placed in the same location as the previous water heater, and used the same electrical and water connections. 
Figure 10-1 shows the view from inside the garage towards the back wall. On the other side of the back wall 
is the interior of the house. The other three walls are exterior walls (with one of them being mainly the 
garage door).  

Figure 10-2 shows the HPWH installation. A condensate pump was not required for this location because the 
clothes washer drain was right next to the HPWH. The water heater at this location needed to be elevated due 
to the height of the existing temperature and pressure relief discharge line that goes into the wall and exits an 
exterior wall at the entrance of the house. During installation, power delivered to the HPWH was ranging 
from 120 volts to 240 volts AC. The problem was a loose wire connection in the junction box on the wall.  

Figure 10-1:  View from Inside Garage Towards Back Wall 



Figure 10-2:  HPWH Installation 

Maintenance and Repair History
Table 10-2 lists the maintenance and repair activities for this unit. 

Table 10-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

3/25/03 --- 

Severity1 Addressed by 

Major Jason, EMI 
Technician 

The HPWH was 
only producing 
warm water. 

The host noted that some electrical appliances in the garage 
were not always working. Upon the change out of the control 
board, the HPWH stopped working. Jason left because the 
Host has an electrician coming out later in the day to fix the 
electrical wiring for the house and the circuit breakers. The 
Host was left with no hot water. The electrician changed out 
the bad circuit breakers for the garage/kitchen and for the 
HPWH. The cause for the problem was assumed to be 
spikes in power due to the circuit breaker. 

Date
Reported Component Complaint Diagnosis / Resolution 

3/26/03 Control Board There was no hot 
water 

The control board appeared to have a burned out 
transformer (this board was installed on 3/25/03 before the 
Host’s electrician fixed the circuit breakers). A new control 
board was installed. The cause for the problem was



Severity1 Addressed by 

Major Ron, EMI 
technician 

Date
Reported Component Complaint Diagnosis / Resolution 

3/27/03 Thermostat 

Severity1 Addressed by 

Major
Ron, EMI 
technician, on 
3/27/03

There is only 
warm water 
coming out of the 
water heater 

The HPWH stopped making hot water when it thought it had 
reached the set point. Unfortunately, even when the 
thermostat was set at the maximum temperature position, 
the HPWH would stop making hot water around 100°F. A 
new thermostat was installed and the problem was fixed. 

Date
Reported Component Complaint Diagnosis / Resolution 

5/13/03 Compressor/ 
Heat-pump 

Severity1 Addressed by 

Minor Host on 5/14/03 

HPWH stays in 
electric-element 
mode. Heat pump 
mode does not 
come on. 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the heat pump 
mode of the HPWH.  No cause for this failure was 
immediately determined. 

Date
Reported Component Complaint Diagnosis / Resolution 

5/16/03 Unknown 

Severity1 Addressed by 

Major Host on 5/16/03 

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were seven significant (one week or more in duration) gaps in the data collection over the course of 
the field test.  The details of these gaps are shown in Table 10-3. 

Table 10-3: Data Gaps1

Start Finish Duration 
04/05/03 06/06/03 62 
06/29/03 07/06/03 7 
07/23/03 09/12/03 51 
09/16/03 09/30/03 14 
10/04/03 10/12/03 8 
10/29/03 11/05/03 7 
11/08/03 11/19/03 11 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over eight months of operation and data collection the unit has performed with an estimated energy savings 
of 47 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 10-4. 



Table 10-4: Unit 10 Performance Summary
Start Date 03/24/03 

End Date 11/28/03 

Average Water Consumption 166 GPD 

Total Energy Delivered 5123 kBtu 

Resistive Element Energy Consumed 286 kWh 

Heat Pump Energy Consumed 567 kWh 

Maximum Compressor Discharge Temperature 222.5oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 0%

Hot-Water Deficit 2.5%

Simulated Hot-Water Deficit, Conventional Water Heater 0%

Average Heat Pump Coefficient of Performance 2.43

Average Heat Pump Capacity 4.24 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.88

Simulated Conventional Water Heater Overall Delivery Efficiency 0.931

Annual Energy Savings (does not include space conditioning impacts) 47% 
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Figure 10-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 10-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 10-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 10-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 10-7:  Temperatures, Weekly Average Values 
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Figure 10-8:  Electrical Consumption Breakdown, Total Monthly Values 

0%

2%

4%

6%

8%

10%

Mar-03 Apr-03 May-03 Jun-03 Jul-03 Aug-03 Sep-03 Oct-03 Nov-03 Dec-03 Jan-04 Feb-04

H
ot

-W
at

er
 D

ef
ic

it:
 P

er
ce

nt
 o

f W
at

er
 D

el
iv

er
ed

be
lo

w
 1

05
 D

eg
 F

HPWH

Electric Resistance
WH (simulated)

Annual Average HPWH Deficit = 2.2%

Unit 10: Sacramento, CA
Installed: 3/24/03
Unenclosed, unconditioned space

Figure 10-9:  Hot Water Deficit Comparison, Monthly Average Values 



Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 10-5), from the three follow-up surveys (Table 10-6), and the participant’s comments following 
completion of the test (Table 10-7). 

Table 10-5: Installation Interview 
Installation Date 3/24/03 Interview Date 3/24/03 
Interview Completed by Bhan   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage / Laundry room 

Primary Space Heating / Cooling Information 
Heating Central heat pump Cooling Central heat pump or air conditioner 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

To save money. Feels like he is paying too much for 
electricity. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No comments. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

To at least work like the old water heater. Hope it doesn’t 
break down. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very Important 

Would you like to make any other comments at this time? No. 

Table 10-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 5/29/03 7/30/03 12/5/03 
Days since installation 66 128 256 
Survey completed by Bhan Bhan Bhan 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No changes since the 
installation

No changes No changes 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 2 LOW 2 LOW 2 LOW 
Frequency of hot water run-outs 3 LOW 5 LOW 2 LOW 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 LOW 4 LOW 3 LOW 

Frequency of maintenance/repair 1 HIGH 3 LOW 3 HIGH 
Cooling/Dehumidification effect 
created by water heater 

3 LOW 3 LOW 3 MEDIUM 

Electricity Costs (based on 
electric bills) 

3 HIGH 5 HIGH 4 HIGH 

Overall level of satisfaction 3 MEDIUM 5 HIGH 5 HIGH 
    



Additional Comments I am just worried about 
the heater getting stuck 
in electric. 

We had a bad start but 
since then the heater is 
running fine 

HPWH is doing as 
explained to me. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 10-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept 

HPWH
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 



HPWH Field Test: Unit 11 Summary 

The characteristics of the Unit 11 HPWH installation site are presented in Table 11-1. 

Table 11-1: Site Characteristics 
Location  Huntington Beach, CA Installed by PHD Plumbing 
Serial Number   1-01-H-0793-35 Installation Location Garage 

Type of  Home 
1st Floor: Office/Garage 
2nd Floor: Home (detached) 

Conditioned Floor Space 2000 sq. ft. 

Number of Baths 1 in office, 2 in home Household Size 4 Adults 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 50 Gallon Electric Water Hardness3 4 grains/gallon 
California Climate Zone4 6 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on November 25, 2002 in the “garage”. This water heater serves the office (the first 
floor) and the home that is on the second floor. The area where the water resides is actually a small enclosed 
room/closet that has a refrigerator in it. Figure 11-1 shows the view from inside the office/reception area 
towards the garage.  The previous water heater can be seen just through the doorway. The brick wall behind 
the water heater has another doorway just to the right of the water heater (not shown in picture). Since this 
doorway does not have a door, it shares the same air space as the garage (that has three other walls which are 
exterior walls).

The HPWH was placed in the same location as the previous water heater, and used the same electrical 
connection. The valves for the water inlet and outlet needed to be moved due to the increased height of the 
HPWH. Figure 11-2 shows the HPWH installation. A condensate pump was not required for this location, 
because a drain was installed next to the HPWH for the temperature and pressure relief discharge line. The 
wall to the left of the HPWH in Figure-1 is shared with a bathroom, so the plumber installed a tubular waste 
line for the HPWH through the wall to the bathroom drain under the sink. Figure 11-3 shows the drain for 
both the temperature and pressure relief discharge line and the gravity driven condensate drain. 



Figure 11-1:  View from inside Office towards the Garage 

Figure 11-2:  HPWH Installation 



Figure 11-3:  Temperature & Pressure Relief and Condensate Drain 

Maintenance and Repair History
Table 11-2 lists the maintenance and repair activities for this unit. 

Table 11-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

Severity1 Addressed by 

NO MAINTENANCE OR REPAIR ACTIVITIES 
PERTAINING TO THE OPERATION OF THE HPWH 
REPORTED 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There was one significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 11-3. 

Table 11-3: Data Gaps1

Start Finish Duration 
03/04/03 03/12/03 8 

1Includes data deliberately truncated – see Appendix I. 



Performance 
Over one complete year of operation and data collection the unit performed with an estimated energy savings 
of 43 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 11-4. 

Table 11-4: Unit 11 Performance Summary
Start Date 11/25/02 

End Date 11/28/03 

Average Water Consumption 70 GPD 

Total Energy Delivered 4831 kBtu 

Resistive Element Energy Consumed 180 kWh 

Heat Pump Energy Consumed 809 kWh 

Maximum Compressor Discharge Temperature 218oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 10.6%

Hot-Water Deficit 5.0%

Simulated Hot-Water Deficit, Conventional Water Heater 0%

Average Heat Pump Coefficient of Performance 2.18

Average Heat Pump Capacity 3.89 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.49

Simulated Conventional Water Heater Overall Delivery Efficiency 0.82

Annual Energy Savings (does not include space conditioning impacts) 43% 
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Figure 11-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 11-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 11-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 



0

50

100

150

200

250

300

350

400

450

500

Nov-02 Dec-02 Jan-03 Feb-03 Mar-03 Apr-03 May-03 Jun-03 Jul-03 Aug-03 Sep-03 Oct-03 Nov-03

W
ee

kl
y 

A
ve

ra
ge

 E
ne

rg
y 

D
el

iv
er

ed
 (k

B
tu

)

0.00

25.00

50.00

75.00

100.00

125.00

150.00

W
at

er
 D

ra
w

 (G
PD

)

GPD
Energy Delivered

Average Water Draw = 70 GPD Unit 11: Huntington Beach, CA
Inst?lled: 11/25/02
Unenclosed, unconditioned 

Figure 11-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 11-7:  Temperatures, Weekly Average Values 
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Figure 11-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 11-9:  Hot Water Deficit Comparison, Monthly Average Values 



Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 11-5), from the three follow-up surveys (Table 11-6), and the participant’s comments following 
completion of the test (Table 11-7). 

Table 11-5: Installation Interview 
Installation Date 11/25/02 Interview Date 11/25/02 
Interview Completed by Larry   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage (small room with door to the 

garage removed) 
Primary Space Heating / Cooling Information 
Heating Central warm air furnace Cooling None 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

G & K Management Co. wanted to be part of this field 
test to lower the electricity costs. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

Nice job. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Expect it to produce hot water and save electricity. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very important 

Would you like to make any other comments at this time? No. 

Table 11-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/28/03 4/9/03 11/21/03 
Days since installation 64 135 361 
Survey completed by Larry Larry Larry 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No change No changes No changes 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 High 1 Medium 1 Medium 
Frequency of hot water run-outs 3 Medium 3 High 2 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 High 3 High 2 High 

Frequency of maintenance/repair 3 High 3 High 3 High 
Cooling/Dehumidification effect 
created by water heater 

3 High 3 High 3 Low 

Electricity Costs (based on 
electric bills) 

? High ? High ? High 

Overall level of satisfaction 3 Medium 3 Medium 2 High 
    
Additional Comments  Do not see bills During purging, drop in 

hot water. Noticeable 
when showering 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High



Table 11-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Does not want to keep unit (too noisy) 
TIAX action upon completion of field test Removed unit (unit shipped back to EMI) and 

installed electric-element water heater (12/4/03). 
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 



HPWH Field Test: Unit 12 Summary 

The characteristics of the Unit 12 HPWH installation site are presented in Table 12-1. 

Table 12-1: Site Characteristics 
Location  Huntington Beach, CA Installed by PHD Plumbing 
Serial Number   1-01-H-0796-35 Installation Location Chase between bathrooms 
Type of  Home 1 Story Detached Building Conditioned Floor Space 700 sq. ft. 

Number of Baths Men/Women’s Bathroom for 
Marina Household Size 

25 tenants on weekdays 
50 tenants on weekends 

Conditioned Space1 No Enclosed2 No 
Previous WH Type 80 Gallon Electric Water Hardness3 4 grains/gallon 
California Climate Zone4 6 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on November 27, 2002 to serve a public bathroom for the residents of a marina. The 
public bathroom (which includes 4 showers, 4 sinks, and 2 washer/dryers) is inside a one-story cinder block 
structure next to the docks (see Figure 12-1). Figure 12-2 shows the previous water heater inside the chase 
between the men and women’s bathroom.  

The previous configuration had two 80 gallon electric-element water heaters connected in parallel (cold 
water is piped into the two water heaters and the hot water pipes coming out of the two water heaters are 
piped into a common hot water pipe that is piped to the bathrooms). Looking at this system, the plumber was 
not sure whether this system actually produced two equal flows of water or only one water heater did most of 
the work because of differences in resistance/pipe lengths which would restrict water flow through the other. 
It was decided that the HPWH would be installed in series with the 2nd water heater. Cold water would enter 
the HPWH and the hot water coming out would be piped into the “cold” water inlet pipe of the existing 80-
gallon electric-element water heater. Figure 12-3 shows a view from the top of the water heaters with the 
HPWH on the right side of the picture. The final hot water exits the electric element water heater (on the left 
side of Figure 12-3) via the bottom pipe and tees into the pipe that runs vertical in the picture to the 
bathrooms at the top and bottom sides of the picture. 

The front view of the HPWH installation is shown in Figure 12-4. The HPWH was placed in the same 
location as the previous water heater, and used the same electrical connection (after drilling a hole in the 
shroud of the HPWH). In Figure 12-4, the walls on the left and right sides are shared with the interior of the 
bathrooms. The remaining sides are the two doorways to allow access to the chase from opposite sides of the 
building. A condensate pump was not required for this location because a floor drain is just in front of the 
HPWH.



Figure 12-1:  View from Outside of the Men/Women’s Public Bathroom/Showers 

Figure 12-2:  Previous Water Heater in Chase 



Figure 12-3:  View from the Top of the Water Heaters (HPWH on the Right) 

Figure 12-4:  Front View of HPWH Installation 



Maintenance and Repair History 
Table 12-2 lists the maintenance and repair activities for this unit. 

Table 12-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

1/7/03 --- 

Severity1 Addressed by 

Nuisance --- 

Tenants in the 
marina made 
comments that 
there did not seem 
to be enough hot 
water 

Since the 2 water heaters are in series with the HPWH 
being the first to see the cold water, we do not have data on 
what is the delivery temperature (coming out of the electric-
element water heater) to the bathrooms. No action was 
initiated to resolve this issue. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were three significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 12-3. 

Table 12-3: Data Gaps1

Start Finish Duration 
12/10/02 12/18/02 8 
02/14/03 02/21/03 7 
03/04/03 03/17/03 13 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit performed with an estimated energy savings 
of 30 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 12-4. 



Table 12-4: Unit 12 Performance Summary
Start Date 11/27/02 

End Date 11/28/03 

Average Water Consumption 130 GPD 

Total Energy Delivered 8255 kBtu 

Resistive Element Energy Consumed 988 kWh 

Heat Pump Energy Consumed 931 kWh 

Maximum Compressor Discharge Temperature 222.5oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 1.9%

Hot-Water Deficit 4.5%

Simulated Hot-Water Deficit, Conventional Water Heater 30%

Average Heat Pump Coefficient of Performance 2.00

Average Heat Pump Capacity 3.28 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.27

Simulated Conventional Water Heater Overall Delivery Efficiency 0.882

Annual Energy Savings (does not include space conditioning impacts) 30% 

0.0

1.0

2.0

3.0

4.0

5.0

12/7/02 1/6/03 2/5/03 3/8/03 4/7/03 5/8/03 6/7/03 7/7/03 8/7/03 9/6/03 10/7/03 11/6/03 12/6/03

W
ee

kl
y 

A
ve

ra
ge

 H
ea

t P
um

p 
C

O
P 

(U
ni

tle
ss

) a
nd

 C
ap

ac
ity

 (k
B

tu
h)

Heat-Pump Capacity (kBtuh)
Heat-Pump COP

Average Capacity = 3.28  kBtuh
Average COP = 2.00 

Unit 12: Huntington Beach, CA
Installed: 11/27/02
Unenclosed, unconditioned 

Figure 12-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 12-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 12-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 12-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 12-7:  Temperatures, Weekly Average Values 
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Figure 12-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 12-9:  Hot Water Deficit Comparison, Monthly Average Values 



Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 12-5), from the three follow-up surveys (Table 12-6), and the participant’s comments following 
completion of the test (Table 12-7). 

Table 12-5: Installation Interview 
Installation Date 11/27/02 Interview Date 11/25/02 
Interview Completed by Larry   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage / Laundry room 

Primary Space Heating / Cooling Information 
Heating Ceiling heat lamps in shower stalls Cooling None 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

G & K Management Co. wanted to be part of this field 
test to lower the electricity costs. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No.

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Expect it to produce hot water and save electricity. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very important 

Would you like to make any other comments at this time? No. 

Table 12-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/28/03 4/9/03 11/21/03 
Days since installation 62 133 359 
Survey completed by Larry Larry Larry 
Have any occupants left or joined 
your household since the time of 
installation? 

No change in estimates 
of tenants in the marina 

No change in estimates 
of tenants in the marina 

No change in estimates 
of tenants in the marina 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No change No changes No changes in 
equipment. No changes 
in structure. 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 Medium 1 Medium 1 Medium 
Frequency of hot water run-outs 2 High 2 High 2 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 Medium 3 Medium 3 Low 

Frequency of maintenance/repair 3 High 3 High 3 High 
Cooling/Dehumidification effect 
created by water heater 

3 Medium 3 Medium 3 Medium 

Electricity Costs (based on 
electric bills) 

? High ? High ? High 

Overall level of satisfaction 3 Medium 3 Medium 2 High 
    
Additional Comments  Do not see bills No comments. 
1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High



Table 12-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Does not want to keep unit (Complaints of hot water 

run-outs) 
TIAX action upon completion of field test Removed unit (unit shipped back to EMI) and 

installed electric-element water heater (12/8/03). 
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

No suggestions. 



HPWH Field Test: Unit 13 Summary 

The characteris/tics of the Unit 13 HPWH installation site are presented in Table 13-1. 

Table 13-1: Site Characteristics 
Location  Mountain View, CA Installed by Michael Chan 
Serial Number   1-01-H-0780-35 Installation Location Garage/Laundry Room 
Type of  Home 3 Story Attached House Conditioned Floor Space 1200 sq. ft. 
Number of Baths 2.5 Household Size 2 Adult, 2 Child 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 40 Gallon Electric Water Hardness3 6 grains/gallon 
California Climate Zone4 4 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on October 5, 2001 in the laundry room that is open to the garage.  The HPWH was 
placed in the same location as the previous water heater, and used the same electrical and water connections.  
The entrance to the room is shown in Figure 13-1, and a view from the doorway into the laundry room is 
shown in Figure 13-2. 

Figure 13-1:  View of Entrance to Laundry Room 



Figure 13-2:  View of HPWH Installation 

The space is large enough to provide plenty of ventilation to the unit, and is occupied somewhat frequently 
when laundry is being done.  The back wall of the room (behind the washer and dryer) is an exterior wall, as 
is the wall to the right of the doorway, and the HPWH sits in the corner of these two walls. The clothes dryer 
exhausts into the room after passing through a water trap filter. A condensate pump was not required for this 
location, but was installed as a back-up system. 



Maintenance and Repair History
Table 13-2 lists the maintenance and repair activities for this unit. 

Table 13-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

June 2002 Condensate 
Level sensor 

Severity1 Addressed by 

Minor Mike Chan in 
June 2002 

Repetitive clicking 
heard from unit 

Mike found that the condensate level sensor was 
malfunctioning and causing the condensate pump to 
repeatedly turn on and off.  The sensor and pump were 
disconnected.  The deactivation of these components did 
not affect the HPWH operation, as the unit relies on gravity 
for condensate drainage.  The pump was a backup system. 

Date
Reported Component Complaint Diagnosis / Resolution 

October
2002 

Evaporator 
thermistor

Severity1 Addressed by 

Minor Mike Chan in 
October 2002 

Evaporator 
frosting,
evaporator fans 
not running during 
heat pump 
operation 

Mike checked the evaporator thermistor with a multimeter, 
and found no problem.  The control board was then deemed 
to be the problem, and replaced.  This action did not resolve 
the problem, so the thermistor was checked again and gave 
inconsistent results.  The thermistor was replaced, and the 
evaporator frosting was resolved.  

Date
Reported Component Complaint Diagnosis / Resolution 

October
2002 

High temperature 
switch 

Severity1 Addressed by 

Major Mike Chan in 
October 2002 

Unit was not 
operating at all, 
delivered no hot 
water to the house 

Mike found that the high temperature cut-out switch had 
been tripped, and remained in the open position preventing 
operation of the HPWH.  He manually reset the switch to the 
closed (normal) position, and the HPWH resumed normal 
operation. 

Date
Reported Component Complaint Diagnosis / Resolution 

Approx. 4 
times ---

Severity1 Addressed by 

Major Mike Chan 

Unit was not 
operating at all, 
delivered no hot 
water to the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was determined, and attempts to 
recreate the situation were unsuccessful.  

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  



Data Gaps
There were six significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 13-3. 

Table 13-3: Data Gaps1

Start Finish Duration 
10/24/01 11/03/01 10 
12/04/01 01/01/02 28 
01/14/02 02/01/02 18 
02/05/02 04/06/02 61 
05/22/02 06/02/02 10 
06/21/02 06/29/02 08 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit has performed with an estimated energy 
savings of 30 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 13-4. 

Table 13-4: Unit 13 Performance Summary
Start Date 10/17/01 

End Date 11/10/02 

Average Water Consumption 74 GPD 

Total Energy Delivered 5263 kBtu 

Resistive Element Energy Consumed 192 KWh 

Heat Pump Energy Consumed 755 KWh 

Maximum Compressor Discharge Temperature 223.4oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 0.1%

Hot-Water Deficit 1.5%

Simulated Hot-Water Deficit, Conventional Water Heater 0.0%

Average Heat Pump Coefficient of Performance 2.26

Average Heat Pump Capacity 4.08 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.70

Simulated Conventional Water Heater Overall Delivery Efficiency 0.876

Annual Energy Savings (does not include space conditioning impacts) 30% 
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Figure 13-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 13-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 13-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 

0

80

160

240

320

400

Nov-01 Dec-01 Jan-02 Feb-02 Mar-02 Apr-02 May-02 Jun-02 Jul-02 Aug-02 Sep-02 Oct-02 Nov-02

W
ee

kl
y 

A
ve

ra
ge

 E
ne

rg
y 

D
el

iv
er

ed
 (k

B
tu

)

0.00

25.00

50.00

75.00

100.00

125.00

W
at

er
 D

ra
w

 (G
PD

)

GPD
Energy Delivered

Average Water Draw = 74 GPD
Unit 13: Mountain View, CA
Install?d: 10/5/01
Unenclosed, unconditioned 

Figure 13-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 13-7:  Temperatures, Weekly Average Values 
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Figure 13-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 13-9:  Hot Water Deficit Comparison, Monthly Average Values 

Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 13-5), from the three follow-up surveys (Table 13-6), and the participant’s comments following 
completion of the test (Table 13-7). 

Table 13-5: Installation Interview 
Installation Date 10/05/01 Interview Date 2/9/02 
Interview Completed by Daisy   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage / Laundry room 

Primary Space Heating / Cooling Information 
Heating Central warm air furnace Cooling None 
Fuel Natural gas  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

To save money. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No.

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

To work like the old water heater. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very important. 

Would you like to make any other comments at this time? No. 



Table 13-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 5/6/02 10/15/02 1/16/03 
Days since installation 213 375 468 
Survey completed by Daisy Daisy Daisy 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

Recently replaced a 
wooden garage door with 
a new 
aluminum/insulated door.  
(May 1, 2002) 

None None 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 2 High 2 High 2 High 
Frequency of hot water run-outs 4 High 2 High 3 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

4 High 3 High 3 High 

Frequency of maintenance/repair 3 High 3 High 2 High 
Cooling/Dehumidification effect 
created by water heater 

4 High 4 High 4 High 

Electricity Costs (based on 
electric bills) 

4 High 4 High 4 High 

Overall level of satisfaction 4 High 3 High 3 High 
    
Additional Comments I’ve only noticed once 

when taking shower the 
hot water ran out for only 
a brief moment. 

There were a couple of 
times when the water got 

cold for a few seconds 
and then went back to 

hot.

None. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 13-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept 

HPWH
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

Less noise. 
External switch that can switch out of HPWH mode 
and into electric mode. 



HPWH Field Test: Unit 14 Summary 

The characteristics of the Unit 14 HPWH installation site are presented in Table 14-1. 

Table 14-1: Site Characteristics 
Location  Riverside, CA Installed by PHD Plumbing 
Serial Number   1-01-H-0781-35 Installation Location Closet/Laundry Room 
Type of  Home 2 Story Detached House Conditioned Floor Space 2200 sq. ft. 
Number of Baths 2 Household Size 2 Adults, 1 Child 
Conditioned Space1 Yes Enclosed2 No 
Previous WH Type 50 Gallon Electric Water Hardness3 12 grains/gallon 
California Climate Zone4 10 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on November 26, 2002 in a closet that is inside the laundry room. Figure 14-1 shows 
the previous water heater inside the elevated closet. The closet is extremely small (25.5” x 25.5”) and 
required the Host to remove the door and doorframe in order for the HPWH to be slid in. The shelf above the 
bottom cabinet also had to be removed due to the increased height of the HPWH. The HPWH installation is 
shown in Figure 14-2. 

The HPWH was placed in the same location as the previous water heater, and used the same electrical and 
water connections. With the closet door off, the HPWH is essentially in the laundry room with a Freezer 
(which can be seen to the right of the water heaters in Figures 14-1 and 14-2). The wall behind the water 
heater and the left wall (which has a door to the kitchen) of the water heater are interior walls. The remaining 
two walls are exterior walls (one of them has a door). In September 2003, the host put the door to the water 
heater closet back on. He also put in two vents in the closet. In intake vent up high on the side of the closet 
and an exhaust vent directly in front of the outflow of air from the blowers of the HPWH. 

A condensate pump was not installed for this location. A drain was not nearby, and since the temperature and 
pressure relief line needed to be discharged outside the house, the condensate line was also plumbed outside 
the house. The pipe/tubing was plumbed through the cabinet under the HPWH, through the floor of the 
house, and across the bottom of the house to exit through an exterior wall.  



Figure 14-1:  Previous Water Heater 

Figure 14-2:  HPWH Installation 



Maintenance and Repair History
Table 14-2 lists the maintenance and repair activities for this unit. 

Table 14-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

4/2/03 --- 

Severity1 Addressed by 

Nuisance  

Appeared to have 
only warm water 

Host noted that around 3/24/03, after about 12 hours of no 
hot water use, he only had warm water for his shower. The 
HPWH appeared to make hot water after his shower. Data 
from 3/23/03 to 3/25/03 was analyzed and nothing appeared 
unusual. Host to make a more detailed note of date and time 
of next occurrence. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were three significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 14-3. 

Table 14-3: Data Gaps1

Start Finish Duration 
01/05/03 03/09/03 63 
03/22/03 04/02/03 10 
07/23/03 08/27/03 34 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit performed with an estimated energy savings 
of 46 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 14-4. 



Table 14-4: Unit 14 Performance Summary
Start Date 11/26/02 

End Date 11/28/03 

Average Water Consumption 27 GPD 

Total Energy Delivered 372 kBtu 

Resistive Element Energy Consumed 1 kWh 

Heat Pump Energy Consumed 327 kWh 

Maximum Compressor Discharge Temperature 199oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 0%

Hot-Water Deficit 0%

Simulated Hot-Water Deficit, Conventional Water Heater 0%

Average Heat Pump Coefficient of Performance 2.42

Average Heat Pump Capacity 4.20 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.37

Simulated Conventional Water Heater Overall Delivery Efficiency 0.733

Annual Energy Savings (does not include space conditioning impacts) 46% 
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Figure 14-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 14-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 14-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 14-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 14-7:  Temperatures, Weekly Average Values 
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Figure 14-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 14-9:  Hot Water Deficit Comparison, Monthly Average Values 



Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 14-5), from the three follow-up surveys (Table 14-6), and the participant’s comments following 
completion of the test (Table 14-7). 

Table 14-5: Installation Interview 
Installation Date 11/26/02 Interview Date 11/26/02 
Interview Completed by Richard   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Closet if door put back on 

Laundry/Freezer room of door is left off 
Primary Space Heating / Cooling Information 
Heating Central Heat Pump Cooling Central Heat Pump or Air Conditioner 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Neighbor works for SCE and wants to save electricity 
and save money. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

It was fun. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Hope to save some money and not expecting the noise 
of the fan to be a problem 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very Important 

Would you like to make any other comments at this time? No. 

Table 14-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/23/03 3/31/03 11/19/03 
Days since installation 58 125 358 
Survey completed by Richard Richard Richard 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No changes. No Insulated front entry 
doors added about 2 
months ago. 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 2 Low 1 Low 1 Low 
Frequency of hot water run-outs 3 Medium 3 Medium 2 Medium 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 High 3 Medium 5 High 

Frequency of maintenance/repair 3 Medium 3 High 5 Medium 
Cooling/Dehumidification effect 
created by water heater 

2 Medium 2 Medium 3 Low 

Electricity Costs (based on 
electric bills) 

4 High 5 High 5 High 



Overall level of satisfaction 4 High 4  5 High 
    
Additional Comments No maintenance/repair 

needed.  
Noise only change noted 

Maybe… on a couple of 
occasions water seemed 
to be NOT very hot – at 
all when no hot water 
had been used for 12 
hours or more previously 
– Quantity of water at 
that temperature was 
ample. (I think March 
24th).

No problems to date.  
Hot water when you 
need it. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 14-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept 

HPWH.
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

Place filter on the front of the unit so it is more 
accessible for cleaning and changing. 



HPWH Field Test: Unit 15 Summary 

The characteristics of the Unit 15 HPWH installation site are presented in Table 15-1. 

Table 15-1: Site Characteristics 
Location  Santa Clara, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0786-35 Installation Location Closet in garage 
Type of  Home 2 Story Attached House Conditioned Floor Space 1500 ft2

Number of Baths 2.5 Household Size 2 Adult 
Conditioned Space1 No Enclosed2 Yes 
Previous WH Type 50 gallon electric Water Hardness3 2 grains/gallon 
California Climate Zone4 4 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on March 25, 2002 in a small utility closet in the garage.  The closet location made 
some modifications to the existing water and electrical connections necessary, including changing the supply 
piping to the unit.  The existing pipes extended to the middle of the closet and were too long to be used with 
the HPWH.  In addition to this change, a platform had to be built to elevate the HPWH off of the ground 
(building inspector required the HPWH to be elevated for this installation).  These modifications were made 
more difficult due to the extreme lack of space in the closet, which is approximately 28” wide by 30” deep.  
The closet is seen in Figure 15-1, and the HPWH installation is shown in Figure 15-2. 

Figure 15-1:  Closet with Previous Water Heater 



Figure 15-2:  HPWH Installation 



Maintenance and Repair History
Table 15-2 lists the maintenance and repair activities for this unit. 

Table 15-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

3/27/02 Unknown 

Severity1 Addressed by 

Major Host on 3/27/02 

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 

Date
Reported Component Complaint Diagnosis / Resolution 

4/10/02 Unknown 

Severity1 Addressed by 

Major Host on 4/10/02 

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 

Date
Reported Component Complaint Diagnosis / Resolution 

4/16/02 Compressor/ 
Heat-pump 

Severity1 Addressed by 

Minor Ron Robinson, 
EMI technician 

Heat pump was 
not operating, and 
the unit was 
relying completely 
on electric-
element heating 
for hot water 
production 

Ron visited the site and verified that the compressor was not 
coming on, but instead the unit was relying on the electric 
element to heat the water in the tank.  This had been 
happening since the last time the power was reset for the 
unit (4/10/02, see above).  Ron decided to replace the 
control board in an attempt to fix the ongoing operational 
issues.  He returned to the site on 4/17/02 and replaced the 
HPWH control board (same version as the old control 
board). 

Date
Reported Component Complaint Diagnosis / Resolution 

4/18/02 Unknown 

Severity1 Addressed by 

Major Mike Chan 

HPWH not 
operating, no hot 
water available to 
the house 

The power to the unit was turned off and then turned back 
on at the circuit breaker, which restored operation of the 
HPWH.  Mike Chan visited the site and also disconnected 
the ground wire on the control board, in accordance with 
advice from the control board manufacturer. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

The series of problems encountered with this unit led to conversations between EMI and the control 
board manufacturer, in which the manufacturer suggested disconnecting the ground wire from the 
board.  The manufacturer believed that the ground wire could be causing some sort of electrical 
interference that was causing the board to get hung up and stop the operation of the HPWH.  After 
the ground wire was disconnected on April 18, 2002, there were no further problems with the 
HPWH.  In retrospect, it seems that the control board was not the cause of the problem with the 
HPWH. 



From this time forward, the ground wire was disconnected on all other units at the time of their installation.   

Data Gaps
There were five significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 15-3. 

Table 15-3: Data Gaps1

Start Finish Duration 
04/09/02 04/22/02 13 
05/24/02 06/03/02 10 
06/20/02 06/29/02 9 
07/31/02 08/27/02 27 
08/30/02 09/07/02 9 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit has performed with an estimated energy 
savings of 40 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 15-4. 

Table 15-4: Unit 15 Performance Summary
Start Date 4/06/02

End Date 3/19/03

Average Water Consumption 36 GPD 

Total Energy Delivered 3151 kBtu 

Resistive Element Energy Consumed 52 kWh 

Heat Pump Energy Consumed 720 kWh 

Maximum Compressor Discharge Temperature 223.1oF

% of Compressor Run Time where Compressor Discharge exceeds 220oF 1%

Hot-Water Deficit 0.00%

Simulated Hot-Water Deficit, Conventional Water Heater 0.00%

Average Heat Pump Coefficient of Performance 2.06

Average Heat Pump Capacity 3.15 kBtu 

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.22

Simulated Conventional Water Heater Overall Delivery Efficiency 0.726

Annual Energy Savings (does not include space conditioning impacts) 40% 



0.0

1.0

2.0

3.0

4.0

5.0

4/9/02 5/9/02 6/8/02 7/9/02 8/8/02 9/8/02 10/8/02 11/7/02 12/8/02 1/7/03 2/7/03 3/9/03 4/8/03

W
ee

kl
y 

A
ve

ra
ge

 H
ea

t P
um

p 
C

O
P 

(U
ni

tle
ss

) a
nd

 C
ap

ac
ity

 (k
B

tu
h)

Heat-Pump Capacity (kBtuh)
Heat-Pump COP

Average Capacity = 3.15 kBtuh
Average COP = 2.06

Unit 15: Santa Clara, CA
Installed: 3/25/02
Enclosed, unconditioned space

Figure 15-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 15-5:  Energy Savings Without Space Conditioning Impacts), Weekly Average Values 
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Figure 15-6: HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 15-7:  Temperatures, Weekly Average Values 
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Figure 15-8:  Electrical Consumption Breakdown, Total Month Values 
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Figure 15-9:  Hot-Water Deficit Comparison, Monthly Average Values 

Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 15-5), from the three follow-up surveys (Table 15-6), and the participant’s comments following 
completion of the test (Table 15-7). 

Table 15-5: Installation Interview 
Installation Date 3/25/02 Interview Date 3/25/02 
Interview Completed by Jan   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage utility closet 

Primary Space Heating / Cooling Information 
Heating Electric baseboard Cooling None 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Like to use things that are more energy efficient. 

Do you have any comments about the installation of your 
new heat-pump water heater? 

No.  The installation was done efficiently given the 
situation. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Hoping the electricity bill will be less.   
Hoping that there will not be any noticeable difference in 
hot water availability. 

When purchasing appliances for the home, how 
important us energy efficiency to you? 

Important.

Would you like to make any other comments at this time? I like the idea if being part of a test program. 



Table 15-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 5/28/02 10/17/02 3/13/03 
Days since installation 64 206 353 
Survey completed by Jan Jan Jan 
Have any occupants left or joined 
your household since the time of 
installation? 

No. No. No. 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No.  We weren’t able to 
use the dishwasher 
between Feb. 8 and May 
9.

No changes of this 
nature.

No change. 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 Low 1 Low 1 Low 
Frequency of hot water run-outs 3 High 3 High 3 Medium 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

4 High 3 High 3 Medium 

Frequency of maintenance/repair 3 High 3 High 3 High 
Cooling/Dehumidification effect 
created by water heater 

5 Low 5 Medium 5 Low 

Electricity Costs (based on 
electric bills) 

4 High 4 High 3 High 

Overall level of satisfaction 4 Medium 5 Medium 5 Medium 
    
Additional Comments Electricity costs: March 

consumption is 
significantly lower than a 
year ago, but I can’t be 
sure how much is due to 
weather conditions 
(electric heat). 

It has been working 
perfectly since we fixed 
the initial problems.  I 
anticipate that the 
cooling/dehumidifying 
side-effect be a useful 
feature during the 
summer months. 

We are still very happy 
with the heat-pump water 
heater.  Knowing when 
its on (by hearing it) has 
alerted me to the hot 
water in the shower not 
being turned off 
completely, which was 
useful.

Once it was working, we 
hardly noticed it, which 
was good.   

I’m not sure if our 
electricity costs went 
down.  We started using 
a water distiller in May, 
which has increased 
energy consumption, so 
our bills haven’t been 
lower. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 15-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept unit 
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

We had no problems, so I have no suggestions for 
improvements. 



HPWH Field Test: Unit 16 Summary 

The characteristics of the Unit 16 HPWH installation site are presented in Table 16-1. 

Table 16-1: Site Characteristics 
Location  Santa Clara, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0797-35 Installation Location Garage/Laundry Room 
Type of  Home 2 Story Attached House Conditioned Floor Space 1400 sq. ft. 
Number of Baths 2.5 Household Size 2 Adult 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 58 Gallon Electric Water Hardness3 16 grains/gallon 
California Climate Zone4 4 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on March 8, 2002 in the laundry room area that is set up along one wall of the garage.  
The unit was installed in the same location as the previous water heater (see Figure 16-1), but the area 
required some modification due to the increased height of the HPWH.  A shelf that had been in place 
immediately above the old water heater was cut in order to make room for the pipe connections.  In addition, 
a larger hole had to be cut in the HPWH shroud to allow for the electrical conduit to the unit.  The 
installation is shown here in Figures 16-1 and 16-2. 

Figure 16-1:  View of Laundry Area in Garage with Previous Water Heater 



Figure 16-2:  HPWH Installation 

Maintenance and Repair History
Table 16-2 lists the maintenance and repair activities for this unit. 

Table 16-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

3/11/02 T&P Valve 

Severity1 Addressed by 

Minor Pacific Plumbing 
on 3/25/02 

T&P valve was 
reported to be 
slowly leaking 
water 

A technician from Pacific Plumbing visited the site and 
replaced the T&P valve. 

Date
Reported Component Complaint Diagnosis / Resolution 

4/05/02 T&P Valve 

Severity1 Addressed by 

Minor EMI Technician 
on 4/16/02 

T&P valve leaking 
once again, 
although not as 
bad as before 

An EMI technician visited the site and again replace the T&P 
valve, as well as the upper tank thermistor.  There were no 
problems reported with the upper thermistor at any time 
prior to the replacement, which was done as a precautionary 
measure in an attempt to keep the valve from leaking. 

Date
Reported Component Complaint Diagnosis / Resolution 

4/17/02 T&P Valve T&P Valve 
continues to leak 

Mike moved the check valve to the hot water side of the unit, 
which permanently corrected the leaking problem. 



Severity1 Addressed by 

Minor Mike Chan on 
10/23/02 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

The check valve on the HPWH was installed on the cold water inlet pipe because of the presence of the flow 
meter on the unit, and would not have been used if the unit was not instrumented for data collection.  After 
the problems experienced with this unit, EMI and TIAX determined that the problem could be corrected by 
moving the valve from the cold water inlet pipe to the hot water pipe.  This was done on all subsequent 
installations, and was done on some of the other units that were installed in the field concurrently with this 
unit.  The issues with this valve do not reflect a failure with the HPWH, but rather with the instrumentation 
configuration. 

Data Gaps
There were five significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 16-3. 

Table 16-3: Data Gaps1

Start Finish Duration 
05/23/02 06/01/02 9 
06/20/02 06/29/02 9 
07/18/02 07/27/02 9 
08/02/02 08/27/02 25 
08/29/02 09/07/02 9 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit has performed with an estimated energy 
savings of 47 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 16-4. 

Table 16-4: Unit 16 Performance Summary
Start Date 3/12/02

End Date 3/18/03

Average Water Consumption 43 GPD 

Total Energy Delivered 3229 kBtu 

Resistive Element Energy Consumed  58 KWh 

Heat Pump Energy Consumed  600 KWh 

Maximum Compressor Discharge Temperature 221.3oF

% of Compressor Run Time where Compressor Discharge exceeds 220oF 0%

Hot-Water Deficit 0.80%

Simulated Hot-Water Deficit, Conventional Water Heater 0.0%

Average Heat Pump Coefficient of Performance 2/26

Average Heat Pump Capacity 3.92 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.49



Simulated Conventional Water Heater Overall Delivery Efficiency 0.788

Annual Energy Savings (does not include space conditioning impacts) 47% 
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Figure 16-3:  Heat Pump Performance, Weekly Average Values 
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Figure 16-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 16-5:  Energy Savings (without space conditioning impacts) Weekly Average Values 
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Figure 16-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 16-7:  Temperatures, Weekly Average Values 
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Figure 16-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 16-9:  Hot-Water Deficit Comparison, Monthly Average Values 

Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 16-5), from the three follow-up surveys (Table 16-6), and the participant’s comments following 
completion of the test (Table 16-7). 

Table 16-5: Installation Interview 
Installation Date 3/8/02 Interview Date 3/8/02 
Interview Completed by Cynthia   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage / Laundry room 

Primary Space Heating / Cooling Information 
Heating Electric baseboard Cooling None 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Previous water heater was not efficient.  Was not getting 
much hot water. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No comments.  It went well. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

I would like to get more hot water than the old one.  
Hoping there is not much to in maintenance. 

When purchasing new appliances for the home, how Important.



important is energy efficiency to you? 
Would you like to make any other comments at this time? Nope. 

Table 16-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 5/12/02 10/16/02 3/14/03 
Days since installation 65 222 371 
Survey completed by Cynthia Cynthia Cynthia 
Have any occupants left or joined 
your household since the time of 
installation? 

No. No. No. 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No. No. None 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 2 Low 2 Low 3 Low 
Frequency of hot water run-outs 5 High 5 High 5 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 High 4 Medium 5 High 

Frequency of maintenance/repair 3 High 3 High 5 High 
Cooling/Dehumidification effect 
created by water heater 

5 Low 5 Medium 5 Medium 

Electricity Costs (based on 
electric bills) 

4 High 4 High 4 High 

Overall level of satisfaction 5 High 5 High 5 High 
    
Additional Comments Very pleased with the 

amount of hot water as 
well as the water 
pressure. 

None. It is a great water heater. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High 

Table 16-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intended to keep unit. 
TIAX action upon completion of field test Removed unit and returned to EMI for hard water 

testing (5/1/03). Replaced with electric element 
water heater. 

Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

None. 



HPWH Field Test: Unit 17 Summary 

The characteristics of the Unit 17 HPWH installation site are presented in Table 17-1. 

Table 17-1: Site Characteristics 
Location  Santa Clara, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0794-35 Installation Location Garage/Laundry Room 
Type of  Home 2 Story Attached House Conditioned Floor Space 1335 sq. ft. 
Number of Baths 2.5 Household Size 1 Adult 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 50 Gallon Electric Water Hardness3 16 grains/gallon 
California Climate Zone4 4 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on March 24, 2002 in the laundry room that is open to the garage.  The HPWH was 
placed in the same location as the previous water heater, and used the same electrical and water connections 
with minor modifications: the water lines had to be extended in order to accommodate the increased height 
of the HPWH.  This location did not require a condensate pump, as it is able to rely on gravity to drain the 
condensate.  The garage is seen here in Figure 17-1 (the old water heater is still in place and can be seen just 
to the right of the interior door), and a closer view of the HPWH installation is seen in Figure 17-2. 

Figure 17-1:  Garage with Previous Water Heater 



Figure 17-2:  HPWH Installation 

Maintenance and Repair History
Table 17-2 lists the maintenance and repair activities for this unit. 

Table 17-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

 T&P Valve 

Severity1 Addressed by 

Minor Mike Chan on 
10/31/02 

T&P valve leaking 

The T&P valve had been leaking slowly for some time 
before Mike visited the site and moved the check valve from 
the cold water to the hot water pipe.  The move permanently 
corrected the leaking problem. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

The check valve on the HPWH was installed on the cold water inlet pipe because of the presence of the flow 
meter on the unit, and would not have been used if the unit was not instrumented for data collection. EMI 
and TIAX determined that the problem could be corrected by moving the valve from the cold water inlet 
pipe to the hot water pipe after this unit was already installed. All subsequent installations relocated the 
check valve to the hot water outlet pipe. The issues with this valve do not reflect a failure with the HPWH, 
but rather with the instrumentation configuration. 



Data Gaps 
There were five significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 17-3. 

Table 17-3: Data Gaps1

Start Finish Duration 
05/23/02 06/01/02 10 
06/20/02 06/29/02 9 
08/02/02 08/27/02 25 
08/29/02 09/07/02 10 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit has performed with an estimated energy 
savings of 28 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 17-4. 

Table 17-4: Unit 17 Performance Summary
Start Date 4/12/02

End Date 3/18/02

Average Water Consumption 19.1 GPD 

Total Energy Delivered 1464 kBtu 

Resistive Element Energy Consumed 17 kBtu 

Heat Pump Energy Consumed 474 kBtu 

Maximum Compressor Discharge Temperature 224.9oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 4%

Hot-Water Deficit 0.00%

Simulated Hot-Water Deficit, Conventional Water Heater 0.00%

Average Heat Pump Coefficient of Performance 1.93

Average Heat Pump Capacity 3.39 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 0.890

Simulated Conventional Water Heater Overall Delivery Efficiency 0.631

Annual Energy Savings (does not include space conditioning impacts) 28% 
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Figure 17-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 17-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 17-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 17-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 17-7:  Temperature, Weekly Average Values 
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Figure 17-8: Electrical consumption Breakdown, Total Monthly Values 
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Figure 17-9:  Hot Water Deficit Comparison Monthly Average Values

Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 17-5), from the three follow-up surveys (Table 17-6), and the participant’s comments following 
completion of the test (Table 17-7). 

Table 17-5: Installation Interview 
Installation Date 3/24/02 Interview Date 3/24/02 
Interview Completed by Bobbie Jean   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage / Laundry room 

Primary Space Heating / Cooling Information 
Heating Electric baseboard Cooling None 
Fuel Electricity  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Graphics on the flyer looked good.  The benefits looked 
good.  This is a good time to try to improve the energy 
efficiency.  Bring the energy bills down. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No problem. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

At the very least, not to notice any hot water run-out in 
the current water usage pattern. 



When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very important. 

Would you like to make any other comments at this time? No comment. 

Table 17-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 5/28/02 10/22/02 3/14/02 
Days since installation    
Survey completed by Bobbie Jean Bobbie Jean Bobbie Jean 
Have any occupants left or joined 
your household since the time of 
installation? 

No. No. No. 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No. Replaced all new 
baseboard heaters but 
have not used yet. 

I had all of my baseboard 
heaters (electric) 
replaced, which are 
energy savers. 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 Low 2 Low 2 Low 
Frequency of hot water run-outs 5 High 5 High 5 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 High 3 High 5 High 

Frequency of maintenance/repair 3 High 3 High 4 High 
Cooling/Dehumidification effect 
created by water heater 

5 Medium 3 High 5 High 

Electricity Costs (based on 
electric bills) 

4 High 5 High 5 High 

Overall level of satisfaction 4 Higjh 4 High 5 High 
    
Additional Comments The only problem so far 

is the overflow, which is 
happening daily. 

Energy savings Is 
wonderful and shows up 
on my utility bill.  Still 
have the overflow 
problem, is quite a bit 
each time I use hot 
water. 

There have been no 
problems, only the 
overflow which has been 
fixed. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 17-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept 

HPWH
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

I can’t think of any because it works fine for me! 



HPWH Field Test: Unit 18 Summary 

The characteristics of the Unit 18 HPWH installation site are presented in Table 18-1. 

Table 18-1: Site Characteristics 
Location  Fair Oaks, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0778-35 Installation Location Garage 
Type of  Home 1 Story Detached House Conditioned Floor Space 1750 sq. ft. 
Number of Baths 2 Household Size 3 Adults, 3 Children 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 52 Gallon Electric Water Hardness3 6 grains/gallon 
California Climate Zone4 12 US Climate Zone5 3 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on October 27, 2002 in the back corner of the garage. The HPWH was placed in the 
same location as the previous water heater, and used the same electrical connection (after opening up the 
hole in the HPWH shroud). The water connections needed to be extended up because the piping coming out 
of the wall was too low for the height of the HPWH.  

Figure 18-1 shows the back of the garage (the interior of the house is on the other side of this wall) with the 
previous water heater on the left side. The other three walls are exterior walls (with one of them primarily 
being the garage door). Figure 18-2 shows the HPWH installation. A condensate pump was not required for 
this location because gravity fed condensate drain could be piped through the exterior wall next to the 
temperature and pressure relief drain. 



Figure 18-1: View of the Back of the Garage with Previous Water Heater 

Figure 18-2:  HPWH Installation 



Maintenance and Repair History
Table 18-2 lists the maintenance and repair activities for this unit. 

Table 18-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

1/13/03 --- 

Severity1 Addressed by 

Nuisance --- 

Host observes 
noisy pipes when 
water is turned on 
anywhere in the 
house that was 
not noticed before 
HPWH installation 

It is possible that the noise is coming from the paddle wheel 
of the data acquisition system’s flowmeter. No action was 
initiated to verify noise. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were four significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 18-3. 

Table 18-3: Data Gaps1

Start Finish Duration 
07/23/03 09/10/03 49 
09/17/03 10/01/03 14 
10/04/03 10/21/03 17 
10/21/03 10/29/03 8 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over nine months of operation and data collection the unit has performed with an estimated energy savings 
of 30 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 18-4. 



Table 18-4: Unit 18 Performance Summary
Start Date 10/27/02 

End Date 10/30/03 

Average Water Consumption 51.3 GPD 

Total Energy Delivered 2954 kBtu 

Resistive Element Energy Consumed 64 kWh 

Heat Pump Energy Consumed 675 kWh 

Maximum Compressor Discharge Temperature 222oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 13%

Hot-Water Deficit 1%

Simulated Hot-Water Deficit, Conventional Water Heater 0%

Average Heat Pump Coefficient of Performance 1.69

Average Heat Pump Capacity 3.79 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.19

Simulated Conventional Water Heater Overall Delivery Efficiency 0.823

Annual Energy Savings (does not include space conditioning impacts) 30% 
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Figure 18-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 18-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 18-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 18-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 18-7:  Temperatures, Weekly Average Values 
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Figure 18-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 18-9:  Hot Water Deficit Comparison, Monthly Average Values 



Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 18-5), from the three follow-up surveys (Table 18-6), and the participant’s comments following 
completion of the test (Table 18-7). 

Table 18-5: Installation Interview 
Installation Date 10/27/02 Interview Date 10/27/02 
Interview Completed by Diana   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage 

Primary Space Heating / Cooling Information 
Heating Central warm air furnace Cooling Central Heat Pump or Air Conditioner 
Fuel Natural gas  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Need new water heater and thought it would be 
interesting to be pat of a field test. Conserve electricity 
and save money 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No.

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Lower electric bills. Hoping for low maintenance 
requirements. Hoping for higher efficiency. Hoping for no 
change in available hot water for family. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Important

Would you like to make any other comments at this time? No. 

Table 18-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/13/03 4/9/03 10/21/03 
Days since installation 78 164 359 
Survey completed by Diana Diana Diana 
Have any occupants left or joined 
your household since the time of 
installation? 

No No Yes. A child left on 
6/15/03. An adult left on 
8/30/03.

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No None No 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 High 1 Medium 1 Medium 
Frequency of hot water run-outs 3 Medium 5 High 5 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

5 Medium 4 High 5 High 

Frequency of maintenance/repair 3 High 3 High 3 High 
Cooling/Dehumidification effect 
created by water heater 

2 Low 3 Low 5 Low 



Electricity Costs (based on 
electric bills) 

3 High 5 High 4 High 

Overall level of satisfaction 3 High 5 High 4 High 
    
Additional Comments Since the water heater 

was installed the 
plumbing in our house is 
noisy (the pipes) when 
you turn the water on 
anywhere in the house.  I 
did not notice this before, 
when we had the old 
water heater. 

The only “problem” that 
we have experienced is 
one around the amount 
of noise. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 18-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept 

HPWH
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

Make it quieter. 



HPWH Field Test: Unit 19 Summary 

The characteristics of the Unit 19 HPWH installation site are presented in Table 19-1. 

Table 19-1: Site Characteristics 
Location  Sonora, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0791-35 Installation Location Basement/Crawlspace 
Type of  Home 2 Story Detached House Conditioned Floor Space 1600 sq. ft. 
Number of Baths 2 Household Size 2 Adults 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 42 Gallon Electric Water Hardness3 2 grains/gallon 
California Climate Zone4 12 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on November 6, 2002 in the basement or crawlspace under the house. Figure 19-1 
shows this area with the previous water heater (wrapped in a white insulation blanket) on the left side of the 
figure. The “wall” shown is the side of the mountain (with a short section of exterior wall). The wall to the 
left is part exterior wall and the other part of the wall is a shared wall with the garage. The other two walls 
are exterior walls (with one of the walls being part of the mountain). The white tube hanging down from the 
ceiling in Figure 19-1 is the exhaust from the clothes dryer upstairs.  

The HPWH was placed in the same location as the previous water heater, and used the same electrical and 
water connections.  The HPWH installation is shown in Figure 19-2. A condensate pump was not installed 
because the condensate line was piped with the temperature and pressure relief drain along the side of the 
wall (shared with the garage) and exhausted through an exterior wall. Figure 19-3 shows the piping/tubing 
running from the HPWH on the right of the picture going leftward towards the exterior wall. 

Figure 19-1:  Basement/Crawlspace Under the House with Previous Water Heater 



Figure 19-2:  HPWH Installation 

Figure 19-3:  T&P Relief Drain and Condensate Drain 



Maintenance and Repair History 
Table 19-2 lists the maintenance and repair activities for this unit. 

Table 19-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

11/25/02 Condensate 
drainage 

Severity1 Addressed by 

Minor Host in 
November 2002 

Primary 
condensate drain 
stopped working 

Long length of condensate line increased the static pressure 
and required Host to separate the plastic condensate tubing 
from the copper piping that goes along the wall to provide 
venting. The Host used a funnel (between the plastic 
condensate line and the copper piping) to capture the 
condensate. 

Date
Reported Component Complaint Diagnosis / Resolution 

1/10/03 --- 

Severity1 Addressed by 

Minor Host 

Noise/vibration of 
HPWH transmitted 
to framing of 
house 

For securing the earthquake straps, a block of wood was 
used between the HPWH and the frame of the house. The 
vibrations of the HPWH were then transmitted to the living 
area upstairs via the frame of the house. The host removed 
the block. 

Date
Reported Component Complaint Diagnosis / Resolution 

4/9/03 Condensate 
drainage 

Severity1 Addressed by 

Minor John Hoyt, EMI, 
on 4/10/03 

Primary 
condensate drain 
is dripping on the 
ground 

The funnel/tubing used to address the problem in November 
2002, was not stable and was prone to misalign or slip off 
and the condensate would then drip on the ground. John 
Hoyt, of EMI, sent the Host a Condensate Drain Kit to install 
on 4/10/03. 

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  

Data Gaps
There were no significant (one week or more in duration) gaps in the data collection over the course of the 
field test.

Performance 
Over one complete year of operation and data collection the unit has performed with an estimated energy 
savings of 33 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 19-4. 



Table 19-4: Unit 19 Performance Summary
Start Date 11/6/02

End Date 10/30/03 

Average Water Consumption 42 GPD 

Total Energy Delivered 3912 kBtu 

Resistive Element Energy Consumed 69 kWh 

Heat Pump Energy Consumed 937 kWh 

Maximum Compressor Discharge Temperature 214oF

% of Compressor Run Time where Compressor Discharge exceeds 220oF 1.5%

Hot-Water Deficit 0%

Simulated Hot-Water Deficit, Conventional Water Heater 0%

Average Heat Pump Coefficient of Performance 1.81

Average Heat Pump Capacity 2.97 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.15

Simulated Conventional Water Heater Overall Delivery Efficiency 0.765

Annual Energy Savings (does not include space conditioning impacts) 33% 
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Figure 19-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 19-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 19-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 19-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 
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Figure 19-7:  Temperatures, Weekly Average Values 
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Figure 19-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 19-9:  Hot Water Deficit Comparison, Monthly Average Values 



Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 19-5), from the three follow-up surveys (Table 19-6), and the participant’s comments following 
completion of the test (Table 19-7). 

Table 19-5: Installation Interview 
Installation Date 11/6/02 Interview Date 11/6/02 
Interview Completed by Robert   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Basement/Crawlspace 

Primary Space Heating / Cooling Information 
Heating Wood stove (have electric baseboard) Cooling Evaporative Cooler 
Fuel Wood (does not use their electric heat)  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Reduce energy consumption. Save money. Also to learn 
more about heat pump water heaters. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

Water heater looks stable. The T & P is nicely exhausted 
to outside. Good installation. 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Expect to reduce electrical costs for water heating. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very important 

Would you like to make any other comments at this time? Looking forward to the results. 
Table 19-6: Survey Responses 

Survey 1 Survey 2 Survey 3 
Date 1/10/03 4/10/03 10/21/03 
Days since installation 70 155 349 
Survey completed by Robert Robert Robert 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

None No changes None 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 1 Medium 1 High 1 Medium 
Frequency of hot water run-outs 3 High 3 High 3 High 
Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 Medium 3 Medium 5 Medium 

Frequency of maintenance/repair 3 High 3 High 3 High 
Cooling/Dehumidification effect 
created by water heater 

4 Low 5 Low 5 High 

Electricity Costs (based on 
electric bills) 

4 High 4 High 4 High 

Overall level of satisfaction 2 High 4 High 5 High 
    



Additional Comments Water heater runs more 
than expected, however, 
since I now can hear it 
operating I am now more 
aware of when it is on.  
My biggest issue is the 
noise.  The installer 
placed a block in 
between the heater and 
wall framing with the 
strapping.  The noise and 
vibrations from the 
heater were transmitted 
through the frame and 
was very distracting.  I 
removed the block and 
this condition was greatly 
improved. 

Sound remains the major 
complaint of the water 
heater.  Have had some 
problems with the drain 
tube slipping off the 
copper pipe outlet 
causing water to drip on 
ground. 

The water heating 
performance has been 
good and have had no 
problems with the 
delivery of hot water. 

1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High 

Table 19-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept 

HPWH
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

Should try to work on noise problem for installations 
that is close to the living space. Although ours was 
place under the house, since it was about centered 
to the building, it was in earshot most places. Not 
really loud, but added to the 'white noise'. 



HPWH Field Test: Unit 20 Summary 

The characteristics of the Unit 20 HPWH installation site are presented in Table 20-1. 

Table 20-1: Site Characteristics 
Location  Moss Beach, CA Installed by Pacific Plumbing 
Serial Number   1-01-H-0787-35 Installation Location Garage/Laundry Room 
Type of  Home 2 Story Detached House Conditioned Floor Space 1600 sq. ft. 
Number of Baths 2.5 Household Size 2 Adults 
Conditioned Space1 No Enclosed2 No 
Previous WH Type 52 Gallon Electric Water Hardness3 12 grains/gallon 
California Climate Zone4 3 US Climate Zone5 4 
1Indicates whether the HPWH is installed in a heated space. Many (but not all) heated spaces are also air conditioned. “Semi” means
the space is partially heated, i.e., is maintained at a temperature between the indoor and outdoor temperatures by virtue of incidental
heating (or cooling). 

2Indicates whether HPWH is installed in an enclosed space that significantly restricts ventilation, such as a closed utility closet.
3From United States Geological Survey, courtesy of the Sacramento Water Quality Laboratory. Levels of hardness are: soft (less than

4.4 grains/gallon); Moderate (4.4-8.8 grains/gallon); and Hard (greater than 8.8 grains/gallon). 
4California Climate Zone Building Standards from the California Energy Commission (see Appendix II Introduction). 
5US Climate Zone from Department of Energy/Energy Information Administration (See Appendix II Introduction). 

Installation Description 
The unit was installed on November 11, 2002 in the back of the garage, which also serves as the laundry 
area. Figure 20-1 shows the previous water heater next to the refrigerator. The clothes washer and dryer are 
just to the right of the refrigerator (not shown). The HPWH was placed in the same location as the previous 
water heater, and used the same electrical and water connections.   

The HPWH installation is shown in Figure 20-2. The wall behind the HPWH and the wall to the right are 
shared with the interior of the house. The remaining two walls are exterior walls (one of which is primarily 
the garage door). The exhaust of the clothes dryer is vented inside the garage after passing through a water 
trap filter. The condensate pump was not installed in this location because the drain for the clothes washer is 
nearby. 



Figure 20-1:  View of Previous Water Heater 

Figure 20-2:  HPWH Installation 



Maintenance and Repair History
Table 20-2 lists the maintenance and repair activities for this unit. 

Table 20-2: Maintenance and Repair Details 
Date
Reported Component Complaint Diagnosis / Resolution 

February 
2003 

Condensate 
drain 

Severity1 Addressed by 

Minor Host in February 
2003 

Primary 
condensate drain 
stopped working 

Host observed slime/mold growth in condensate reservoir 
with rust deposits plugging the port for the primary 
condensate drain. The Host addressed the problem and 
more detail is described in Table 20-6 (Survey Responses) 
below. 

Date
Reported Component Complaint Diagnosis / Resolution 

March
2003 Unknown 

Severity1 Addressed by 

Major Host in March 
2003 

HPWH not 
operating, no hot 
water available to 
the house 

No specific problem could be identified with the HPWH, so 
the power was turned off and then turned back on at the 
circuit breaker.  This restored operation of the HPWH.  No 
cause for this failure was immediately determined. 

Date
Reported Component Complaint Diagnosis / Resolution 

8/2/03 Condensate 
drain 

Severity1 Addressed by 

Minor Host 

Primary 
condensate drain 
stopped working 

Host observed water flowing down sides of HPWH. Host 
used vacuum on the end of the condensate line going into 
washer drain and noticed rust colored material coming out of 
the line. The Host addressed the problem when it happened 
on 8/1/03. 

Date
Reported Component Complaint Diagnosis / Resolution 

8/27/03 Condensate 
drain 

Severity1 Addressed by 

Minor Host 

Primary 
condensate drain 
stopped working 

Host observed condensate line plugged. He squeezed and 
aligned the plastic tubing coming out of the shroud and 
connecting to a copper line to get the condensate to flow 
again. The Host addressed the problem when it happened 
on 8/20/03. 

Date
Reported Component Complaint Diagnosis / Resolution 

8/29/03 Condensate 
drain 

Severity1 Addressed by 

Minor Host 

Primary 
condensate drain 
stopped working 

Host observed water flowing out of secondary condensate 
line. Host used vacuum on the end of the condensate line 
going into washer drain and noticed rust colored material 
coming out of the line. The Host addressed the problem. 
Sent condensate vent tube and tee to host for installation on 
9/2/03.

1Degree of maintenance or repair is rated according to the scale defined in Appendix II introduction.  



Data Gaps
There were four significant (one week or more in duration) gaps in the data collection over the course of the 
field test.  The details of these gaps are shown in Table 20-3. 

Table 20-3: Data Gaps1

Start Finish Duration 
03/06/03 03/18/03 12 
03/28/03 06/30/03 94 
07/24/03 10/21/03 90 
10/28/03 11/19/03 22 

1Includes data deliberately truncated – see Appendix I. 

Performance 
Over one complete year of operation and data collection the unit has performed with an estimated energy 
savings of 31 percent, relative to a simulated conventional electric water heater.  A summary of the relevant 
performance data is shown in Table 20-4. 

Table 20-4: Unit 20 Performance Summary
Start Date 11/11/02 

End Date 11/12/03 

Average Water Consumption 39.0 GPD 

Total Energy Delivered 1320 kBtu 

Resistive Element Energy Consumed 71 kWh 

Heat Pump Energy Consumed 302 kWh 

Maximum Compressor Discharge Temperature 219.0oF

% of Compressor Run Time where Compressor Discharge exceeded 220oF 0%

Hot-Water Deficit 6.6%

Simulated Hot-Water Deficit, Conventional Water Heater %

Average Heat Pump Coefficient of Performance 2.00

Average Heat Pump Capacity 3.44 kBtu

Average HPWH Overall Delivery Efficiency  (does not include space conditioning impacts) 1.10

Simulated Conventional Water Heater Overall Delivery Efficiency 0.738

Annual Energy Savings (does not include space conditioning impacts) 31% 
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Figure 20-3:  Heat-Pump Performance, Weekly Average Values 
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Figure 20-4:  Overall Delivery Efficiency Comparison, Weekly Average Values 
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Figure 20-5:  Energy Savings (without Space Conditioning Impacts), Weekly Average Values 
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Figure 20-6:  HPWH Energy Delivered and Water Draw, Weekly Averages 



Figure XX-7: Temperatures, Weekly Average Values
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Figure 20-7:  Temperatures, Weekly Average Values 
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Figure 20-8:  Electrical Consumption Breakdown, Total Monthly Values 
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Figure 20-9:  Hot Water Deficit Comparison, Monthly Average Values 



Interview Results 
The following tables contain information collected during the installation interview with the participant 
(Table 20-5), from the three follow-up surveys (Table 20-6), and the participant’s comments following 
completion of the test (Table 20-7). 

Table 20-5: Installation Interview 
Installation Date 11/11/02 Interview Date 11/11/02 
Interview Completed by James   

Previous Water Heater Information 
Type Stand alone, electric resistance with 

storage tank 
Location Garage / Laundry room 

Primary Space Heating / Cooling Information 
Heating Central warm air furnace Cooling None 
Fuel Natural gas  

Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

Economic issues. Saving money. 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

No.

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

Expect to get hot water. See no hot water run-outs. 
Expect to clean the filter periodically. 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

Very Important 

Would you like to make any other comments at this time? No. 

Table 20-6: Survey Responses 
Survey 1 Survey 2 Survey 3 

Date 1/9/03 3/15/03 11/13/03 
Days since installation 59 124 367 
Survey completed by James James James 
Have any occupants left or joined 
your household since the time of 
installation? 

No No No 

Have there been any changes in 
the space heating or cooling 
equipment, or renovations to the 
home since installation? 

No changes None No 

    
Characteristics Rating1 Importance2 Rating1 Importance2 Rating1 Importance2

Noise 2 Low 2 Medium 1 
see

below 

Low 

Frequency of hot water run-outs 2 Medium 3 Medium 3 
see

below 

Medium 

Moisture/Mold/Mildew/Odors in 
vicinity of water heater 

3 Medium 2 
see

below 

Medium 3 
see

below 

Low 



Frequency of maintenance/repair 3 Medium 2 
see

below 

Medium 2 
see

below 

Low 

Cooling/Dehumidification effect 
created by water heater 

1/5 Medium 3 
see

below 

Medium 2 
see

below 

Low 

Electricity Costs (based on 
electric bills) 

3 High ? High 3 
see

below 

High

Overall level of satisfaction 3 Medium 3 Medium 3 Medium 
    
Additional Comments from Survey #1 

The flow meter is noisy when there is a hot water demand.  It can be heard in most rooms of the house if 
there are no other noises present.  I recognize that this component is necessary for the data collection and 
will not be present on the final version.  None-the-less, it is not a problem even with the test HPWH.   

When the heat pump is operating, the heat exchanger fan is somewhat noisy.  While this is likely to be 
common to the final design, I don’t find it objectionable – given there are some energy cost savings.   

The change in cost on my electrical bill is not discernable.   

The AC effect does tend to make the garage cooler.  I frequently work in the garage and, though noticeable, 
the impact on me is marginal.     

Though I cannot factually show that the garage is dryer, it does feel that way.  I operate an electric clothes 
dryer in the garage; the dryer exhausts into the garage through a water trap filter.  It seems as though the 
moisture in the garage, when the clothes dryer is not in operation, is less.

Additional Comments from Survey #2 
I have uncovered a design flaw in the condensation reservoir.  It is fabricated contiguous with and made from 
the galvanized sheet metal box supporting/housing the components.  While that overall design is efficient, 
the water condensed in the galvanized steel pan has corroded the galvanized steel.  The bottom of that 
reservoir has about 50% corrosion (rust) coverage.  It is just a matter of time before the reservoir leaks.   
In addition, there is a slime mold growth in the pan (reservoir) some of which flowed into the drain line, along 
with rust deposits, and plugged it.  Thus the overflow drain “kicked in”.  This relates to the above survey 
“Moisture/Mold/Mildew/Odors in Vicinity of Water Heater”.   I have no reason to believe the slimy material 
came in from the air circulated by the fans, as the filter is clean.  I also believe that the method of attaching 
the main drain fitting, a brazed/welded? elbow with a hose bib, has damaged the corrosion protection at the 
attachment point and corrosion is occurring there also - possibly at an accelerated rate. 

Finally, in the colder weather we are experiencing, it appears as though the heat pump runs longer than 
before.  This is to be expected.  I will be interested in getting the efficiency results at the end of the test 
period, (unless you would like to send it earlier). 

There has been an issue with the data acquisition system, which I consider to be independent of the HPWH 
evaluation and a non-issue for the beta testing.   

The circuit breaker has apparently tripped once, the cause of which I cannot determine.  There were no 
power outages at the time as I recall.  I examined the circuit breaker and it did not appear to be tripped.  I 
reset it anyway and the HPWH turned on.  So I’m not sure if the circuit breaker had tripped or the power 
off/on reset the HPWH.  At this time I cannot recall if the data acquisition light were on or off prior to the reset.  
I do know that the water was cold and that is what caused my investigation.   

From about March 26th to about July 22, the house will be used on a very infrequent basis.  I will set the 
temperature control to minimum and instruct anyone using the house to reset it to the current set point and 
return it to minimum upon leaving the home.  I will request they document the period of time they had the 
water temperature turned up.  I will provide that information at the next survey though I suspect you will know 
from the results of the data collection anyway. 



Additional Comments from Survey #3 

Noise: The electric heater that was replaced was silent.  The air fan noise in the HPWH is evident but since the unit is 
located in the garage it really is not a problem.  If it is quiet in the house, I can hear the fan running when I'm in rooms 
adjacent to the garage. 

Frequency of Hot-Water Run-Outs: Haven't really noticed any Hot-Water Run-Outs. 

Moisture/Mold/Mildew/Odors in Vicinity of Water Heater: Theoretically, the unit is dehumidifying the air in the garage; 
however, I've been unable to tell any difference. 

Frequency of Maintenance/Repair: The condensate drain line has caused some problems which I'd hope gets some 
engineering attention before putting the equipment on the retail market.  When the drain plugs up and the overflow 
runs out on the floor it can be quite annoying. 

Cooling/Dehumidification Effect Created by Water Heater: I am aware of the cooling effects whenever I pass by the 
unit while it is operating.  Since I live on the coast side and the environment is generally cool anyway, I don't really 
notice a lower temperature in the garage. 

Electricity Costs (Based on Electric Bills): Due to electrical rate changes, it is difficult to talk about costs.  Since we do 
have a KW usage comparison on our bills [compared to the same month a year ago], I can advise that our usage has 
been less.  Whether or not this is due to the HPWH is open to speculation.   

Because the HPWH is more complex than a traditional electrical hot water heater, I would be motivated to purchase a 
unit only if I believed that it would save money in the long run.  In a conventional water heater, my experience has 
shown three failure modes, the latter two of which I have repaired myself on previous heaters: 1. rusting through at the 
bottom of the tank, 2. heating element failure and 3. thermostat/power switch failure.  Given that the HPWH design 
includes a backup electrical heater, then the failure modes of the HPWH are the same plus additional failure modes 
due to the HP portion of the unit.  Thus, as a future buyer of a HPWH, I would need to be convinced that the unit's 
reliability, while likely less, is easily offset by power cost savings - taking into account the initial cost of the unit as 
well.)  

I have experienced blockages in the condensate drain line in the past.  The water condensate flow line 
was modified with a "T" added to the line just outside the unit's housing.  This connected the unit's tygon 
tubing to the copper tubing installed for the drain.  The "T" was vented to atmosphere via the perpendicular 
leg with another tygon tube.  There has not been a drainage blockage since the installation.  

Though I do not know the precise cause of the blockage, I do know that there has been foreign material in 
the line when I have unblocked the lines.  This has been discussed in previous surveys.  I also suspect 
that the size of the copper and tygon lines have caused some flow problems due to surface tension in the 
water at the interface of the tygon/copper tubing.  Because of the way the tygon tube from the condensate 
pan routes out through the unit's shroud, there is very little head -- maybe as little as .25 inches -- of water.  
It wouldn't take much surface tension in the drain line to support that head.  
1Participant rated each characteristic on a scale of 1-5, see Appendix II Introduction for description of scale 
2Participant rated each characteristic Low, Medium, or High

Table 20-7: HPWH Disposition / Suggested Improvements 
Participant request for unit beyond completion of field test Intends to keep unit 
TIAX action upon completion of field test Transfer of ownership completed, participant kept 

HPWH
Follow-up Question Participant Response 
What specific suggestions for improvement can you make 
regarding your heat-pump water heater? 

See above 
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CEC PIER Heat-Pump-Water-Heater Field Test (Contract 500-98-028) 

Installation Interview 
 
 

Installation Date  Interview Date  
Interview Completed by    
 
Previous Water Heater Information 
Type  Location  
Primary Space Heating / Cooling Information 
Heating  Cooling  
Fuel   
 
Questions Responses 
What led you to participate in the heat-pump water 
heater field test? 

 

Do you have any comments regarding the installation of 
your new heat-pump water heater? 

 

What are your expectations (operation and maintenance, 
performance, etc.) for your new heat-pump water heater? 

 

When purchasing new appliances for the home, how 
important is energy efficiency to you? 

 

Would you like to make any other comments at this time?  
 



 

 

CEC PIER Heat-Pump-Water-Heater Field Test (Contract 500-98-028) 
Participant Survey #1 

 
 
Please complete this survey within one week of receipt, and return using the enclosed envelope.  
If possible, the person who completed the interview at the time of heat-pump-water-heater 
installation should complete this survey as well.  Please complete this survey based on your 
household’s experience with the heat-pump water heater since the time of installation.  Thank 
you. 
 
 
Name of Person Completing Survey 
 

 

Date 
 

 

Date of Installation Interview 
 

 

Person Who Completed Installation 
Interview 

 

Date of Installation 
 

 

Street Address 
 

 

City 
 

 

Electric Utility 
 

 

 
 
Have any occupants left or joined your household since the time of installation?  Please 
indicate the date of departure next to any occupants who are no longer in your household.  
Please enter information on a new row for each new occupant, if any. 

 
No. 

 
Occupant Name 

 
Age 

 
Sex 

 
Occupation 

Relationship 
to You 

Date of 
Departure 
or Arrival 
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Have there been any changes to your space-heating or space-cooling equipment since the 
time of installation?  Have there been any significant renovations to your home (such as 
additions, new windows, insulation, etc.) since the time of installation?  Please specify. 
 
 
 
 
 
 
 
Please rate each characteristic listed in the table below, based on your household’s 
experience since the time of installation, using a scale from 1 to 5, where: 
• 1 = Much worse than previous water heater 
• 2 = Somewhat worse than previous water heater 
• 3 = About the same as previous water heater 
• 4 = Somewhat better then previous water heater 
• 5 = Much better than previous water heater. 
 
Please also indicate the importance to you of each characteristic (Low, Medium, or High). 

 
Characteristic 

 
Rating (1 to 5) 

Importance (Low, 
Medium, or High) 

Noise 
 

  

Frequency of Hot-Water Run-Outs 
 

  

Moisture/Mold/Mildew/Odors in Vicinity of Water Heater 
 

  

Frequency of Maintenance/Repair 
 

  

Cooling/Dehumidification Effect Created by Water Heater 
 

  

Electricity Costs (Based on Electric Bills) 
 

  

Overall Level of Satisfaction 
 

  

 
 
What additional comments can you make about your heat-pump water heater? 
 
 
 
 
 
 
 
 



 

 
CEC PIER Heat-Pump-Water-Heater Field Test (Contract 500-98-028) 

Participant Survey #2 
 

 
Please complete this survey within one week of receipt, and return using the enclosed envelope.  
If possible, the person who completed the last survey should complete this survey as well.  
Please complete the survey based on your household’s experience with the heat-pump water 
heater since the time of the last survey.  Thank you. 
 
 
Name of Person Completing Survey 
 

 

Date 
 

 

Date of Last Survey 
 

 

Person Who Completed Last Survey 
 

 

Date of Installation 
 

 

Street Address 
 

 

City 
 

 

Electric Utility 
 

 

 
 
Have any occupants left or joined your household since the time of the last survey?  Please 
indicate the date of departure next to any occupants who are no longer in your household.  
Please enter information on a new row for each new occupant, if any. 

 
No. 

 
Occupant Name 

 
Age 

 
Sex 

 
Occupation 

Relationship 
to You 

Date of 
Departure 
or Arrival 
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Have there been any changes to your space-heating or space-cooling equipment since the 
time of the last survey?  Have there been any significant renovations to your home (such as 
additions, new windows, insulation, etc.) since the time of the last survey?  Please specify. 
 
 
 
 
 
 
 
 
Please rate each characteristic listed in the table below, based on your household’s 
experience since the time of the last survey, using a scale from 1 to 5, where: 
• 1 = Much worse than previous water heater 
• 2 = Somewhat worse than previous water heater 
• 3 = About the same as previous water heater 
• 4 = Somewhat better then previous water heater 
• 5 = Much better than previous water heater. 
 
Please also indicate the importance to you of each characteristic (Low, Medium, or High). 

 
Characteristic 

 
Rating (1 to 5) 

Importance (Low, 
Medium, or High) 

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
What additional comments can you make about your heat-pump water heater? 
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Participant Survey #3 

 
Please complete this survey within one week of receipt, and return using the enclosed envelope.  
If possible, the person who completed the last survey should complete this survey as well.  
Please complete the survey based on your household’s experience with the heat-pump water 
heater since the time of the last survey.  Thank you. 
 
 
Name of Person Completing Survey 
 

 

Date 
 

 

Date of Last Survey 
 

 

Person Who Completed Last Survey 
 

 

Date of Installation 
 

 

Street Address 
 

 

City 
 

 

Electric Utility 
 

 

 
 
Have any occupants left or joined your household since the time of the last survey?  Please 
indicate the date of departure next to any occupants who are no longer in your household.  
Please enter information on a new row for each new occupant, if any. 
 

 
No. 

 
Occupant Name 

 
Age 

 
Sex 

 
Occupation 

Relationship 
to You 

Date of 
Departure 
or Arrival 
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Have there been any changes to your space-heating or space-cooling equipment since the 
time of the last survey?  Have there been any significant renovations to your home (such as 
additions, new windows, insulation, etc.) since the time of the last survey?  Please specify. 
 
 
 
 
 
 
 
 
 
 
 
Please rate each characteristic listed in the table below, based on your household’s 
experience since the time of the last survey, using a scale from 1 to 5, where: 
• 1 = Much worse than previous water heater 
• 2 = Somewhat worse than previous water heater 
• 3 = About the same as previous water heater 
• 4 = Somewhat better then previous water heater 
• 5 = Much better than previous water heater. 
 
Please also indicate the importance to you of each characteristic (Low, Medium, or High). 

 
Characteristic 

 
Rating (1 to 5) 

Importance (Low, 
Medium, or High) 

Noise 
 

  

Frequency of Hot-Water Run-Outs 
 

  

Moisture/Mold/Mildew/Odors in Vicinity of Water Heater 
 

  

Frequency of Maintenance/Repair 
 

  

Cooling/Dehumidification Effect Created by Water Heater 
 

  

Electricity Costs (Based on Electric Bills) 
 

  

Overall Level of Satisfaction 
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What specific suggestions for improvement can you make regarding your heat-pump water 
heater? 
 
 
 
 
 
 
 
 
 
 
 
 
What additional comments can you make about your heat-pump water heater? 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thank you for your participation in the CEC PIER heat-pump-water-heater field test! 
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