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Executive Summary

The GE GeoSpring hybrid heat pump water heater (HPWH) was found to

perform well in a battery of tests designed to investigate its ability to meet

user demands in realistic installation conditions while significantly reducing

energy consumption. Good agreement between calculated energy factors

(EF)obt ai ned f r o nestiAgdnd @rmespordidgvaltes er gy 0 S
publishedbytheDe par t ment  cafddtheEEmienmenty 6 s ( DOE)
Pr ot ect i(EPA) ENBRGESTARG rdirg system were obtained.

Some reduction in water delivery temperature below the set point was

measured in certain operational modes but none that appear to keep the hot

water heater from acceptable performance in real-world conditions. Key
findings from Ag@evanced Energyodos test

e GE HPWH has a high energy factor of 2.38 compared to 0.88 for a
typical 50-gallon standard electric water heater;

e Annual energy savings of 62% over a standard electric water heater
at DOEG water delivery temperature (135°F) in hybrid mode;

e Annual energy savings of 65% over a standard electric water
heater at typical water delivery temperature (120°F) conditions in
hybrid mode;

¢ Installing a GE HPWH instead of a standard electric water heater
will lead to a simple payback of approximately 4.5 years;

e Annual energy use increases by 10% to 13% when the GE HPWH
is installed in a small room with inadequate access to air. Note: this
is in violation of the installation instructions;

¢ In high-use families testing, the energy factor remains high and
actually increases slightly over typical-use families testing;

e In hybrid and e-heat modes the GE HPWH does not draw more
than 0.55 kW during the daily use cycle of typical and high-use
families. In standard electric mode the electric resistance heating
elements draw up to 4.1 kW during the daily use cycle of typical
families;

e The best installation location for the GE HPWH is in a large,
unconditioned space isolated from seasonal temperature extremes
(i.e., attached garage, basement, etc.);

¢ Conditioned utility rooms are good installation locations for the GE
HPWH; and
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e The GE HPWH meets manufacturer® claims in all areas of
investigation in the present testing.

Background and Project Scope Review

Representatives from Advanced Energy, Dominion Power, Duke Energy,
NCEMC and Progress Energy met on February 18, 2010 to discuss items of
interest to test at the Energy Technology Testing Center (ETTC) during
2010. A list was generated and votes were taken from all interested parties
to determine the top priorities for testing. One top item of interest was
having ETTC conduct an assessment regarding the effectiveness of the GE
heat-pump water heater home appliance.

The current project focused on understanding the performance of the GE
hybrid-electric water heater as used in all of its various operating modes
while being exposed to different, real-world conditions. Items of particular
interest:

¢ Installation location and size; and
o Useful range of ambient temperature.

The manufacturer recommends the water heater be installed in a space with
access to at least 700 ft3 of air volume; however, some home owners may
find it difficult to achieve this requirement as they may have their current hot
water heaters in a small enclosed space. As such, when replacing their old
hot water heater, they most likely would prefer to install the new model in
the same location.

Additionally, it is also of interest to determine the useful range of ambient
temperatures in which the hybrid water heater can be of benefit to the home
owner (i.e., the lowest temperature at which the heat pump will reliably
function).
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GE HPWH Description of Operation

The GE GeoSpringE hybrid HPWH (model# GEH50DNSRSA) is a 50-

gallon storage-type hot water heater capable of heating water via standard

electric heating elements or by use of a heat pump system. Although the

water heater can operate using either heat source, it cannot operate both

heat sources simultaneously. Due t o t he water heater 0s
a heat pump, it requires access to a significant volume of air from which it

can draw energy when utilizing its heat pump capability. GE states that if the

HPWH is to be used in a space of less than 700 ft3, the space should have

access to additional air in a larger space, such as by means of louvers. The

water heater can operate in several different modes as detailed below:

o Standard Electric Mode: uses only resistive electric heating
elements like a standard water heater

e Hybrid Mode (default mode): uses heat pump heating when
possible and resistive electric heating when hot water demand
increasesbeyond the heat pumpds abil it
temperature

e e-Heat Mode: uses only heat pump for water heating unless
ambient air temperature drops below 45°F

¢ High-Demand Mode: uses heat pump heating when possible and
resistive heating when needed but responds faster to increased
demand than standard hybrid mode

ENERGY STAR is an energy efficiency certification program run by the U.S.
G o v e r nBmvieommental SProtection Agency and the Department of
Energy. The GE hybrid water heater has achieved ENERGY STAR
certification with an energy factor (EF) of 2.35 and an estimated yearly
electricity use of 1856 kWh/year. Energy factor is a measure of the overall
efficiency in terms of energy output compared to energy consumption over a
24-hour cycle of use. The GEhy br i d water heater s
showing the annual energy use can be seen in Figure 1. In order for a
HPWH to be ENERGY STAR certified it is required to meet the following

Adva@ ADVANCED ENERGY GE Heat Pump Water Heater Report | 5

ENERGY



requirements listed in Table 1. Technical specifications for the water heater
tested in this report can be found in Table 2.

Table 1

ENERGY STAR HPWH Criteria

FHR >=50 gallons | Warranty >= 6 years on

HPWHs EF>=2.0 UL 174 & UL 1995
per hour sealed system
Table 2
GE HPWH Technical Specifications
Brand GE
Model GEH50DNSR
Tank Height (inches) 60.5
Tank Diameter (inches) 21.8
Volume (gallons) 50
Max Input (kW) 45
Volts 240
Energy Factor 2.35
kWh/year 1,856
First Hour Rating (gallons/hour) 63
Minimum Warranty i Tank (years) 10
Minimum Warranty i Parts (years) 10
1 Taken verbatim from the ENERGY STAR website at:
http://www.energystar.gov/index.cfm?c=water_heat.pr_crit_water_heaters
Adgglgge@ ADVANCED ENERGY GE Heat Pump Water Heater Report | 6



Figure 1GE EnergyGuide Llabe

U.S. Govemment Federal law prohibits removal of his tabe! before consumer purchiase
Water Heater — Heat Pump General Electric
First Hour Rating 63 gallons mdmggmg%ggg&
Energy Factor 2.35 Capacity 50 Gallors

Estimated Yearly Operating Cost

$198
o

* Cost Range of Similar Models

1856

Estimated Yearly Electricity Use

Your cost will depend on your utility rates and use.

o The estimated Annual Energy Consumpfion of this model was not
available at the time the range was pudishad.

o Estimated operating cost based on & 2007 natonal electricity cost of Wﬁf
10.65 cents per kWh.
o For more nforamtion, visit www ic gov(appiances,

£)

Overview of Testing Arrangement

Due to the nature of the testing to be done on the HPWH, the decision was

made to install the water heater in an un-insulated room with dimensions

substantially smaller than specifiedbyinGE6 s 1 n st a.lfhistast i on man
situation is meant to simulate installation in a small interior space in a home,

such as a utility closet, and is compared to water heater performance in a

space with access to a nearly infinite volume of conditioned air. The interior

volume of the enclosed space used for testing was 220.5 ft3. The test setup

used during testing, including all water temperature, air temperature, power

and flow measurement locations used during testing, can be seen in Figure

2.

ENERGY
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A picture of the water heater in the enclosure can be seen in Figure 3. Its
inlet and outlet piping and thermocouple sensors are easily visible. Figure 4
shows the wiring details of the energy monitoring equipment used to
measure the energy and power consumption of the water heater during its
operation. Figure 5 displays the flow measurement meter, flow control valve
and the drain temperature sensor. Figure 6 depicts the automated LabVIEW
front panel display used to monitor progress during test sequences.

Figure 2GE HPWH Test Setup Schematic
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Figure 3GE HPWH in Test Enclosure
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Figure 4: Ohio SemitroRmser and Energy Transducer Wiring
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Figure 5: Flow Control Solenoid Valve and Water Meter Installation
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Figure 6LabVIEW Automated Test Status Display Indicators
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Residential Usage Water Temperature Benchmarks

Table 3 establishes a benchmark for water delivery temperatures commonly
found in residential use situations. This information can be used to gauge if
the tested water heater is able to meet practical usage demands during the
testing undertaken within this report.

Table 3

Representative Residential Hot-Water Usage Temperatures?

Water Temperature (°F)

Hand-Washing 105
Shaving 115
Showers & Tubs 110

Findings from Standard DOE Testing (135°F)

For the HPWH performance tests, the procedures from ANSI/ASHRAE

Standard 118.2-2 0 @BHoulSi mul at ed Use Testo for
Heaters were emulated. Each test consisted of heating 64.2 gallons per day

in six draws of 10.7 gallons, with each draw taken at 1 hour intervals. Water

was drawn at a flow rate of approximately 3 gallons per minute with the

water temperature set at 135°F. In accordance with the intention of section

9.2 of ANSI/ASHRAE Standard 118.2-2006, a pre-test regulation procedure

was followed that included a 21.4 gallon draw followed by operation of the

water heater unti|l cutout. The 21. 4
the water heater would require a heating cycle to occur. Water heater cutout

was determined by assuring that, upon completion of the pre-test heating

cycle, the water heater reached an equilibrium condition in which it did not

2 Taken from table 3 on page 49-10 of 2007 ASHRAE Handbook i HVAC Applications
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require more than 50 Watts of power? at any time for one continuous hour

before the actual 6-draw test profile was allowed to begin. Once the pre-test

regulation process was complete the automated experimental procedure

continued into a test phase known as:s
assessment. This segment of the test is where the actual performance of

the water heater was evaluated.

An un-insulated enclosure (seen in Figure 3) was constructed to house the
HPWH. Measurements of the electrical energy used by the water heater to
heat a given amount of water from a known initial temperature to a final,
desired, temperature were taken. Concurrently, surface temperature
measurements of the water heater tank (taken under heating element
access covers at the upper and lower sections of the tank) were recorded.
The temperature in the test enclosure and the ambient temperature outside
of the test enclosure were recorded.

The summary test data shown in Table 4 presents the results of analyses

done on data collected during the effective portion of the testing procedure.

The values shown result from five-second averaging of the automated data

acquisitionsyst e mé6s out put. The informati on
below:

e Max Power: the maximum value of AC power drawn by the water
heater during the test. This value is reported in Watts.

e Heat Pump?: determination of whether the heat pump system was
ever used to heat water during the test.

e Heating Element?: determination of whether the resistive heating
elements were ever used to heat water during the test.

e Energy Used: the total electrical energy used by the water heater
during the test procedure. This value, reported in kilowatt hours
(kWh) includes energy consumption due to the operation of the
heat pump, resistive heating elements, fans, HPWH electrical
monitoring equipment, etc.

o Max Delivery Temp: the maximum recorded water temperature
measured in the water heater outlet pipe. This value represents the

% A power draw of 50 Watts is lower than either the heat pump or resistive heating elements would require for operation.
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highest water temperature that would be seen by a user of the
HPWH during the test procedure and is reported in °F.

e Min Delivery Temp: the minimum recorded water temperature
measured in the water heater outlet pipe during actual test draws.
Between draws this value was seen to fall to much lower
temperatures due to cooling of the stationary water in the outlet
pipe. This value represents the lowest water temperature that would
be seen by a user of the HPWH during the test procedure and is
reported in °F.

e Avg. Inlet Temp: the average water temperature measured in the
inlet pipe to the water heater. This value represents the
temperature of unheated water as it arrives at the water heater from
the source.

e Max Chamber Temp: the highest air temperature recorded (at a
height of ~ 3ft above the lab floor) in the enclosure in which the
HPWH operated and is reported in °F.

e Min Chamber Temp: the lowest air temperature recorded (at a
height of ~ 3ft above the lab floor) in the enclosure in which the
HPWH operated and is reported in °F. The HPWH being tested
affects this value greatly.

e Avg. Ambient Temp: the average air temperature recorded (at a
height of ~ 3ft above the lab floor) in the high-bay lab space at
Advanced Energy near to the HPWH test enclosure. This value is
reported in °F.

e AE EF: an Advanced Energy formulated approximation to the
energy factor value reported by the DOE. This value takes into
account the electrical energy used to heat the water in the water
heater during the test and also takes into account the energy lost by
the water heater due to water delivery during the test. This value is
non-dimensional.

e AE Rating: projected annual energy use based on the Advanced
Energy energy factor, reported in kWh/year.

ENERGY STAR publishes its value of energy factor for a water heater
based on testing done according to the DOE standard at a set point of
135°F. For the GE HPWH, this value was calculated from test data collected
during Hybrid mode operation. The energy factor value is then used to
project annual energy consumption by the water heater. These DOE values
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can be found in the title cell of Table 4. The corresponding test values,
collected in this study, that are compared to these DOE values can be found
on the first row of data in Table 4 for Hybrid mode at 135°F with the
chamber door open.

Data displayed in Table 4 demonstrates a very close agreement between

A d v an c e destfiadngs andythpsé o ENERGY STAR pertaining to
the calculated energy factor of the water heater and its annual energy usage
in hybrid mode. The hybrid mode is the factory default mode for the water
heater.

Energy Savings and Simple Payback Analysis

Advanced Ener gy @SHPWHeopetatingingybrid ound t ha't
mode, will consume 1,829 kWh per year for a typical residence based on

the DOE standard water heater test protocol. A standard electric, 50-gallon

water heater with an energy factor of 0.88 will consume 4,881 kWh of

energy per year. Thus, use of the GE HPWH will provide a 62% annual

savings over the standard electric water heater. Assuming a residential

energy cost of $0.10 per kWh, it is estimated that the GE HPWH will provide

$305 of savings per year.

Assuming no rebates or tax credits are available, the choice of installing a
GE HPWH instead of a standard electric water heater will lead to a simple
payback period of approximately 4.5 years®.

* This analysis assumes that the GE HPWH installed cost is $1,950 and that a 50-gallon, standard electric water heater
installed cost is $600.
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Table 4

GE HPWH Simulated DOE Test Matrix (ENERGY STAR Rating Reference Values: Energy Factor = 2.35; Usage = 1,856 kWh/year)
HPWH in Small Test Chamber Open to Large Conditioned Space at 135°F Set Point

Hybrid 558 Yes No 3.785 136.9 126.8 75.4 78.8 64.0 70.1 2.38 1,829
e-Heat 586 Yes No 3.790 137.0 127.2 76.2 75.1 63.6 68.6 2.36 1,840
High Demand 4,009 Yes Yes 9.200 137.2 131.2 68.2 712 62.2 67.1 1.08 4,019
Standard 3,968 No Yes 11.245 136.5 135.6 75.4 745 68.5 70.1 0.83 5,238

HPWH Enclosed by 220.5 ft3 Un-insulated Space at 135°F Set Point

Hybrid 570 Yes No 3.965 137.2 121.3 75.4 72.6 55.3 67.8 2.14 2,035
e-Heat 584 Yes No 4.025 137.2 119.3 73.9 71.6 54.1 68.0 2.15 2,024
High Demand 4,060 Yes Yes 9.625 137.2 1311 66.9 71.5 54.8 68.1 1.12 3,889
Standard 3,963 No Yes 11.200 136.5 135.5 75.4 75.7 68.9 69.3 0.83 5,215
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Room Volume Effect on Energy Factor and Energy Consumption

Test results detailing the calculated energy factor and corresponding annual
energy consumption obtained for the GE HPWH installed in two different
room sizes (at a 135°F set point) can be seen in Figure 7 for the water
heater operating in Hybrid mode. By installing the HPWH in a 220 ft3 room,
the energy factor was reduced by 11% compared to a room with adequate
air volume. In addition, the annual energy consumption increased by 10%.
This illustrates the importance of installing the unit in a room with adequate
air volume.

Figure 7: Effect of Room Volume on EF and Energy Consumption at 135°F
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Testing Inside Large Room Volume

The GE HPWH installation manual specifies at least 700 ft3 of room volume

in its installation space in order to have adequate air to extract heat from.

Without this volume of air the unit is required to be installed in space with

louvers in the door. To evaluate the performance of the GE HPWH in this

environment, the test chamber, built for use with the HPWH, was opened to

the Advanced Energy high-bay lab space for this portion of the testing.

Results obtained from the GE HPWH at a 135°F set point within this

environment can be seen in Figures 8-11. Each plot depicts upper tank

temperature, lower tank temperature, test chamber temperature, cumulative

water draw volume and the water heat
time for the entire test sequence. Temperatures and water draw volume are
shown with referenceto t he | eft axi sd scale. The
draw is shown with reference to the
test regulation segment can be seen at the beginning of the test procedure.

After this the cumulative water draw volume systematic, stair-step changes

indicate the hourly, six-draw profile portion of the test sequence. The final 18

hours of each depicted test consist of the standby segment of the test.

Hybrid Mode

In Figure 8 the test results from the hybrid mode of the water heater can be
seen for the open chamber 135°F set point test. The monitored power draw
data demonstrates that the heat pump engages almost immediately after the
first 10.7 gallon draw begins. From this data it is also clear that the water
heater never used its resistive heating element during this test. The heat
pump was engaged for almost the entire six-draw profile at the outset of the
test sequence. After all six 10.7 gallon draws were complete, the heat pump
continued operating for two more hours to raise the tank temperature back
to within an acceptable tolerance of the water heater set point. After this
cutout, the heat pump only engaged one more time to maintain tank
temperature during the 18-hour stand-by portion of the test. Even though the
test chamber was kept open, its interior temperature was found to drop
significantly during periods of heat pump engagement. From the plot in
Figure 8, it is clear that the heat pump is unable to maintain the upper tank
temperature at the set point of the water heater. Despite the obvious
reduction of tank temperature during the course of the test profile, the
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temperature was never found to drop below any of the representative
residential water usage temperatures found in Table 3. As such, the hybrid
mode is found to perform adequately for the purposes at hand and to do so
at considerable savings.

E-Heat Mode

Test results obtained from the GE HPWH at a 135°F set point can be seen
in Figure 9 for the water heater operating in e-Heat mode. The e-Heat mode
is characterized by the stipulation that the water heater will only use the heat
pump for water heating unless the ambient temperature drops below 45°F.
As such, it is expected that only the heat pump will be used for e-Heat mode
water heating in this report. Furthermore, since the Hybrid mode was found
to not use resistive element heating for this test, it is expected that the
performance of the Hybrid and e-Heat modes should be very similar for this
subset of testing. The results shown in Figure 9 and Table 4 demonstrate
this theory, as the Hybrid and e-Heat mode test results show very similar
trends for the standard DOE test.

High Demand Mode

Test results obtained from the GE HPWH at a 135°F set point can be seen
in Figure 10 for the water heater operating in High Demand mode. The High
Demand mode is engaged when users expect high rates of hot water usage.
In this mode, the GE HPWH will operate in heat pump mode when hot water
usage rates are low. However, it will switch more readily from heat pump
mode to standard electric mode (than in Hybrid/e-Heat mode) once hot
water usage rates begin to increase in order to meet an expected higher
demand. In this mode the water heater is expected to switch between the
heat pump and the heating elements during the testing procedure. The
variation in the AC power plot shown in Figure 10 indicates that High
Demand mode did use both types of heating. One interesting observation
shown in Figure 9 is that the HPWH requires two maintenance heats during
the stand-by portion of its testing compared to only one in Hybrid/e-Heat
modes.

Because of its ready use of the 4,500 W heating elements, the operational
efficiency of this mode is expected to be lower than that seen in Hybrid and
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e-Heat modes. The higher power consumption seen in Figure 10 and the
lower energy factor seen in Table 4 illustrate these expected tendencies. It
is not clear from Figure 10 but the minimal water delivery temperature does
not drop as low in High Demand mode as it did in Hybrid or e-Heat mode.
This suggests that High Demand mode is fulfilling its purpose in this testing.

Standard Electric Mode

The GE HPWH can be used as a conventional, resistive-element, water
heater if desired. In this mode of operation the water heater will never utilize
its heat pump functionality. As such, we expect that the HPWH will perform
in a similar fashion to existing, standard water heaters. The test data
collected in this mode of operation, at a 135°F set point, can be seenin
Figure 11. Several differences between this mode and Hybrid/e-Heat mode
are immediately apparent. The maximum electrical power draw is much
higher for the standard electric mode than in the Hybrid/e-Heat modes. This
is because the resistive heating is comprised of 4,500 Watt heating
elements compared to the 550 Watt heat pump. The water delivery
temperature hardly drops at all in standard electric mode. The much higher
power resistive electric elements heat the water much faster in standard
electric mode. The standard electric mode requires two maintenance heats
during the stand-by portion of the test compared to one for Hybrid and e-
Heat modes.

The ambient conditions in the test chamber are significantly different as well.

Inthe Hybridle-He at modes t he chamberds inter
rather quickly during water heating cycles. This is in response to the heat

pump acting to extracinothhvaterin fr om t he
the tank. During standard electric mode testing, the chamber temperature

changed less frequently and/or drastically than seen in the Hybrid/e-Heat

test modes.
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Figure 11: DOE ASimulated Use Testo of GE HPWH ineStandar
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Testing Inside Small Chamber Volume

In order to evaluate the performance of the GE HPWH in environments that
are not ideal but certainly realistic, it was of interest to test the unitin a
small, non-insulated and enclosed space that would simulate the unit being
installed in a small interior closet or utility room. Test results obtained from
the GE HPWH at a 135°F set point with the water heater operating in its
various modes, in a closed 220.5 ft3 test chamber, can be seen in Figures
12-15. The plot format is the same as for the large room testing shown
above.

HybridMode

In Figure 12 the test results from the Hybrid mode of the water heater can
be seen for the closed-chamber, 135°F set point test. It can again be seen
that the water heater never used its resistive heating element during this
test. After all six 10.7 gallon draws were complete the heat pump continued
operating for three more hours to raise the tank temperature back to within
an acceptable tolerance of the water heater set pointd 50% longer than the
open chamber test. This is an interesting consequence of the heat pump not
having access to the air it requires for optimum operation.

The closed test chamberdés interior t
during periods of heat pump engagement. It appears that at a chamber

temperature of approximately 55°F the rate of heat transfer into the non-

insulated test chamber, from the surrounding space, becomes high enough

that no further cooling of the <c¢haml
pump. Table 4 demonstrates that the minimum delivery water temperature

for the 135°F, door-closed, Hybrid mode test was reduced below that seen

in the corresponding door-open, Hybrid mode test where the heat pump had

access to larger quantities of air. In addition, a ~10% reduction in operation

efficiency can be observed in the energy factor of the unit in the closed

chamber test compared to its energy factor in the matching open chamber

test. This illustrates the point that maximum performance and efficiency of

the GE HPWH does depend on the air volume it is exposed to.
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e-Heat Mode

In Figure 13 the test results from the e-Heat mode of the water heater can
be seen for the closed-chamber, 135°F set point test. Again, the water
heater never used its resistive heating element during this test. Only one
maintenance heat was required during stand-by in the closed chamber test.

High Demand Mode

In Figure 14, the test results from the High Demand mode of the water
heater can be seen for the closed-chamber, 135°F set point test. As in the
open chamber test, High Demand mode was found to use both the heat
pump and resistive elements for heating. In the closed chamber testing
results only one maintenance heat was required during the stand-by portion
of the closed chamber test. The interior chamber temperature was found to
be significantly lower in the closed chamber test than in the corresponding
open chamber test.

Standard Electric Mode
In Figure 15 the test results from the Standard Electric mode of the water

heater can be seen for the closed-chamber, 135°F set point test. This test is
virtually identical to the open chamber, Standard Electric mode test.
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Figure 13: DOE fASi mulHeat®ate ivBnelosed Smalld/adst CharGoer (23PIWH i
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Figure 15: DOE ASimulated Use Test 0o o finTedEChantbeykR20iftn
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Findingsr om o Modi fi edod DOE Testing (1c¢

The DOE water heater test procedure calls for the temperature setting to be
135°F. Due to local plumbing codes and standards, few residential water
heaters are expected to be operated as high as 135°F. In many
jurisdictions, water heaters cannot legally be set higher than 120°F by
manufacturers, distributors or installation contractors. From an energy
conservation standpoint, it is recommended to set water heater
temperatures at 120°F or below. As a 135°F set point for water heaters is
quite high for residential water heaters, it was decided to perform the DOE
testing at a more common water delivery set point to determine more
realistic energy consumption for average water heater use. In all other
aspects, the testing discussed here is identical to the testing done in the
previous section. The data from each test performed is summarized in Table
5.
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Table 5

GEHPWHO Mo d i f i-Beseddest Mabik
HPWH in Small Test Chamber Open to Large Conditioned Space at 120 °F Set Point

Hybrid 534 Yes No 2.965 122.2 121.2 73.3 774 65.4 707 2.61 1,665
e-Heat 515 Yes No 2.830 122.2 120.9 74.0 753 64.2 69.3 2.83 1,540
High Demand 510 Yes No 3.205 121.9 120.3 68.7 68.8 61.0 67.0 2.63 1,657
Standard 3,939 No Yes 8.045 1214 120.7 76.1 74.9 66.7 69.0 0.92 4,753

Hybrid 546 Yes No 3.15 122.1 117.4 736 744 55.8 69.3 2.28 1,905
e-Heat 576 Yes No 3.165 122.1 116.2 731 77.0 54.8 70.1 2.27 1,916
High Demand 529 Yes No 34 1214 111.3 67.8 70.9 54.1 67.9 2.11 2,066
Standard 4,103 No Yes 8.43 121.2 120.4 72.9 7741 68.5 69.5 0.94 4,648
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Room Volume Effect on Energy Factor and Energy Consumption

Test results detailing the calculated energy factor and corresponding annual
energy consumption obtained for the GE HPWH installed in two different
room sizes (at a 120°F set point) can be seen in Figure 16 for the water
heater operating in Hybrid mode. By installing the HPWH in a 220 ft3 room
the energy factor was reduced by 14.5% compared to a room with adequate
air volume. In addition, the annual energy consumption increased by 12.5%.
This illustrates the importance of installing the unit in a room with adequate
air volume.

Figure 16: Effect of Room Volume on EF and Energy Consumption at 120°F
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Testing Inside Large Room Volume

Results obtained from the GE HPWH at a 120°F set point can be seen in
Figures17-20.. Each pl ot ds formatting is
detailed above.

Hybrid Mode

In Figure 17 the test results from the Hybrid mode of the water heater can
be seen for the open chamber 120°F set point test. Just as seen in the
135°F set point test, the water heater never used its resistive heating
element during this test. The heat pump was engaged for most of the six-
draw profile at the outset of the test sequence. At the conclusion of the
water draw profile, the heat pump only required one hour of operation to
restore the water tank temperature at the 120°F set point. After this cutout
the heat pump only engaged one more time to maintain tank temperature
during the 18-hour stand-by portion of the test. From the findings in Table 5,
it appears that the HPWH had no trouble maintaining the desired delivery
water temperature at the120°F set point.

E-Heat Mode

Test results obtained from the GE HPWH at a 120°F set point can be seen
in Figure 18 for the water heater operating in e-Heat mode. The Hybrid and
e-Heat modes were found to be quite similar for this testing. The e-Heat
mode started its single maintenance heat much earlier than the Hybrid test
run and the heat pump operated for a considerably longer period. The
reason for this is unknown. In addition, from Table 5, the e-Heat energy
factor was found to be somewhat higher than the corresponding Hybrid
mo d e t e s ttodwas caleurated to lpe yAgaih, the reason for this is
unclear.

High Demand Mode

Test results obtained from the GE HPWH at a 120°F set point can be seen
in Figure 19 for the water heater operating in High Demand mode. The AC
power plot shown in Figure 19 indicates that High Demand mode never
used the resistive heating elements to maintain set point during the open-
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chamber 120°F set point test. From Table 5 it is clear that the HPWH had
no trouble maintaining the desired water delivery temperature and that it did
so at very high efficiency. In addition, in contrast to the corresponding 135°F
test, the water heater only required one maintenance heat during the stand-
by portion of this test. The water heater operates at a very different level of
efficiency in an open chamber in High Demand mode at 120°F than it did in
an open chamber at 135°F. Based on this testing result, it may be possible
for families to leave the GE HPWH in High-Demand mode to guard against
occasional hot water shortages and still maintain very high energy
savingsd if they use a 120°F set point and install the unit in a favorable
location.

Standard Eleic Mode
The test data collected in this mode of operation at a 120°F set point can be
seen in Figure 20. The standard electric mode required only one

maintenance heat at the open-chamber 120°F set point. The corresponding
135°F set point test required two such heats.
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GE HPWH

Figure 17: Modified DOE ASimulated Use Testo of
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Figure 18: Modified DOE -dedtiMode in Smad Test Clsa@ymimcelargedCondifione@ Epadd P WH
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Figure 19: Modified DOE n-BemandMade m 8mallBest Chamkert Open tofLargé Eonditien&dHSpac
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Figure 20: Modified DOE ASimul at ed Ueste€Chamees@peén tooLarge@anditibRed/Spade
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Testing Inside Small Chamber Volume

Test results obtained from the GE HPWH at a 120°F set point with the water
heater operating in its various modes in a closed 220.5 ft3 test chamber can
be seen in Figures 21-24. The plot format is the same as for the large room
testing shown above.

Hybrid Mode

Figure 21 provides the test results from the Hybrid mode of the water heater
for the closed-chamber 120°F set point test. Just as seen in the 135°F set
point test, the water heater never used its resistive heating element. The
heat pump was engaged for nearly the entire six-draw profile at the outset of
the test sequence. At the conclusion of the water draw profile, the heat
pump required nearly two hours of operation to restore the water tank
temperature at the 120°F set point. After this cutout, the heat pump only
engaged one more time to maintain tank temperature during the 18-hour
stand-by portion of the test. From the findings in Table 5 it appears that
although the HPWH did not match its delivery performance in the open-
chamber test at 120°F, it seems to have little trouble maintaining a usable
delivery water temperature at the120°F set point.

e-Heat Mode

Test results obtained from the GE HPWH at a 120°F set point can be seen
in Figure 22 for the water heater operating in a closed-chamber in e-Heat
mode. The Hybrid and e-Heat modes were found to be virtually identical for
this testing.

High Demand Mode

Test results obtained from the GE HPWH at a 120°F set point can be seen
in Figure 23 for the water heater operating in a closed-chamber in High
Demand mode. The AC power plot shown in Figure 23 indicates that High
Demand mode never used the resistive heating elements to maintain set
point during the effective portion of the closed-chamber 120°F set point test.
One surprising observation taken from this testing (Table 5) is that the
HPWH appears unable to maintain set point in this test case. This is
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surprising because the point of High Demand mode is to maintain set point
at the expense of maximum efficiency. Here it appears that the High
Demand mode does not maintain set point as well as the more efficient
Hybrid/e-Heat modes. The reason for this is further confused by the
apparent ease with which High Demand mode handled the open chamber
120°F set point test.

Standard Electric Mode
The test data collected in this mode of operation at a 120°F set point can be
seen in Figure 24. The standard electric mode required only one

maintenance heat at the closed-chamber 120°F set point. The
corresponding 135°F set point test required two such heats.
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Figure 21: Modified DOE ASi mul at ed Us-&aTest€hamiger(20ft GE HPWH i
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Figure 22: Modified DOE -dedtiMode in&nclesdd Sthalilva#steChamber (@0f GE HP WH i
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Figure 23: Modified DOE i-BemandMade e BnclosedeSmalldVsdkt Gharober (2&Et HP WH i
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Figure 24: Modified DOE ASimul ated Use TelaTeétClmmhi@Osy HP WH
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ASHRAE High Use Family Draw Profile Testing

In order to test the HPWHG6 s p e r fér familiemwitmhighevater use, a
testreferencingt he fH95% Confi dence Al I Famil i
2007 ASHRAE Handbook on heating, ventilation, and air conditioning
(HVAC) Applications was followed. The daily hot water draw for this test is
128.6 gallons as compared to 64.2 gallons in the standard DOE test. This
test sequence consisted of 24 draws with each draw taken at 1 hour
intervals. The volume of each hourly draw is specified by ASHRAE and was
determined by data collected on actual water usage of a large number of
families. Each draw was at a flow rate of approximately 3 gallons per minute
with the water temperature set at 120°F. In accordance with previous test
methods, the same pre-test regulation procedure was followed, which
included a 21.4 gallon draw followed by operation of the water heater until
cutout. The data from each test performed is summarized in the table below.

Hybrid Mode

In Figure 25 the test results from the High-Use Families test in Hybrid mode
can be seen for the closed-chamber 120°F set point test. Just as seen in all
other hybrid mode tests, the water heater never used its resistive heating
element during the 24-hour test even though the volume of hot water drawn
in this test was twice as large as seen in the modified DOE testing. The heat
pump was engaged for 16 of the 24 hours of the test. The delivered water
temperature during this High-Use Families test fell to more than five degrees
below set point for three hours of the 24 hour test (falling as low as 113°F).
The energy factor for the Hybrid mode High-Use Families test increased
only slightly over the energy factor for the corresponding Modified DOE test.

e-Heat Mode

In Figure 26 the test results from the High-Use Families test in e-Heat mode
can be seen for the closed-chamber 120°F set point test. Just as seen in all
other e-Heat mode tests, the water heater never used its resistive heating
element during the 24-hour test even though the volume of hot water drawn
in this test was twice as large as seen in the modified DOE testing. The heat
pump was engaged for 15 of the 24 hours of the test. The delivered water
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temperature during this High-Use Families test fell to more than five degrees
below set point for two hours of the 24 hour test (falling as low as 113°F).
The energy factor for the e-Heat mode High Use Families test increased
significantly over the energy factor for the corresponding Modified DOE test.
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Table 7

GE HPWH High Use Families Test Matrix

HPWH in Enclosed Small Walk-In Test Chamber (220 %) at 120 °F Set Point

Hybrid 509 Yes No 6.665 122.7 1127 68.7 69.7 50.9 65.7 234 3,725
e-Heat 514 Yes No 6.360 1226 1132 69.4 715 53.0 66.6 253 3,437
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Figure 25: ASHRAE High Use Families Test of GE HPWH in Hybrid Mode in Encloséd<$iGhthMizi0 &)

Temperature (F)fDraw Yolume (Gallons)

160

140

120

M

—
100 J/ V. Fa , / /L/
rd "4
20
- [ AL
B0 i
- N NaREEPE A L= B
40
s | e r Tank Temperature (F)
| gwver Tank Temperature (F)
|
20 e Chamber Temperature (F)
N gter Draw Volume (Gallons)
e A Powver (W)
a 1 ! ' [ I I [ I

P

I R
,b."-)b“:l‘,‘:-b ‘7%‘1‘3

(.'J
N
57T

%

R

1,

47 67 AT 87 97 87w

o

Time

!
S
G T F
& ta“ ¢~P I S I

ﬁﬁﬁﬁfﬁﬁﬁfﬁ
b3

700

600

500

400

300

200

100

Power (W)

ADVANCED ENERGY

GE Heat Pump Water Heater Report

| 49




Figure 26: ASHRAE High Use Families Test of GE HH@atHMiade in Enclosed Smalllvaést Chamber (220 ft
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HPWH Installation Location Guidelines

TheUS.EP A6 s E N Eweb&iteprovities #hdrific guidance on the
installation of HPWHs®. The ENERGY STARwe b s i t HPWHs shaald e s
be installed in interior spaces that remain between 40°-90°F year-round,

and provide 1,000 cubic feet of air space around the water heater. They

generally don't operate as efficiently in colder spaces, and can cool the

spaces they are in. If possible, consider installing in a space with excess
heat, such avsrespgecifid HBWHinsalatien guidamos isn. 0O
provided by manufacturers in their installation manuals and websites.

The GE HPWH installation manualé provides the following installation
guidance regarding location:

e The water heater and water lines should be protected from freezing
temperatures and high-corrosive atmospheres. Do not install the
water heater in outdoor unprotected areas.

e Because this unit draws in air from the room to heat the water, the
room must be at | east 106 x
room is smaller, there must be a louvered door.

o Locate the water heater in a clean dry area as near as practical to
the area of the greatest heated water demand. Long non-insulated
hot water lines can waste energy and water.

o Place the water heater in such a manner that the air filter, cover and
front panels can be removed to permit inspection and servicing,
such as removal of elements or cleaning of the filter.

e The water heater should not be located in an area where leakage of
the tank or connections will result in damage to the area adjacent to
it or to lower floors of the structure. Where such areas cannot be
avoided, it is recommended that a suitable catch pan, adequately
drained, be installed under the water heater.

5 http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=WHH
® http://www.geappliances.com/heat-pump-hot-water-heater/water-heater-installation.htm
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The GE HPWH website provides the following additional installation
guidance on its Installation and Frequently Asked Questions pages’.

e The GE HPWH is designed for common indoor installation,
including attic, closet, basement and garage

¢ In order to protect the e-Heat system and for highest efficiency the
HPWH should be operated in ambient temperatures between 45°F -
120°F. Anything below or above this temperature range will cause
the water heater to automatically operate in standard electric mode
to continue to provide hot water.

HPWH Installation Locations

Based on the manufactureros guidanc:ée
testing, the preferred installation location for HPWHs would be large

unconditioned spaces isolated from temperature extremes. Unconditioned

spaces are t hose othdHIACsyskemsnTiliet suppl y
advantage of installing the HPWH in such a location would be that any heat

removed from air in an unconditioned space by the HPWH would most likely

not need to be replaced by a heating system and would not have any impact

on the operation or efficiency of the HVAC system.

The GE HPWH efficiency ratings are based on the DOE test procedure
which requires the ambient room temperature to be 70°F. Water heaters
installed in conditioned spaces will operate in ambient room temperatures
close to 70°F throughout the year. The ambient room temperature for water
heaters installed in unconditioned spaces will vary significantly with the
seasons throughout the year. Typical unconditioned spaces include
garages, basements, crawl spaces and attics. As the temperature in these
spaces increases within the acceptable range of 45°F to 120°F, the HPWH
efficiency increases slightly.

Several GE HPWH installation locations are discussed in the paragraphs
below.

7 http://www.geappliances.com/heat-pump-hot-water-heater/
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Attached Garages

An attached garage is an excellent installation location for the GE HPWH.
An attached garage is connected to the heated living space of the home on
at least one wall and heat lost from the living space through this wall helps
warm the garage during the winter. Since the garage floor is usually a
concrete slab in contact with the earth, the garage also gains heat from the
relatively warm earth during the winter. Attached garages are generally
weather sealed to some degree and sometimes insulated to retain some of
the heat gained from the living space and the earth. This helps to keep the
garage warmer than the outdoors during the winter. Because of these
factors, the garage air temperature will likely remain above the 45°F
minimum temperature required for the heat pump to operate during most of
the winter. This allows the heat pump to do much of the water heating
during the winter even when the outdoor temperature is below 45°F. When
the heat pump is not able to maintain the water temperature set point, the
electric heating elements will activate to ensure hot water is always
available.

Unconditioned Basements

An unconditioned basement is an excellent installation location for the GE
HPWH. An unconditioned basement is connected to the heated living space
through the floor above and heat lost from the living space through the floor
helps warm the basement during the winter. Since the basement floor and
part of the walls are in contact with the earth, the basement also gains heat
from the relatively warm earth during the winter. Basements are generally
weather sealed sufficiently and sometimes insulated to retain some of the
heat gained from the living space and the earth, keeping the basement
warmer than the outdoors during the winter. Because of these factors, the
basement air temperature will remain above the 45°F minimum temperature
required for the heat pump to operate during most of the winter. This allows
the heat pump to do much of the water heating during the winter even when
the outdoor temperature is below 45°F. When the heat pump is not able to
maintain the water temperature set point, the electric heating elements will
activate to ensure hot water is always available.
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Closed Crawl Spaces

A closed crawl space can be an excellent installation location for the GE
HPWH if the space is tall enough. Many homes built on hilly terrain have
crawl spaces that range from a couple of feet on one side of the house to
more than six feet on other sides. A crawl space of 75 inches or more is
required to allow for filter cleaning and proper plumbing of the GE HPWH. A
closed crawl space is one that is not vented, has a vapor barrier on the floor
and has insulation either on the walls of the crawl space or the floor above.
Heat lost from the living space above helps warm the crawl space during the
winter. The crawl space also gains heat from the relatively warm earth
during the winter. Closed crawl spaces are weather sealed and sometimes
have insulated walls to retain the
much warmer than the outdoors during the winter. Because of these factors,
the crawl space air temperature will remain above the 45°F minimum
temperature required for the heat pump to operate during most of the winter.
This allows the heat pump to do much of the water heating during the winter
even when the outdoor temperature is below 45°F. When the heat pump is
not able to maintain the water temperature set point, the electric heating
elements will activate to ensure hot water is always available. Another
benefit of installing the HPWH in a closed crawl space is that it can
dehumidify the space, helping to prevent mold and mildew.

Vented Crawl Spaces

A vented crawl space can be a good installation location for the GE HPWH if
the space is tall enough (as discussed in the ClosedCrawlISpacesection).
A vented crawl space has small (~1/2 ft2) foundation vents placed at
intervals along the foundation wall to allow air to circulate through the craw!
space carrying away moisture. Some foundation vents are fixed open while
others can be manually or automatically opened or closed depending on the
season. Automatic vents operate on air temperature using a bimetallic strip
to close off the crawlspace during the winter. Manual vents are meant to be
closed by the homeowner in the winter and opened in the summer.
Foundation vent covers are available that can be installed to close off fixed
foundation vents during the winter. Some vented crawl spaces have
insulation in the floor system above but many older homes do not. Heat lost
from the living space above helps warm the crawl space during the winter.
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The crawl space also gains heat from the relatively warm earth during the
winter. If foundation vents are closed during the winter, the crawl space is
isolated from the outdoors, keeping the crawl space much warmer than the
outdoors during the winter. Even if the foundation vents are not closed in
winter, the heat gained from the house above and earth below is enough to
temper the space and the crawl space air temperature will remain above the
45°F minimum temperature required for the heat pump to operate during
much of the winter. This allows the heat pump to do much of the water
heating during the winter even when the outdoor temperature is below 45°F.
When the heat pump is not able to maintain the water temperature set point,
the electric heating elements will activate to ensure hot water is always
available. Another benefit of installing the HPWH in a crawl space is that it
can dehumidify the space, helping to prevent mold and mildew.

Conditioned Spaces

A conditioned space is a good installation location for the GE HPWH as long
as itis at least 700 ft3 or is connected to a larger conditioned space by a
louvered door. For a HPWH installed in a conditioned space such asin a
utility room or closet with a louvered door, the cooling and dehumidifying
effect of the HPWH will decrease the energy consumption of the AC system
during cooling months (summer) and increase the energy use of the heating
system during heating months (winter). If the number of cooling months
equals the number of heating months, these effects will roughly offset? and
the HPWH will provide the claimed energy savings benefits as compared to
a standard 50-gallon standard electric water heater. If cooling months
exceed heating months, the user may experience additional energy savings
beyond those expressed by the ENERGY STAR certification and
EnergyGuide label.

Sealed Attics

A sealed attic is a good installation location for the GE HPWH. Some attics
are sealed and have insulation installed in the roof and walls of the attic,

8 Assuming electric heating and cooling systems with similar heating and cooling seasonal performance factors (HSPF)
and energy efficiency ratios (SEER).
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essentially bringing the attic inside the building envelope. Sometimes the
attic floor may also be insulated, thermally separating the sealed attic from
the living space. In the winter, the house loses heat to the sealed attic,
making the attic much warmer than the outdoors. In the summer, the attic is
much cooler than a vented attic because it is inside the building envelope.
The air temperature in a sealed attic will remain inside the GE HPWHs
specified operating range of 45°F to 120°F throughout the year. However,
water heaters should not be located in an area where leakage of the tank or
connections will result in damage to the area below. Where such areas
cannot be avoided, it is recommended that a suitable, adequately drained,
catch pan be installed under the water heater.

Vented Attics

A vented attic is not a good installation location for the GE HPWH because
the air temperature will be outside of the specified e-Heat and Hybrid
operating range of 45°F to 120°F. Currently, most attics in the U.S. are
vented to allow cool air to replace the extremely hot air created by solar
energy absorbed by the roof in the summer. Venting is accomplished using
some combination of roof vents, soffit vents, ridge vents, gable vents and
powered vent fans. Even with venting, the attic air temperature is frequently
above the 120°F upper limit of the allowable range specified for the GE
HPWH during the summer.

The ceiling of the house is insulated to reduce heat loss and gain from the
attic during the winter and summer respectively. In the winter, vents allow
cold air to circulate through the attic carrying away much of the heat lost
from the house to the attic. This brings the vented attic air temperature close
to the outdoor temperature, especially at night. During the day when the sun
is shining on the roof, the attic will be warmer than the outdoors. Since the
attic air temperature will be close to the outdoor temperature at night all
winter, and the outdoor air temperature drops far below 45°F for much of
the winter, a vented attic is not a good location to install the GE HPWH.
Also, since the attic air temperature will fall below freezing many times
during the winter, freezing of long runs of inadequately insulated water
piping can also be a problem. Finally, water heaters should not be located in
an area where leakage of the tank or connections will result in damage to
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the area below. Where such areas cannot be avoided, it is recommended
that a suitable, adequately drained, catch pan be installed under the water
heater.

ENERGY
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