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What’s in Store?

e Bit of thermo
 Possible locations

— Unconditioned
— Conditioned

e Effective COP
* Climate effects
* Results

* Next?
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electric_storage_water_heaters/how_it_works
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Variation in Basement Temperature as Affected by

Ceiling Insulation and Water Heater Type
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2.90 - in conditioned space
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Some of this will be latent
heat so the space HP does
not provide all of the HPWH
heat (not accounted for).
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Let’s Try It!
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Effective HPWH COP is dependent on the space heat COP
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Let’s Try It!
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Effective COP
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Effective COP of a Heat Pump Water Heater in
Conditioned Space with a Heat Pump - Cooling
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Cooling Equivalence on Average
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Putting it all together

Effective COP of a Heat Pump Water Heater in a
ZEH Conditioned Space with a Heat Pump
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Number of hours in temperature bin
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Effect of Climate?

Bin Weather Data
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Annual Effective HPWH COP

For Location in Conditioned Space and an Air-
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Effective COP for HPWH in HP conditioned space
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Comparison with Other Investigators

Table 11. Water Heater Annual Source Energy Consumption in Conditioned Space
HPWH
Savings
Vs

Location Electric

Atlanta, GA' 51.99%
Chicago, IL’ 1021% | 50%

Houston, TX 63.70%
Los Angeles, CA 3006% | 53%
Phoenix, AZ 6093% | 68%
Seatle, WA’ 3399% | 50%

Heat Pump Water Heater Technology Assessment Based on Laboratory Research and
Energy Simulation Models, NREL/CP-5500-51433, February 2012



Effective COP for HPWH in ER conditioned space




Comparison with Other Investigators

Table 12. Water Heater Annual Source Energy Consumption in Unconditioned Space

Location

Atlanta, GA'

Chicago, IL

Houston. TX

Los Angeles, CA

Phoenix, AZ

Seattle, WA

HPWH
Savings
VS.
Electric

48.54%

30.82%

R
Ny / M)‘:‘

50.48%

50.27%

42.10%

“These homes have the HPWH located in the basement. In all other homes, the HPWH is in the garage.

Ins,
BB:
50% 40%

“It should be noted that for homes without air source heat pumps, the energy
savings presented in Tables 11 and 12 are invalid and must be reevaluated

based on the source energy consumption of the space conditioning equipment

in that home.”
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20%



HPWH Performance is Sensitive to Tank

Ta ke Away M ess Temperature and Air Wet-bulb Temperature

1.20

* House uses moret / :iii

COO“ng 0 0.80 / 140 F
* Savings vary with &

— HPWH model %0“"0

— Climate S 0.40

— HVAC type v T

— Location of unit .

— Settings e o = e e 0

— Usage Wet-bulb Temperature (F)

* Located in conditioned space:

— In cooler climates with HP, saves
50%.

— In warm climates with HP, saves
60-80%




Take Away Messages

* Placement in unconditioned
basement:

— With HP, annual savings is about
50%,

— With ER, ~20% savings for
uninsulated ceiling, ~40% insulated
ceiling




The Beetle Analogy

Most of the time you’re not going fast
up big hills




For Further Study:

1. All heating analysis assumes no
dehumidification.

— Some of the HPWH cooling effect is latent? What
would that do to the effective COP?

2. What about other non-electric heating?
— Compare on BTU basis or S or ?

3. How does HPWH performance vary with
humidity, climate, setpoint, usage, etc.?
—COP TMasRH T



For Further Study:

4. Can reduce Dehumidifier energy use in
unconditioned basements: COP

5. For small ZEHs, HVAC space heat is not
needed until Tout is ~50 F.



SEDTAPP
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