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. DEPARTMENT OF Energy Efficiency &

Project Partners ENERGY | renonabie Enoray
Key PNNL Staff: ~7

i Sarah Widder, Engineer, Principal Investigator i il

i Viraj Srivastava, Engineer, Demand Response Lead HABORATORY

i Vrushali Mendon, Engineer, Energy Modeling

I Nathan Bauman, Engineer, Metering “E % GE

EM Appliances

Partners: ™

I Brady Peeks, Engineer/Manufactured Homes; Northwest Energy Works
I Jonathan Smith/Scot Shaffer, Engineers/Software & Hardware; GE

Appliances
I Greg Sullivan, Principal/Metering & Analysis; Efficiency Solutions

I Valerie VanSchramm, CPS Energy
Co-Funders: o Anuintsre }..%,.l ENERGY*
i Bonneville Power Administration, st R,
Emerging Technologies Program

I DOE, Office of Electricity
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U.S. DEPARTMENT OF Energy Efficiency &

Lab Homes Partners ENERGY | rencwable Energy

A Initial Partners
i DOE/BT/Building America-ARRA
I DOE/BT/Windows and Envelope R&D
I Bonneville Power Administration
I DOE/OE
I PNNL Facilities
I Tri Cities Research District

TRI-CITIES

FIESEAHCH DIS TRICT

i City of Richland
I Northwest Energy Works Richiand “EEM
I WSU-Extension Energy Program £
i Battelle Memorial Institute (made land Battelle
available) The Business of Innovation
WASHINGTON STATE
P
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Primary Problem or Opportunity: Energy Efficiency &

Renewable Energy

National Energy Savings from HPWHs

A Water heaters account for 18% of energy used in
homes, or 1.8 Quads of energy use annually.*

A Electric resistance water heaters make up 41% of
all residential water heaters in the U.S.1

A Heat pump water heaters (HPWH) can provide up
to 62% energy savings over electric resistance
water heaters.?

A 50% market penetration of HPWHs would result
In savings of approximately 0.08 Quads annually.

LEIA; 2009 Residential Energy Consumption Survey

2Based on the DOE test procedure and comparison of an electric tank water heater (El
versus a heat pump hot water heater (EF=2.35)
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Primary Problem or Opportunity: Energy Efficiency &

Renewable Energy

Lack of Market Penetration

A Currently, market adoption and utility program
Incentives of HPWHs are limited due to lack of
understanding and field data regarding:

I Impact on space conditioning energy consumption
and occupant comfort.

I Impact on demand response programs.
I Durabllity in harsh water conditions.
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Primary Problem or Opportunity:

The Role of This Research Project

U.S. DEPARTMENT OF

[ {c)

Energy Efficiency &
Renewable Energy

A Evaluation of HPWHs in a highly controlled environment will help achieve
market penetration of HPWHSs through creation of a detailed data set that will
comprehensively describe the performance of HPWHSs installed in conditioned
space in a number of configurations and as a demand response asset.

PNNL Lab
Homes
Experiments

Experiment

Whole House
Power/Energy

Use [kWh or kW]

HVAC
Power/Energy
Use [kWh or kW]

HPWH
Power/Energy
Use [kWh or kW]

Temperature/ RH
at Several
Interior
Locations* [°F/%)]

Impact of Whole house Incremental HYAC | Impact of ducting Impact of exhaust
exhaust ducting | energy savings systems energy and exhaust fan ducting on
use/savings on HPWH occupant comfort
efficiency
Impact of supply | Whole house Incremental HVAC | Impact of supply Impact of supply
and exhaust energy savings system energy ducting and and exhaust
ducting use/savings supply air temp on | ducting on
HPWH efficiency occupant comfort
Demand Whole house N/A HPWH power *Tank temperature
response power reduction reduction during decrease during
characteristics during DR events DR events DR events

A This information is necessary to support regional efficiency and manufactured
housing programs and encourage more widespread adoption of HPWH

nationally.
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OVG I’VI eW Of TeC h n O I Ogy s DEPARTMENT OF | Energy Efficiency &

H PWHS ENERGY Renewable Energy

A HPWHSs work by
transferring heat
from the ambient Fan

Heat Pump Water Heater

Compressor
air to the water in R .
the tank. -
: Temperature/
A This process pressure relief 2
: valve AR
prowdes more Upper thermostat ——f| =2 Ao
energy to the water : b
than It uses In Desitance : :
electricity. 3 Condenser
I Tested Energy Factors cower thermostat ——= :
| : -, <
Cold water inlet ] 2 :
(EF) for HPWHSs | N i Insulation
available on the Drain
market range from 1.7
to 2.4.3
3Ecotope2011 Source: U.S. DOE; energysavers.gov
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OVG I'VI eW Of TeC h n O I Ogy e Energy Efficiency &

HPWHS in Conditioned Space ENERGY Renewable Energy

A HPWHs installed in
Interior space will use
conditioned indoor air
to heat water.

I Benefit during cooling
i Penalty during heating

i May affect comfort

HP COP 231 2.5
A Performance of DHW
: Energy 2,500 kWh/yr

HPWHs mstalled ST
outside will have Impact on 800 16
reduced performance. Space 0 10200
i Most HPWH oee T ke

compressors do not

operate below 40-45 F.3 ;‘:j‘l'n o 300 to 2,600 kWh/yr

3Ecotope2011
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.S. DEPARTMENT OF Energy Efficiency &

Overview of Technology:
HPWHSs with Exhaust Ducting

uU.s
EN ERGY Renewable Energy

A Modeling has found ducting exhaust to effectively mitigate
some adverse space conditioning impacts in Northern
Climates.

i Resulted in NEEA Northern Climate HPWH Specification requiring exhaust
ducting for Tier 2 products.

Minimum | Minimum Minimum Sound Northern Climates
Northern “Northern supported levels** Z
Climate Climate” Features | installation O 4 O O O H D D an d
EF* locati :
Tier1l | 1.8 e ENERGY STAR -ocaSG::?—:onditioned dBA< 65 Aerage Amblent Temp < 6OF

compliance ¢ Unconditioned

Tier2 | 2.0 Tier 1 plus: ¢ Conditioned dBA < 60 MARINE 2 COLD / VERY COLD
*  Minimal use of s Semi-conditioned L
electric heating e Unconditioned
elements

e Freeze protection
e  Exhaust ducting
option
e  Compressor shut-
down/notification
e 10year Warranty
e Condensate Mgmt
Tier3 | 2.4 Tier 2 plus: e Conditioned dBA <55
¢ Intake ducting e Semi-conditioned

MIXED-HUMID

HOT-DRY / MIXED-DRY

option ¢ Unconditioned
e Air Filter Mgmt

* see Appendix A for details on definition and calculation method.
** see Appendix D for details on measurement method.

A Requires data to verify model assumptions and findings.




Overview of Technology:

.S. DEPARTMENT OF Energy Efficiency &

uU.s
EN ERGY Renewable Energy

Supply Ducting

A Newt oM basy 2

I Reduced impact with exhaust ducting relies on
buffering from semi-conditioned spaces.
I Will result in depressurization with respect to outside.

A This may be a problem for small homes (e.g.,
manufactured homes) and homes in high radon areas.

A NEEA Tier 3 Spec requires optional supply ducting
and Northwest Energy Efficient Manufactured
Home (NEEM) Specification may require similar.

I No products are currently available with this
configuration.

I Ducting directly from outside will result in decreased
HPWH performance.

A Need to verify performance of HPWH with supply
ducting to crawlspace.
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OVG rV| eW Of TeCh n O | Ogy e e Energy Efficiency &

HPWH Demand Response Characteristics ERERGIA Ratersbi Ensy

=—Lab Home A = =LabHomeB ---:-BPALoad Profile
3,500 8,000

A Many utilities currently
employ electric resistance
water heaters to shave
peak load by turning off
the water heater (INC). L.

A PNNL has also
demonstrated the potential = v
of using HPWHSs to increase Ioad (DEC) for areas W|th hlgh
renewable penetration and to provide additional balancing
and ancillary (voltage regulation) services.

A Need to understand demand response characteristics of
HPWHs as compared to electric resistance water heaters,
| nc | udispattlpblentk W, 0 nt her mal cap:
Aresponse time. o
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OVG I'VI eW Of TeC h n O I Ogy e Energy Efficiency &

HPWH Durability in Hard Water ENERGY | renevabie Energy

A Utilities and consumers are concerned about lifetime of
HPWHSs In areas with hard water

I HPWHSs typically have GE Hybrid Water Heater Warranty.
an Od e rOdS I nStaI | ed to @ All warranty service provided by our Authorized Servicer Network. Staple your receipt here.

To schedule service, call 888 4GE.HEWH [888.443.4394). Please Proof of the original purchase

n e utral |Z e h ar‘d Water :;iﬁiecssriol number and model number available when calling for Sfﬁ}j;iﬂ;“;ffﬁ;iﬁf’:gg‘w_
and delay tank corrosion. Whatis ot coverec

. . . . W Service trips to your home to teach you how to use B Damages, malfunctions or failure caused by the use of
i Information is not widely  teposc rpoi sevice ot pproved by GE.
. W Improper installation, delivery or maintenance. B Damages, malfunctions or failure caused by the use of
aval | ab | e fo r Wh at B Failure of the product if it is abused, misused, altered, unapproved parts or components.
used commercially or used for other than the intended B Damages, malfunctions or failure caused by operating

ranges Of hard Water purpose. tr::nlxg.pumpwater heater with the anode rod

W Use of this product where water is microbiologically
unsafe or of unknown quality, without adequate B Damages, malfunctions or failure resulting from

CO nd Itions anOde rOdS disinfection before or after the system. operating the heat pump with an empty or partially

B Replocement of house fuses or resetting of circuit empty tank.

are d e S I g n e d fo r 0 r h OW breakers. B Damages, malfunctions or failure caused by subjecting

B Damage to the product caused by accident, lightning, the tank to pressure greater than those shown on the

fire, flood or acts of God. rating label.
they aﬂeCt HPWH e Toodoracs o B Damages, malfunctions or failure caused by operating

W Incidental or consequential damage caused by possible the heat pump water heater with electrical voltage

I If etl m e an d C O St defects with this appliance, its installation or repair. enceeding those shown on the rating label.

W Product not accessible to provide required service. B Water heater failure due to the water heater being

eﬁe Ct I Ve n e S S B |f product removed from original installation location. operated in a corrosive atmosphere.

EXCLUSION OF IMPLIED WARRANTIES—Your sole and exclusive remedy is product repair as provided in
this Limited Warranty. Any implied warranties, including the implied warranties of merchantability or
fitness for a particular purpose, are limited to one year or the shortest period allowed by law.

12 | Building America eere.energy.gov




Energy Efficiency &

V|S|On Of SUCCESS Renewable Energy

A Clear guidance on the optimal installation of HPWHs in all
climates and configurations.

A Adoption of HPWHSs as a fully-approved measure in BPA
service territories and into other utility incentive programs,
particularly in cold climates and areas with hard water.

A Consideration of HPWHSs for High-Performance
Manufactured Homes (HPMHSs) in the Pacific Northwest
that go beyond the current Northwest Energy Efficiency
Manufactured Home (NEEM) specifications.

A Adoption of HPWHSs into utility demand response product
portfolios.

AHPWHs are installed as fAstan
electrically-heated homes across the nation and contribute
to 50% energy saving solutions in new and existing homes.
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BUSIHGSS Plan Llnklng ResearCh Energy Efficiency &

tO I n d UStry/M arket Renewable Energy

Research results will:

Present results to
research community

Present data to

Regional Technical Provide installation

guidance in BASC

Forum and builders

Justify and/or Inform HPWH
support models and Provide
modification of enable Northern Industry with
Northern Climate Climate Tier 3 Installation best
Spec and PNW product with practices
Incentives supply ducting
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Key MEU‘ICS fOr EaCh Year Of s DEPARTMENT OF | Energy Efficiency &
Funding Anticipated

ENERGY Renewable Energy

2013

A Verification and documentation of energy savings, load-balancing
potential, and performance of:
I energy and occupant comfort impacts of new HPWHs without ducting, with
exhaust ducting, and with supply and exhaust ducting,
I HPWH demand response capabilities, and

I HPWH performance in hard water conditions.

A Development of specifications for HPWH appropriate for adoption into

utility incentive programs, particularly in cold climates and areas with
hard water.

A Production of data set to inform HPWH model calibrations.

A Development of climate- and housing type-specific guidance for HPWH
installation to maximize savings in all climate zones and configurations.

A Collaboration with manufacturers to develop market-ready supply ducted units,
as appropriate.
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2011 Primary Accomplishments  ENERGY

Energy Efficiency &
Renewable Energy

A Sited and commissioned PNNL Lab Homes
A Held

Road-mapping

Workshop
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