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If you have an old electric resistance: hot water tank, you may want to consider

replacing it with an electric Heat Pump Water Heater ( HPWHé a ka A Hy br i d o

heater). That will reduce your electricity usage for hot water by 50% or more, helping
the environment while also helping you save on your home energy bill.

Il n Tonyds trackipgemergeusagefrom his HPWH, this translated to about 5
kWh less electricity daily (2 people) or 1.8 MWh/yeard or about $365/year.

A HPWH will cost about $2,000 (after rebates) to installd and the energy savings will
more than make up for the added cost over a normal electric resistance tank. If your
current tank is at least 10 years old, you may need a new tank, so consider proactively
replacing it with a HPWH.

A HPWH may not be the best choice for everyone: if you heat your water with gas or
c a tpkce your HPWH in a suitable interior space that meets HPWH requirements, a
HPWH may not be your best option to reduce your energy bill. In fact, the generous
Mass Save HPWH rebate of up to $750 only applies if you are replacing an electric
resistance- hot water tank, so replacement of oil- or gas fired tanks will not qualify.
However, replacing an old oil-fired water heater may save you money even without a
rebate.

Going with a HPWH is a great way to save energy and money, whether you choose to
also install solar PV (Photovoltaic) (e.g. via Solarize Mass) or a heat pump space
heating and cooling system (e.g. via HeatSmart Mass). Your HPWH may be either
completely independent of space heating and cooling or set up to capture waste heat
from geothermal cooling or gray water recovered from showers, clothes washers,
dishwashers, etc. If you are considering PV solar now, implementing conservation
methods like HPWH can reduce the needed PV capacity, therefore the cost of your PV
system. Likewise, techniques like briefer showers, low-flow shower heads, washing
clothes in cold water, etc. can reduce the needed size of your HPWH tank, saving
installation cost, capturing greater MassSave rebates, and increasing efficiency. Many
energy saving techniques are outlined on our website at
http://wepowr.com/boltonharvardheatsmart/resources (see: other ways to conserve

energy)

How do Heat Pump Water Heaters Work? Instead of generating heat by running
electricity through resistive elements in the water like conventional tanks, HPWH use
electricity to power a heat pump that efficiently transfers heat from air near the tank to
water inside the tank, like a refrigerator or air conditioner in reverse. See also:
https://www.energystar.gov/products/water_heaters/high_efficiency electric_storage w
ater_heaters/how it _works By transferring vs. generating heat, HPWH are 2-3 times
more efficient than electric resistance water heaters. Since this process can be relatively

sl ow, HPWHs are typically Ahybrido systems,

element that can provide a boost during periods of high demand.
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Our website at http://heatsmartbh.org/ contains several relevant FAQ with more details:

What is a heat pump water heater and how does it work?
What are the benefits of using a heat pump water heater?
Are there drawbacks to using a heat pump water heater?
Is a heat pump water heater right for me?

= =4 A =

T o n yExmerience with a Heat Pump Hot Water Tank. Tony replaced his old electric
resistance- hot water tank with a HPWH late in 2013. Later, during Solarize Mass

Bolton, Tony documented the details of his system and its measured energy-saving
performance in the following briefpaper : fiHeat Pump Hot Water
Jagodnik, 2016 October 27. See:
http://wepowr.com/sites/default/files/Heat%20Pump%20Hot%20Water2016Nov14.pdf.

A key finding was the reduction in electricity consumption, evident in the following

chart, which shows that it has performed very well, saving about 5 kWh of electricity

per day (8 kwWh before 1 3 kWh after).

1 The blue line in the chart below shows the H P WH dadly power usage,
measured by an efergy true power meter, with its clamp-on current sensors
connected within the power panel.

1 The red plot is the same data, but filtered over multiple days to smooth out the
high-frequency variations. Except for the peaks and valleys, it represents
occupancy by two adults.

1 The highest peaks are when two additional adults and two teen-aged children
were visiting. The valleys are when no one was home for a prolonged period.

1 While this HPWH has backup electric resistance elements to cover periods of
high demand, they have not been used since the initial fill up!


http://heatsmartbh.org/
http://wepowr.com/boltonharvardheatsmart/faqs#hpwh
http://wepowr.com/boltonharvardheatsmart/faqs#hpwhbenefits
http://wepowr.com/boltonharvardheatsmart/faqs#hpwhdrawbacks
http://wepowr.com/boltonharvardheatsmart/faqs#hpwhsuitability
http://wepowr.com/sites/default/files/Heat%20Pump%20Hot%20Water2016Nov14.pdf
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Hot Water Results
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Additional energy savings not included in the plot were:

1 A side benefit of HPWH is that it de-humidifies and cools the basement air.
Whil e a HPWHO6s primary pur p dehwendifidatom 6 t
continuous operation can greatly reduce the need to run your dehumidifier,
saving you even more electricity.

1 The instrumentation to measure power consumption was removed before the
performance improvement due to additional insulation installed around the tank
could be measured.

The HPWH manufacturer recommended an enclosed room volume of at least 1000 ft3,
so the ~9000 ft2 unfinished basement with walls insulated outside with R5 styrofoam +
earth and thermopane windows was more than adequate. When the HPWH was
installed, the basement was unconditioned, except for incidental leakage from the oil-
fired furnace and ducts in the ceiling. As pictured in the referenced brief paper, ducting
with manually-controlled dampers was installed so that cool, dry air from the HPWH
could be directed outside during winter months when not needed in the basement. That
created a negative pressure, but the slight back draft was only evident if the HPWH,
the oil-fired furnace, the central vacuum system, and the central woodstove upstairs
were all running at once, but that rare situation could be easily avoided. The negative
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pressure may also draw some conditioned air down the stairs from the first floor, but
that was not noticeable.

In late 2016, the Oil Furnace was replaced by a ducted central heat pump, so
backdrafts cannot occur anymore. The ducts were sealed and insulated to reduce
incidental conditioning of the basement, but the net effect only lowered the temperature
by ~2°F during winter. The windows were sealed and film added to reduce infiltration.
Basement air temperature generally stabilizes at ~62°F in winter and ~68°F in summer.
A separate mini-split was installed in the basement and used for heating only when
someone is working down there, so the space remains mostly unconditioned.

HPWH in HeatSmart. When MassCEC/DOER established the HeatSmart Pilot
program, the four winning teams were given a choice of four different clean heating
and cooling (CHC) technologies. For example, Bolton/Harvard adopted ASHP and
GSHP. While HPWH was not one of the four CHC technologies, it is a high-efficiency
option offered by the Bolton/Harvard installer that provides enough benefits to
consumers and the electrical grid to receive up to a $750 Mass Save rebate for tanks
up to 55 gallons and $150 for larger tanks when replacing an electric resistance water
tank..

Later, we agreed to create a list of local plumbers experienced and willing to install
HPHW of various brands, giving customers a greater range of choices. In order to
facilitate that, we built a HPWH Guide as an excel spread sheet available at:
http://wepowr.com/sites/default/files/Mass%20Save%20HPWH%20Models 2018Aug2
1V5.xlIsx. It is based on the latest Mass Save list of HPWH that qualify for a rebate (as
of July 2018), which are all ENERGY STAR-rated and have a 10-year warranty.

There are 3 separate tabs, one for tanks up to 55 gallons that are eligible for a $750
rebate and two others for ~60 and ~80 gallon tanks that only get a $150 rebate. For
each tab, wedbve included some more informatio
models:

1 Uniform Energy Factor (Column E): Uniform Energy Factor (UEF) is a
measure of the energy efficiency of a water heater (heating output divided by
energy consumed, accounting for heat lost when the tank is not in use). HPWHSs
typically have UEFs of at least 2.5, compared to approx. 0.93 or lower for a
standard electric resistance tank.

1 Air Ducting (Column J): If you are concerned about the basement cooling
effect of a HPWH during the winter, some models have the option to duct the
exhaust (and potentially the intake) out of your home.

9 First Hour Rating (Column K): First Hour Rating (FHR) describes the number
of gallons of hot water a water heater can provide in the first hour of operation,
starting from a full tank. Since HPWHs can take some time to recover heat (or
may need to use the less efficient backup electric heating element), it is
important to select a tank with a FHR that closely matches what you expect to
be your peak hot water consumption.


http://wepowr.com/sites/default/files/Mass%20Save%20HPWH%20Models_2018Aug21V5.xlsx
http://wepowr.com/sites/default/files/Mass%20Save%20HPWH%20Models_2018Aug21V5.xlsx
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Wedve also provided | inks to manufacturer doc
efficiently these systems may perform.

Using the HPWH Guide to Select your Equipment and Installer

1. Decide on the size of the tank. Energy Saver, the U.S. Department of Energy's
(DOE) consumer resource on saving energy, recommend a straightforward
method of estimating the First Hour Rating, based on key events like showers,
etc., using a simple worksheet. See:https://www.energy.gov/energysaver/water-
heating/sizing-new-water-heater, which concludes with an example: fi

Gallons of Hot

Description of Water per # of Total Gallons

Action €1 p Occurrences| Consumed Daily
Action

3 showers 10 x 3 = 30

1 shave 2 x 1 =

1 hand dishwashing 4 x 1 =

Peak Hour Demand = 36

*The above worksheet is based on standard usage with no water conservation
measures.o

You may want to adjust the result if energy conservation measures, like briefer
and staggered showers, low-flow shower heads, washing clothes in cold water,
etc. are planned. Using this number, consult the HPWH Guide, which lists the
FHR for each tank. Note that larger tanks (over 55 gallons) cost more, have
lower rebates, take up more space, and generally have lower UEF ratings.
However, they may be necessary if you have a larger household (or a lot of
teenagers!). The example above can be met by even the smallest <55Gallon
HPWH, which has a FHR of 57 Gallons. Manufactures also have guidelines for
tank size vs. number of people occupying the house, e.g. 50 Gallon capacity for
4 people. Once you have decided on the size of tank needed, you can focus on
the appropriate tab only.

2. Compare Performance and features. A higher UEF (Uniform Energy Factor) is
better. While UEF is determined by a complex test procedure involving various
draw patterns, simplé &isdimegsonldss likeaCOR and dars
be used to roughly estimate the savings compared to resistive water heaters
(UEF of about 1). A tank with UEF of 3 will use 1/3 the electricity of a resistive
water heater. In the HPWH Guide, tanks with low UEFs are shaded and should
be avoided unless they have some redeeming feature(s). Northern Tier 3
compliance is important here because it allows tanks to work at lower ambient


https://www.energy.gov/energysaver/water-heating/sizing-new-water-heater
https://www.energy.gov/energysaver/water-heating/sizing-new-water-heater
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temperatures. Tank material may influence longevity, but all are warranted for at
least 10 years.

The HPHW heater will help to cool and also de-humidify the basement or
wherever it is installed. That is great except during winter, so it is a good idea to
get a tank with air ports that can be connected to round ducts to the outside, or
via optional adaptors. The ducting can be done later if you find it getting too cool
in the basement. So you may wait on any air ducting, but want tanks that have a
way to connect ducts to outside in winter in the future. Therefore, avoid
selecting any tank that has no ducting options listed in the HPHW Guide. Also,
remain mindful of the minimum enclosed room volume typically at least 1000 ft3
when ducting is not used. The larger the room, the less it will be affected by the
HPWH. If the room is conditioned, the HPWH may impact the HVAC system,
taking some heat from it. Studies have been done to determine how HPWH
affect the temperature. From: https://www.buildinggreen.com/blog/heat-pump-
water-heaters-cold-climates-pros-and-cons fi L figure our heat pump heater
lowers the temperature in the basement by about 3 degrees, our wood floor has
an R value of 2.75 and the basement ceiling is 1217 square feet. This gives me
heat loss of 1314 BTUs per hour. Running 6 hours a day (probably a little high),
a delivered heat efficiency of 70% for our oil system, this equals 2.4 gallons a
month (about $9), which is not bad. o

Geothermal systems, if equipped with hot water assist (aka desuperheater), will
be able to help further reduce the extra energy to make domestic hot water by
pre-heating the water before it enters the HPHW tank. Gray water heat recovery
systems will also help. Bill Wenzel, our selected Ground Source Heatpump
Installer, will coordinate that connection with the HPHW installer.

Also consider features like controls, Wi-Fi connectivity, etc.

3. Select an Installer. Once you have narrowed down to a few HPHW choices
that meet your needs, use the right most columns of the HPWH Guide to select
an installer and contact one or more to request a bid from. Unlike ground and air
source heat pumps, no group-buy discount is expected, just a locally-
competitive price. And HeatSmart is non-profit, all volunteer, so there is no
middle man.

HELP is available from your HeatSmart Coach.

Rebates for heat pump hot water tanks: Mass Save will provide rebates of $750
for heat pump hot water tanks of 55 gallons or less (with a Uniform Energy Factor of
2.0) and $150 for tanks over 55 gallons (UEF of 2.7). Your HPWH installer is very
familiar with the rebate process and will help you fill out the necessary mass save
forms. Have your contractor review the application with you.

Conclusion. Go HPWH!


https://www.buildinggreen.com/blog/heat-pump-water-heaters-cold-climates-pros-and-cons
https://www.buildinggreen.com/blog/heat-pump-water-heaters-cold-climates-pros-and-cons

