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Ground-source heat pumps in affordable low
energy houses in Oklahoma City, OK, USA

Central Oklahoma

Habitat

for Humanity®

Hope Crossing, a Central Oklahoma Habitat for Human-
ity (COHFH) project, features 3-bedroom, 2-bath single-
family brick homes at about $85,000 each. A collabora-
tive team consisting of a local ground source heat pump
manufacturer, electric utility, and COHFH decided to
make Hope Crossing a showcase large-scale demon-
stration of affordable low energy housing.

Oklahoma City is considered to be a mixed-humid cli-
mate, with homes requiring significant heating, cooling,
and dehumidification throughout the year. In typical sin-
gle-story COHFH houses, either a central forced-air gas
furnace coupled with a split-system AC or split-system
central air-source heat pump system is used for heating
and cooling. The Hope Crossing homes, however, were
built with high-efficiency geothermal heating and cooling
systems (GHP).

All energy loads within the Hope Crossing homes are
met with electricity. Additionally, many of the homes
have energy-efficient insulation and low-e windows.
Some homes also have solar capabilities, equipped
with solar PV panels on their roofs.

The geothermal heat pump yielded up to 50% reduction
of consumed annual site energy, corresponding to a
reduction of 36% annual energy cost, and respective
CO,-eq.-emission savings. With additional low energy
house construction energy savings could be increased
to max. 75%. Both geothermal heat pump and low en-
ergy house construction proved to be cost-effective. PV
panels can effectively provide summer peak electricity,
but are less cost-effective at current PV panel prices.
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Location: Oklahoma City, OK, Climate: Mixed-humid
Single-family homes; 240 units

Total floor area: 110m? (1250 ftz)

Heating load: 5.3 kW, Cooling load: 4.7 kW

U-value wall: 0.35 W/(m? K), floor: 1.99 W/(m* K)
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Air-conditioning is considered mandatory in all new Oklahoma City homes, mak-
ing air-based distribution systems the norm. Most new homes use either a cen-
tral forced-air gas furnace coupled with a split-system AC, or a split-system cen-
tral air-source heat pump and supplemental resistance heat. In low-cost single-
story houses typical of the COHFH homes, the central duct system is usually
located in the unconditioned attic, perhaps the worst possible location from an
energy-efficiency standpoint.
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The ground source heat pump manufacturer and the local installer agreed to
install the GHP system for the same price as the standard gas furnace/AC com-
bination. The GHP manufacturer donated the heat pump units. To reduce instal-
lation costs, they integrated the ground-loop pumping and purging valves into the
heat pump to save on space, equipment cost, and field labor. They also drilled a
single 120m heat exchange bore directly underneath the floor slab instead of
employing the typical practice of drilling two 60m heat exchangers in the lawn,
which would require a separate excavation step and pipe routing into the house.
The electric utility funded the incremental costs for the building envelope, light-
ing, and appliance upgrades. Both parties shared costs for the two homes
equipped with solar PV systems.

COHFH has constructed four types of homes: the “Standard Gas” home, consid-
ered to be the standard until the more energy efficient construction began. The
second type incorporated a GHP system into the otherwise “standard” type of
home, thus designated “Standard GHP.” Later, the envelope, lighting, and appli-
ances were upgraded, leading to the “Low Energy GHP” home. Finally, some
homes have been equipped with solar PV systems sized with a goal of being
zero-peak, or nearly “off-grid” during the utility peak load period. These “Low
Energy GHP + PV” homes should not require any grid electricity (on a net basis)
to operate the GHP system over the year.

The figure below illustrates the major changes made to the homes in the pro-
gression from Standard Gas to Low Energy GHP + PV,
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Geothermal (ground-source) heat pumps are one of the fastest growing applica-
tions of renewable energy in the world. Their main advantage is the use of nor-
mal ground or ground-water temperatures (between about 5 <C and 30 C),
which can be used all over the world. Annual growth in use is about 10%.
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for Humanity®

Non-prefit Christian housing ministry
® Founded in 1976
Has built 250,000 homes world-wide
® Providing over 1 million people with safe,
decent, affordable shetter
3rd largest private homebuilder in USA
u 5000 homes per yearin USA
n Plys 20,000 homes per year in other countries
Not a give-away program
u Volunteer labor and donations reduce costs

u Homeowners provide down-payment, inferest-
free morigage payments, and sweat equity
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Monthly energy consumption during 2007 was collected from
utility meter data for 16 homes in a similar COHFH project
(Spencer); 8 were standard gas type and 8 were standard GHP.
For Spencer, the reduction in heating and cooling energy con-
sumption of the GHP home type relative to the standard gas type
was measured to be 66.3% and 48.8%, respectively.

For the GHP homes, all loads are met with electricity. For the
standard gas homes using natural gas for heating, the water hea-
ter is also gas-fired, and estimates assumed that 75% of the
ranges and 25% of the clothes dryers were also supplied by gas.
(The remainder of the loads in the gas-heated homes is met with
electricity.)

The figure below compares the estimated annual site energy use
to average metered annual energy consumption during 2007 for
the 16 Spencer project homes (~40% of gas home consumption
was electric and the rest gas; GHP home consumption was all
electric). The estimates are calculated using an average weather
year for the locale. As can be seen, the estimated energy con-
sumption for both home types is reasonably close to the actual
consumption, deviating by less than 9% in the worst case after
adjustment.

The above estimation procedure was used for the Hope Crossing
project, to generate annual energy use estimates as part of the
planning process in order to evaluate the benefits of GHP tech-
nology, low energy construction modifications, and integration of
a grid-connected solar PV system. All typical end-use loads were
considered in order to estimate the total energy consumption of
the homes.

Estimated and metered total energy consumption

Tranquility 27™ Series geothermal heat pump

One of the heat pumps installed at Hope Crossing

The Hope Crossing homes will also be LEED
certified.

Many homes have energy-efficient insulation,

low-e windows, and some have rooftop solar
panels.

With all elements in place, including solar panels,

energy consumption can be reduced by 75 per-
cent.

If more solar panels were used, the houses could
function off the electrical grid.




The total site energy consumed by the typical new
COHFH home can be reduced from 50-75%
through the use of GHPs combined with low en-
ergy construction techniques

Actual annual site energy savings of 50% were
obtained using GHP systems in standard homes
during the first phase of the project, which led to a
36% reduction in annual energy costs

GHPs and low energy construction are both cost-
effective, providing a return on investment in the
15% range, and both are generally available in the
COHFH locale

When the energy consumption of a home is
brought to these low levels, relatively small solar
PV systems can be incorporated that will nearly
eliminate the summer peak load imposed on the
electric utility, and that will provide all of the energy
required to operate the GHP system

By using a larger PV system, zero energy homes
are feasible, but expensive

As the energy consumption of the home is re-
duced, the appliance and plug load grows to nearly
50% of the total, creating a limit on further reduc-
tions
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The figure below shows a comparison of the total esti-
mated site and source energy consumption and the as-
sociated carbon equivalent emissions, or global warming
potential (GWP), for each COHFH house type. The 240
low energy GHP homes to be constructed in the Hope
Crossing project will collectively save nearly 1,100 metric
tons of CO, per year, or 22,000 metric tons over a homi-
nal 20 year lifespan, compared to the standard gas
homes that COHFH had been building. If all of the homes
had the 2.3 kW solar PV option, another 12,000 metric
tons could be saved over 20 years.

The GHP system and the low energy construction costs
can provide a very favorable return on investment. The
investment in solar PV is much more difficult to justify on
energy cost savings alone. Providing financial benefits for
the carbon emission reductions would improve the eco-
nomics for all of these alternatives.

Note — CO,-eq.-emissions based on US national average
emissions factors for electricity and natural gas of 0.758
kg/kWh and 0.063 kg/MJ (0.227 kg/kwWh), respectively.

Estimated total energy consumption and emissions
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Architecture and Design

Central Oklahoma Habitat for Humanity (COHFH)
Oklahoma City electric utility

ClimateMaster

Field monitoring

COHFH

Oklahoma City electric utility
ClimateMaster

Date of Best practice sheet: February 2010

Daniel Ellis
Field Experience with Ground-source Heat Pumps in Afford-
able Low Energy Housing
IEA HPC Newsletter, Volume 26, No. 3, 2008

Daniel Ellis

Field Experience with Ground-source Heat Pumps in Afford-
able Low Energy Housing

Presented at 9" IEA Heat Pump Conference, Zurich, May
2008, download at http://www.annex32.net/presentations.htm

IEA HPP Annex 32

IEA HPP Annex 32 is a corporate research project on technical building systems with heat pumps

for the application in low energy houses.

The project is accomplished in the Heat Pump Programme (HPP) of the International Energy Agency (IEA).

Internet: http://www.annex32.net
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