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Ground Source Heat Pumps

• Ground source heat pumps replace a conventional forced air
furnace and air conditioning system.
• They have a heating Coefficient of Performance COP of 3 to 4,
meaning they are 300 to 400 times more efficient than just
using electric heat, which is 100% efficient. They have a
cooling Energy Efficiency Rating EER up to 21, compared to
high efficiency air conditioner at a SEER of 16.

Ground Source Heat Pumps
• A Hydronic system can be used to supply many different types of
heating and cooling loads, such as space heating and cooling,
snowmelt, swimming pool heating, radiant floor systems, and
domestic hot water up to 115°F.
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Ground Source Heat Pumps
• The biggest barrier to market for ground source heat pumps is the
capital cost of the ground heat exchanger. The length of the ground
heat exchanger is determined by the building heating and cooling
loads, thermal conductivity of the soil and rock where the ground
heat exchanger is to be installed.
• Having an imbalance in the building heating and cooling load causes
the loop length to be longer.
An example building located in Colorado has a heating load of
105,000 Btu/hr and a cooling load of 54,300 Btu/hr is heating
dominated. This heating imbalance can be caused by location,
occupancy schedules or the use of the building. This example building
has a swimming pool that is heated all year round creating the heating
and cooling imbalance.

Ground Source Heat Pumps
• For a heating load of 105,000 Btu/hr the loop length requirement
is 221 ft/ton, for a total length of 1937 ft.
• For a cooling load of 54,300 Btu/hr the loop length requirement is
286 ft/ton, for a total length of 1293 ft.
• For a combined heating and cooling load the loop length requirement is
211 ft/ton, for a total length of 1846 ft.
Having a combined load shortens the required loop length on a per ton
basis.
These numbers are for this example only and will vary depending on the sites soil and rock composition.
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Ground Source Heat Pumps
For this example the combined heating and cooling load has decreased
the loop length by 15.6% over the heating length. How do we increase
the cooling load to reduce the loop length even further?
One solution is to make a hybrid system. Let’s look at using solar
Thermal for our hybrid system.

Solar Thermal

• Solar thermal produces heat through solar panels using water or a
propylene glycol solution.
• Ideal orientation is due South and panels placed at angle that is
the location’s latitude.
• Solar thermal systems provide heat for domestic hot water, space
heating, and heat for industrial applications.
• They can provide space heating for radiant floor systems,
hydronic fan coils, snowmelt systems, swimming pools, and any
other appliance that can utilize hot water.
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Solar Thermal
Design Challenges of Solar Thermal Systems
• If used for space heating must have a supplemental heating
system.
• Produce maximum output in the summer when heating is not
required.
• Dependent on the sun.
• Need to have a clear space to get maximum out put of the panels.
• Storage tanks need a lot of space, rule of thumb is for every
square foot of collector area you need 2 gallons of storage.
“Typical” residence requires 2 to three panels to meet domestic
hot water needs.

Solar Thermal
The chart below shows the output of 2 solar thermal panels for
domestic heating of 160 gallons per day. The panels are at a 40
Degree orientation and are installed in Colorado.
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Solar Thermal
The chart below shows the output of 4 solar thermal panels for
domestic hot water heating of 160 gallons per day and a building
design load of 105,000 Btu/hr. The panels are at a 40 Degree
orientation and are installed in Colorado.
Monthly Domestic Hot Water Fraction Due to Solar Thermal
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Geothermal/Solar Thermal Hybrid
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Geothermal and Solar Thermal Hybrid System Advantages
Both systems are renewable energy systems.
Both systems don’t use fossil fuels at the point of use, systems
only require electricity.
Geothermal is the backup for the solar thermal while the
geothermal can provide cooling
Large flexibility in the heating appliances that can be used with
both systems.
Outstanding synergy between the two technologies. You can use
the geothermal loop field as a storage tank to absorb the excess
solar energy in the summer. This advantage allows you to
oversize the solar thermal system and increase the solar thermal
contribution to the winter heating.
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Geothermal/Solar Thermal Hybrid
The concept of using the ground heat exchanger as a “tank” for the
excess solar thermal energy system in summer has several
advantages .
• Having a place to store the excess summer energy we can
increase the size of our solar system allowing us to get 100% of
our domestic hot water from the solar system while using the
excess energy to heat other heating appliances.
• In colder climates that are heating dominated we can offset the
cooling of the ground in the winter by the ground source heat
pump by dumping the excess solar energy to the ground in the
summer.
• The dumping of the heat in the summer to the ground reduces our
overall ground heat exchanger length. This reduction in length
reduces the capital cost of the geothermal system.

Geothermal/Solar Thermal Hybrid
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Geothermal/Solar Thermal Hybrid
The coupling of the two systems has reduced the required length
to 187 ft/ton, for a total length of 1636 ft. This is a reduction of
11%.
We have also increased the amount of energy we can get from the
solar thermal panels which has reduced the operation of the ground
source heat pump by 8% or 218 KW hours.
Based on local Colorado utility rates the geothermal system by itself
has a payback period of 9.4 years, with the addition of the solar
thermal system the payback is 8.2 years. The solar system with out
the geothermal system has a payback in 15 years, with the
geothermal plant the payback is in 12 years.
This system will provide 100% of the domestic hot water, 100% of the
building heating demand, and 100% of the cooling demand. At the
point of use the system has a natural gas reduction of 5908.7 therms.

Other Geothermal Hybrid Systems
Geothermal Systems can be coupled with many types of heating and cooling
equipment. Examples of such equipment are:
• Boilers
• Cooling towers for cooling dominated buildings
• Biomass furnaces
• Fuel Cells
• Stirling Engines
The selection of each equipment depends on the buildings and sites usage and
resources available.
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