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and Hot Water

Introduction
Geothermal heat pump (GHP) technology

appeals to both sides of the brain. Analytically,
as a proven heating and cooling method with
a Coefficient of Performance (COP) of up to
5.3, it is very cost effective. Emotionally, it
creates a comfortable, home environment
and has minimal impact on the planet. Often
considered as part of a US Green Building
Council Leadership in Energy &
Environmental Design (LEED®) design,
GHPs tap into the clean, renewable solar
energy stored in the ground to offer building
and home owners savings of up to 70 percent.
When designed properly, this versatile tech-
nology can be adapted to almost any environ-
ment and can be scaled to a new or existing
single family home, or an entire college cam-
pus. According to the U.S. Department of
Energy (DOE) and Environmental Protection
Agency (EPA), GHPs typically provide heating
efficiencies 50 to 70 percent higher than tra-
ditional air source heat pumps and cooling
efficiencies 20 to 40 percent higher than typ-
ical central air conditioners. This makes them 

one of the most efficient residential heating
and cooling systems available.

More than 1.5 million residential, commer-
cial and government buildings across the
United States already make use of this fast
growing technology. Elsewhere, the preva-
lence is even higher: Switzerland alone—four-
thirds the size of Maryland with a population
the size of Virginia’s—boasts around 70,000
installations. Each year, approximately 85,000
GHPs are installed in the U.S. Given the
proven track record, increasing popularity and
multifaceted consumer appeal of GHPs, archi-
tects have a number of factors to consider
when implementing this technology.

How Geothermal Heat Pumps Work
Regardless of location, ground tempera-

tures are much more moderate than the air—
generally around 50-55 degrees Fahrenheit.
By circulating an antifreeze solution through
closed loops of buried pipes, GHPs allow the
earth to normalize system temperatures,
cooling the liquid in summer or heating it in

winter. Apart from the minimal energy
expended to circulate the solution, this heat-
ing or cooling effect is "free" and contributes
to significant energy savings compared with
other types of heating, ventilation and cool-
ing (HVAC) systems. 

At the same time, the system’s heat
exchanger unit operates a refrigerator-like
vapor-compression cycle that transfers heat
between the liquid in the ground loop and a
closed loop of refrigerant (Figure 1). This
process uses energy to move heat against the
spontaneous heat-flow gradient, concentrat-
ing it where it is needed: heat is transferred to
the ground loop for dissipation in summer, or
to a building’s conventional forced air or hot
water system in winter. In this way, 50 degree
ground temperature can be converted to 110-
120 degrees for use in a building. In either
season, warm water may be shunted to assist
the building’s water heating system as well,
for further energy efficiency.

The Cost of Heating with a
Geothermal Heat Pump, Compared
to Fossil Fuels

GHPs are some of the most energy-effi-
cient heating and cooling systems available
and can reduce a building’s energy consump-
tion and operating costs well into the future.

Learning Objectives: 
After reading this article, you will:

1. Understand how geothermal heat pump (GHP) technology works.

2. Know how GHP operating costs compare with those of other HVAC types.

3. Know why GHPs are frequently used in LEED® Platinum design.

4. Understand some of the installation and design considerations for various
GHP configurations.
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These pumps achieve very high COPs, rang-
ing up to 5.3 for some of the most sophisti-
cated systems. A heat pump’s COP is the ratio
of heating or cooling provided for a given
amount of electrical energy consumed. A
higher COP means greater efficiency and
lower operating expenditures.
To understand the cost of running a GHP, it’s

useful to start by comparing the costs of vari-
ous energy types. Heat pumps do require an
external energy source to run. The most com-
mon source is electricity. For instance, if a
homeowner were paying $.0122/kiloWatt
hour for electric heat, in order to equal that
operating cost, the price of 65 percent effi-
cient fuel oil would have to be, at the most,
$3.25/gallon.

Now consider a geothermal system run-
ning on electric resistant heat and operating
at a COP of 3.5. This COP means that 3.5
times the amount of energy being used is
being produced as heat. In this case, the
equivalent fuel oil price would be no more
than $.93/gallon, and natural gas would cost
no more than $.97/therm. Clearly, prices
this low are extremely unlikely in the cur-
rent market. Table 1 shows cost equivalents
for an even more efficient geothermal sys-
tem with a COP of 5.2. To equal this system’s
operating cost, oil and gas prices would have
to drop to $.63 and $.65, respectively.

Maintenance and Long-term 
Return on Investment

Aside from its fundamental low operating
cost, an added consideration is that the cost
of heating and cooling with GHP technology
is relatively stable and predictable. In con-
trast, the cost of running systems using fos-
sil fuels is more likely to fluctuate with infla-
tion and volatile fuel prices (Figure 2).

Furthermore, because the components—
fan, compressor and pump—are located

indoors or underground, pro-
tected from the elements, geot-
hermal systems last a long time
and require only minimal main-
tenance. Lower temperature
gradients and fewer moving
parts enhance longevity.
Regular cleaning of the air filter
and occasional cleaning of the
indoor drain pan are all that is
necessary. Most of the piping is
underground and requires no
maintenance. Whereas a conven-
tional heat pump or gas furnace
might have an average lifespan of
10 to 15 years, a geothermal unit
lasts, on average, 24 years. If
installed properly, the buried

high-density polyethylene ground loop may last
for generations.

Homeowners and building owners can take
advantage of federal, state and/or local tax
credits and utility rebates when in-stalling a
GHP system. A one-time tax credit of 30 per-
cent of the total investment for homeowners
who install residential ground loop or ground
water GHPs is available through December 31,

2016. A credit of 10 percent of the total invest-
ment is also available (no maximum) for a
commercial system installation. Lastly, a geo-
thermal heating and cooling system increases
resale value, even for those who do not plan to
stay in a home or building for long. 

Geothermal Heating and Cooling
Systems Improve Indoor Air
Quality and Comfort Levels

With reports from the EPA that indoor air can
have 2-5 times higher concentrations of harmful
pollutants than outdoor air, the general public
is now more conscious of indoor air quality
than ever before. Geothermal systems can
improve the indoor atmosphere in a number
of ways. Circulating units may feature two-
speed compressors that allow them to run
longer, eliminating short blasts of hot or cold
air and improving comfort through more sta-

ble temperatures. With these longer, steadier
run times, air quality also improves, because
the geothermal system has more time to dehu-
midify the air and filter out harmful toxins. 
Furthermore, during operation, a geother-

mal system releases none of the products
associated with combustion, such as carbon

monoxide fumes, which, if
present, would disseminate
throughout the building.
This absence of harmful gas
production becomes more
and more relevant as build-
ing envelopes become
tighter and tighter.

Unlike many conven-
tional air conditioners or
heat pumps, geothermal
heating is quiet, with some
models featuring variable-
speed fan motors and
acoustical enclosures for the
compressors. All of the
equipment is designed to fit
indoors, with no noisy,

Figure 1. Geothermal heat pump schematic. Note relationship between tem-
perature moderating ground loop, concentrating heat exchanger, and house
circulation. In the cooling season, the direction of flow through the heat
exchange cycle is reversed.
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Figure 2: Trends in Energy Costs. The cost of geothermal heating and cooling is 
relatively stable compared to the operating costs of fossil-fuel based systems. 

(continued on page 38)

Comparing Energy Costs

COMPARE ENERGY COSTS - 
GEOTHERMAL HEAT PUMPS TO FOSSIL FUELS

Geothermal
Heat Pump (GHP) Fuel Oil LP Natural Gas Cost per
with COP of 5.2 65% efficient 95% efficient 95% efficient Million BTU

price/kWh price/gallon price/gallon price/therm

$0.122 $0.63 $0.60 $0.65 $6.87

Table 1

Example: If you are comparing a geothermal heat pump with a COP of 5.2, at
$0.122/kWh (12.2 cents/kWh), to a 95% efficient Nat Gas system, you
would have to buy Nat Gas at $0.65/therm., or less, to have as low an
operating cost as the geothermal heat pump.
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unsightly outdoor units to clutter the exte-
rior of the building or disturb neighbors. All
of these benefits can contribute to higher
resale values as well.

Variable Speed Compressors
Advance Geothermal Technology

Compressors in conventional heat pumps
typically run at a fixed speed all the time. But
about 90 percent of the time, a fixed-speed
compressor cycles on and off or uses some
other energy-wasting technique to throttle
back capacity. With a two-speed compressor,
the system shifts to a lower speed to save
energy when only a small change in tempera-
ture is required.

To boost energy efficiency even more, a
variable speed compressor can minimize
energy consumption by varying compressor
capacity to match cooling or heating needs
exactly. Today’s variable speed GHPs provide

efficiencies up to 5.3 COP in heating and an
Energy Efficiency Rating (EER) above 41 for
cooling, which is more than twice as efficient
as an air source heat pump or air conditioner,
and a third more efficient than current dual
capacity geothermal units.

To illustrate how a variable speed com-
pressor is more efficient than a normal com-
pressor, consider a car that has only two
choices: 30 mph and 70 mph. It would be
hard to maintain a speed of 55 mph and the
car wouldn’t be very fuel-efficient because it

takes more gas to get up to speed
than it does to maintain it.
Similarly, a variable speed com-
pressor uses low capacities and
just a small amount of energy to
constantly maintain building
temperatures.

Leading-Edge Performance
Moves Efficiency to the
Forefront

To change speed, a variable speed compressor
in a GHP uses an external variable frequency
drive (VFD) — also known as an inverter — to
slow or speed up the alternating current (AC)
electric motor that drives the rotating elements
inside the scroll compressor. A VFD is critical to
operating a variable speed compressor, because
it reshapes the frequency of the current sup-
plied to the AC motor to change speed, torque
and overall performance. Therefore, a consider-
able amount of intelligence is built into the
inverter used by the variable speed compressor.

Variable speed systems only need to run at
full speed 10 percent of the time. By reducing
compressor speed, horsepower is also reduced
— and energy consumption — in direct pro-
portion. To take full advantage of a variable
speed compressor's potential, the entire sys-
tem also has to become more intelligent. A
variable speed blower motor and variable
speed circulator pump enable the entire sys-
tem to scale along with the compressor. 

Why Geothermal Energy 
is Fundamental to Green 
Building Design

GHP technology is recognized as the most
efficient, greenest heating and cooling
method by opinion leaders in government
and private sectors. U.S. DOE sources state
that GHPs could cut HVAC energy demand by
50 percent and overall energy demand by 35
percent. Dramatically reducing a building’s
carbon footprint, geothermal ground loops
contribute to heating and cooling without
burning fossil fuel or emitting any carbon
dioxide, carbon monoxide or other harmful
greenhouse gases linked to global warming,
acid rain and other environmental hazards. 

Geothermal systems also help utilities
achieve significant reduction in peak
demand loads and therefore reduce the total
utilization of natural resources such as coal,
natural gas, or oil used to generate electric-
ity. For example, a geothermal system in a

2,500-square-foot home saves the electric
utility company more than nine tons of coal
per year. This reduction in overall electricity
demand carries the added benefit of reduc-
ing the nation’s dependence on foreign oil.

Finally, designing with geothermal
energy, depending upon the system, can
earn a project a substantial number of points
toward LEED certification. Points may be
earned not only in the Energy and
Atmosphere category, but also in the Indoor
Environment Quality, Innovation and
Design, and Water Efficiency categories.
LEED Platinum buildings, such as the
Annapolis, Maryland, Phillip Merrill
Center—the Chesapeake Bay Foundation
headquarters—almost invariably take advan-
tage of this readily available energy source.

Site Considerations: Lay of the Land
and Soil Type

Shallow ground temperatures are relatively
constant throughout the U.S., ranging from
45˚F to 75˚F. Geothermal systems are in use
throughout the country. However, the specific
geology and size of the site will determine
which type of ground loop is most appropriate
and which construction methods are best. 

The most commonly used ground loop
configurations are: horizontal, vertical and
pond/lake closed loop systems. 

Horizontal closed loop systems are gener-
ally the most cost effective. Piping, which is
sometimes coiled, is buried in trenches 4 to 6
feet deep. The length and number of trenches
depend upon the lot size and the energy load
being serviced. 

Vertical closed loop systems are typically
used for larger commercial buildings and
schools, or for homes with insufficient land—
usually 1/4 - 3/4 acre—or pre-existing obsta-
cles, such as utilities or landscaping, that pre-
clude installation of a horizontal loop system.
Up to five vertical loops 100 to 400 feet deep
can be installed in an area no bigger than 10
feet by 20 feet. 
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Where a sizable body of water is available, a
pond/lake system can be a cost-effective alter-
native. In this type of system, a closed loop of
piping runs from the building, underground
and into the water, at least 8 feet deep to avoid
freezing. A 1/2-acre, 8-foot-deep pond less
than 200 feet away is usually sufficient for the
average home. Coils of piping are placed on
the bottom of the pond to exchange heat
energy with the water.

In addition to project and lot size, local
geology must be considered in ground loop
design. Soil and rock composition can affect
heat transfer rates and must be taken into
account. For example, soil with good heat
transfer properties, such as moist sand,
requires less piping than soil with poor heat
transfer properties, such as clay. The depth of
the soil also matters—extensive hard rock or
soil too shallow to trench may necessitate the
use of vertical rather than horizontal loops. 

System and Installer Considerations
Not all geothermal systems are created

equal. The first things to compare among sys-
tems are the COP rating for heating and the
EER for cooling, for the application at hand.
GHP COP ratings range from around 3.5 to 5
or greater. This number is directly related to
how much more heat is generated than energy
expended and will affect a building owner’s sat-
isfaction with the system’s energy efficiency.

Select a supplier and certified installer
with proven track records. Some suppliers
vet their installers; others don’t. This is
important, because as demand for this tech-
nology rises, more and more contractors
may want to become installers, but they may
not have the experience or know-how to do
the job correctly. Specialized technical
knowledge and equipment are needed to
properly install ground loops. Check installer
references for systems that are several years
old and functioning well.

Partnering with a well-established supplier
and contractor is not only important for instal-
lation, but also for design. Based on the archi-
tectural specifications, the HVAC installer will
determine the energy load. For geothermal
systems, getting this calculation right is criti-
cal. The efficiency of the system depends upon
it being sized correctly. A system that is either
too large or too small for the energy load will
forfeit efficiency. The size of the ground loop
depends not only on the energy load, but also
on the soil type and climate. Some suppliers
provide their certified installers with geother-
mal design and energy software that combines
standard ASHRAE loads input with climate
tables and other location-specific information.
This kind of support and related training help
take the guesswork out of sizing. Selecting

suppliers and contractors with the tools and
experience to get the details right is crucial for
optimal performance of geothermal heating
and cooling systems.

The geothermal industry is working to
classify GHPs as a renewable energy source in
the 40 or so states that have Renewable
Portfolio Standards. Illinois, New Hampshire,
Maryland and Massachusetts have all taken
the bold step of classifying thermal energy,
meaning GHPs, into their definitions of
renewable energy. Other states may soon fol-
low suit. This means both contractors and
utilities promoting renewable energy can
derive similar benefits from geothermal that
previously were restricted to technologies
like wind and solar energy. 

Summary
A correctly sized GHP system reduces a

structures carbon footprint by drawing
on a free, renewable supply of solar
energy to achieve efficiency ratings up
to five times higher than those of ordi-
nary heating and cooling systems. A
GHP can reduce utility bills up to 70
percent. Use of geothermal technology
offers even distribution of heating and
cooling, improved indoor air quality, low
maintenance costs and an average life
span of 24 years. An architectural design
featuring a geothermal HVAC and hot
water system can garner numerous
points toward LEED certification.
Proper design and installation must
allow for a variety of factors. Satisfactory
results depend upon the selection of
reliable equipment suppliers and experi-
enced contractors.

Commercial Loops Residential Loops
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Learning Objectives:

1. Understand how geothermal heat pump (GHP)
technology works.

2. Know how GHP operating costs compare with those
of other HVAC types.

3. Know why GHPs are frequently used in LEED®
Platinum design.

4. Understand some of the installation and design
considerations for various GHP configurations.
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QUIZ QUESTIONS
1. The number of existing geothermal heat pump

(GHP) installations in the United States is:
a. 70,000   b. 300,000   
c. 1.5 million d. 3 million

2. A GHP can operate successfully:
a. in any environment when properly designed
b. only where average temperatures do not

exceed 75˚F
c. only where topsoil is at least 4 feet deep
d. with its ground loop submerged in a 

6-foot-deep pond

3. GHP systems: 
a. require an external energy source to 

concentrate heat
b. require an external energy source to

exchange heat with the ground
c. do not require an external energy source

for circulation in the building’s air duct or
forced hot water system

d. do not require any external 
energy source

4. In a geothermal system,
a. heat is transferred directly from the

ground loop to a building’s air duct or
forced hot water system 

b. a refrigerator-like device is used for 
cooling only

c. the refrigerator-like device used for 
cooling can operate in the reverse 
direction when heating is required

d. hot water heating can only occur during
the cooling season

5. A coefficient of performance (COP) of 4.0
means that:
a. four times the amount of energy being

utilized is being produced as heat
b. one fourth of the energy being used is

being produced as heat
c. the system takes 4 times as much energy

to heat as it does to cool
d. the heat exchanger gradient is 4 degrees

6. Geothermal systems help improve the indoor
environment by:

a. allowing the system more time to dehu-
midify the air

b. allowing the system more time to filter out tox-
ins

c. eliminating short blasts of hot or cold air,
thus stabilizing temperatures 

d. all of the above

7. Today’s variable speed GHPs provide: 
a. efficiencies up to 4.2 COP in heating and

an Energy Efficiency Rating (EER) above
35 for cooling

b. efficiencies up to 5.3 COP in heating and
an Energy Efficiency Rating (EER) above
41 for cooling

c. efficiencies up to 4.8 COP in heating and
an Energy Efficiency Rating (EER) above
38 for cooling

d. none of the above

8. Vertical closed loop systems:
a. are relatively easy to install
b. require at least 1/2 acre of open land
c. are often used for large buildings
d. are composed of pipes buried 4-6 feet

below ground level

9. Ground loop design is dependent upon:
a. energy load b. lot size
c. soil type d. all of the above

10. GHP technology can garner LEED points in
which category?
a. Energy and Atmosphere (EA)
b. Indoor Environment Quality (EQ) 
c. Water Efficiency (WE)
d. All of the above

Geothermal Heat Pump Technology:
The Green Standard for Energy-Smart Heating, Cooling and Hot Water
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