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Presentation Outline
• Overview of geothermal heat pump 

(GHP) systems

– aka: GeoExchange (GX), ground-source, 
ground-coupled

• GX Design

– Thermal Conductivity 

– Loop Design Considerations

• Hybrid Systems

Las Vegas, NV

Roosevelt, UT



Growing Interest in 
Sustainable, Green 
Design

Owners
Architects
Government
Patrons
Utilities
Students



Environment
Annual Carbon Dioxide Emissions from Space 
Conditioning Equipment by Region

(In thousands of kilograms per year)



Utah: Tax Credit
Residential: 25% of the cost of the GeoExchange system, up to 
$2,000 

Commercial: 10% of the cost of the GeoExchange System up 
to $50,000

Federal Tax Credit:
Residential: 30% of the cost of the GeoExchange system – no 
limit.  GX equipment must meet Energy Star requirements.

Commercial:  
10% of the cost of the system.
5 year accelerated depreciation
May elect to take credit as a grant – paid within 60 days of 
completion.
50% Energy reduction up to $1.80/ sq. ft.

Federal and State Incentives:



•• HeatingHeating

•• CoolingCooling

•• Hot waterHot water

•• Humidity controlHumidity control

•• Ice makingIce making

Overview:Overview: 
What do GHP systems provide?What do GHP systems provide?

No outdoor equipment (no noise 
or outdoor maintenance)
Comfort & air quality
Reduced peak electrical loads 
for air conditioning

…but also…

Energy efficiency
Decreased maintenance
Decreased space needs
Low operating costs  



The earth is like a solar battery absorbing nearly half of the sun’s 
energy. The ground stays a relatively constant temperature through 
the seasons, providing a warm source in winter & a cool heat sink in 

summer.

4% absorbed by clouds.

17% reflected 
by clouds.

6% reflected 
by surface.

19% absorbed  
by water vapor, 

dust

46% 
absorbed  by 

ground

Space

Atmosphere

Earth

100%Geothermal & Solar EnergyGeothermal & Solar Energy

Accredited GeoExchange Installer TrainingAccredited GeoExchange Installer Training



Relatively Constant Earth Temp



Ground Source Heating and Cooling…

Uses a Heat Pump to move energy from a space into 
the ground or, energy from the ground into a space.



1.1. Earth connection Earth connection 
Closed-loop

Open-loop

2.2. WaterWater--source heat pumpsource heat pump

3.3. Interior heating/ cooling Interior heating/ cooling 
distribution subsystemdistribution subsystem

Forced air
Radiant

Components of GHP SystemsComponents of GHP Systems
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Components:Components: 
WaterWater--Source Heat PumpSource Heat Pump

•• WaterWater--toto--air or waterair or water-- 
water heat pumpwater heat pump

•• ¾¾ to 10 ton units are to 10 ton units are 
most commonmost common

•• Up to 50 tons commercialUp to 50 tons commercial



Air 
Loop

Ground 
Loop

Refrigerant Loop

Domestic Hot Water 
Loop

Ground Source Heat PumpGround Source Heat Pump

Accredited GeoExchange Installer TrainingAccredited GeoExchange Installer Training



Heat Pumps

• How do heat pumps work
Moves heat = A/C or refrigerator

• Why are they more efficient 
that conventional equipment

Heating – Moving not creating
Cooling – Thermal Conductivity of water vs. 

air



Residential Water-to-Water



Ground Source Heat Pump Heating OperationGround Source Heat Pump Heating Operation

Accredited GeoExchange Installer TrainingAccredited GeoExchange Installer Training

175 F 
Gas

165 F Gas
117 F LIQ.

17 -25 F 
(Gas)

165 F

35 -60 F 
(Gas)



Ground Source Heat Pump Cooling OperationGround Source Heat Pump Cooling Operation

Accredited GeoExchange Installer TrainingAccredited GeoExchange Installer Training

175 F 
Gas

56 F Gas.

17 -25 F 
(Gas)

165 F 
Gas

120 F 
(LIQ)



Geoexchange Potential
• Heating Efficiency

– 80-96% AFUE vs. 4.0 COP (400%)
• Cooling Efficiency

– 13-15 SEER vs. 38 SEER (Up to 30 EER)
• (11 EER)        up to              (30 EER)

• Consumer satisfaction > 95%
• Owner savings

– 30%-70% $ in heating mode
– 20%-50% $ in cooling mode
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GHPsGHPs and Aquaculture:and Aquaculture: 
FeasibilityFeasibility
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I N F E A S I B L E    R E G I O NRegion where geothermal could handle <15% of total annual loadRegion where geothermal could handle 15-30% of total annual loadRegion where geothermal could handle 30-55% of total annual loadRegion where geothermal could handle 55-80% of total annual load
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Region where geothermal could handle up to 30% of the total annual load

Region where geothermal could handle 30-55% of the total annual load

Region where geothermal could handle 55-80% of the total annual load
Region where geothermal could handle 80-90% of the total annual load

R  e  g  i  o
  n     w

  h  e  r  e
     g

  e  o  t  h
  e  r  m

  a  l    
 c  o  u  l  d

     h
  a  n  d  l  e

 

>  9  0  %     o
  f    

 t  o  t  a
  l    

a  n  n  u  a  l    
 l  o  a  d

$1.0 $1.5 $2.0 $2.5

$0.20

$0.30

$0.40

$0.50

$0.60

$0.70

Contours represent fraction of geothermal capacity to the peak hourly heating load
Full article available at http://geoheat.oit.edu/bulletin/bull26-1/art3.pdf



GHP system options

20



OpenOpen--LoopLoop



Residential systems:  Each home typically 
has its own ground heat exchanger

200 - 400 Ft.

20 Ft.

25 Ft.

5 Ft.

22



HORIZONAL PIPING-
5' TO 6' BELOW GRADE

HORIZONTAL SYSTEM



PIPING IN TRENCH

POND OR LAKE

CLOSED LOOP 
SUBMERGED IN 
POND / LAKE

POND / LAKE SYSTEM



Other Residential and 
Commercial Applications

• Black Water Heat Exchangers
• Fountain Heat Exchangers
• PV Hot Water Recirculation Systems
• Solar Hot Water  Recharge



Black Water Heat Exchanger 
Major Downey Mansion



OVERVIEW

DESIGN CONSIDERATIONS
–Thermal conductivity testing
–Loop design parameters
–Physical loop design considerations

HYBRID SYSTEMS
–Overview

Economics

Renewable Utilities



What we need to know about the 
earth before design of the loop.

–Soil properties – Type of soil
–Earth temperature
–Formation Thermal Conductivity  (k - Btu/hr-ft-°F)

•A measure of a material’s ability to conduct heat.

–Formation Thermal Diffusivity (α=k/ρc - ft2/day )
•Ratio of heat conduction rate to heat storage capacity.

–Excavation or drilling characteristics



Shallow Loops- 
Soil Thermal Groups

• Coarse-Grained
– Water content has large effect
– Higher values of thermal conductivity if dirty

• Fine-Grained
– Silt or Clay
– Silts have higher thermal conductivity values

• Loam
– Mixture of sand, silt and clay



Moisture content is very important:



Constant Earth Temperatures 
Compared to Air

SLC – Peak air day is 235
6’ Lag – 35 days

15’ Lag - ~68 days



Vertical Boreholes
Most of the GX sites 
in Utah will fall into 
one of three hard- 
rock categories.

However, thermal 
conductivity is highly 
variable.



Shale, mudstone, …

Limestone, …

Sandstone, …



What we need to know about the 
earth before design of the loop.
–Soil properties – Type of soil
–Earth temperature
–Formation Thermal Conductivity  (k - Btu/hr-ft-°F)

•A measure of a material’s ability to conduct heat.

–Formation Thermal Diffusivity (α=k/ρc - ft2/day )
•Ratio of heat conduction rate to heat storage capacity.

–Excavation or drilling characteristics



Soil 
Temperature

• Soil temperature is variable 
to about 26 feet.

• At ~26 feet the temperature 
is +/- 2o F of the mean 
surface air temperature.

• Generally, below ~26’ to 
approximately 1,000’, the 
earth temperature will 
remain constant.

• Geologic anomalies (faults, 
thermal intrusions, etc.) 
may change this rule of 
thumb.



What we need to know about the 
earth before design of the loop.

–Soil properties – Type of soil
–Earth temperature
–Formation Thermal Conductivity  (k - Btu/hr-ft-°F)

•A measure of a material’s ability to conduct heat.

–Formation Thermal Diffusivity (α=k/ρc - ft2/day )
•Ratio of heat conduction rate to heat storage capacity.

–Excavation or drilling characteristics



FTC TestingFTC Testing

Also known as: 
• In-situ Testing
• Thermal Conductivity Testing

“A field test to determine the AVERAGE 
thermal conductivity of the formation 
throughout the entire length of the 

vertical bore column.”



Other than building load distribution, soil 
(earth) conditions are the largest factor in 
determining the shortest necessary loop 
length, either conventional or hybrid.

Formation Thermal Conductivity Formation Thermal Conductivity 
TestingTesting



FundamentalsFundamentals

Computer

Data Acquisition 
Interface

Temperature Sensors
±

 

0.5°F

PumpGenerator / Power
10% Variation

Flow Gauge (Optional)

In-Line Heater (15 - 25 W/ft)



ASHRAE Recommended ASHRAE Recommended 
ProceduresProcedures

• Required Test Duration – 36 to 48 hours.
• Power

– Standard deviation ≤

 

1.5% of average.
– Maximum power variation ≤

 

10 % of average.
– Heat flux rate between 15 W and 25 W per foot of bore.

• Undisturbed Soil Temperature – Shall be determined by 
recording the minimum loop temp. at startup.

• Installation Procedures – Bore dia. ≤

 

6”.  Bore should be 
grouted bottom to top.

• Time Between Installation and Testing – 5 days if 
grout TC is low (< 0.75 Btu/hr ft °F), otherwise 3 days.  

ASHRAE’s 2003 HVAC Applications handbook, page 32.14



Thermal Conductivity on the Thermal Conductivity on the 
FTC TestFTC Test

Slope of the semi-log 
plot temperature vs. 
time



What we need to know about the 
earth before design of the loop.

–Soil properties – Type of soil
–Earth temperature
–Formation Thermal Conductivity  (k - Btu/hr-ft-°F)

•A measure of a material’s ability to conduct heat.

–Formation Thermal Diffusivity (α=k/ρc - ft2/day )
•Ratio of heat conduction rate to heat storage capacity.

–Excavation or drilling characteristics



GeoTecGeoTec Supplied Drill LogsSupplied Drill Logs

Added:

•Drilling times
•Bits used
•General comments
•Additional pertinent data 
needed for absent drillers 
to bid.



May determine
optimum depth.



OVERVIEW

DESIGN CONSIDERATIONS
–Thermal conductivity testing

–Loop design parameters
•Loads
•Earth Data
•Time



© Minister of Natural Resources Canada 2001 – 2004.

•• ClosedClosed--loop lengths depend on:loop lengths depend on:
Peak hourly load
Annual heating loads vs. annual cooling loads
Optimum loop lengths occur when annual loads are balanced (or 
the appropriate hybrid length is used).

•• OpenOpen--loops:loops:
Required groundwater flow rate depends on its temperature 
(usually about 2 gpm/ton)
Groundwater quality and regulations!!

Some GHP Design Considerations:Some GHP Design Considerations: 
Loop SizingLoop Sizing



Loop Design Load Format - Spitler
BULDING LOAD

•24 hour load profile

•Peak Monthly H/C 
load

•Cumulative monthly 
energy use

•Duration of peak 
loads



Loop Design Load Format – 
Kavanaugh/Peterson

BULDING LOAD

•24 hour load profile

•Peaks during design 
day periods

•ASHRAE RP 1120 
“Development of 
Equivalent Full Load 
Heating and Cooling 
Hours for GSHPs”





OVERVIEW

DESIGN CONSIDERATIONS
–Thermal conductivity testing

–Loop design parameters
•Loads

»Earth Data



Add Drilling Parameters





Starting GX Length:  51,077 (ft.) 

Parameter Change
New GX 

Length % Change
Thermal 

Conductivity/Diffusivity 20% 59,309 ~16%

Deep Earth Temperature 20% 65,295 ~ 27%

Change Both 20% 75,818 ~48%

Sensitivity of loop length to changes in earth 
thermal conductivity/diffusivity and deep 

earth temperature.



OVERVIEW

DESIGN CONSIDERATIONS
–Thermal conductivity testing
–Loop design parameters
–Physical loop design considerations



A
A

HDPE u-tubes in 
vertical bores 

Common loop conditioned by vertical ground 
heat exchanger

Generally 
requires 250-625 
ft2 of land area 
per ton

55



Remember: The object is to reduce energy 
use, reduce life cycle cost, and increase 
comfort.

Design boreholes to optimum depth.
Shortening the boreholes to 270 feet could save 

about $2 – $3 a vertical foot.
~$85,000.

May determine
optimum depth.



Design around a vertical pipe size that keeps the 
loop fluid in turbulent flow at a minimum 
pressure drop. If possible less than 1 FOH/100’.

1” pipe - <~3.75 gallons/borehole. (water)
1.25” Pipe - <~7.00 gallons/borehole. (water)



OVERVIEW
DESIGN CONSIDERATIONS

–Thermal conductivity testing
–Loop design parameters
–Physical loop design considerations

HYBRID SYSTEMS
–Overview



Hybrid Geothermal

• Geothermal heat pumps provide heating 
and cooling inside the building

• GHPs reject to ground heat exchangers
• Loop also includes one or more 

supplemental fluid coolers (dry cooler or 
cooling tower)

• Can also include supplemental boilers



• Ground heat exchanger for GHP is costly
• More imbalanced loads require more ground heat 

exchanger length
• GHPs can be very expensive in heavily cooling- or 

heating-dominated climates/applications

• With a hybrid system, the size of the ground heat 
exchanger can be reduced
– Fluid cooler provides additional heat rejection 

capacity in cooling-dominated applications and there 
is still a significant reduction in water use

– Overall system cost is reduced
– Energy use is about the same

WHY HYBRIDS ARE 
CONSIDERED



© Minister of Natural Resources Canada 2001 – 2004.

Some GHP Design Considerations:Some GHP Design Considerations: 
Peak vs. Annual LoadsPeak vs. Annual Loads
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Bin Analysis – Weather Data Example  8,760 hours/year

Building Loads
Heating:  259,000 btu/h
Cooling:  235,000 btu/h

59% of cooling load
139,345 btu/h

57.1% of heating load
148,183 btu/h

Fluid Cooler will run: 249 h/yr

Economizer will run: 2,473 h/yr

GX System will run:  5,660 h/y

Boiler will run:  372 h/yr



Fluid Circulation
Pump - 2

Coolin g Tower

Plate Heat
Exch anger

Fluid Circulation
Pump - 1

Diverter-1

T-piec e-1

Heat  Pump

Ground Loop Heat Ex changers

To/F rom
Condi tioned

Sp ace

TYPICAL HYBRID SYSTEM



• Operate so as to balance heat rejection/ 
absorption in ground loop

• Use supplemental heat rejecter whenever water 
temperature is above a certain setpoint 

• Use supplemental heat rejecter whenever it is 
favorable to do so. 

• Optimize rejected energy when WB is lower.

There are many possible ways 
to control a hybrid system



System Operation – Loop sized for heating mode

32F 64F

Ground 
Loop On

TYPICAL HYBRID SYSTEM



85F 95F

Ground 
Loop On

TYPICAL HYBRID SYSTEM

System Operation – Loop sized for heating mode



System Operation

85F 88F

Ground 
Loop On

Cooling Tower Off

TYPICAL HYBRID SYSTEM



System Operation

40F
to
85F

Ground 
Loop Off

TYPICAL HYBRID SYSTEM



GHPsGHPs Applied to a Dairy FarmApplied to a Dairy Farm

GEOTHERMAL LOOP
CLOSED-LOOP EARTH HEAT EXCHANGERS 

IN VERTICAL BOREHOLE ARRAY
(single U-tube type, high-density 

polyethylene)

CIRCULATING
PUMP

WATER-TO-WATER 
HEAT PUMP

HEATING & COOLING 
WATER COIL

STORAGE
TANK

LOAD 1

SPACE 
HEATING & 
COOLING

LOAD 2

HOT WATER 
GENERATION

(for dairy 
process)

LOAD 3

MILK 
CHILLING PROCESS DESCRIPTION

THE GEOTHERMAL LOOP ACTS AS A HEAT 
SOURCE AND SINK FOR WATER-SOURCE 
HEAT PUMPS.  

IN ADDITION, THE GEOTHERMAL LOOP 
WILL ACT AS A THERMAL STORAGE 
MEDIUM, ALLOWING LOADS 2 AND 3 TO 
COMPLEMENT EACH OTHER ON BOTH 
SHORT AND LONG TIME SCALES. FOR 
EXAMPLE, LOAD 2 (HOT WATER 
GENERATION) WILL ONLY EXTRACT HEAT 
FROM THE LOOP WHILE LOAD 3 WILL 
ONLY REJECT HEAT TO THE LOOP. WHEN 
THESE TWO LOADS ARE IN DEMAND 
SIMULTANEOUSLY, THE NET LOAD ON THE 
EARTH LOOP APPROACHES ZERO. AT 
OTHER TIMES, THERMAL ENERGY WILL BE 
TRANSFERRED TO/FROM THE EARTH BY 
ONE LOAD AT CERTAIN TIMES, AND THEN 
RECOVERED BY THE OTHER LOAD AT 
LATER TIMES.

GEOTHERMAL LOOP
CLOSED-LOOP EARTH HEAT EXCHANGERS 

IN VERTICAL BOREHOLE ARRAY
(single U-tube type, high-density 

polyethylene)

CIRCULATING
PUMP

WATER-TO-WATER 
HEAT PUMP

HEATING & COOLING 
WATER COIL

STORAGE
TANK

LOAD 1

SPACE 
HEATING & 
COOLING

LOAD 2

HOT WATER 
GENERATION

(for dairy 
process)

LOAD 3

MILK 
CHILLING PROCESS DESCRIPTION

THE GEOTHERMAL LOOP ACTS AS A HEAT 
SOURCE AND SINK FOR WATER-SOURCE 
HEAT PUMPS.  

IN ADDITION, THE GEOTHERMAL LOOP 
WILL ACT AS A THERMAL STORAGE 
MEDIUM, ALLOWING LOADS 2 AND 3 TO 
COMPLEMENT EACH OTHER ON BOTH 
SHORT AND LONG TIME SCALES. FOR 
EXAMPLE, LOAD 2 (HOT WATER 
GENERATION) WILL ONLY EXTRACT HEAT 
FROM THE LOOP WHILE LOAD 3 WILL 
ONLY REJECT HEAT TO THE LOOP. WHEN 
THESE TWO LOADS ARE IN DEMAND 
SIMULTANEOUSLY, THE NET LOAD ON THE 
EARTH LOOP APPROACHES ZERO. AT 
OTHER TIMES, THERMAL ENERGY WILL BE 
TRANSFERRED TO/FROM THE EARTH BY 
ONE LOAD AT CERTAIN TIMES, AND THEN 
RECOVERED BY THE OTHER LOAD AT 
LATER TIMES.
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Concluding Summary

• Geothermal heat pumps are an energy-efficient 
technology

• Large Commercial installations are few, but 
potential is large

• More cost effective in some situations than others
– Simultaneous heating and cooling loads
– Low closed-loop cost
– Low open-loop cost
– High conventional fuel costs
– Reduced greenhouse gas emissions



Geothermal  3962 Alpine Valley Circle, Sandy, UT 84092

Comfort from the ground up

Cary Smith CGD CEM dcsmith@soundgt.com

801-942-6100

www.soundgt.com

QUESTIONS?

mailto:dcsmith@soundgt.com
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