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GshpCalc Version 5.0 for Designing Ground-Coupled,  
Ground Water, and Surface Water Heat Pumps Systems 

 
GshpCalc Version 5.0 is an expansion and upgrade of GchpCalc 4.2.   The program has 
been extended to include open-loop ground water and surface water (lakes, ponds, rivers, 
etc.) heat pump systems.  The upgrade includes an option for international units and 
updated heat pump performance data.  Heat pump units are now rated by ISO Standard 
13256-1 and 13256-2, which require performance corrections for fan and pump power.  
Additionally, the standard uses air indoor temperatures of 80.6°F (27°C) in cooling and 
68°F (20°C).  GshpCalc 5.0 automatically corrects heat pump performance for these 
items since can be a significant difference between the rated performance and the actual 
performance.  Accessories files for water-to-water heat pumps and some reversible 
chillers are also now available, which are corrected to 120°F (49°C) for fan coils and 
100°F (38°C) for in-floor heating applications.  
 
Other additions include: 

• Use of alternative and enhanced tubing materials such as copper 
• Double U-tube correlations 
• Automatic selection of multiple units zones with larger loads 
• Links to technical papers, suggested specifications, and other GSHP information 
• Links to surface water temperature data 
• Many additional time saving and alternate options 

 
I.  Designing Ground Source Heat Pumps with GshpCalc Version 5.0 
 
The acronym change from GchpCalc (version 4.2 and earlier) to GshpCalc reflects the 
expanded capability to handle not only ground-coupled heat pumps (GCHPs) but also 
groundwater heat pumps (GWHPs) and surface water heat pumps (SWHPs).   GshpCalc 
5.0 is a tool to aid engineers in the design of these three types of ground source heat 
pump (GSHP) systems.  A detailed understanding of the principles of conventional 
HVAC systems and the basics of ground source heat pumps is necessary for proper 
application of this tool.  The Geothermal Energy chapter of the ASHRAE Applications 
Handbook contains an overview of the technology.  More detail, including the 
fundamental concepts of GshpCalc, can be found in Ground Source Heat Pumps: Design 
of Geothermal Systems for Commercial and Institutional Buildings, by Kavanaugh and 
Rafferty.  This text is available from the American Society of Heating, Refrigerating, and 
Air-Conditioning Engineers (www.ashrae.org). 
 
The instructions that follow use an example small office building that is described in in 
the above-mentioned text and apply to the Alabama Ground Source Heat Pump Software 
(GshpCalc 5.0).  The first screen of version 5.0 is shown in the figure below. 
 
Ia.  Downloading, Demo Version and Registration of Full Version 
 
Go to http://www.geokiss.com/installation_instructions.pdf for installation, operation and 
registration instructions.  
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Ib.  Basic Tips for Navigating within GshpCalc 5.0 
 
Users follow most of the conventional Window-based procedures for entering values in 
windows and making choices.  Most will choose to use the mouse cursor to point and 
click into a window or on a button.  However, users can move to other windows and 
buttons with the (Tab) keys and depress the (Enter) key to activate the button. 
 
To enter new values in a window, the user can point to the value, depress the left mouse 
button and drag the mouse cursor across the value to be changed to highlight the number.  
The new value can then be typed without having to hit the (Delete) key.  An alternate 
method is to place the cursor in the window and click the left mouse button [or (Tab) to 
the window].  The cursor is moved to the right of the value to be replaced with the (→) 
keys, and then use the (Backspace) key to clear the value before entering the new value. 
 
II.  Overview of Design Procedure for Ground Source Heat Pump (GSHP) Systems 
 
GshpCalc follows the design procedure outlined in Ground Source Heat Pumps 
(Kavanaugh and Rafferty, 1997).  The first several steps of the procedure are similar for 
GCHPs, GWHPs, and SWHPs.  These initial steps are listed below.  The steps specific to 
the each GSHP type are listed in Sections III, IV and V.  Steps performed by GchpCalc 
are indicated with bold type. 
 

1. The building is arranged into thermal comfort zones. 
2. The heating and cooling loads are computed for each zone on the design days in 

the morning, afternoon, evening, and at night.  Users can also enter the block 
loads, but the program will select multiple heat pumps of the same capacity.  The 
design calculation requires a heat pump efficiency to compute ground coil 
dimension.  So a slight error will occur if the chosen heat pump efficiency is 
appreciably different than the actual aggregate heat pump efficiency. 
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3. Loads are entering into the building load screens in GshpCalc. Users can also 
employ the free program TideLoad.xls10v1 (or later versions) to compute loads.  
The program will automatically generate a file that can be read by GshpCalc. 

4. Desired ground loop water temperatures and flows are selected  
5. A heat pump manufacturer is selected and GshpCalc automatically sizes a 

unit for each zone that will meet the heating and cooling load with the water 
loop conditions specified in Step 4.  Note:  If a central water-to-water unit is 
used the building block loads are required. 

 
IIa.  Building Load Zone Data Files 
 
The two buttons on this screen enable the user to either enter results from a heat loss/heat 
gain program for a new building design or call a previously stored file.  Zone files have a 
.zon extension.   
 

 
 
Developing zone files is the most time consuming part of GshpCalc, so novice users are 
encourage to click on the Load Existing Zone Data File  button and then click on 
(BOOK.zon), when the screen with the .zon files appears, which will highlight the file.  
Then click the Open  button.  Note:  The path of this instruction manual will follow this 
option.  Instructions for Enter New Zone Data Files  will be discussed in section VI after 
all the screens for designing a ground loop are covered.  As previously mentioned, users 
can also employ the free program TideLoad.xls10v1 (or later versions) to compute loads.  
After the user performs the cooling and heating load calculation, the program will 
automatically generate a .zon file that can be read by GshpCalc. 
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IIb.  Design Temperatures and Flows 
 
GshpCalc is a design program.  The user specifies the maximum allowable loop 
temperature (in cooling) and the minimum allowable loop temperature (in heating) 
entering the heat pumps.  The ground loop is sized and the equipment efficiency and 
capacity is computed for the worse case design conditions.  Values can be easily changed 
later in order to arrive at the optimum design trade-off between loop temperatures close 
to ground temperature (high efficiency with larger loops) and larger differences from 
ground temperature (smaller loops with lower efficiency). 
 
Entering Water Temperatures (EWTs) 20 to 35°F (11 to 19°C) above ground temperature 
for cooling and 10 to 15°F (6 to 8°C) below ground temperature for heating are suggested 
as initial values for the optimization process for GCHPs.  For GWHPs the values are 10 
to 25°F (6 to 14°C) above ground water temperature in cooling and 6 to 18°F (3 to 10°C) 
below in heating.  For SWHPs the values are 8 to 15°F (4 to 8°C) above expected late 
summer reservoir temperature in cooling and 5 to 10°F (3 to 6°C) below late winter 
reservoir temperature in heating.  Ground thermal property test, water well test, and 
water reservoir thermal and level surveys are highly recommended.   Estimates of these 
values can be obtained from maps with ground temperatures in the USA, which can be 
activated from the Ground Properties Screen.  However, state geological surveys provide 
more accurate information that has been collected from local water well logs and 
reservoir surveys.  Optimal liquid flow rates for these closed loop systems usually occur 
in the 2.5 to 3 gpm/ton range.  In some cases 2 gpm/ton is acceptable but 3+ gpm/ton 
almost always results in excessive pump power. 
 
Users should click on the Next Screen  button after these values have been input. 
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IIc.  Heat Pump Manufacturers Screen 
 
The “Heat Pump Selections and Required Flow Rates” screen will appear.  Performance 
data from several heat pump manufacturers is stored in encrypted files.  ISO Standard 
13256-1 does not include the fan power to produce air flow through the duct system or 
higher efficiency filters.  As mentioned previously capacities are based on an indoor air 
return temperature of 80.6°F (27°C) in cooling and 68°F (20°C).  The performance files 
used with GshpCalc 5.0 include the fan power, cooling fan heat deduction, and indoor 
conditions of 75°F (24°C) in cooling and 70°F (21°C) which are consistent with 
ASHRAE Standard 55 (Thermal Environmental Condition of Human Occupancy).   
 

 
 
Clicking on the Load Heat Pump Data  brings up an “Open” screen with all the product 
lines available.  Users “click” on the desired product line and the file name will appear in 
the small window below the listing of all heat pumps.  The “Open” button to the right of 
the file name will load the performance data into the program.  (Double clicking on the 
filename will also perform this step.)  GshpCalc will correct the heat pump data for the 
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previously specified loop temperatures and flows.  The program will select the smallest 
unit in the product line that will meet both the heating and cooling requirement for all 
zones.  Manufacturers can be easily changed later to compare performance.  If the zone 
heating or cooling requirement is greater than the capacity of the selected manufacturer’s 
largest heat pump, multiple units will be automatically selected to find the smallest 
number of units required to meet the loads. 
 

 
 
Note:  Users operating the Demo version of GshpCalc only have the choice of using 
“Pretty Good Heat Pumps” or “Not So Good Heat Pumps” 
--- Please read Appendix C before Selecting Dual Capacity Heat Pumps ---  

 
IId.  Heat Pump Selection Output Results 
 
Data will now appear in the “Heat Pump Selections and Required Flow Rates” screen that 
includes zone numbers, heat pump model numbers, number of units in each zone and 
zone flow rates.  The screen below shows output results for the (BOOK.zon) and the 
“Pretty Good Heat Pumps” model line and result can be printed.  In some instances 
multiple units, larger units, or units to match the sizes in other zones are desired.  In these 
cases, the user can double-click on the zone number to be changed.  A message will 
appear above the Heat Pump Models window to select the unit(s) desired for the zone. 
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GshpCalc 5.0 can also handle water-to-water heat pumps and reversible chillers.  Users 
are advised to proceed with caution since certification programs for water-to-water heat 
pumps are currently being implemented and may not be complete until early 2013.  
Additionally, fan power and cooling mode fan heat penalty can be significant, especially 
when high static pressure air handlers are used.  GshpCalc 5.0 adjusts for this by 
providing three options for the leaving water temperature (LWT) to the building: 
• In-floor heating and cooling with no fans and 100ºF LWT in heating and 55ºF in 

cooling (for dry climates only) 
• Fan coil units with 1.0 inch of water static pressure and 120ºF LWT in heating and 

45ºF in cooling 
• Air handling units with 4.0 inches of water static pressure and 120ºF LWT in heating 

and 45ºF in cooling 
 

--- Please read Appendix B before Selecting Water-to-Water Heat Pumps --- 
 
Clicking on the Next Screen  button will complete the heat pump selection and permit the 
user to proceed to the design of the vertical ground, ground water or surface water loop.  
Before making this choice an input screen is available to enter details of the project.  This 
information will be listed on the first page of the output printout. 
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Selecting the Vertical Closed Ground Loop button will bring up the input and output 
screens for this GSHP option.   

 
III.  Overview of Design Procedure for Ground-Coupled Heat Pump (GCHP) 
Systems 
 
Once the zone data information is entered; loop operating temperatures and flow rates are 
specified; and the heat pumps are selected, the following design steps are recommended 
for closed-loop vertical ground-coupled heat pumps. 
 

6. Ground thermal properties (t, k, α) from a site test or geological survey are 
entered.  (Help tables for most soils and rocks are included). 

7. A preliminary ground loop arrangement, a borehole size, and a vertical loop 
tubing size are specified. 

8. A preliminary calculation of required pump head is entered to account for 
the pump power.  A procedure for estimating this value is provided. 

9. If a water-heating load is available, a procedure to estimate the consumption 
and calculate the corresponding load on the ground loop is available and 
strongly encouraged. (This load often reduces the required size of the ground 
loop in most applications since heat is removed from the loop.) 

10. In buildings with relatively large cooling loads compared to heating loads, a 
supplemental fluid cooler can be selected to reduce the size of the ground 
loop.  However, designers are encouraged to inform the client-building owner 
of the required maintenance suggested by ASHRAE Guideline 12. 

11. The output is viewed and can be printed in several formats including main 
output (loop size, heat pump & system capacity, demand, pump size, loop 
outlet temperatures, and input summaries), zone data (zone-by-zone heating 
and cooling capacity, demand, PLF, unit efficiency, water heating capability), 
heat pump model numbers, and optional fluid cooler size and demand. 
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12. The user is encouraged to reiterate any of the preceding design steps to 
finalize preliminary decisions and optimize the system design. 

13. Proceed to the loop field and interior piping design and pump selection.  The 
pump power for well designed GCHP system should not exceed 7.5 hp per 
100 tons. 

 
Additional tools are available to perform this task including Ground Source Heat Pumps 
– Chapter 5 (Kavanaugh and Rafferty, 1997) and E-pipealator.xls, a free piping design 
program that is generic in format but with an emphasis on the piping materials, fittings, 
and fluids commonly used with GSHPs. 
 
IIIa.  Ground Loop Data File Screen 
 
The user now has the choice of entering a new ground loop data file or loading a file from 
a previous project.  A default file is used to start a new loop file in cases the user 
inadvertently activates a calculation prematurely.  Files are stored with a (.glf) extension.  
The files contain data for ground properties, ground heat exchanger descriptions, 
arrangements of loop fields, water heating requirements, and pump/piping information. 
 

 
 

When the Load Existing Ground Loop Data File button is selected a screen will appear 
with all the .glf files that have been stored as shown in the “Open” screen below.  Users 
can click on the file name which will then be displayed in the “File name” window and 
then click the Open button to load the ground loop file data. 
 
When the Enter New Ground Loop Data File button is selected the Ground Temperature 
and Properties screen will appear.   
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IIIb.  Ground Thermal Properties Screen 
 
The information required on this screen is outside the knowledge base of a typical HVAC 
engineer.  The ASHRAE HVAC Applications Handbook, Geothermal Energy chapter 
contains a description and recommendations for thermal property tests.  These tests are 
suggested for larger projects [>20 to 25 tons (70 to 90 kW)] that will provide the 
undisturbed temperature (tg) and thermal conductivity (kg).  Some testers will also 
provide thermal diffusivity (αg = kg /ρcp), which is not as critical.  If it is not provided, 
the Diffusivity Calculator  button can be clicked.  Test procedures can be viewed by 
selecting the Recommendations for Thermal Property Testing  button. 
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Alternatives to this recommendation are to: 
 

1. Obtain the ground temperature from local well logs or state geological surveys. 
2. Approximate the ground temperature using the USGS Ground Water 

Temperature Map  button. 
3. Consult drilling log information from nearby drilling sites, and then click the 

Rock Property Table or Soil Property Table  buttons, to estimate the thermal 
properties of similar formations. 

4. If multiple layers exist, weighted average values can be calculated using the 
Conductivity “Averager” and Diffusivity “Averager”  buttons. 

 
An example of the Ground Water Temperature Screen is shown below. 
 

 
 
The diffusivity calculator requires the formation conductivity, dry density, and moisture 
content.  Density can be estimated from the property tables mentioned previously.  
Normal moisture contents are 5% dry soils in deep formations to 15%, while moisture 
contents in excess of 20% are possible in shallow light soils, 15% is a typical value for 
saturated heavy soils.  Formations with less than 5% are rarely encountered in deep, non-
desert formations.  Activating the Return and Update  button will move the results of 
the calculation into the Ground Thermal Properties screen as shown below. 
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When the values for ground temperature (tg), thermal conductivity (kg), and diffusivity 
(αg = kg /ρcp) have been entered, the Next Screen button is selected to move to the “Bore 
Hole / Pipe Resistance” screen.  If the information on subsequent screens had already 
been entered, selecting the Main Screen button will allow these screens to be skipped so 
that users can choose any screen to be accessed.  
 

 
 

IIIc.  Bore Hole/Pipe Resistance Screen 
 
The ground heat exchanger design and completion method can be accounted for with 
information shown in the screen below. Thermally-fused, high-density polyethylene 
(HDPE) U-tube continues to be the most common arrangement.  This screen computes 
the thermal resistance of the fluid, pipe wall, and annular grout (or fill material) for 
typical arrangements.  The most common bore diameters are between 4 to 6 inches.  The 
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value can be specified but designers are cautioned to use a diameter that can be handled 
by local drillers.  The second input required for this screen accounts for the thermal 
properties of the material in the annular region between the tubes and bore wall.  Clicking 
the Grouts/Fill Thermal Conductivity  button will display one of four tables with this 
information as shown.  Thermally-enhanced grouts are often specified to seal the bore 
and enhance heat transfer relative to traditional water well grouts.  In some cases, grout 
can be used to seal bores and other less expensive fill materials with good transfer 
properties can fill other sections of the bore.   

 

 
 

The screen has options for the location of the tubes in the bore.  The B/C arrangement is 
the default value.  If centering or spreading devices are used to hold the tubes in the B or 
C arrangement, the user can click on one of the empty circles to change from the default. 
 
The HDPE pipe used in this application conforms to the (standard) dimension ratio (SDR 
or DR).  The tubing has an outer diameter equivalent to standard iron pipe size (IPS) but 
the wall thickness is this diameter divided by the DR (twall = ODIPS ÷ DR).  DR 11 is the 
conventional tubing and it has a nominal rating of 160 psig.  Occasionally, DR 9 is 
specified when buildings exceed 10 stories.  Higher DR values are not recommended for 
the vertical U-tubes but can be used in horizontal runs.  The program automatically 
accounts for the thermal resistance of the specified HDPE DR value.  Selecting the Use 
Non-Standard Pipe  button will permit the user to enter the inside diameter, outside 
diameter, and the thermal conductivity of tubing other than HDPE. 
 
The resistance due to the fluid is relatively small compared to the ground, grout/fill and 
HDPE pipe wall.  The program recognizes the amount of time required and uncertainty 
(especially in the transition range) of computing the heat transfer coefficient. Sufficient 
accuracy can be attained by clicking on the button for the flow regime of laminar (Re < 
2300), transition (Re = 2300 to 4000), or turbulent (Re > 4000).  While laminar flow will 
affect the results to some extent, it is not typically encountered since critical design for 
this application is in the cooling mode when the fluid is warm and has low viscosity. 
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For ground heat exchangers other than U-tubes, the thermal resistance of the bore-
fill-pipe can be calculated (per foot) and entered into the Bore Resistance window. 
  
IIId.  Ground Field Arrangement Screen 
 
Adequate separation is required to prevent short- and long-term heat storage effects in 
loop fields.  This is especially true when with clay and impermeable rocks are present.  
Water movement will be minimal and heat will be significant in typical commercial 
/institutional buildings if the bores are located less than 20 feet apart.  (The annual heat 
transfer to and from the ground will be balanced when the full load heating hours exceed 
the full load cooling hours by 80%).  The designer can control the heat build-up (or loss) 
by specifying the field pattern and bore separation distance.   Optimal drilling depths are 
typically 200 to 300 ft., which will support 1 to 2 tons of cooling capacity.  In the initial 
design phase, the user should recognize this and start with one bore for every one to two 
tons of capacity.  Thus the 5 by 6 grid with 200 to 300 ft. deep bores will typically 
support between 30 tons (warm climate) and 50 tons (cold climate). 

 

 
 

The program also accounts for unavoidable short-circuit heat transfer between the up and 
down legs of the U-tube.  This penalty will be greatest if there is only a single bore in 
series between the ground loop supply and return headers.  This is the most common 
arrangement, especially when ¾ and 1.0 inch tubing is used.  However, 1-1/4 and 1-1/2 
inch tubing can be arranged in series of two or three bores without excessive head losses.  
In these arrangements, short-circuit losses will be lower since the differential 
temperatures in the up-and-down legs are smaller.  The user can take credit for this by 
entering 2 or 3 in the Number of Bores per Parallel Loop window. 
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The user should now continue by clicking the Next Screen  button. 
 
IIIe.  Pump Screen 
 
The pump input screen is included to demonstrate the impact of water circulation system 
design on the overall efficiency of ground source heat pumps systems.  Completing the 
screen will result in a calculation of required pump power (shown on screen) and required 
demand (shown on the Main Output screen).  The required inputs are motor efficiency, 
pump head, and pump efficiency.  The computation for required pump motor power uses 
the flow rate computed from the building load (in tons) × gpm/ton product.  Efficiency 
values for motors that comply with the 1992 Energy Policy Act (EPACT) can be viewed 
by clicking on the Required EPACT Motor Efficiencies  button.   
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A Pump Estimator  button is available for preliminary calculations based on four feet of 
head loss per hundred feet in the supply-return headers and fittings, 15 ft. loss for the unit 
and valves, and the U-tube losses.  The U-Tube Head Loss  Table button displays losses 
vs. pipe size, depth, and flow.  It is accessed from the Pump Head Estimator screen. 
 
Results of the estimated calculation are displayed at the bottom of the Pump Head 
Estimator screen.  This value will automatically be entered on the Pump Input Screen by 
clicking the Return and Update button on the Pump Head Estimator screen.  The 
required pump power will be displayed.  The user then clicks on the [Next Screen] button 
on the Pump Input Screen.  This will complete the required input for the initial system 
design and bring up the Main Output Screen. 
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IIIf.  Vertical Closed Ground Loop Option Screen 
 
If edits are required at this point, the user can return to any of the input screens by 
clicking on the appropriate buttons in the left column on the Vertical Closed Ground 
Loop Option Screen.  An initial set of results can be viewed by clicking the Calculate 
Required Bore Lengths  button when necessary edits are completed. 
 

 
 

The Design Lengths screen contains three primary output values for consideration. 
1. Required design lengths for cooling and heating 
2. Equipment efficiencies and capacities 
3. Resulting unit outlet water temperatures 

 
Details of the information are shown below for both U.S. units and metric units. 
 
Updated versions of GshpCalc 5.0 contain a computation to determine long-term 
temperature changes due to imbalances in annual cooling and heating requirements.  
Updates of to any version of GshpCalc 5.0.x are available to registered GshpCalc 5.0 
users at no cost.  After saving all .zon, .glf, .gwf, and . swf files in a separate sub-
directory, registered 5.0 users can download the updated demo version from 
www.geokiss.com and the program will be automatically unlocked. 
 

--- Please read Appendix A before Selecting the Long-Term Temperature Change 
Button on the Vertical Ground Loop Main Output Screen --- 
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The cooling mode design is critical for this initial example.  The design length shown is 
7620 ft. of bore (not pipe) after the system has been operating for 10 years in a formation 
that has minimal water movement.  Since the user specified a loop field arrangement of 5 
by 6 (30 bores), the required bore is 254 ft.  Shorter lengths are required in formations 
that are porous and permit moisture recharge (since some evaporation may occur and 
deliver a cooling effect, and water movement (either vertical recharge to aquifers or 
horizontal flow to streams or surface water bodies).  These conditions are difficult to 
predict and these shorter lengths should only be specified by consultation with a hydro 
geologist or verified by previous experience as indicated by zero year-to-year heat 
buildup in nearby and similar formations. Only enough movement to eliminate long-term 
formation temperature change is required.  Ground water movement rarely affects the 
instantaneous heat transfer rate in soils or rocks. 
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Note that in this case the length to meet the heating requirement is only 3430 ft. (114 
ft./bore).  This indicates the loop will operate at a higher Unit Inlet Temperature than 
45ºF if the cooling length is installed.  The user can estimate the heating loop 
temperatures by adjusting the value input on the Design Temperatures and Flows screen 
(select Next Screen  on the Vertical Closed Loop Design Lengths screen and Design 
Water Temperatures/Flow Rates  when the main option screen appears.  It is suggested 
and “informed guess” will reduce the time required to find this temperature.  Note the 
length required for heating is approximately one-half the length required for heating and 
that the temperature difference between the loop (average of inlet = 45ºF and outlet = 
38.9ºF ≈ 42ºF) and the ground (62ºF) is 20ºF.  Thus a temperature difference of 10ºF 
should approximately double the required loop length in heating.  This would result in an 
average loop temperature of 52ºF.  An input value of 55ºF for heating in the Design 
Temperatures and Flows screen will result in an average of 52ºF in this case.  This will 
provide a loop length in heating that will be closer to the length required for cooling.   
 
The second field of importance is the efficiency and capacity outputs.  In this example, 
the weighted average cooling mode efficiency (EER ≡ Btu/w-hr) is 14.1 when only the 
compressor and indoor fan input is considered and 13.2 when the pump power is also 
included.  The heating mode COPs are 4.1 for the units and 3.8 for the system when the 
Unit Inlet temperature is 45ºF.  If a value of 55ºF is used as discussed in the previous 
paragraph, the COPs will be higher.  The capacities and efficiency values should be 
used to consider the trade-off between ground loop size and efficiency.  The user 
could return to the Design Temperatures and Flows screen, raise the cooling 
temperature (i.e. 90°F) and lower the heating temperature (i.e. 45°F).  Heat pump 
selection would automatically occur and then return to the Main Option Screen.  
The user could then click on the Calculate Required Bore Lengths button.  Shorter 
loop lengths will result but also lower efficiencies, and in many cases, lower system 
capacities. 
 
The third field of importance is Temperatures.  The outlet temperature in heating should 
be checked.  If this value is in red, antifreeze solutions per ASHRAE 
recommendations (2007 Applications Handbook, p. 32.29) should be considered.  
This temperature represents the minimum value if the ground loop is installed at the 
length required for heating.  If the loop is installed at the length required for cooling, the 
user should return to the Design Temperatures and Flows screen, adjust the Heating Inlet 
Temperature closer to the ground temperature, and recalculate the lengths as discussed 
previously.  This process should be repeated until the year one lengths for heating and 
cooling are nearly the same.  The heating outlet temperature should be re-checked to see 
if antifreeze is still required. 
 
The Design Lengths Screen also contains several input values and additional buttons to 
view more detailed information of continue with design. 
 
In addition to changing loop temperatures, several other alternatives are possible to 
improve efficiencies or reduce system cost.  Common alternatives are: 
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1. Using individual loops for each heat pump in large footprint buildings (like 

schools) to reduce the substantial cost of ground loop and interior headers 
2. Using sub-central loops for groups of heat pumps to reduce the substantial 

cost of ground loop and interior headers while also reducing loop cost via load 
diversity 

3. Adding water heating loads to the loop 
4. Using a fluid cooler or heat exchanger to handle part of the heat rejection load 

(Hybrid Systems). 
5. Using higher efficiency heat pumps 
6. Changing the annular fill or grout material. 
7. Changing the U-tube size or using alternative heat exchanger designs 
8. Changing the bore separation distance or grid arrangement. 

 
IIIg.  Hybrid Ground Loop – Fluid Cooler/Cooling Tower Design 
 
In some applications, a hybrid ground loop-fluid cooler system (or open cooling tower 
with an isolation heat exchanger) may be an acceptable alternative to a system with a 
large ground loop.  The loop is sized to meet the heating length requirement and a fluid 
cooler is used to substitute for the difference in required loop size when the length 
required for cooling is substantially larger. 
 
The recommended procedure is to first lower the heating loop temperature and the 
number of bores.  This is often possible in many commercial building since the heating 
load is less than the cooling requirement.  The heating mode inlet water temperature was 
reduced to 40°F for this example and the grid pattern changed to 2 by 5 (10 bores) in 
order to get a required bore depth in heating near the original bore depth for cooling.  
Note the outlet temperature is 34°F and is highlighted in red indicating some antifreeze is 
necessary to prevent frosting on the outlet of the water coil.  The length required for 
heating is reduced from 3430 ft. to 2770 ft. (277 ft./bore) for the 7-zone building file 
book.zon.  
 
The cooling mode temperature should be similar to local practice for approach 
temperatures with closed fluid coolers (normally 10 to 15°F above local design outdoor 
wet bulb temperature).  Although open towers can have smaller approach temperatures (5 
to 10°F), the required isolation heat exchanger between the open tower water loop and 
the closed heat pump water loop will result in the same 10 to 15°F difference.  The 86°F 
used in the example below would represent a location with a design outdoor wet bulb 
temperature between 71 and 76°F. 

 



 23

 
 

The next step in the design procedure is to size the fluid cooler or tower by clicking the 
Design Hybrid GCHP button.  This will bring up an input screen for selection of the fan 
type and motor efficiency, and the spray pump efficiency.  Note the required motor size 
for a axial fan is significantly smaller than the motor size for a centrifugal fan. 
 

 
 

The output results are viewed with the Next Screen  button.  The required bore length for 
heating is repeated.  Two sizes are given for the towers/coolers in terms of flow rate and 
condenser capacity at the range temperature specified in the Water Temperature and 
Flows screen.  The result labeled “Tower Sized for Downsized Ground Loop” assumes 
the cooler/tower is activated at a high set point near the cooling temperature.  The results 
for the “Balanced Ground Heat Load” assume the cooler/tower is used to reject heat from 
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the ground to balance the load on an annual basis.  The cooler hours of operation required 
to perform this task for with three different ranges are included. 
 
In this example the ground loop has been reduced from a 5 by 6 grid (30 bores), 254 ft. in 
depth (7620 ft. total) to a 2 by 5 grid (10 bores), 277 ft. in depth (2770 ft. total) with a 56 
gpm fluid cooler.  

 

 
 
IIIh.  Decentralized Loop Design – Split Zones Screen 
 
Designers are often preoccupied with tying all loads together on a central loop to take 
advantage of load diversity.  They often fail to consider the cost of installing large 
diameter piping in the building, large diameter ground headers, and the expense of a 
below grade valve vault or large equipment room.  In most cases, installation cost for 
low-rise buildings with large footprints can be substantially reduced by using multiple 
sub-central or individual zone loops that have slightly larger total loop length 
requirements with moderate header costs and lower pump head requirements. 
 
The Split Zones  button on the Main Option Screen is a tool that permits users to arrange 
zones into smaller groups to evaluate the bore length requirements for two or more sub-
central loops or many individual zone loops.  Double-clicking a zone number in the 
“Original Zones” column will move the zone input data into the right column.  The user 
can then save the new set of zones into a new .zon file that can be identified as one of the 
alternative loops to the central building loop for a particular project. 
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IIIi.  Water Heating with Heat Pumps 
 
Water-to-water heat pumps or heating-only units can provide very low cost operation 
when requirements are below 120°F.  Additionally, adding a water-heating load reduces 
the size of the ground loop when cooling is the critical load on the HVAC system.  A 
help screen to estimate loads is available: Typical Hot Water Flow Rates . The default 
inlet water temperature is the ground temperature.  Performance data for this type of 
equipment must be entered in form of the COP at the range of temperatures possible.  It is 
the responsibility of the designer to ensure the water heating unit is large enough to meet 
the instantaneous load.  Input values are stored with the zone data input in .zon files.  
Results are displayed with the View button on the Vertical Ground Closed Loop Option 
screen. 
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The design lengths screen below demonstrates the lower loop length requirement when a 
water-heating load is added.   

 

 
 

The screen below shows the detailed zone data output that is accessed by the View  
button for the Zone Data on the Vertical Ground Closed Loop Option screen.  Note the 
inclusion of the water heating loads and resulting performance are listed below the 
building Zone load information.  This screen is for the cooling mode and the heating 
mode equivalent can be viewed by clicking the Heating Data  button.  Clicking on the 
Print Values  button will print both the heating and cooling mode results.  
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IV.  Overview of Design Procedure for Groundwater Heat Pump (GWHP) Systems 
 
As in indicated Section III, the first several steps of GSHP design are similar for GCHPs, 
GWHPs, and SWHPs.  These five common initial steps are listed below with the steps 
performed by GshpCalc are indicated with bold type. Details are discussed in section IIa 
and following. 
 

1. The building is arranged into thermal comfort zones. 
2. The heating and cooling loads are computed for each zone on the design days in 

the morning, afternoon, evening, and at night.  Users can also enter the block 
loads, but the program will select multiple heat pumps of the same capacity.  The 
design calculation requires a heat pump efficiency to compute ground coil 
dimension.  So a slight error will occur if the chosen heat pump efficiency is 
appreciably different than the actual aggregate heat pump efficiency. 

3. Loads are entering into the building load screens in GshpCalc. Users can also 
employ the free program TideLoad.xls10v1 (or later versions) to compute loads.  
The program will automatically generate a file that can be read by GshpCalc. 

4. Desired ground loop water temperatures and flows are selected  
5. A heat pump manufacturer is selected and GshpCalc automatically sizes a 

unit for each zone that will meet the heating and cooling load with the water 
loop conditions specified in Step 4.  Note:  If a central water-to-water unit is 
used the building block loads are required. 

 
Design steps specific to GWHPs are: 
 
6.  Obtain or conduct a well test to determine the standing water level, specific 
capacity of well (ft/gpm), temperature, and sand concentration (ppm). 
7.  Obtain a detailed water chemistry analysis to determine the required materials 
for the pump, piping, heat exchanger, and other components. 
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8.  Calculate and attempt to minimize zone cooling and heating requirements just as 
recommended for GCHP design. 
9.  Select building loop entering water temperatures to the heat pumps and flow 
rates (suggest 2.5 to 3 gpm/ton).  These inputs along with HEX approach temp will 
set the groundwater flow rate.   
10.  Enter info about wells, HEX head losses, piping distance, pump/motor eff, etc. 
so power of building pump(s) and groundwater pump(s) can be determined. 
11.  The program will determine system EER and COP. 
Note:  Selecting higher building loop EWTs in cooling and lower EWTs in heating will 
result in lower groundwater flow rates and will reduce the required water well pump 
power but will increase the heat pump power.  Lower building loop EWTs in cooling and 
higher EWTs in heating will increase the required ground water flow and well pump 
power but will lower heat pump power.  There will be a range of resulting ground water 
flow rates that result in maximizing system efficiency (or minimizing the sum of the heat 
pump and pump power inputs). 
12.  Iterate the building loop heat pump EWTs to optimize system EER and COP, 
which requires reloading the heat pump files to correct HP performance.  
12.  It appears in many cases there is a wide range of gpm/ton in which EER & COP 
change only a small amount.  It is suggested that the selection be near the lower end 
of the range to be consistent with Kevin Rafferty's "pump less water" philosophy. 
14.  Proceed to manufacturers Plate Heat Exchanger selection program/procedure 
with building loop and groundwater flow rates, temperatures and water quality 
analysis results.  Laminar flow issues should be handled in their computation. 
15.  Proceed to the ground water loop and building interior piping design and pump 
selection.   
 
Additional tools are available to perform this task including Ground Source Heat Pumps 
– Chapter 5 (Kavanaugh and Rafferty, 1997) and E-pipealator.xls, a free piping design 
program that is generic in format but with an emphasis on the piping materials, fittings, 
and fluids commonly used with GSHPs. 
 
IVa.  Building Water Loop Temperatures and Flows 
 
The flow rates for the interior water loop of a GWHP system are similar to the flow rates 
for closed loop systems.  However, optimum inlet temperatures are often lower in cooling 
and higher in heating as noted in the lower portion of the Design Temperature and Flows 
screen.  The example that follows uses a ground water temperature of 52ºF and the 
BOOK.zon file.  Values of 62ºF for the inlet water temperature in cooling (10ºF above 
the ground water temperature) and 46ºF for the heating inlet temperature (6ºF below the 
ground water temperature) are selected to begin the design procedure. 
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The “Pretty Good Heat Pumps” model line is selected and the models selected for each 
zone as shown in the figure below.   

 

 
 
IVb.  Water Well Input Screen 
  
The diagram in the Water Well Inputs screen highlights the two water loops (building 
loop and groundwater loop) and the heat exchanger. The building loop consists of the 
building loop pump, the heat exchanger, and the heat pumps.  The ground water loop 
consists of the supply well and pump, the heat exchanger, and the water disposal system 
(an injection well is shown in the diagram).  Well tests will determine the static water 
level and the specific capacity (the rate at which water can be withdrawn from the well 
compared to the decline in water level).  These values are entered along with the pressure 
at some type of device that is needed to prevent the discharge piping from falling below 
atmospheric pressure.  Should the portion of loop have a negative pressure, air (with 
oxygen) will be drawn into the injection well (or disposal site) and will result in a variety 
of problems.  In the example the static water level is 300 ft. below grade, the specific 



 30

capacity is 1 gpm/ft, and the sustaining device is set at 10 ft of water above atmospheric 
pressure (4 psig). 
 

 
 
IVc.  Isolation Heat Exchanger Screen 
 
The Isolation Heat Exchanger Inputs screen is used to determine the approximate surface 
area by specifying the approach temperatures in cooling and heating.  Small approach 
temperatures will result in higher system efficiencies since the building loop temperature 
will be closer to the ground water temperatures.  However, the size of the heat exchanger 
will increase.  Typically optimum values for this application will be 3ºF to 5ºF for the 
dominate mode, which is cooling in this example.  A value of 4ºF is used for this 
example.  A smaller value may be used for the non-dominate mode since the selected 
heat exchanger will provide a closer approach when the heat transfer rate is lower.  Users 
can also specify approximate U-values that are affected by the quality of the ground 
water.  This procedure serves only as an approximation and final selection should be 
determined using heat exchanger manufacturer procedures.  This will require the 
flow rates and temperatures of the building and ground water loops, the results of 
water chemistry analysis, and sand production rates so that heat exchanger 
materials can be selected to minimize corrosion, fouling potential, and required 
filtration. 
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IVd.  Building and Ground Water Pumps and Head Loss Estimation Screens 
 
The Building Pump and Water Well Pump Inputs screen requires the efficiency of the 
pumps and motors so that input power and therefore system efficiency can be determined.  
Typical values of 70% for the pumps and 80% for the motors are used in this example.  
An estimate of the piping friction loss is developed by using the distance from the heat 
exchanger to the most distant heat pump (multiplied by two for the supply and return and 
them by 4 ft. of loss per 100 ft of pipe).  This head loss estimate method is repeated for 
the ground water loop which includes the vertical distance in the supply well, the 
horizontal distance to the heat exchanger and from the heat exchanger to the injection 
well, and the vertical distance down the injection well.  The vertical distance from the 
well pump head must be greater than the distance to the water level plus the drawdown to 
prevent the pumping level from falling below the pump inlet.  In this case a length of 400 
ft. is used which puts the pump 100 ft. below the static water level.  The bottom of the 
injection tube must also be below the static water level.   Error messages will appear if 
the pumping water level (see Water Well Inputs screen) falls below the vertical 
distance from the well pump to well head or the injection well level rises above the 
top of the injection well.  Estimates of the head losses across the isolation heat 
exchanger and the heat pumps will complete the necessary information required to 
compute the head requirements of the pumps.  Values for low, medium and high head 
losses are noted below the input windows.  Flow rates for both the building loop and 
ground water loop are computed from the information provided in previous screens and 
are shown on the following screen. 
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IVe.  GWHP System Performance, Specifications, and Optimization 
 
The “Ground Water System Performance and Specifications” screen will appear after the 
Next Screen  button on the Building Pump and Water Well Pump Inputs screen is 
selected.  This output screen contains the inlet and outlet temperatures for both the 
building water and ground water loops.  Errors messages will appear if the groundwater 
loop approaches freezing and the unit Outlet Water temperature will become red if 
antifreeze is needed in the building loop.  This screen also contains information on the 
water well pumping levels and preliminary specifications of the isolation heat exchanger. 
 
The screen also contains the input building loads and the resulting cooling efficiencies 
(EERs) and heating efficiencies (COPs) for the heat pumps and the entire system.  Users 
should note the cooling EER for the system (13.4) and the heating COP for the 
system (3.2).  These values include the power input of both the building loop and ground 
water loop pumps.  Details of the pumps and water well input and output are also 
included.  Values can be printed, ground water input data saved, or converted to Metric 
(or English) units from this screen.  Note that the EER of the heat pumps is 19.4, which 
indicates the pump power has a significant impact on efficiency.  Since a heat pump inlet 
water temperature of only 10ºF above the groundwater temperature was chosen, a high 
amount of groundwater (52.2 gpm) is necessary. 
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To optimize the system it is suggested that the inlet temperature be increased (which will 
lower the heat pump EER) but reduce the pump power.  Simultaneously, the heating 
mode temperature will be lowered to optimize heating performance.  Values of 68ºF will 
be used for cooling and 44ºF for heating. 
 
The “Ground Water Open Loop Option” screen will appear when the Next Screen  
button is selected.  This screen will enable access to all previous screens to refine the 
design process; add water heating; view, change, save, or load new building information; 
and design other GSHP loop types.  The Design Water Temperature/Flow Rates  is 
selected to optimize the design. 
 

 
 
When the inlet water temperatures are changed, the Heat Pump selection and Required 
Flow Rates screen will reappear since the performance of the heat pumps will be 
different.  The “Pretty Good Heat Pumps” will remain the units of choice (unless the user 
wishes to change).  Clicking the “Open” window will repeat the unit selection for each 
zone and the main “Groundwater Open Loop Option” screen will appear.  Selecting the 
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Calculate Ground Water System…  button will open the “Ground Water System 
Performance and Specifications” screen.  
 

 
 
The system EER has increased to 13.8 and the COP improved to 3.3 by pumping less 
water.  The water flow in cooling is reduced from 52.2 to 37.8 gpm which not only 
improves efficiency but reduces the load on the ground water resource.  The required 
water flow in heating is reduced from 40.7 to 33.3 gpm and the unit outlet water 
temperature for the building loop is 37.9ºF which is above the point when antifreeze is 
needed. 
 
This optimization process can be repeated to determine if further improvements in system 
performance are possible.  However, when values of 72ºF will be used for cooling and 
42ºF for heating the EER is slightly lower at 13.7 and the COP is unchanged, however 
the outlet water temperature in heating is approaching the point (36ºF) when antifreeze is 
suggested.  
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V.  Overview of Design Procedure for Surface Water Heat Pump (SWHP) Systems 
 
Users must read the discussion in the document “Designing SWHPs”, which can be 
accessed with the button on the Surface Water Coil Specification screen. 
  
As in indicated Sections III and IV, the first several steps of GSHP design are similar for 
GCHPs, GWHPs, and SWHPs.  These five common initial steps are listed below with the 
steps performed by GshpCalc are indicated with bold type. Details are discussed in 
section IIa and following. 
 

1. The building is arranged into thermal comfort zones. 
2. The heating and cooling loads are computed for each zone.  Users can also enter 

the block loads, but the program will select multiple heat pumps of the same 
capacity.  The design calculation requires a heat pump efficiency to compute 
ground coil dimension.  So a slight error will occur if the chosen heat pump 
efficiency is appreciably different than the actual aggregate heat pump efficiency. 

3. Loads are entering into the building load screens in GshpCalc. Users can also 
employ the free program TideLoad10v1.xls (or later versions) to compute loads.  
The program will automatically generate a file that can be read by GshpCalc. 

4. Desired ground loop water temperatures and flows are selected  
5. A heat pump manufacturer is selected and GshpCalc automatically sizes a 

unit for each zone that will meet the heating and cooling load with the water 
loop conditions specified in Step 4.  Note:  If a central water-to-water unit is 
used the building block loads are required. 

 
Design steps specific to SWHPs are: 
 
6.  Obtain or conduct a survey of the surface water reservoir to include: 

• Temperature vs. depth at the heat exchanger location during critical periods 
(typically January through March for heating and July through September 
for cooling). 

• A select number of surveys are available on the Surface Water Temperature 
link of www.geokiss.com 

• Historical data to determine worse case level fluctuations 
• Description of the material on the bottom of the lake to determine necessity 

of precautions to keep coils in water rather than mud. 
7.  Calculate and attempt to minimize zone cooling and heating requirements just as 
recommended for GCHP design. 
8.  Select entering water temperatures to the heat pumps and flow rates (suggest 2.5 
to 3 gpm/ton).   
9.  Enter minimum (winter) and maximum (summer) lake temperature 
10.  Select tubing type, antifreeze percentage, and describe water quality to estimate 
fouling factors 
11.  Specify the number of parallel loops to optimize the trade off between adequate 
velocity and excessive head loss (typically one parallel loop for every 1 to 2 tons 
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when ¾ or 1-inch tubing is used).  Pump size for a well designed system should 
require 5 hp to 7.5 hp per 100 tons.  
12.  Iterate the number of parallel loops to achieve individual coil lengths near 
standard coil lengths (300 ft., 400 ft., 500 ft.).  If pump power is more than 7.5 
hp/100 tons, increase the number of parallel coils or increase the tubing diameter.  If 
Reynold’s number in heating falls below 2500, decrease the number of parallel coils 
to attempt to reduce total coil length.  
13.  Proceed to the surface water coil and building interior piping design and pump 
selection.  The pump power for well designed GCHP system should not exceed 7.5 
hp per 100 tons. 
 
Additional tools are available to perform this task including Ground Source Heat Pumps 
– Chapter 5 (Kavanaugh and Rafferty, 1997) and E-pipealator.xls, a free piping design 
program that is generic in format but with an emphasis on the piping materials, fittings, 
and fluids commonly used with GSHPs. 
 
A thermal survey of Lake Tuscaloosa performed by Barbara (Hattemer) McCrary and 
Barry Johnson is shown below.  It will be used in the example that follows with the coil 
placed 80 feet below the surface.  This lake is of sufficient size that the example building 
will have no measurable impact on the water temperature.  Note the temperature at the 80 
ft. depth is 48ºF to 49ºF January through April and 49ºF to 51ºF July through October. 
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Va.  Water Loop Temperatures/Flows and Heat Pump Selection 
 
Suggested values for Entering Water Temperatures (EWTs) for SWHPs are 8 to 15°F (4 
to 8°C) above expected late summer reservoir temperature in cooling and 5 to 10°F (3 to 
6°C) below late winter reservoir temperature in heating.  Values of 61°F in cooling (10°F 
above the maximum lake temperature) and 42°F in heating (6°F below the minimum lake 
temperature) and a flow rate of 3 gpm per ton are inserted in the Design Temperature and 
Flow screen.   
 

 
 
The Heat Pump Selection and Required Flow Rates screen will appear when the Next 
Screen  button is selected.  After the Load Heat Pump Data  button is selected and the 
“Pretty Good Heat Pumps” series is specified, the heat pump models and flows for each 
zone will appear as shown below. 

 

 
 
Vb.  Surface Water Coil Specification Screen 
 
The Surface Water Coil Specification screen will appear after the heat pump units are 
selected.  The maximum summer (51ºF) and minimum winter (48ºF) water are inserted. 
The pipe material type, standard dimension ratio (SDR) and nominal diameter for HDPE 
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tubing options are selected from drop down boxes.  For this example 1-inch, SDR 11 
HDPE tubing is specified. 

• (Note:  If tubing is shipped in 500 ft. coils it is sometimes difficult to keep head 
losses with ¾-inch HDPE low enough to remain below the recommended pump 
size limit of 7.5 hp/100 ton since antifreeze is almost always required with 
SWHPs). 

 
Non-HDPE values can be input manually in the “Tube OD”, “Tube ID”, and “Tube 
Thermal Conductivity” windows and a table of dimension can be displayed if tubing 
other than HDPE is selected. This first iteration for the number of parallel coils is 
inserted.  In this case the system is approximately 30 tons, so 20 parallel coils are used in 
keeping with the suggested one parallel coil for every 1 to 2 tons.  Lake Tuscaloosa can 
become muddy with heavy rains, so “Muddy River” is selected from a drop down box to 
note the Water Type.  Finally a small percentage of propylene glycol is specified since 
coils operate near freezing in some locations. Note that Surface Water Data Files can be 
stored and retrieved for later use.  
 

 
 
Vc.  Surface Water Pump Input Screen 
 
A Pump Input Screen with an Estimator similar to the pump screen for GCHPs will 
appear when the Next Screen  button is selected.  In this example the coil will be 500 ft. 
from the building and the coils are shipped in 500 ft. rolls. 
 
The pump input screen requires the motor efficiency, which can be found by selecting the 
EPACT Motor Efficiencies button.  When the Pump Estimator  button is selected the 
pump head estimator screen will appear and the distance between the lake coil and heat 
pumps is entered (500 ft.).  Selecting the Surface Water Coil Head Loss Table  button 
will display a table for head losses for various HDPE tubes diameters, lengths, and flow 
rates.  Flow will be approximately 80 to 90 gpm (30 ton system) which will be slightly 
more than 4 gpm through each of the 20 coils. A value of 8 ft. of loss for the 500 ft. coil 
is entered on the Pump Estimator screen.  This value can be updated before returning to 
the Pump Input screen.  A total head loss of 63 ft. and a 1.94 hp pump result when the 
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estimates for the coil, header and heat pump are added.  This is less than the suggested 
limit of 7.5 hp per 100 tons [= 1.94 ÷ ( 30/100) = 6.47 hp/100 tons]. 
 

 
 

 
 

 
 

Vd.  SWHP System Performance, Specifications, and Optimization 
 
The first iteration resulted in a cooling requirement of 377 ft. per coil and a heating 
requirement of 281 ft. per coil.  Thus the estimate of parallel coils for cooling should be 
reduced so the answer will be equal to or slightly less than 500 ft. (take the total coil 
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length 7525 divide by 500 and round up = 16 coils).  The shorter length required for 
heating indicates the loop will operate at an inlet temperature higher than 42ºF 

 

 
 

Recommendations for the second iteration are: 
• Return to the Design Temperatures and Flows screen and raise the heating inlet 

water temperature (44ºF seems a reasonable estimate). 
• Heat Pump Selection screen appears and “Pretty Good Heat Pumps” are selected. 
• Go to the Surface Water Coil Specifications screen and change the number of 

parallel coils from 20 to 16. 
• Select “Calculate Required Coil Lengths” button on the Surface Water Closed 

Loop Option screen and the results from the second iteration will appear. 
 

 
 
The required coil lengths are slightly less than 500 ft. for both cooling and heating.  
Continued iteration could be performed but designers may prefer a small factor of safety 
since the added cost between 469 and 500 ft. per coil is small.  Note the design EER 
(worse case) is excellent (17.9 Btu/W-hr) and the heating COP is very good (3.7).  The 
Reynolds number in heating is well above laminar flow values even with the 15% 
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antifreeze concentration that provides some measure of insurance even though the outlet 
temperature is high (37.9ºF) in this deep southern lake (48ºF minimum). 

 
VI.  Building Zone Load Data 
 
A critical (but often time consuming step) in GSHP system design is to perform an 
accurate building cooling and heating load calculation.  Results will be entered into zone 
data screens as shown below which can be accessed at startup of the program or from 
buttons on the Vertical Closed Loop, Ground Water, or Surface Water Option screens.  
Users have the option of entering the information by; 

a. Entering cooling and heating load calculation results for each zone manually 
b. Entering the building cooling and heating block load to estimate the size of a 

ground loop to serve the entire building (which may not be the optimum design) 
c. Use the program, TideLoad10v1.xls or later versions, to conduct cooling and 

heating load calculations which will automatically complete zone data screens 
(and files) 

d. Load previously generated zone data files which are displayed on zone data 
screens (See Section IIa.) 

 

 
 
Required information is shown on the blank screen.  The ground is sensitive to the 
amount of heat rejected or absorbed during previous time increments (daily, monthly, 
annually, and for previous years).  Therefore, information beyond the peak cooling and 
heating loads is required.  GshpCalc uses equivalent full load hours (EFLHs) as an 
alternative to more time-consuming energy analysis procedures. 
 

1. The most critical values are the maximum heating and cooling loads which are 
placed in the time increment in which they occur. 

2. Daily off-peak loads are used to account for heat into and out of the ground.  
Accuracy is not as critical as for the peak load.  Users can input the average 
load during the 4-hour (or the night 12-hour) off-peak increment. 

3. Equivalent Full Load Hours are used to account for the annual heat into and 
out of the ground as an alternative to a detailed hour-by-hour building 



 42

simulation.  The table on the following page is the result of an ASHRAE 
research project to develop values for ground loop design procedures. 

4. In order to account for the monthly heat into and out of the ground, the user 
must input the number of days per week the building is occupied, which is 
used with the design day profile to develop the monthly peak loads.  

 
Equivalent Full Load Cooling and Heating Hours 

Values on low end of range assume units off during unoccupied hours in cooling season and 10°F set-

back in heating. Values on high end assume no set-back control. Unoccupied ventilation air and 
internal loads minimized for both high and low range values. 

 Nine Month Schools Office – 8 to 5 
Five Days / Week 

Retail – 8 to 10  Seven Days / 
Week 

Annual Hours 1300 - 1500 2200 - 2400   2800 - 3600 
 Cooling Heating Cooling Heating Cooling Heating 

Atlanta 590-830 200-290 950-1360 480-690 1300-1860 380-600 
Baltimore 410-610 320-460 690-1080 720-890 880-1480 570-770 
Bismarck 150-250 460-500 250-540 950-990 340-780 810-900 
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Modified from:  “Development of Equivalent Full Load Heating and Cooling Hours for GCHPs Applied to 
Various Building Types and Locations”, ASHRAE 1120-TRP, Final Report, CDH Energy Corp., 
Cazenovia, NY, Sept. 2000. 

Boston 300-510 450-520 450-970 960-1000 610-1380 760-870 
Charleston, WV 430-570 310-440 620-1140 770-840 820-1600 620-730 

Charlotte 510-730 200-320 940-1340 530-780 1280-1830 420-670 
Chicago 280-410 390-470 420-780 820-920 550-1090 670-810 
Dallas 620-890 120-200 1100-1580 340-520 1460-2090 280-440 
Detroit 230-360 400-480 390-820 970-1020 530-1170 790-900 

Fairbanks, AK 25-50 560-630 60-200 1050-1170 110-320 930-1090 
Great Falls, MT 130-220 360-430 210-490 820-890 290-710 680-800 

Hilo, HI 970-1390 0 1800-2580 15-25 2260-3370 10-15 
Houston 670-1000 90-130 1240-1770 250-350 1600-2290 190-300 

Indianapolis 380-560 400-480 560-1000  840-920 730-1410 690-820 
Los Angeles 610-910 80-160 1140-1670 370-580 1650-2350 250-440  
Louisville 470-670 290-430 770-1250 710-830 1000-1720 570-720 
Madison 210-310 390-470 320-640 840-900 420-900 700-800 
Memphis 580-830 170-240 950-1350 420-600 1250-1780 330-510 

Miami 950-1300 10 1500-2150 35-45 1920-2740 25-40 
Minneapolis 200-300 420-500 320-610 860-950 430-870 720-860 
Montgomery 630-910 120-180 1060-1510 330-470 1390-1990 250-400 

Nashville 520-740 250-320 830-1280 590-680 1030-1710 470-590 
New Orleans 690-990 70-110 1200-1720 230-320 1570-2240 160-260 

New York 360-550 350-440 540-1040 790-870 720-1480 630-760 
Omaha 310-440 330-400 480-820 720-800 610-1130 600-720 
Phoenix 710-1020 70-110 1130-1610 210-290 1430-2090 170-250 

Pittsburgh 300-530 470-500 440-920 910-950 600-1310 750-840 
Portland, ME 190-300 400-480 310-630 880-980 410-900 710-870 

Richmond, VA 510-730 270-410 880-1310 660-820 1110-1770 520-710 
Sacramento 600-850 220-360 1000-1430 640-990 1390-2020 480-830 

Salt Lake City 410-710 520-540 510-1090 1040-1060 660-1520 830-930 
Seattle 260-460 460-650 440-1200 1270-1370 710-1860 960-1170 

St. Louis 390-550 280-400 680-1100 710-800 850-1500 570-700 
Tampa 780-1110 40-60 1440-2000 140-190 1780-2560 100-160 
Tulsa 540-770 240-300 830-1300 560-620 1030-1730 450-540 
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VIa.  Manual Data Entry   
 
The Design Day Zone Data screen is shown for Zone 1.  Cooling and heating loads are 
entered for each zone in kBtuh (1000 Btu/h) or kW (thermal).  The values will be 
automatically converted to the other units.  A link to the EFLH table is provided in the 
top left portion of the screen to assist users in entering these values for different locations 
and building types.  The days per week of occupancy must also be entered.  If the 
building has periods of partial occupancy, these should be entered as a weighted average.  
For example, if a building is occupied 8 hours per day Monday through Friday and four 
hours on Saturday a value of 5.5 days per week is suggested. 
  

 
 
Additional zones can be added by clicking on the Next Zone  button or by typing a 
number in the Zone  window.  Typing a number into this window will also bring up 
previously entered and stored zone data information.  For example, typing “7” in the 
window will bring up the screen shown below if BOOK.zon is the active zone file. 
 
An important time saving feature of GshpCalc can be activated as shown on the screen 
below.  The message Press F3 to copy zone data to new zones will appear if the user 
clicks on the Zone  window. 
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If the user presses the F3 key, an input window will appear at the bottom of the screen 
that will enable the information in the current zone to be copied to a series of zones.  
Completing the screen as shown below will copy Zone 7 data into zones 8 through 10. 
This is especially useful in application that has a number of similar or near similar zones 
(hotels, classrooms, offices, etc).   
 

 
 
Another feature will enable the equivalent full load hours for all zone to be changed 
quickly.  Placing the cursor on the input window for either “Annual Equivalent Full Load 
Cooling Hours” will bring up the message “Press F3to Change Equivalent Full Load 
Cooling Hours for all Zones”.  This can be repeated for the EFLH for heating. 
 
This will permit users to evaluate the impact of extending the hours of operation of a 
building or possibly converting 9-month schools to 12-months of operation.  It can also 
evaluate the impact of the range of possible EFLHs if occupancies are not well known. 
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Exiting the screen will force the user to choose to save the zone data either when the 
Save Data to File  button or Next Zone  button are selected.  The user can also choose 
not to save the file. 
 
VIb.  Block Load Data Entry   
 
Preliminary design can be accomplished by entering the building cooling and heating 
block loads into a single zone.  This is normally done on the second screen that appears at 
the start of GshpCalc.  If the program is already running with a Zone Data file, the New 
Building  button is selected from the Vertical Closed Loop Ground, Ground Water, or 
Surface Water Option screens.  
 

 
 

The block loads for the example building are entered in Zone 1 as shown. 
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The heat pump selection will automatically default to select the fewest number of heat 
pumps possible for the selected product line (Pretty Good Heat Pumps in this case). 

 

 
 

A more accurate estimate will be obtained by selecting a unit with an EER and COP that 
is near those expected to be used in the final design.  This is accomplished by clicking on 
Zone 1 which will bring up a Select Model  button as shown below.  The user then 
highlights the desired model and clicks on the Select Model  button.  In this case ten 
Model 36 units will handle the building cooling and heating block loads. 
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Results for the estimated loop length indicate a required bore of 244 ft. compared to the 
254 ft. obtained using the zone by zone data.  Results likely vary because of differences 
in the ELFH values. 
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VIc.  Generating Zone Data files with TideLoad Calculation Results 
 
The figure below is a portion of the Main Input screen for TideLoad10v1.xls which 
requires typical weather data (the program has a data base for various locations) and 
indoor set point conditions. Note input in the form of percent of design load for key 
contributors to cooling and heating load components at various time of the day.  The 
number of days of occupancy is also required. 
 

  
 

The second figure is a snapshot of the input and output for the building envelope portion 
of zone 1 for a multi-zone building.  The morning and afternoon cooling loads are shown 
along with the morning heating load. 

 

Location Latitude ElevationFeet TodbHeat DRangeHtg TodbCool TowbCool DailyRange
Tuscaloosa, AL 33 171 20 20 96 76 20

Indoor Temperatures TidbHeat DelTHeat TidbCool TiwbCool DelTCool Tmean CLTDcor
Daytime 70 50 75 63 21 86 4

TidbHeatUnocDelTHeatUnoc TidbCoolUnoc TiwbCoolUnoc DelTCoolUnoc TmeanUnoc CLTDcorUnoc
Evening and Night 60 40 80 67 16 86 -1

8 am - Noon Noon- 4 pm 4 pm - 8 pm 8 pm - 8 am
Occupancy 100% 100% 0% 0% Input Cells

Ventilation Air 100% 100% 10% 10% Output Cells - D
Lighting Load 100% 100% 10% 10%
Internal Load 100% 100% 0% 0%

5

Enter percentage of requirement to max requirement in each time period.

Number of Days/Week Occupied

Data can be copied & pasted from Weather Tab below. Outdoor Temps. Heating (F) Outdoor Temps Max Dry Bulb Cooling (ºF)

Heating & Cooling Load Calculation Program - CLTD/CLF/SCL Method
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The third figure is a snapshot of the input and output for the building ventilation and 
internal load portion of zone 1 for a multi-zone building.  The morning and afternoon 
cooling loads are shown along with the morning heating load.  The lower portion of the 
figure provides a summary of the cooling and heating loads for Zone 1 and the entire 
building.  Additional screens which are not shown provide the off-peak loads (evening 
and night for cooling; afternoon, evening, and night for heating). 
 

Zone 1 to 1
Area Morning Afternoon Morning

960 Cooling Cooling Heating
Solar Shade Coeff. SCL (am) SCL (pm) Area-ft2 qc (am) qc(pm) qh
Windows (N) 0.55 35 35 0.00 0.00
Windows (E) 0.55 142 48 90 7.03 2.38
Windows (S) 0.55 43 48 0.00 0.00
Windows (W) 0.55 32 140 0.00 0.00
Other 0.00 0.00

Conduction U (Btu/hr-ft2-F) CLTD(am) CLTD(pm) T Area-ft2

Windows (N) 0.5 4 14 50 0.00 0.00 0.00
Windows (E) 0.5 4 14 50 90 0.36 0.81 2.25
Windows (S) 0.5 4 14 50 0.00 0.00 0.00
Windows (W) 0.5 4 14 50 0.00 0.00 0.00
Other 0.00 0.00 0.00
Other 0.00 0.00 0.00
Conduction U(Btu/hr-ft2-F) CLTD(am) CLTD(pm) T Area-ft2

Walls (N) 0.05 6 13 50 280 0.14 0.24 0.70
Walls (E) 0.05 15 34 50 230 0.22 0.44 0.58
Walls (S) 0.05 5 17 50 0.00 0.00 0.00
Walls (W) 0.05 8 14 50 0.00 0.00 0.00
Other 0.00 0.00 0.00
Other 0.00 0.00 0.00
Conduction U(Btu/hr-ft2-F) CLTD(am) CLTD(pm) T Area-ft2

Doors (N) 0.4 10 25 50 20 0.11 0.23 0.40
Doors (E) 0.4 45 38 50 0.00 0.00 0.00
Doors (S) 0.4 6 39 50 0.00 0.00 0.00
Doors (W) 0.4 5 33 50 0.00 0.00 0.00
Other 0.00 0.00 0.00
Other 0.00 0.00 0.00
Roof/Ceiling U(Btu/hr-ft2-F) CLTD(am) CLTD(pm) T Area-ft2

Type A 0.03333333 7 67 50 960 0.35 2.27 1.60
Type B 50 0.00 0.00 0.00

Floor U(Btu/hr-ft2-F) T(flr) Area-ft2

50 0.00
Slab/Basemt Ins. Position Insulation UP T(slab) Perim.-ft

Vertical R5 x 48 in 0.54 50 62 1.67

Enter CLTDs directly from  Tables. Program will correct for temperatures.

See other sheets for CLTD, CLF, SCL & U-values.

For Printout of 8 zones - Use Legal Paper
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The fourth figure is a snapshot of the output for the building heating and cooling load 
summaries with an input window with drop down boxes for building type and location.  
A button will appear to Create a Zone Data File  with the filename the user types in the 
“Filename:” window shown.  Note the file will be stored in “My Documents” 
directory on the user’s computer.  The user must then copy the file into the sub-
directory in which GshpCalc is located.  Results will be available in the Zone Data 
Files window of GshpCalc.  

 

 
BldgType NineMonthSchool
City Atlanta 
EFLHc =  760
EFLHh =  250

 
 
 
 
 
 
 
 

Ventilation T(am) T(pm) T cfm
    Sensible 1.1 13 21 50 350 5.01 8.09 19.25
ERU Eff. (sen.) = W W
    Latent 4840 0.0052 0.0052 350 8.85 8.85
 ERU Eff. (lat.) =
Infiltration
Vent Air Fan TSP = 1 in. wtr. 74 0.25 0.25

People Btu/person CLF(am) CLF(pm) People
    Sensible 245 0.68 0.91 25 4.17 5.57
    Latent 155 1 1 25 3.88 3.88
Internal CLF(am) CLF(pm) Watts
    Sensible 3.412 0.68 0.91 700 1.62 2.17

Btu/h
    Latent 1 1 0.00 0.00

CLF(am) CLF(pm) F(ballast) Watts
Lighting 3.412 0.87 0.95 1 1248 3.70 4.05
Net Sen.w/o duct 22.96 26.50 26.45
Ductwork Insulation Leakage Location
Sensible R8 Sealed S-Ext 0.92 1.06 1.06
Latent 0.32 0.23

1
Afternoon Vent Air 3600 cfm 25% 350 cfm 26%
Total Sensible (MBtu/h) 214.2 304.7 Sens. 23.9 27.6
Total Latent (MBtu/h) 134.0 133.6 Lat. 13.1 13.0
Total Gain (MBtu/h) 348.1 438.4 TotGain 36.9 40.5

SHR 0.62 0.70 SHR 0.65 0.68
Total Loss (MBtu/h) 268.1 NetLoss 169.7 TotLoss 27.5 NetLoss 18.0

Total Area 10500.0
sqft/ClgTon ft2/Ton 287 ft2/ton 284
ClLoad/sqft Btu/hr·ft2 41.7 Btu/hr·ft2 42.2
HtLoad/sqft Btu/hr·ft2 25.5 Btu/hr·ft2 28.7
People/sqft ancy/1000ft2= 10.3 P/Mft2= 26.0

Entire Building Totals No. of Zones like this =

Filename: .zon
Note: Zone data file will be located in My Documents

8am-Noon Noon-4pm 4pm-8pm 8pm-8am 8am Noon-4pm 4pm-8pm 8pm-8am
Zone 1 to 1 37 41 11 3 28 17 6 9
Zone 2 to 5 37 40 11 3 26 15 5 7
Zone 6 to 6 31 45 22 4 28 17 6 9
Zone 7 to 10 31 45 21 3 26 15 5 7
Zone 11 to 11 10 13 6 2 9 5 2 4

Cooling Loads in kBtu/h Total Heat Loss in kBtu/h

TuscTenClass
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Appendix A 
Long-Term Ground Temperature Change and Heat Exchanger Model Uncertainty 

(“Why Ground Loops Sometimes Do Better than the Experts Predict”) 
 

Several efforts have been undertaken to model ground heat exchangers and some are tied 
to building energy programs.  Almost all of these models are conduction computations 
and several are quite sophisticated in spite of the fact they do not consider a primary 
mode of ground loop cooling, soil moisture evaporation with recharge.  Some models 
have adjustments for ground water movement in spite of the fact that local water 
velocities cannot be determined without very sophisticated and expensive tests. 
 
In some cases these models agree with the very limited number of monitored sites that 
are currently available.  In some cases the models can predict short-term overheated loops 
that occur when vertical bores are insufficiently spaced, low conductivity materials are 
placed in the bore annulus, insufficient loops lengths are installed in warm, dry soils, or 
excessive cooling-to-heating imbalances occur in buildings.  There are also cases in 
which loops that models suggest should be overheating, that are working just fine. 
 
My own personal experience includes my former home in Tuscaloosa, AL that has been 
operating 24 years and has not experienced any upward drift in temperature even though 
the vertical loop consists of nine-65 ft. bores on 15 ft. centers (max. temp 87ºF).  The 
ground was 66ºF at start-up and is clay, sandy clay with a seam of gravel and sand.  My 
current home has operated for six years and the warmest return water has been 74ºF and 
coldest 56ºF (62ºF normal soil, four bores 165 ft., 25 ft. separation, 35 ft. of sandy clay 
and 130 ft. of hard shale).  This installation has thermal grout but the loops in the older 
installation are backfilled with a mixture of cuttings and sand.  The long term temperature 
increase at both sites is non-existent. 
 
Because of the complexity of the ground at many sites, heat exchanger performance is 
difficult to predict.  Furthermore, the models available do not appear to fully consider the 
substantial cooling effect resulting from phase change that occurs when soil moisture 
levels are reduced as a result of heat input.  The following calculation demonstrates why 
models based only on conduction (even with groundwater movement corrections) grossly 
over-predict long term temperature rise. 
 
Ground loop description: 
 
10 x 10 grid with 20 ft. spacing, 250 ft. depth, 55ºF initial ground temperature 
Dry density 120 lb/ft3, Specific heat (dry) 0.21 Btu/lb-ºF, 15% moisture by weight 
 
Thus: 
ρg = 120 lb/ft3 + 0.15 * 62.3 lb/ft3 =129 lb/ft3 (moisture fills voids, no added volume) 
cp = 0.85 * 0.21 + 0.15 * 1.0 = 0.33 Btu/lb-ºF 
Heat required to increase the average loop field temperature 1ºF: 
 
Q = Volume * ρ * cp *Δt   
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Volume = 200 ft. * 200 ft. * 250 ft. = 1 x 107 ft3 
Q = 1 x 107 ft3 * 129 lb/ft3 * 0.33 Btu/lb-ºF * 1ºF = 4.26 x 108 Btu 
 
Now consider the heat required to reduce the moisture content 1% by volume: 
 
mw = Volume * ρ * 1%   
mw = 1 x 107 ft3 * 62.3 lb/ft3 * 0.01 = 0.623 x 107 lbs. 
Q = mw * hfg @ 55ºF = 0.623 x 107 lb * 1062 Btu/lb 
    = 6.62 x 109 Btu 
 If 1% by weight is substituted for 1% by volume: 
mw = Volume * ρw * 1%   
mw = 1 x 107 ft3 * 129 lb/ft3 * 0.01 = 1.29 x 107 lbs. 
Q = mw * hfg @ 55ºF = 1.29 x 107 lb * 1062 Btu/lb 
    = 13.7 x 109 Btu 
 
Thus the heat required to dry the soil by 1% (by volume) moisture content is over 15 
times the heat required to raise the loop field temperature 1ºF and over 30 times as much 
heat for a 1% reduction by weight.  Additionally, the moisture will be replaced after the 
next good rainfall if the formation (or portions of the formation) is porous. 
 
Even if a sophisticated model of the ground heat exchanger that includes, conduction, 
water movement, and phase change (which would also include soil freezing in cold 
climates) were developed, the information required to drive the model would rarely be 
available even with a sizable field testing budget.  Thus, we should recognize the range in 
uncertainty of our economic predictions.  The industry should place greater efforts to 
improve predictions by locating GSHP systems that closely follow recommended 
practices and measure a few critical indicators at a large number and variety of high 
quality sites. 
 
ASHRAE continues to place a great deal of creditability on energy models to predict 
energy performance, develop design tools, and generate life cycle cost analysis.  The 
recent research and publication direction of Technical Committee 6.8 (Geothermal 
Energy) generally mirrors this approach.  Although some have suggested that an 
equivalent effort to gather empirical data from actual field installations is a prudent 
course of action since these models can not accurately predict long-term temperature 
change without a thorough understanding of the porosity and water movement 
characteristics of the entire ground formation. 
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Appendix B 
 Adjustments to Determine Water-to-Water Heat Pump System Efficiency from 

Rated Efficiency  
 
Water-to-water heat pump systems are inherently less efficient than water-to-air systems 
since the heat pump evaporator typically must operate at a lower temperature in cooling 
and the condenser must operate at a higher temperature in heating.  Also, the power of the 
air handling unit (or fan coil units) fans and the chilled/hot water loop pumps is not 
included in the manufacturer's advertized efficiency or in the heat balance calculation that 
must be used to size a ground loop.  These values can have a significant impact on 
efficiency of chilled water and hot water systems.  Therefore, they should be included in 
any calculation. 
 
The files used with GshpCalc allow users to make three choices to include these values. 
 
The most efficient option would be use of in-floor heat and chilled beams/walls which 
require no fan power and more moderate temperatures in the building water loop (55°F 
chilled water and 100°F hot water).  This type of system approaches the efficiency of a 
water-to-air heat pump.  The heat pump performance files for this option have the 
manufacturer's name followed by WWHPInFloor. 
 
A second but less efficient choice would use of low pressure (one inch of water) fan coil 
units (FCUs).  In this case the building loop water would be 45°F leaving the heat pumps 
in cooling and 120°F in heating.  This option would typically be 25 to 50% less efficient 
than a water-to-air heat pump. The files for this option have the manufacturer's name 
followed by WWHPOneInchFCUs. 
 
A third but not recommended choice would use of higher pressure (four inch of water) air 
handling units (AHUs).  In this case the building loop water would be 45°F leaving the 
heat pumps in cooling and 120°F in heating.  This option would typically be 50 to 75% 
less efficient than a water-to-air heat pump system. The files for this option have the 
manufacturer's name followed by WWHPFourInchAHUs. 
 
Most engineers are unaware of the efficiency penalties that accompany WWHP systems 
with FCUs and AHUs.  Sometimes there are good reasons for using chilled water/hot 
water systems but in some cases designers use them because they are more familiar with 
chilled water and hot water systems. 
 
Please consult the 2011 ASHRAE Handbook-HVAC Applications Table 13, page 34.22 
to verify this assertion.  Observe the SYSTEM EERs and COPs for the WWHP system 
options.  In some cases these values are lower than efficiencies of conventional, lower 
cost equipment.  If your client is expecting much lower energy costs, the results may not 
be acceptable if you fail to consider the impact of WWHP and fan power efficiency 
penalties. 
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  Appendix C 
Rating Differences for Two-Speed and Single-Speed Water-to-Air Heat Pumps 

 
Several manufacturers of water-to-air heat pumps have introduced product lines that 
appear to be significantly more efficient than similar single speed devices.  Prospective 
users of these units are advised to: 
 

• Recognize the rating conditions for two-speed heat pumps that generate high 
cooling EERS [68°F entering water temperature (EWT)] are more favorable than 
the single speed condition (77°F EWT). 

• Compare the efficiency of the two-speed with the single-speed unit at high-speed 
rating conditions. 

• It is further suggested that in closed loop commercial applications, the 
performance of the equipment be compared at the WSHP cooling conditions 
(86°F EWT) and the GWHP heating conditions (50°F EWT) since these 
temperatures are near typical operation conditions. 

 
While two-speed heat pumps do have some applicability in cold climate residential 
applications where there is typically a smaller cooling load than heating load, the 
potential savings will rarely match the improvement in rated efficiency in commercial 
applications. Economic value should be examined using actual performance rather than 
rated performance. 
 
It should also be noted the newer ISO rating conditions do not include the fan power 
needed to distribute the air through the distribution system.  This is typically 5% to 15% 
but could be much more if high static pressure fans are used to overcome friction in VAV 
systems or long undersized duct systems.  Furthermore, the rating system does not 
include the corresponding cooling capacity performance deduction for fan power. 
 
The ratings can be biased by operating a two-speed heat pump in low speed or capacity 
with the fan at full speed.  This gives high efficiency but the unit will not be effective at 
lowering humidity, which is often needed much more when conditions are mild and the 
machine is operating at low capacity.  If the machine is run at low speed (or capacity) 
with a lower fan speed so that humidity reduction is acceptable, the efficiency is usually 
well below the “rated” efficiency. 
  
As an example please refer to the figure below that compares the efficiency of one 
manufacturer’s “premier” single-speed product line of heat pumps with its “premier” 
two-speed heat pumps.  Although the two-speed units have much higher ratings, the 
single-speed units have significantly higher efficiency in two of the three units and 
slightly higher efficiency in the other case at 85°F EWT which is typical for cooling 
conditions in commercial applications. 
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 Also dual capacity machines typically cost more and have are more complex control 
schemes.  More complex devices typically result in more required maintenance and 
service technicians with a much higher level of skill and hourly service rate.  The 
complex control schemes may also make it more difficult to determine if the device is 
operating in the intended manner. 
 
 

Full Load Efficiency @ 85 F EWT
Single vs.  Dual Speed Heat Pumps
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