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Objective 
 Properly Size and Select       

GSHP System for Low Operating 
Costs And Proper Control of           

Indoor Air Conditions 



•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% 

•U.S. Dept. of Energy 

Solar Energy 
is Absorbed 
by the Earth 



Heat Is Transferred Through 
an Earth Loop 

•Plastic pipe is buried in the 

earth around the building 

•When liquid is pumped 

through the pipe, it transfers 

energy with the earth around it 

•40-70F 

•Insulating layer of earth 



Sizing Procedures 
  

Calculate Building / Zone Heating / Cooling 
Loads 

   Select Geothermal Heat Pump/s for   Building / 
Zones 

Design Ground Loop System Using a Software 
Program 

   Run Operating Costs Comparison Using a 
Software Program 

   Verify Dehumidification in Cooling Mode 

   Check Effects on Ground Loop System by Unit 
Size    

    



Objectives: Building Loads 
Residential 

 Heating and cooling loads are required for each 
zone / area that will have a ground loop system 

   Residential - Manual “J” load Calculation 

   Room by Room loads for duct sizing & CFM 

   Total Zone or Building loads for Equipment Selection 

   Cooling Load MUST Include Sensible and Latent 
Loads 



Objectives: Building Loads 
Residential 
Various Software Programs to Calculate Loads 

Input Data   
Outside 
Walls 

 

 

Input 
Windows 
HTG 

Input 
Windows 
CLG 



Objectives: Building Loads 
Residential 

Windows Cooling 

Select Type 

 

 

Direction 

 

Shading 

CLG HTM 



Objectives: Building Loads 
Residential 

Doors, Ceiling, Floors & Infiltration 

Input     
Doors 

 

Input 
Ceilings 

Input   
Floors 

Infiltration 



Objectives: Building Loads 
Residential 

Loads Subtotals 

HTG 

Internal       
Gains 

 

CLG               
CFM 



Objectives: Building Loads 
Residential 

Heating and Cooling Loads Total 

Design     
Conditions 

 

Heating        
Load 

          
Cooling    
Sensible    
Latent        
Total 



Objectives: Select Heat Pumps 
Residential 
 Units are Normally Selected for Heating Load in 

Northern Climates 

   Size Unit by the Dominate Load / Heating or Cooling 

   Select 2 Stage High Efficiency Geothermal Units  

   Unit Should Cover Approximately 95% of Annual 
Heating Requirements 

   Must Check Sensible and Latent Cooling Capacity  

   Use Manufacturers Software Program!! 



Objectives: Select Heat Pumps 
Residential 
Packaged Units in  

Upflow  

Downflow  

Horizontal  

Split Units 

 

Water to Water 

 



Same “Footprint” as Single 

Speed Compressor 

Thicker Shell than R22 Version 

Anti-rotation Device to Insure 

Quiet Operation 

 Solenoid Switches Speed 

R-410A Compressors Have 

Lower Failure Rates than R22 

2-Stage Copeland UltraTech Compressor 
Solenoid 

Valve 

AC/DC 

converter 

“unloading” 

control 



Copeland UltraTech /Two-Stage Unloading Scroll 

Gas By-pass - Ports Open Ports Closed 

With Copeland Scroll UltraTech™, two internal bypass ports enable the system to 

run at 67% part-load capacity for better efficiency and humidity control. Based on 

demand, the modulation ring is activated, sealing the bypass ports and instantly 

shifting capacity to 100%. Take advantage  of “shift on the fly” stage changing (no 

stopping and starting required like other two-stage compressors). 



Objectives: Select Heat Pumps 
Commercial 

 Unit Selected by Dominate Load / Typically 
Cooling in Commercial Applications 

   Select Geothermal High Efficiency Units  

   Unit Net Sensible Cooling Capacity Must 
Meet or Exceed Sensible Cooling Load - 
Verify Heating Capacity and Latent Capacity 

   Dual Capacity Machines are Recommended  

   Units Rated by ARI standard 13256-1 

   “Reheat” option for humidity control 



Objectives: Select Heat Pumps 
ARI/ISO 13256-1 GLHP Ratings are at 77*F 

EWT for Cooling and 32*F EWT for Heating 



Objectives: Select Heat Pumps 
Commercial 

Commercial applications may require larger 
capacity products, rooftop units, console 

products or vertical stack products. 

    



Objectives: Select Heat Pumps 
Residential 

 Units are Rated at AHRI Conditions 

   Units Need to be Selected at Maximum 
and Minimum Loop Design Temperatures  

   Typically 30*F Minimum Entering Water 
Temperature (EWT) & 95*F Maximum EWT 

    



Objectives: Select Heat Pumps 
 Check Spec Catalog Data at Design EWT               

3 Ton Heating Example 

 3 Ton Cooling Example   



Objectives: Select Heat Pumps 
Residential Water to Water 

 Radiant Floor Heating                                 
Comfort Levels 

       



Objectives: Select Heat Pumps 
Residential Water to Water 

 Radiant 
Floor 
Install 

       



Objectives: Water to Water 
 Typical Installation 



Objectives: Water to Water 
 W to W with W to A Units 



Objectives: Select Heat Pumps 
Residential Water to Water 

 Equipment Rated at GLHP or GWHP 

Load / Heated Water at 86*F EWT & 104*F 

Source at 32*F EWT or 50*F EWT 

       



Objectives: Water to Water / 3 Ton 
 Select Unit by Capacity at System Peak Conditions  

30*F EWT Source & 3 GPM / Ton and             
Leaving Load Temperature & 3 GPM / Ton 



•Objectives: GeoDesigner for 
System Design 



•Objectives: Job Info / Load Info 



•Objectives: Main Screen, Utilities 
and Select System Types 



Objectives: Select Heat Pumps 
Software 

Building Design Loads / Example 



•Objectives: Select Geo Unit, Loop 
Type and H2O Heating Method 



Objectives: Select Heat Pumps 
Software Program 

 Select Unit Via Drop Down Menu 

Packaged, Split or W 2 W Units 



Objectives: Select Heat Pumps 
Software 

 Percentage of Annual Heating Load / 4 Ton 



Objectives: Select Heat Pumps 
Software 

 Percentage of Annual Heating Load / 5 Ton 



Objectives: Select Heat Pumps 
Software 

 Percentage of Annual Heating Load / 6 Ton 



Objectives: Select Heat Pumps 
Software 

 Operating Cost / 4 Ton Versus 5 Ton 



Objectives: Select Heat Pumps 
Software 

 Operating Cost / 5 Ton Versus 6 Ton 



Objectives: Select Heat Pumps 
Software 

Operating Cost 5 Ton Geo VS Gas AC & ASHP 



Objectives: Select Heat Pumps 
Latent Capacity 

 Typical Indoor Humidity Levels Maintained at 50/55% RH 

    



Objectives: Select Heat Pumps 
Latent Load 

 Determine Latent Cooling Load 

    

Latent Load = 
Total Minus 

Sensible 

31,289 – 
27,826= 

3,463 Latent 



Objectives: Select Heat Pumps 
 Check Spec Catalog Data at Design EWT 

 Cooling 5 Ton at 1825 CFM   

Latent = TC – SC 

69,440 – 48,100 = 

11,340 LATENT  

CAPACITY 



Objectives: Select Heat Pumps 
Software 

 Cooling Run Time for Dehumidification 

    

50% Run Time? 



Dehumidification Feature 

Unit Sized for Full Heating/Oversized Cooling 



Dehumidification Feature 

Unit Sized for Heating/Oversized Cooling 



Objectives: Select Heat Pumps 
Software: W to W 

 Select Unit Via Drop Down Menu 



Objectives: Select Heat Pumps 
Software 

Operating Cost / 5 Ton W 2 W Versus 5 Ton W to A 



Objectives: Design Loop System 
Common Information 

 Loop Design 

    
 

Basic Design Rules 

3 GPM Per Ton of Equipment 

Pressure / Temperature Ports on ALL Units 

 

1 - 3/4” PE Circuit per ton / 3 GPM 

1 1/4” or 2” PE Pipe for Supply & Return 

Reverse Return Header for Equal Flow 



Objectives: Design Loop System 
Complete a Site Survey 

 Establish Which Type 
of Loop Will Work 

best for This Design 

Follow Check List on 
the Geo Site Survey 

Form  

   Plan a Completed “As 
Built” Drawing for 
Entire Ground Loop 



Objectives: Design Loop System 
Common Information 

 Complete the 
Questionnaire  

Determine Proper 
Location and 
Method for 

Building Entry with 
Supply & Return 
Piping System     

And          
Location of Pump 

Station 

    



Objectives: Design Loop System 
Reverse Return 

 Loop Design 

    



Objectives: Design Loop System 
Vertical 
Vertical Loops 

     One bore per ton 

 Bore hole spacing 10 ft minimum  

 One circuit at 3 GPM flow per ton for ¾” and 1” 
circuits 

U-Bend pipe sizes ¾” & 1” ID 

ASTM PE3408 HD Geothermal PE pipe 

 Many states require bentonite grouting 

 Some locales restrict drilling 

 Bore Hole Depth (typical) 

North  150 -300 ft/ton 

South  200 - 450 ft/ton 



Objectives: Design Loop System 
Software Program 

 Input Building Loads 

    

One Pair Two Pair Series/Parallel One Pair

A
v
g

 D
e

p
th

A
v
g

 D
e

p
th

A
v
g

 D
e

p
th

When Loops are

shallower than  

one ton per loop



Objectives: Design Loop System 
Vertical 

Drilling 
Pipe Loop 
Insertion 

Heat Fusing 

Pressure 
Testing 



• Supply & 

Return 

Piping exit 

straight out 

from building 

foundations-

10 feet min.  

• Header Pit 

should be 10 

feet min. 

from building 

foundation 

• Simple drawing 

shows typical   

bore hole/circuit 

layout. 

• Actual Header 

Manifold less 

than 24” long. 

• Parallel circuit 

piping 3/4” & 

1.0” dia. Pipe 

sizes 

•Multiple Hole Vertical Loop 



Objectives: Design Loop System 
Vertical 

Our 5 Ton Design with Vertical Loops 

     One bore per ton 

 Bore hole spacing 10 ft 
minimum  

 One circuit at 3 GPM 
flow per ton for ¾” 
circuits 

1280 / 5 Tons = 
255 Feet of 
Bore per Hole 

5 Circuits at 510 FT each 



Objectives: Design Loop System 
Horizontal 

Horizontal Loops 

    Backhoe or trench excavation 

Backhoe used in areas with rock 

Loop Piping installed below frost line 

¾” & 1” ID PE3408 HD PE pipe 

1 circuit per ton using ¾” and 1” circuits 

3 gpm flow/ton 

Pipe per ton 

North  600 ft - 1200 ft 

South 700 ft - 1800 ft 



Objectives: Design Loop System 
Software Program 

 Input Building Loads 

    

2 ft 2 ft

2 
ft

2 ft

2 
ft

Back-Hoe Loops
Two-Pipe Four-Pipe Six-Pipe

1 
ft

Trenched Loops

2 
ft

Two-Pipe Four-Pipe Extended Slinky



Objectives: Design Loop System 
 

Trenching Pit Loops 

Horizontal 

Boring 



•Typical Trench/Circuit layout 
• 24” Maximum Header/Manifold 

• Parallel Circuit Design 

• 3/4” or 1” Circuit Pipe 

•Supply/Return Pipes 

• Exit Perpendicular  

•  to Foundation Wall 

• Header Pit Min. 10 ft.  

•  from Wall 

Four-Pipe Horizontal Loop 



Objectives: Design Loop System 
Horizontal Trench 

Our 5 Ton Design with a 4 pipe Horizontal Loop 

    OPTION # 1  

Backhoe or trench 
excavation 

1 circuit per ton 
using ¾” 
circuits 

8 feet AVG Depth 

870 total feet / 2   
= 2 trenches at 
435 feet each 

4 Circuits at 900 
FT each 

OPTION # 2                                                    

1 circuit per ton using ¾” circuits 

870 total feet / 3   = 3 trenches at 290 feet 
each 

6 Circuits at 600 FT each 



Objectives: Design Loop System 
Software Program 

 Slinky Horizontal and Bore Loops 

    



Objectives: Design Loop System 
Horizontal Bore 

Our 5 Ton Design with a Horizontal Bore Loop 

    Horizontal Bore 

1 circuit per ton 
using ¾” 
circuits 

15 feet AVG Depth 

1,100 total feet / 5  
= 5 trenches at 
220 feet each 

5 Circuits at 440 Ft 
each 



Objectives: Design Loop System 
Pond / Lake 

Lake or Pond Loop 

    Least expensive ground loop 

Minimum 1/2 acre and 10 feet deep 

Pond should be within 400’ of structure 

In North - need ice cover for good operation  

Utilizes 39°F water temp (no aeration). 

Stagnate water body works best for heating 

Pipe footage per ton / circuit 

North and South 400 ft -500 ft/ton 

3/4” ASTM PE3408 HD PE pipe 



Objectives: Design Loop System 
Pond / Lake 
 Input Building Loads 

    

300 ft slinky  coil

per ton

4 ft between coils

Concrete

Blocks for

weight

Ny lon Cable Ties

to secure blocks

300 ft coil per ton

separated by scrap

pipe

Traditional Coiled Pond Loop

- Southern Climates

High Effic iency Slinky/Matt Pond

Loo p - Northern Climates

Heavy  Duty Plastic

Safety  matting

8-10 Bricks for

weight

Rev erse Return

Header

Ny lon Cable Ties

to secure Netting

and bricks

3 foot separation



Lake Loop Coils on Rack 



Objectives: Design Loop System 
Pond / Lake 

Plate Heat Exchangers Floating Coils 



Pond Loop Layout 

•Supply/Return Pipes 

• Exit Perpendicular  

•  to Foundation Wall 

•Typical Trench/Circuit layout 

• Parallel Circuit Design 

• 3/4” or 1” HD PE3408 pipe 

• Extended Reverse Return  

•   Header/Manifold 



Objectives: Design Loop System 
Pond / Lake 

Lake or Pond Loop 

    

Heating Dominant Loads in a Northern 
Climate Should USE 400 Feet of ¾” PE 
Pipe per Ton / Not 300’ / Ton 

Minimum 1/2 acre / 24,000 SQ FT and a 
MINIMUM of 10 feet deep 

 One Circuit per ton 

Some spacing required 
between coils or 
slinky  

 USE  - One circuit 
per Ton at 400 
FEET and 3 GPM 
flow per ton for ¾” 
circuits 

2000 / 5 Tons 
= 400 Feet of 
PE Pipe per 
Circuit w 5 
Total 



Quick Connect Test Caps – 
Examples (McElroy Mfg.) 



Water Side Of System 
Flow Controller / Pump Station 



Water Side Of System 

Non Pressurized Pump Station 



Objectives: Select Loop 
Circulator Pumps 

Pump Selection 

    
 

Pump Selection 

• Verify 1 or 2 Pump Flow Controller 

• 1 Pump = 3 Ton Unit 

• 2 Pump = 3.5 to 6 Tons 

• Minimum Flow of 2.25 GPM / Ton 

• Verify Reynolds Number at 2500 Min. 

• Use Pressure Drop Software Program 

• Flush Cart Capable of Proper Flow 



Objectives: Effects on Loop 
Software 

Total Bore 4 Ton, 5 Ton VS 6 Ton 



Objectives: Select Loop 
Circulator Pumps 

Vertical Example with Methanol  

 



Objectives: Select Loop 
Circulator Pumps 

Vertical Example with Propylene Glycol 

 



Objectives: Select Loop 
Circulator Pumps 

Horizontal 4 Pipe w 4 Circuits Example 

 



Objectives: Select Loop 
Circulator Pumps 

Horizontal 4 Pipe w 6 Circuits Example 

 



Objectives: Select Loop 
Circulator Pumps 

Lake Loop w 4 Circuits Example 

 



Objectives: System Performance 
Evaluation 

Each Unit MUST Have Proper Startup 

 



Objectives: Building Loads 
Commercial 
 Commercial - Calculate Building Loads using 

ACCA Manual N or ASHRAE Method 

   Zone loads are used to select heat pumps 

   Peak block load is used to determine bore 
loop depths 

   Heating and cooling loads are required for 
each zone / area that will have a ground 
loop system 

   Commercial Building Load Profile is 
“Normally” Cooling Dominate  



Objectives: Building Loads 
Commercial 

UNIT LAYOUT- PERIMETER AND CORE DESIGN 

    

Central Pump 

Core Units 

Perimeter Units 



Objectives: Building Loads 
Commercial 

SUCTION 

FROM  

CLOSED LOOP 

EXPANSION 

   TANK 

SUCTION 

DIFFUSER 

TRIPLE DUTY 

 VALVE 

CENTRIFUGAL PUMP 

DISCHARGE 

TO  

CLOSED LOOP 

       AIR 

SEPARATOR 

CENTRAL PUMP STATION APPLICATION 



Objectives: Loop Design / Basic 
Commercial 

Commercial Loop Layout 

    
RUNOUT 

CIRCUIT or 

BORE 



Objectives: Loop Design / Basic 
Commercial 
 USE Peak Building Load for Loop Size / AEFLH 

Four Time 

 Periods 

Annual Equivalent  

Full Load Hours 



Objectives: Loop Design / Basic 
Commercial 

 Unit Sized to Peak Zone Load 

Equipment 

Selection 



Objectives: Loop Design / Vertical 
 Loop Data 

Borehole Depth 

Optional “Hybrid” 
Design with Fluid  

Cooler or Boiler 

System Flow Rate GPM 



Objectives: Finance Module 
 Life Cycle Analysis  

Conventional System 

Inputs 

System Efficiency  

System Types 



Objectives: Finance Module 
 Life Cycle Analysis  

Geothermal System 

Inputs 

System Efficiency  

System Types 



Objectives: Finance Module 
 Life Cycle Analysis  

25 YR Total Example 

Annual Energy  

Savings  



Objectives: Finance Module 
 Life Cycle Analysis  

25 YR Total Example 

Full Life Cycle 

 Cost Data 



Independent Systems 



Central 2-Pipe Constant-Speed 



Central 2-Pipe Variable-Speed 



Central 1-Pipe 
Primary/Secondary  



Central 1-Pipe 
Primary/Secondary  



Example: Pumping Energy Comparison 
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Sizing Procedures 

 Calculate Building / Zone                 
Heating / Cooling Loads 

   Select Geothermal Heat Pump/s for   
Building / Zones 

Design Ground Loop System 

   Run Operating Costs Comparison Using a 
Software Program 

   Verify Dehumidification in Cooling Mode 

   Check Effects on Ground Loop System by 
Unit Size    

    



Questions? 

 

Thanks for Your Time! 

 


