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Welcome!   Week 1:  Loopfield System DesignWelcome!   Week 1:  Loopfield System Design
The objective of this workshop is to provide the geothermal designer with an

in-depth look at designing efficient, cost-effective loopfields using the
industry leading Ground Loop Design (GLD) 2014 Software Suiteindustry leading Ground Loop Design (GLD) 2014 Software Suite.

You are encouraged to interact with your instructor. We are seeking to
provide the geothermal professional with the tools and familiarity that
he/she needs to optimize a wide range of GSHP systems.

By extending the user's mastery of the GLD program, multiple design
solutions can be examined for any project Designers will quicklysolutions can be examined for any project. Designers will quickly
discover that while there are many possible ways to design a ground heat
exchanger field and it is almost always possible to develop an optimized
solution to operate in the most efficient portion of the operating curve,solution to operate in the most efficient portion of the operating curve,
with the lowest possible installation cost.
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GLD Course Overview GLD Course Overview –– Course OutlineCourse Outline

A Bl k Z M L d M d l
• System Design Inputs and their Impact
• GLD OverviewGLD Overview

• Adding/Editing Heat Pumps
• Bringing Loads into GLD
• Average Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat Pumps

• Selecting Heat Pumps
• Linking Modules Togetherg g
• Vertical GHX Loopfield Design
• Horizontal GHX Loopfield Design
• The GSA Module and Lifecycle Costing
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What is GLD Software?What is GLD Software?
• An advanced software suite that helps to properly size a closed loop 

ground heat exchanger by considering the interplay among:

Building Loads

Geological
Conditions

Heat Pump
Performance

Properly Designed Loopfield
Pressure Drop

Space and O ti lSpace and 
Drilling 
Limits

Operational 
Costs
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i i l d

What is Ground Loop Design Software?What is Ground Loop Design Software?
• Basic Outputs include:

Total DrillingTotal Drilling

Borehole Depth
Borehole #/Spacing

p

Fluid Temperatures
Soil Temp Change

Pump Performance
Energy Use
Flow Rates
Energy Use
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What is Ground Loop Design Software?What is Ground Loop Design Software?

• More Advanced Outputs Include:
Optimized Headers Purging Flow RatesGHX System Pressure Drop
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d d l d

What is Ground Loop Design Software?What is Ground Loop Design Software?
• More Advanced Outputs Include:

Net Present Value Lifecycle Cost Analysis Emissions Analysis
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What is Ground Loop Design Software?What is Ground Loop Design Software?

• 1990s: Version 1.0 – training tool for engineers
• 2001: Version 2.7 – horizontal module release2001: Version 2.7  horizontal module release
• 2003: Version 3.0 – dongle‐based license
• 2005: Version 4 0 – development tool2005: Version 4.0  development tool
• 2007: Version 5.0 – Monthly model added
• 2008: Version 5 0 – Residential Edition• 2008: Version 5.0  Residential Edition
• 2009: Version 6.0 – Finance/Emissions Module
• 2010: Version 7 0 – CFD Module and Hourly Sim Engine• 2010: Version 7.0 – CFD Module and Hourly Sim Engine
• 2014: Version 8.0 – Gridbuilder, Geothermal System Analysis

Today: 54 countries 1000’s of engineering customersToday: 54 countries 1000’s of engineering customers
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What is Ground Loop Design Software?What is Ground Loop Design Software?

Developed in conjunction with:
Goal: To turn research advances into practical design tools

Developed in conjunction with: 
– Oakridge National Lab

University of Alabama– University of Alabama
– Oklahoma State University

Lund University Sweden– Lund University, Sweden
– University of Valencia

Oregon Institute of Technology “GeoHeat Center”– Oregon Institute of Technology‐ GeoHeat Center
– Major Heat Pump Companies‐WFI, Climatemaster, FHP, etc

100’s of Design and engineering firms
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What is Ground Loop Design Software?What is Ground Loop Design Software?

• Heat transfer models (boreholes only):
– Design Day Method
– Monthly Method
– Hourly Method

• GLD strength: all three models included
C l l h h i h ll d l– Calculate heat exchangers with all models

– Compare three results from one loads profile
– Optimize designOptimize design
– Enhance design confidence
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What is Ground Loop Design Software?What is Ground Loop Design Software?
Design Day Method
– Models borehole as cylinder
– Borehole thermal interaction analysis limitedy
– Provides estimate of ground temperature change
– Good for quick  and “prelim” modeling
– Only for rectangular or square configurations with equidistant spacing

Monthly Method (g function)
‐ Borehole modeled as line
‐ More advanced borehole interaction modelMore advanced borehole interaction model
‐ More advanced simulations of fluid temps and COP/EER values
‐ No ground temp change estimates at present
‐ Any loopfield configurationy p g

Hourly Method (g function)
‐ More advanced 8760 simulations
‐ Requires computational resources
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What is Ground Loop Design Software?What is Ground Loop Design Software?

Method Model Building Loads 
Requirements

Loopfield 
Designs

Usefulness
Requirements Designs

2D 
Cylinder

Minimal Square/ 
Rectangle

Preliminary 
Modeling

1D Line
G function

Moderate Any Optimized 
Modeling

1D Line Detailed Any Optimized 
G function Modeling
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What is Ground Loop Design Software?What is Ground Loop Design Software?
Design Day Method Basic Inputs:
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What is Ground Loop Design Software?What is Ground Loop Design Software?
Design Day Method Outputs:
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What is Ground Loop Design Software?What is Ground Loop Design Software?
Monthly Method Inputs:
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What is Ground Loop Design Software?What is Ground Loop Design Software?
Monthly Method Outputs:
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What is Ground Loop Design Software?What is Ground Loop Design Software?
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What is Ground Loop Design Software?What is Ground Loop Design Software?
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What is Ground Loop Design Software?What is Ground Loop Design Software?
Hourly Method Inputs:
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What is Ground Loop Design Software?What is Ground Loop Design Software?
Hourly Method Outputs:
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What is Ground Loop Design Software?What is Ground Loop Design Software?
• Heat Exchanger Modules

• Average Block and Zone Manager Loads Modules• Average Block and Zone Manager Loads Modules

• Piping Module/GSA & CO2 Module/TC Module

GLD2014‐ Loopfields & Piping Workshop – Week 1 ‐ Slide  1.1 ‐ 21Copyright © 2014  



What is Ground Loop Design Software?What is Ground Loop Design Software?

Loads Modules ReportsImport Module

Edit/Add Heat 
Pumps Module

Design Modules

p

References

Help Files
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What is Ground Loop Design Software?What is Ground Loop Design Software?

Heat Pumps Module

Loads ModulesLoads Modules

Heat Exchanger Modules GSA/CO2 ModulePiping/Pressure 
Module

Thermal Conductivity Module
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Why Use GLD Software?Why Use GLD Software?

• To ensure long‐term, thermally stable systems

• To understand the ins and outs of heat transferTo understand the ins and outs of heat transfer

• To efficiently explore scenarios and quickly 
optimize designsoptimize designs

• To accurately balance installation cost/system 
performance tradeoffsperformance tradeoffs

• To save your clients money

• To avoid risky “rule of thumb” designs
• To think holistically about energy efficiency
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Section Section ‐‐ System Design Inputs and their ImpactSystem Design Inputs and their Impact

A Bl k Z M L d M d l
• System Design Inputs and their ImpactSystem Design Inputs and their Impact
• GLD Overview

• Adding/Editing Heat Pumps
• Bringing Loads into GLD
• Average Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat Pumps

• Selecting Heat Pumps
• Linking Modules Togetherg g
• Vertical GHX Loopfield Design
• Horizontal GHX Loopfield Design
• The GSA Module and Lifecycle Costing
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M d li Ti P i d
System Design Inputs and their ImpactSystem Design Inputs and their Impact

Cooling Tower/Boiler HybridsModeling Time Period
Entering Fluid Temperatures

d b dUndisturbed
Ground

Temperature

Thermal
Conductivity

Grout Conductivity
Borehole
Separation Adapted From: 
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Geo-Heat Center 
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System Design Inputs and their ImpactSystem Design Inputs and their Impact

Key Components:
• Loads• Loads
• Entering Water Temperatures
• Pipe/Borehole SpacingPipe/Borehole Spacing
• Field Layout
• Ground TemperatureGround Temperature
• Thermal Conductivity
• Grout Conductivityy
• Modeling Time Period 
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LoadsLoads

Loads are THE foundation of a geothermal system:
• Loads OverviewLoads Overview
• Required Loads Data

Monthly Energy Output* Daylight contours                   Climate Understanding
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LoadsLoads
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LoadsLoads
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LoadsLoads
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LoadsLoads
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LoadsLoads
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Building loads depend on:

Loads:  OverviewLoads:  Overview
Building loads depend on:

• Climate/Location/
• Building Envelope
• Building Insulation Values
• Window Specifications
• Daylighting with natural light
• Solar shading• Solar shading
• Lighting controls and specs
• White roof/green roof optionsg p
• Building Use
• Architects and engineers should be using software that can do 
thi t f l i !
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F th l t t f ti th d i t t th t

Loads:  OverviewLoads:  Overview
• For a geothermal system to function, the design must guarantee that 
the equipment can utilize the ground all year round. 
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D i d t k th b ildi l d i i t th d d

Loads:  OverviewLoads:  Overview
• Designers need to know the building loads going into the ground and 
coming out of the ground on a daily basis. 
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W t l d th t ll th t ft ft

Loads:  OverviewLoads:  Overview
• We want loads that allow the process to go on year after year after 
year.

25
Balanced Loads

10

15

20

25

Average EWT ( C )

efficient and sustainable
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Loads:  Required Loads DataLoads:  Required Loads Data

• Minimum (                      Method)
• Better ( Method)• Better       (                       Method)
• Best          (                       Method)
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Loads:  Required Loads DataLoads:  Required Loads Data
Method: Required Loads Data 

1) Peak Loads (kW)1) Peak Loads (kW)

2) Annual Energy Loads (total kWh)

Annual Equivalent Full‐Load Hours = Energy Load/Peak LoadAnnual Equivalent Full Load Hours   Energy Load/Peak Load

Peak Cooling:  221.5kW 
Annual Cooling Energy Load: 140262kWhAnnual Cooling Energy Load: 140262kWh
AEFLH = 140262/221.5 = 633 hours cooling 
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Loads:  Required Loads DataLoads:  Required Loads Data
What happens if we don’t have Annual Energy loads and we guess? 
GUESS #1:
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Loads:  Required Loads DataLoads:  Required Loads Data
Guess #2:
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Loads:  Required Loads DataLoads:  Required Loads Data
Guess #3:
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Loads:  Required Loads DataLoads:  Required Loads Data
What happens if you guess the number of hours?

G C li C l l t dGuess Cooling 
Hours/Heating
Hours

Calculated 
Length

Guess #1 350/950 209 ft

Guess #2 950/350 252 ft

Guess #3 1800/700 288 ftGuess #3 1800/700 288 ft

209 to 288 is a 40% difference! Guessing can be very dangerous! 
Don’t guess! Use software tools to accurately calculate loads. 
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Loads:  Required Loads DataLoads:  Required Loads Data
Method : Required Loads Data

Peak Loads (kW)Peak Loads (kW) 
Monthly total loads (kWh)
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Loads:  Required Loads DataLoads:  Required Loads Data
What can you do with Monthly Simulation Method Loads Data?

Estimate fluid temps for each month over many years, calculate average 
COPs/EERs and annual power consumption./ p p

With balanced loads, you may be able to calculate reduce your drilling.
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Loads:  Required Loads DataLoads:  Required Loads Data
Method: Required Loads Data
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Loads:  Required Loads DataLoads:  Required Loads Data
What can you do with Hourly Simulation Method Loads Data?

Estimate fluid temps hour by hour and calculate average COPs/EERs and annual 
power consumption.p p
Optimize your design, compare your design to data collected from installed system
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Loads:  OverviewLoads:  Overview
A thorough understanding of the loads is essential for determining how 
much energy must be transferred to and from the ground. The 
designer must consider:des g e ust co s de

• Climate and Structure
• Energy Reclamation
• Internal gains (occupancy, electrical, process)
• Solar gainsg
• Energy loads 
• Energy Balance
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Loads:  OverviewLoads:  Overview
• Conventional loads calculations require only the cooling load on the 
hottest day of summer when the building is fully occupied.

• Conventional loads calculations require only the heating load on the 
coldest night of the year

• With these two numbers, the building will have the “right” 
conventional equipment capacityconventional equipment capacity 
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F th l t t f ti th d i t t th t

Loads:  OverviewLoads:  Overview
• For a geothermal system to function, the design must guarantee that 
the equipment can utilize the ground all year round. 

• Designing a geothermal system involves the design of a system andDesigning a geothermal system involves the design of a system and 
an energy source. The GHX must be the right size. 

• If it is too big it costs too much. If it is too small it underperforms and 
gives geothermal technologies a bad reputation. 

• More detailed loads data are required. They take more time to 
l l t d l bl D i h ld h li t fcalculate and are more valuable. Designers should charge clients for 

these calculations. 
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Loads:  OverviewLoads:  Overview

• Example: Church vs. Office

• Same peak load, same location, same geology
• Church used 2x a week
• Office used 12 hours a day, 5 days a week
• Office loopfield    >>    Church Loop
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Loads:  SoftwareLoads:  Software

• With loads programs, it is easy to have oversized loads 

• Avoid oversized loads with geothermal designAvoid oversized loads with geothermal design

With most commercial loads programs:
• the heat gain from the mechanical room is added to cooling load (for 

example, a chiller plant). This doesn’t exist with geothermal systems.

Li hti t b dj t d f h d l d t id t l d• Lighting must be adjusted for scheduled use to avoid extra loads

• Eliminate any backup heat sources in the loads calculations

• Include energy recovery for outside air ventilation• Include energy recovery for outside air ventilation
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Loads:  Reality CheckLoads:  Reality Check

PEAK LOADS
New Construction Office Buildings:
20‐30 btu/sq ft cooling
Less for heating
Retrofit:
25‐30 btu/sq ft cooling
Heating may be as highHeating may be as high

ANNUAL HOURS

Cooling annual loads over 2000 hours = double check
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Loads:  ConclusionLoads:  Conclusion

• Loads are really important! 

• Calculate them accurately!
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Entering Water TemperaturesEntering Water Temperatures

• Definition:
Entering Water Temperatures (EWTs)/Unit Inlet Temperatures are theEntering Water Temperatures (EWTs)/Unit Inlet Temperatures are the 
temperatures coming into the heat pump from the ground source heat 
exchanger.

• Range:
Cooling: 85⁰‐95⁰ F (25⁰ ‐35⁰ above ground temp)    
H i 30⁰ 40⁰ F (15⁰ b l d )Heating: 30⁰ ‐40⁰ F (15⁰ below ground temp)

• Impact
Heat Exchanger Length
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Borehole SpacingBorehole Spacing

• Definition:Definition:
Center‐to‐center distance between adjacent boreholes

• Range:
15 ft minimum, no maximum

• Impact
more separation = less heat build‐up in soil = less drilling
less separation = more heat build‐up in soil = more drilling
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Borehole GeometryBorehole Geometry

• Definition:• Definition:
Geometry of the loopfield

R• Range:
Depends on space

• Impact• Impact
High Density Systems = More Drilling
Low Density Systems  = Less Drilling
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Borehole GeometryBorehole Geometry

36 boreholes x 437ft 36 boreholes x 406ft
f l d illi
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~ 1111 ft less drilling



Ground TemperatureGround Temperature

• Definition:
Subsurface undisturbed ground temperature

• Range:Range: 
35⁰F (+/)‐ to 68⁰F (+/‐)

• Impact:• Impact:
Maximize the Delta T between the Soil and EWTs to minimize drilling 
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Thermal ConductivityThermal Conductivity

• Definition:
Ability of soil to transport heat

• Range: 
0.6 to 1.5 +

• Impact:
higher conductivity = more efficient heat transfer = less drilling

GLD2014‐ Loopfields & Piping Workshop – Week 1 ‐ Slide  1.1 ‐ 60Copyright © 2014  

g y g
Example 1



Thermal ConductivityThermal Conductivity

• What? 
• A test to determine the average thermal conductivity of the groundA test to determine the average thermal conductivity of the ground. 
• Usually for vertical systems. Can be performed for horizontal systems as well; 
• Measures:

– Ground temperature (undisturbed)p ( )
– Conductivity (k) –how much heat flows through the soil 
– Diffusivity (α =k/pc) 

» Ratio of thermal conductivity to volumetric heat capacity. How rapidly heat flows 
through soil. g

• Why?
• Allows you to design accurately
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Thermal ConductivityThermal Conductivity

• When?

• Should be performed if the TC test cost is less than the difference 
between the best case and worst case design scenarios

• How?

• Transfer known amount of heat into a test loop and measure how much 
h i b b d b ilheat is absorbed by soil

• Use depth and pipe size that you plan on using for final installation. 

• The TC test borehole can be used in the final installation
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Thermal ConductivityThermal Conductivity
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Grout ConductivityGrout Conductivity

• Definition:
Ability of grout to transport heat

• Range: 
varies

• Impact
higher conductivity = more efficient heat transfer = less drilling
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Grout ConductivityGrout Conductivity

100 borehole system100 borehole system
Grout Conductivity Bore length Total length Cost ($12/ft)

0.00 6039ft 603900ft $7,246,800

0.45 369ft 36900ft $442,800

0.57 350.3ft 35030ft $420.360

0.69 341ft 34100ft $409,200$ ,

0.79 335ft 33500ft $402,000

0.88 329ft 32900ft $394,800
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Grout ConductivityGrout Conductivity

390
400

conductivity vs length

340
350
360
370
380

length

300
310
320
330

0 4 0 5 0 6 0 7 0 8 0 9
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Grout ConductivityGrout Conductivity
conductivity vs length

370

380

390

400
conductivity vs length

330

340

350

360

length

300

310

320

0.4 0.5 0.6 0.7 0.8 0.9

$3300 to drill
$290 to grout

$3700 to drill
$190 to grout

$3450 to drill
$220 to grout

• 1 bag bentonite: $10/ 1 bag of sand: $3

gg
$3890 $3590

g
$3670

$220 $90
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Example 1
• 1 bag bentonite: $10/ 1 bag of sand: $3
• 1:1 ratio costs $13 for 25 ft of grouting with ~ 0.45 conductivity
• 4:1 ratio costs $22 for 25 ft of grouting with ~ 0.88 conductivity



Modeling Time PeriodModeling Time Period

• Definition:
The length of time required for the ground temperature to stabilize

• Range: 
Vertical system:  10‐25 years
Horizontal system: 5‐10 yearsHorizontal system:  5 10 years
Pond system: N/A

• Impact:
B l d t d t t t bili i klBalanced systems, ground temperature stabilizes quickly 
Unbalanced systems: required stabilization time increases 
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Modeling Time PeriodModeling Time Period

Time Bore length Total length Ground Temp Change

100 borehole system

Time Bore length Total length Ground Temp Change

1 year 304ft 30400ft 0.9F

3 years 311.5ft 31150ft 1.8F

5  years 319.3ft 31930ft 2.2F

10 years 329ft 32900ft 2.8F

15 years 336.7ft 33670ft 3.2F

25 years 344.1ft 34410ft 3.6F

35 years 347.2ft 34720ft 3.8F
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Modeling Time PeriodModeling Time Period

time vs length

330
335
340
345
350

310
315
320
325
330

length

300
305

0 10 20 30 40
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Section Section –– Average Block/Zone Manager ModuleAverage Block/Zone Manager Module

A Bl k Z M L d M d lA Bl k Z M L d M d l
• System Design Inputs and their Impact
• GLD Overview

• Adding/Editing Heat Pumps
• Bringing Loads into GLD
•• Average Block vs. Zone Manager Loads ModuleAverage Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat Pumps

• Selecting Heat Pumps
• Linking Modules Togetherg g
• Vertical GHX Loopfield Design
• Horizontal GHX Loopfield Design
• The GSA Module and Lifecycle Costing

GLD2014‐ Loopfields & Piping Workshop – Week 1 ‐ Slide  1.1 ‐ 71Copyright © 2014  



Th A Bl k d Z M L d d l id id ti l h t

Average BlockAverage Block vs. Zone Managervs. Zone Manager
The Average Block and Zone Manager Loads modules provide identical heat 
exchanger lengths assuming the inputs are identical.
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Average BlockAverage Block vs. Zone Managervs. Zone Manager

• Rapid method of entering enter 
system info into one block load 
and quickly designing a system

• Uses a particular “style” of pump 
(or COP) and matches it in an 
average way to the entire load

• Can be sed to perform monthl• Can be used to perform monthly 
or hourly simulations
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Average Block Loads Module



Average Block vs. Average Block vs. Zone ManagerZone Manager

• Loads are input in separate zones
h l h• Each zone precisely matched to 

pumps
• Can mix and match heat pumps

d hl /h l• Can not do monthly/hourly sims 
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Zone Manager Loads Module



Inputs are identical

Average Block vs. Average Block vs. Zone ManagerZone Manager
Inputs are identical
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Average Block Loads Module Zone Manager Loads Module



Therefore results are identical

Average Block vs. Average Block vs. Zone ManagerZone Manager
Therefore results are identical
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Section Section –– Bringing Loads into GLDBringing Loads into GLD

A Bl k Z M L d M d l
• System Design Inputs and their Impact
• GLD Overview

• Adding/Editing Heat Pumps
•• Bringing Loads into GLDBringing Loads into GLD
•• Average Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat Pumps

• Selecting Heat Pumps
• Linking Modules Togetherg g
• Vertical GHX Loopfield Design
• Horizontal GHX Loopfield Design
• Surface Water GHX Design
• The GSA Module and Lifecycle Costing
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Bringing Loads Data into GLDBringing Loads Data into GLD
• Design Day Loads

‐ Manual Entry
‐ Copy/Paste from ExcelCopy/ aste o ce

• Monthly Simulation Loads
Manual Entry‐ Manual Entry

‐ Copy/Paste from Excel
‐ Import CSV and Proprietary Files

• Hourly Simulation Loads
‐ Import CSV and Proprietary Files (IES “APS” files and Trace “GT” files)p p y ( )

GLD2014‐ Loopfields & Piping Workshop – Week 1 ‐ Slide  1.1 ‐ 78Copyright © 2014  



Section Section –– Adding/Editing Heat PumpsAdding/Editing Heat Pumps

A Bl k Z M L d M d l
• System Design Inputs and their Impact
• GLD Overview

•• Adding/Editing Heat PumpsAdding/Editing Heat Pumps
• Bringing Loads into GLD
• Average Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat PumpsAdding/Editing Heat Pumps

• Selecting Heat Pumps
• Linking Modules Togetherg g
• Vertical GHX Loopfield Design
• Horizontal GHX Loopfield Design
• The GSA Module and Lifecycle Costing
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Adding/Editing Heat PumpsAdding/Editing Heat Pumps

The heat pump database in GLD dynamically models heat pump 
capacity and power as load and source side temperatures and flow 
rates vary. In conjunction with detailed loads data, the database can 
predict energy consumption hour by hour or month by month. 

U h i h i h d b i hUsers can enter their own heat pumps into the database with as 
much detail as they like. Note that a full model requires nearly 80 
unique data points. q p

Some small manufacturers don’t have detailed performance data and 
as a result, these heat pumps can’t be accurately modeled in GLD. p p y
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Adding/Editing Heat PumpsAdding/Editing Heat Pumps
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Adding/Editing Heat PumpsAdding/Editing Heat Pumps
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Adding/Editing Heat PumpsAdding/Editing Heat Pumps
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Adding/Editing Heat PumpsAdding/Editing Heat Pumps
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Adding/Editing Heat PumpsAdding/Editing Heat Pumps
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Pumps: Out of Range WarningsPumps: Out of Range Warnings
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Section Section –– Selecting Heat PumpsSelecting Heat Pumps

A Bl k Z M L d M d l
• System Design Inputs and their Impact
• GLD Overview

• Adding/Editing Heat Pumps
• Bringing Loads into GLD
• Average Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat Pumps

•• Selecting Heat PumpsSelecting Heat Pumps
• Linking Modules Togetherg g
• Vertical GHX Loopfield Design
• Horizontal GHX Loopfield Design
• The GSA Module and Lifecycle Costing
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Selecting Heat PumpsSelecting Heat Pumps
The Average Block and ZM Loads modules offer different types of options
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Selecting Heat Pumps: Average BlockSelecting Heat Pumps: Average Block

• Select one type of heat pump
• This pump should be the 

“average” type of pump in a“average”  type of pump in a 
design.  For example, if you are 
designing a school and you plan 
on having 16 four ton pumps and g p p
two six ton pumps, you could 
select a four ton pump

• The displayed pump performance 
l l dvalues are applied in an average 

way to the overall load.
• In reality of course the loads are 

broken up into zones and you havebroken up into zones and you have 
multiple pumps but because you 
have selected the “average” 
pump, design results are the same
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Selecting Heat Pumps: Average BlockSelecting Heat Pumps: Average Block

• You can override any values and 
thereby have a “custom” pumpthereby have a  custom  pump. 
This enables you to use a pump 
that is not in the standard 
database. However, by doing so 

’ d l hyou can’t model the pump 
dynamically and therefore can’t 
do advanced monthly/hourly 
simulationssimulations. 

• You can also input load side 
correction factors (flow 
rates/temperatures) to provide p ) p
greater accuracy. Note that this is 
more important for w‐w pumps 
than for w‐a pumps.
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Selecting Heat Pumps: Average BlockSelecting Heat Pumps: Average Block

• You can override any values and 
thereby have a “custom” pump. 
Thi bl tThis enables you to use a pump 
that is not in the standard 
database. However, by doing so 
you can’t model the pumpyou can t model the pump 
dynamically and therefore can’t 
do advanced monthly/hourly 
simulations. 

• You can also input load side 
correction factors (flow 
rates/temperatures) to provide 
greater accuracy Note that this isgreater accuracy. Note that this is 
more important for w‐w pumps 
than for w‐a pumps.
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Selecting Heat Pumps: Zone ManagerSelecting Heat Pumps: Zone Manager

• Manually or automatically select 
pumps to match loads in one zonepumps to match loads in one zone

• Manually or automatically select 
pumps to match loads across 
multiple zonesp

• Combine manual and automatic 
selection across multiple zones

• Use both w‐w and w‐a pumpsp p
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Section Section –– Linking Modules TogetherLinking Modules Together

A Bl k Z M L d M d l
• System Design Inputs and their Impact
• GLD Overview

• Adding/Editing Heat Pumps
• Bringing Loads into GLD
• Average Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat Pumps

• Selecting Heat Pumps
•• Linking Modules TogetherLinking Modules Togetherg gg g
• Vertical GHX Loopfield Design
• Horizontal GHX Loopfield Design
• Surface Water GHX Design
• The GSA Module and Lifecycle Costing
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Linking Modules TogetherLinking Modules Together

• GLD is a modular program. Each core function has p g
its own module

• These modules communicate back and forth with 
each other via the linking system.

• With this system you can design and compare y y g p
multiple systems at the same time.
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Section Section ‐‐ Vertical GHX Loopfield DesignVertical GHX Loopfield Design

A Bl k Z M L d M d l
• System Design Inputs and their Impact
• GLD Overview

• Adding/Editing Heat Pumps
• Bringing Loads into GLD
• Average Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat Pumps

• Selecting Heat Pumps
• Linking Modules Togetherg g
•• Vertical GHX Loopfield DesignVertical GHX Loopfield Design
• Horizontal GHX Loopfield Design
• The GSA Module and Lifecycle Costing
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GHX Loopfield Design MethodologyGHX Loopfield Design Methodology
Optimize Loads 1) Import Loads

2) Select Heat Pump (s)2) Select Heat Pump (s)

3) Design Heat  Exchanger Piping Optimization

4) GSA/CO2 A l i

GLD2014‐ Loopfields & Piping Workshop – Week 1 ‐ Slide  1.1 ‐ 96Copyright © 2014  

4) GSA/CO2 Analysis



Vertical GHX Loopfield DesignVertical GHX Loopfield Design

Design Exercise #1

Exercise Goals:
• Learn how to import loads into Average Block• Learn how to import loads into Average Block 
• Learn how to select pump
• Learn ho to se Design Da and Monthl Modes• Learn how to use Design Day and Monthly Modes
• Learn how to compare Design Day and Monthly Modes 
L h t d b fi ld i ith b l d l d• Learn how to reduce borefield size with balanced loads
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Vertical GHX Loopfield DesignVertical GHX Loopfield Design

Sample Design 1  
Average Block Loads Module‐ Average Block Loads Module

‐ Hourly Data ‐ balanced load   (hourly_Denver.csv plus CO TC value)
Look at different heat transfer models and simulations‐ Look at different heat transfer models and simulations

‐ Look at benefits of TES
TOU modeling o er ie‐ TOU modeling overview
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Vertical GHX Loopfield Vertical GHX Loopfield Design: GridBuilderDesign: GridBuilder
The GridBuilder builds gridfiles, which  are very useful for non‐
standard/non‐rectangular designs
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Vertical GHX Loopfield Vertical GHX Loopfield Design: Design: GridBuilderGridBuilder
The GridBuilder is a design tool for easily designing and modeling any type 
of vertical loopfield. 
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Vertical GHX Loopfield DesignVertical GHX Loopfield Design
When you use a gridfile in a design, it overrides the standard borehole 
input boxes.
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Vertical GHX Loopfield DesignVertical GHX Loopfield Design

In general, using a gridfile will increase the calculated 
length because the gridfile uses the g functionlength because the gridfile uses the g function 
calculation normally associated with monthly and 
hourly simulations and the g function assumes greater 
borehole interactions than the design day calculations
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Vertical GHX Loopfield DesignVertical GHX Loopfield Design
When you import a grid file, GLD always use the g functions for modeling. 
Therefore, do not be surprised if you get different results using the same 
loopfield design:p g
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Vertical GHX Loopfield DesignVertical GHX Loopfield Design

Let’s look at an example of the 8 x 10 
( b h l l d fil )(uses boston hourly loads profile)

h iWhat we notice:
1) As spacing increases, two methods converge
2) G fcn is very sensitive to diffusivity
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Vertical GHX Loopfield Vertical GHX Loopfield Design: GMAPDesign: GMAP

3D map of how bore field layout and thermal diffusivity 
influence ground temperature changes over time (assuming a 

h i b h l h i )constant or non‐changing borehole temp over that time).
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Vertical GHX Loopfield DesignVertical GHX Loopfield Design

Design Exercise # 2

Exercise Goals:
Learn design strategies for imbalanced loads‐ Learn design strategies for imbalanced loads

‐ Look at how Design Day and Monthly results are different 
Learn abo t H brid Designs ith the ne GLD2014 H brid‐ Learn about Hybrid Designs with the new GLD2014 Hybrid 
tools
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Hybrid Designs are valuable when heating and cooling loads are imbalanced:

Thi li d i t t ill h t d f ilThis cooling dominant system will overheat and fail

With GLD2014 and hourly heating/cooling loads data, the designer can 
quickly balance the load and create a sustainable high performance system
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quickly balance the load and create a sustainable, high performance system.



With GLD2014 we can quickly balance the loads:

With balanced loads, the system is sustainable and high performance
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Remember:
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The new hybrid design tool shows you how the loads change as The new hybrid design tool shows you how the loads change as 
you use the slidersyou use the slidersyou use the sliders. you use the sliders. 

2012 Edition New Edition
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The new hybrid design tool in GLD provides:

• Precision peak load shaving on 8760 hourly loads profiles

• Intelligent, independent peak and total load shaving on designIntelligent, independent peak and total load shaving on design 
day and monthly loads profiles

• Fast, direct hybrid design without the need to use externalFast, direct hybrid design without the need to use external 
programs, like Excel, for iterative loads modification (as was the 
case with previous versions of GLD)
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The new hybrid design tool substantially increases The new hybrid design tool substantially increases 
hybrid design speed becausehybrid design speed because::

• In real time, it can parse and update hourly and monthly loads 

hybrid design speed becausehybrid design speed because::

profiles.

• The updated loads profiles can then be used for loopfield design 
and performance simulations The process is fast easy andand performance simulations. The process is fast, easy and 
straightforward.  
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8760 Hourly Heating/Cooling Loads Data are 8760 Hourly Heating/Cooling Loads Data are 
EssentialEssential::

• Each and every building has a unique energy and loads 
“fingerprint”

EssentialEssential::

“fingerprint”

• One can predict this fingerprint by properly using one of the 
8760 hourly energy simulation tools that are available on the8760 hourly energy simulation tools that are available on the 
market. 

• To take full advantage of the new hybrid tool, designers should 
be using 8760 hourly heating and cooling loads profiles. 
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An example 8760 hourly loads profile:An example 8760 hourly loads profile:
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Hourly loads data are invaluable for hybrid design Hourly loads data are invaluable for hybrid design 
b h bl k h h h b db h bl k h h h b dbecause they enable us to know when the hybrid system because they enable us to know when the hybrid system 

is predicted to be active.is predicted to be active.

•‐ July 31 •‐ August 1
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Knowing when the hybrid system is predicted to be on Knowing when the hybrid system is predicted to be on 
and off on an hour by hour basis enables the designer to:and off on an hour by hour basis enables the designer to:

• Accurately predict the peak and total energy loads going 
into and out of the ground

• Properly size the loopfield for target EWTs

• Optimally determine the system economics
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With detailed loads information and the upcoming release With detailed loads information and the upcoming release 
of GLD, optimized hybrid sizing has never been more of GLD, optimized hybrid sizing has never been more 
accurate, faster or easier.accurate, faster or easier.

•Let’s take a look!
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Let’s import this hourly loads profile into GLDLet’s import this hourly loads profile into GLD
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A Design Based on Hourly LoadsA Design Based on Hourly Loads
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• With an 8760 hourly loads profile GLD automatically• With an 8760 hourly loads profile, GLD automatically 
calculates a new hourly loads profile each time the 
hybrid slider percentage is adjusted.hybrid slider percentage is adjusted. 
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Modified design day loopfield loads are displayed and heat Modified design day loopfield loads are displayed and heat 
pump performance is updatedpump performance is updatedpump performance is updatedpump performance is updated
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Modified monthly peak and total loads are displayed.Modified monthly peak and total loads are displayed.y p p yy p p y
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Relationship Between Peak and Total Loads Relationship Between Peak and Total Loads 
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Relationship Between Peak and Total Loads Relationship Between Peak and Total Loads 

Peaks: 100%/0%  Totals: 100%/0% Peaks: 90%/10%  Totals: 99.8%/0.2%

Peaks: 80%/20% Totals: 98 7%/1 3% Peaks: 70%/30% Totals: 96 3%/3 7%Peaks: 80%/20%  Totals: 98.7%/1.3% Peaks: 70%/30%  Totals: 96.3%/3.7%
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Relationship Between Peak and Total Loads Relationship Between Peak and Total Loads 

Peaks: 60%/40%  Totals: 91.7%/8.3% Peaks: 50%/50%  Totals: 84.1%/15.9%

Peaks: 40%/60% Totals: 73 3%/26 7% Peaks: 30%/70% Totals: 59 6%/40 4%Peaks: 40%/60%  Totals: 73.3%/26.7% Peaks: 30%/70% Totals: 59.6%/40.4%
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Relationship Between Peak and Total Loads Relationship Between Peak and Total Loads 

Peaks: 20%/80%  Totals: 43.1%/56.9% Peaks: 10%/90%  Totals: 23.5%/76.5%

Peaks: 0%/100%  Totals: 0%/100%
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How EWTs change as hybrid slider use changesHow EWTs change as hybrid slider use changes
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Geothermal and hybrid loads at the 70% slider positionGeothermal and hybrid loads at the 70% slider position
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Monthly Total and Peak Loads (GLD Screenshot)Monthly Total and Peak Loads (GLD Screenshot)
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Conclusion: Relationship Between Peak and Total Loads is nonConclusion: Relationship Between Peak and Total Loads is non‐‐
li d i ibl t di t ith t hli d i ibl t di t ith t h bb h b ildih b ildilinear and impossible to predict without hourlinear and impossible to predict without hour‐‐byby‐‐hour building hour building 

loads and GLD. loads and GLD. 

Peak Geo loads Cut Total Geo Loads Cut

0% 0.2%

10% 0.2%

20% 1.3%

30% 3.7%

40% 8 3%40% 8.3%

50% 15.9%

60% 26.7%

70% 40 4%70% 40.4%

80% 56.9%

90% 76.5%
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Vertical GHX Loopfield DesignVertical GHX Loopfield Design

Hybrid Systems:

‐ With hourly data, GLD automatically determines relationship between 
geothermal and hybrid loads for each and every hour.
C b d t b l t h b ildi /l fi ld d i d‐ Can be used to balance systems when building/loopfield design and 
optimization techniques alone don’t work

‐ Let’s look at an examplep
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Vertical GHX Loopfield DesignVertical GHX Loopfield Design

Sample Design 2: Unbalanced Loads
Average Block Loads Module‐ Average Block Loads Module

‐ Hourly Data‐ imbalanced load (Miami hourly)
Add Hybrid System‐ Add Hybrid System 
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Checklist for a Checklist for a Good DesignGood Design
 Reasonable Loads 

‐ high annual hours?
‐ high peaks?  do a reality check on btu/sq ftg pea s do a ea ty c ec o btu/sq t

 Appropriately selected heat pump(s)
‐ appropriate “average” pumps for average block‐ appropriate  average  pumps for average block 

 Appropriate flow rates/EWTs
flow rates in range?‐ flow rates in range?

‐ EWTs reasonable…not too high/not too low

 l / l Accurate soil temperatures/TC values
 TC test conducted if necessary? 
 Ground temperature confidence?
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What to Look For in a Good DesignWhat to Look For in a Good Design

Appropriate Borehole Spacing for land area
 spacing too tight? 
 geometry options? geometry options?

Stable soil temperatures over many years (vertical systems)
 i i f d t h 5F? aiming for ground temp change < 5F? 

Appropriate pipe diameters to minimize PD
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Section Section –– Horizontal GHX Loopfield DesignHorizontal GHX Loopfield Design

A Bl k Z M L d M d l
• System Design Inputs and their Impact
• GLD Overview

• Adding/Editing Heat Pumps
• Bringing Loads into GLD
• Average Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat Pumps

• Selecting Heat Pumps
• Linking Modules Togetherg g
• Vertical GHX Loopfield Design
•• Horizontal GHX Loopfield DesignHorizontal GHX Loopfield Design
• The GSA Module and Lifecycle Costing
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Horizontal GHX Loopfield Horizontal GHX Loopfield Design: OverviewDesign: Overview

Heat transfer model: variation on                            cylindrical model
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Horizontal GHX Loopfield Horizontal GHX Loopfield Design: OverviewDesign: Overview

Design pits:
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Horizontal GHX Loopfield Horizontal GHX Loopfield Design: OverviewDesign: Overview

Design trenches:
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Horizontal GHX Loopfield Horizontal GHX Loopfield Design: OverviewDesign: Overview

Design bores:
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Horizontal GHX Loopfield Horizontal GHX Loopfield Design: OverviewDesign: Overview

Soil temperatures up to about 25 ft deep
follow the air temperatures (sinusoid curve)p ( )
with a delay.

d i h il hTo determine the soil temperatures at the 
pipe depth GLD needs some info:

Thx to D.L. Nofziger

•Temperature Swing
•Coldest and Hottest Day of Year (entered as calendar day, 1‐365)

g

If January 31st is the coldest day of the year, enter “31”
If July 19th is the hottest day of the year, enter “200”
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Horizontal GHX Loopfield Horizontal GHX Loopfield Design: OverviewDesign: Overview

One way to estimates swing temperatures: 

(| Avg annual temp – Avg January temp| + |Avg July temp –
Avg annual temp|)/2

Using this method, compare data from 
wwwweatherbase com with National Rural Electricwww.weatherbase.com with National Rural Electric 
Cooperative Association, NRECA Research Project 86‐1
and get very similar results.
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Horizontal GHX Loopfield Horizontal GHX Loopfield Design: OverviewDesign: Overview
Fixed Area Mode for straight pipe designs (not slinky!):

• Activate Fixed Area mode
• Define width and length
• Define separation between 

trenches/bores/pipe rows
• Program calculates separation
• Program calculates inlet temps
• Graph inlet temps over time
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GHX Loopfield Design MethodologyGHX Loopfield Design Methodology
Optimize Loads 1) Import Loads

2) Select Heat Pump (s)2) Select Heat Pump (s)

3) Design Heat  Exchanger Piping Optimization

4) GSA/CO2 A l i
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Section Section –– The GSA ModuleThe GSA Module

A Bl k Z M L d M d l
• System Design Inputs and their Impact
• GLD Overview

• Adding/Editing Heat Pumps
• Bringing Loads into GLD
• Average Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat Pumps

• Selecting Heat Pumps
• Linking Modules Togetherg g
• Vertical GHX Loopfield Design
• Horizontal GHX Loopfield Design
•• The GSA Module and Lifecycle CostingThe GSA Module and Lifecycle Costing
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What is Lifecycle Costing?What is Lifecycle Costing?
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What is Lifecycle Costing?What is Lifecycle Costing?

GLD2014‐ Loopfields & Piping Workshop – Week 1 ‐ Slide  1.1 ‐ 148Copyright © 2014  



What is Lifecycle Costing?What is Lifecycle Costing?
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What is Lifecycle Costing?What is Lifecycle Costing?
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What is Lifecycle Costing?What is Lifecycle Costing?
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What is Lifecycle Costing?What is Lifecycle Costing?

In summary, lifecycle costing is a standard investment analysis methodology 
that counts present and future costs and savings in today’s dollar terms 
(known as net present value or NPV analysis(known as net present value, or NPV, analysis. 

Future costs and savings are converted into today’s dollar terms using the 
discount rate. 

Typically the commercial real estate sector likes to see NPV analysis that hasTypically, the commercial real estate sector likes to see NPV analysis that has 
a investment payback of approximately  < =8 years.

To do a full NPV analysis on a geothermal system requires the designer to 
take into account “hard” and “soft” costs for a geothermal system and one or 
more conventional systems. 
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The Geothermal System Analyzer (GSA) Module enablesThe Geothermal System Analyzer (GSA) Module enables
What is the GSA Module?What is the GSA Module?

The Geothermal System Analyzer (GSA) Module enablesThe Geothermal System Analyzer (GSA) Module enables
customized, quick and accurate lifecycle costing specificallycustomized, quick and accurate lifecycle costing specifically
for geothermal systems and the unique and valuable benefitsfor geothermal systems and the unique and valuable benefitsfor geothermal systems and the unique and valuable benefitsfor geothermal systems and the unique and valuable benefits

that they provide.  that they provide.  
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What is the GSA Module?What is the GSA Module?
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Hard Costs
GSA Module InputsGSA Module Inputs

Hard Costs
Loads/Efficiencies
Installation Costs: 

Subsurface (cost per foot of pipe installed)
Equipment (cost per square foot of conditioned space)
Controls (cost per square foot of conditioned space) 

Equipment Replacement Costs
Energy Consumption (kWh) costsgy p ( )

Soft Costs
CO2 emissions costs 
Opportunity costs related to mechanical room size
Maintenance costs
Water consumption costs 

Incentives and Taxes
Tax Credits
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Hard Costs: Loads and Efficiencies
Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis

Hard Costs: Loads and Efficiencies
• Total heating and cooling btus/kWs
• Average equipment performance (COP, EER, etc)

l l h l / l hl /h l lTo calculate geothermal average COP/EER values, monthly/hourly loads 
data, dynamic pump data and advanced loopfield simulations essential
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Hard Costs: Building Construction Costs
Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis

Hard Costs: Building Construction Costs
• General Costs

Cost per square foot for construction
l f f b lValue per square foot for existing buildings
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Hard Costs: Installation Costs
Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis

Hard Costs: Installation Costs

• Subsurface (cost per foot of pipe installed)
( f f )• Equipment (cost per square foot of conditioned space)

• Controls (cost per square foot of conditioned space) 
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Hard Costs: Installation Costs
Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis

Hard Costs: Installation Costs
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Hard Costs: Equipment Replacement Costs
Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis

Hard Costs: Equipment Replacement Costs

•Factor in time frame, future equipment costs, future labor costs
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Hard Costs: Controls Costs
Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis

Hard Costs: Controls Costs

•Range from $0.1 to $1.50 per square foot of the conditioned space.
•Simple well designed geo systems can have low controls costs•Simple, well designed geo systems can have low controls costs.
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Hard Costs: Energy Consumption Costs
Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis

Hard Costs: Energy Consumption Costs

•Factor in fuel types, current prices, fuel inflation rates
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Hard Costs: Maintenance Costs
Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis

Hard Costs: Maintenance Costs

Maintenance costs typically increase over time. This is accounted for with
a maintenance cost inflation rate
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a maintenance cost inflation rate. 



d

Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis
Hard Costs: Water Consumption Costs
If comparing a closed geothermal system with say a cooling tower:
• A 300 ton system will use 600g/hr• A 300 ton system will use 600g/hr
•Water can cost $2.50/hour
• In the future in drought prone regions?
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Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis
Soft Costs: Mechanical Room Size

Mechanical rooms are expensive to build ($/sq ft). For new construction, geothermal systems 
i ll f t i t dmay require a smaller footprint and save money.

With a geothermal retrofit, existing mechanical rooms may be converted to other valuable 
uses.
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Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis
POP QUIZ!

1)Is this graph represent the long term fluid temps of a cooling or heating 
dominant geothermal system?
2)Is this a stable design? Does it warrant some sort of an intervention?
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Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis
Soft Costs: C02 Emissions Costs

Tax or cap on emissions inevitable during lifetime of new geothermal installations.
Estimates range from $20/ton up to $600+/ton.
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The Geothermal System Analyzer ModuleThe Geothermal System Analyzer Module

Soft Costs: CO2
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Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis
Incentives and Taxes

Tax Credits: Fixed, %, per sq  ft. 
Depreciation: MACRS vs  Straight Line
Salvage: include?
RHI: renewable heat incentiveRHI: renewable heat incentive
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Standard Inputs for Lifecycle AnalysisStandard Inputs for Lifecycle Analysis
The Discount Rate

The discount rate is a rate/% that enables us to convert future costs and 
savings into today’s dollar terms. Selecting a discount rate is a non‐trivial 
exercise.
One approach is to use the average inflation rate in the USA over the past 
century: 3.35%
Another more technical approach is to use the Weighted Average Cost of 
Capital (WACC) for a particular company or institution (Harvard University at 
present time uses 5.5%). 
The higher the discount rate, the less you value (the more you discount) 
future costs and savings. 
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The Geothermal System Analyzer ModuleThe Geothermal System Analyzer Module

Optimize Loads 1) Import Loads

2) Select Heat Pump (s)2) Select Heat Pump (s)

3) Design Heat Exchanger Piping Optimization

4) Fi /CO2 A l i
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Thank You!Thank You!

Q & AQ & A

h k f i f d f l i h i l !Thank you for using GLD Software and for learning how to use it correctly!  
Please try to use some of what you have learned prior to the next session

• For more information about GLD Software, visit our website at:

www.groundloopdesign.com

• Additional training is available for advanced GSHP systems.  Visit the 
Geothermal Training Institute website at:

www.groundloopdesign.com 

Geothermal Training Institute website at:

www.geotrainers.com
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Section Section –– Surface Water GHX DesignSurface Water GHX Design

A Bl k Z M L d M d l
• System Design Inputs and their Impact
• GLD Overview

• Adding/Editing Heat Pumps
• Bringing Loads into GLD
• Average Block vs. Zone Manager Loads Module

• Selecting Heat Pumps
Adding/Editing Heat Pumps

• Selecting Heat Pumps
• Linking Modules Togetherg g
• Vertical GHX Loopfield Design
• Horizontal GHX Loopfield Design

•• Surface Water GHX DesignSurface Water GHX Design
• The GSA Module and Lifecycle Costing
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GHX Loopfield Design MethodologyGHX Loopfield Design Methodology

Optimize Loads 1) Import Loads

2) Select Heat Pump (s)2) Select Heat Pump (s)

3) Design Heat  Exchanger Piping Optimization

4) GSA/CO2 A l i
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4) GSA/CO2 Analysis



Pond GHX Loopfield DesignPond GHX Loopfield Design

Assume: 
L d l l t d ( l l d )• Loads calculated (no annual loads necessary)

• Heat pump manufacturer/family known
• Body of water can handle heating/cooling loads
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Pond GHX Loopfield DesignPond GHX Loopfield Design

Sample Design 1  
‐ Single Heat Transfer Modelg

Note: it is critical turbulent flow be maintained in the heat exchangers.  
Design process revolves around this requirement. 
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Pond GHX Loopfield DesignPond GHX Loopfield Design

• Pond depth‐ want 10 ft measured at lowest seasonal level
• Rule of thumb 20 tons/acre max for cooling• Rule of thumb‐ 20 tons/acre max for cooling
• Rule of thumb – 10 tons/acre  max for heating
• Better do a detailed lake analysis including weather geology• Better‐ do a detailed lake analysis including weather, geology, 

rainfall, temperatures, relative humidity, wind speed, cloud 
cover at day and night, water clarity, solar radiation, surface cover at day and night, water clarity, solar radiation, surface
inflows and outflows, groundwater inflows and outflows, 
thermal conductivity of lake bed, etc.
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Pond GHX Loopfield DesignPond GHX Loopfield Design

• Pond Temps: Get info from geological surveys of lake and 
streams if you can’t collect data yourselfstreams if you can t collect data yourself

• Winter: coldest water/ice near surface. Water at bottom is 
39F, the temperature of maximum H20 density

• In warm climates where lakes don’t freeze, winter temps are 
usually in the 40‐50F range unless they are spring fed
I h ll t h th i t• In summer, shallow water approaches the average air temp

• In summer, stratified deeper lakes tend to have cold water 
(40‐60F) through the summer (sunlight doesn’t go(40 60F) through the summer (sunlight doesn t go 
deep/denser water doesn’t go up)

• In stagnant lakes, you ideally want 20 ft spacing between coils
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Pond GHX Loopfield DesignPond GHX Loopfield Design

• Building Loads
• Capacity of body of water• Capacity of body of water
• Pond Temperatures
• Soil Properties• Soil Properties
• Pipe Size

P D C l l ti• Pressure Drop Calculations 
– Turbulent flow essential

• Note: No Annual/Duration loads with ponds!Note: No Annual/Duration loads with ponds!
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Pond Module MethodPond Module Method
• Step 1: Enter Loads/Pond Temps
• Step 2: Choose pipe style and size for primary HX
• Step 3: Check the minimum allowable flow rate for turbulent 

flow and enter it
S 4 Ch l• Step 4: Choose a layout

• Step 5: Enter head loss for pipe and header
l l• Step 6: Calculate

• Step 7: Modify the parallel loops to balance turbulent flow 
d dand reduce pump power. 
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