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Course Overview

¢ How can GLD Software help you?

e Brief introduction to GLD

¢ Why Use GLD Software?

¢ System Design Inputs and Their Impact
* How to use GLD

* What to Look For in a Good Design

¢ Practice!
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How Can GLD Help You?

Easily design loop fields

Easily select equipment

Easily design piping

Easily determine costs and savings

Design a loop field in three minutes!
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Course Overview

* How can GLD Software help you?

* Brief introduction to GLD

e Why Use GLD Software?

¢ System Design Inputs and Their Impact
* How to use GLD

* What to Look For in a Good Design

* Practice!
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What is GLD Software?

e 1997: Version 1.0 — Training tool for engineers
e 2000: Version 2.0 — Introduced at IGSHPA
e 2001: Version 2.7 — Horizontal module release

e 2003: Version 3.0 — Dongle-based license system

e 2005: Version 4.0 — Development tool

e 2007: Version 5.0 — Lund University model added

e 2008: Version 5.0 — Residential Edition

e 2009: Version 6.0 — Finance/Emissions Module

e 2010: Version 7.0 — Piping/Pressure Drop Module

e 2012: Version 7.5 — Grid Builder; G-Function Generator

Today: Used in over 54 countries,
1000’s of engineering customers world wide
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What is GLD Software?

Goal: To turn research advances into practical design tools

Developed in conjunction with:

— Oakridge National Lab

— University of Alabama

— Oklahoma State University

— Lund University, Sweden

— Oregon Institute of Technology- “GeoHeat Center”
— Major Heat Pump Companies- ClimateMaster

— Design and engineering firms
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What is GLD Software?
e GLD takes the mystery and complexity out of geothermal design and
enables designer to:

a) Quickly match pumps to loads

b) Estimate loopfield size and drilling requirements
c) Estimate installation costs

d) Optimize the most cost effective design and piping layout

e) Avoid rule of thumb designs that can be too expensive to install
e) Perform a comprehensive lifecycle costing analysis
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What is GLD Software?
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What is Ground Loop Design Software?
e Basic Outputs include:

T Borehole Design Project - orlando =) @
| Resuts | Fuid | S0i| U-Tube| Pattem| Extra kW | Information | Total DriIIing
Calculate | [Montly - COOLING  HEATING / .

Total Length (f): w00 335500 = __ e Borehole Quantity
Borehole Number: 110 110
Barehoke Length (ft): 305.0 305.0 5
Ground Temperzture Change (°F): +3.2 +3.2 I BorEhOIe Length

| une nket (o) 01.4 70.0 \ i

I U utkt (°Fk 943 70.0 \ o Temp Change
Total Unit Ca He): 963.5 7119 .
peck Lona Gty aas  iote Fluid Temperatures
Peak Demand (kW): 57.1 74

Average Heat Pump EER/COP: 183 5.6

*Average Energy Usage (kW/yr) 92,7279 IEEN>

Average System EER/COP: 16.9 4.0

System Flow Rats (gpm): 2409 S \ Pump Performance

‘ ~Optional Cooling Tower/Boder- m-m-m E U
Condenser Capacity (8tw/hr): ~ [0.0 =1 ) ner: se
Coolng Tower Flow Rate (gpm): | 0.0 :I | B gy

| | Coolng Range (<F): 99 = oo

Anmual Operating Hours (hefyr):  [D — 0% FIOW Rates
Boiler Capacity (kBtu/hr): 0.0 e
|
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What is GLD Software?
GLD makes commercial piping design easy!
U EHX Modul= 1
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What is Ground Loop Design Software?
* More Advanced Outputs Include:

Optimized Headers GHX Module Pressure Drop Balanced Flow Rates

== GHX Header Sedion 03 Z°
U Gircuit #04 ; 1"

35 GHX Header Section #04 27 @

U Gircuit #05 1" 1"

22 GHY Header Section #05 1 1/7" »

U tircuit #006 i 1"
i Va 5.74% agpim 35.83 gpim
1" 1" 5.74 gpin 5.74 gpm

Fluid Velocities Purge Pump Requirements Flow State
Cactburral
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What is Ground Loop Design Software?
* More Advanced Outputs Include:

Optimized Headers GHX Module Pressure Drop Balanced Flow Rates
uIi_
U Circuit #02 4 49 gpm 4 49 gpm 2146 2146
U Circult #02 l" l" 4.48 gpm 4.42 gpm 2140 2140
U Circult 204 1" 1" 450 gpm 4.50 gpm 2149 2149
U Circult 205 1" 1" 4.50 gpm 4.50 gpm 2149 2149
U Circuil £06 1" 1" A48 gpm 148 gpm 2110 21410
U Circuil #07 1" 1~ 449 gpim 119 gpm 2116 2116
U Circuil £08 1" 1" A.51 gpim 1.54 gpm 2168 2168

-
Fluid Velocities Purge Pump Requirements Flow State
Cactharmal
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What is Ground Loop Design Software?
* More Advanced Outputs Include:

Propect =1 |

= S &

LR Energy Costs

Results | Geothermal | Comvennonal| unimes| other Costs| mmves-

C02 Emissions
1. : I Geothermal Alternate ,TﬂLl

Alr-cooled Chiler Water Costs
Annual Costs (5) Boder
enery 4969.76 5,810.50 / Maintenance Costs
COZ Emissions 1,807.18 3,945.03
Water 0.00 000 /

/’ Value of Sq. Footage
Maintenance 3,500.00 7,000.00
Mechanical Room Lease 1,000.00 1,500.00

Annual Total 11.276.94 22,255.82
NPV Lifecydle Costs (5) - 8 years - Lifecycle Costing
Energy aL12211 85,914.42 .
€02 Emissions 12,654.00 27,623.28 Installation Costs
Water 0.00 0.00
Maintenance 24,507.19 49,014.38 :
Mechanical Room Lease 7.002.05 10,503.08 NPV Calculations
Instaliabon 443,000.00 419,500.00
Sahmge (1,329.86) (4,787.45)
Uifecyde Total 526,955.51 87,767.68
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Course Overview

* How can GLD Software help you?

e Brief introduction to GLD

¢ Why Use GLD Software?

¢ System Design Inputs and Their Impact
* How to use GLD

* What to Look For in a Good Design

¢ Practice!
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Why Use GLD Software?

e To avoid risky “rule of thumb” designs

* To efficiently explore scenarios and quickly
optimize designs

 To accurately balance installation cost/system
performance tradeoffs

* To save your clients money

* To enhance your business success

* To save you time!
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Course Overview

* How can GLD Software help you?

e Briefintroduction to GLD

e Why Use GLD Software?

¢ System Design Inputs and Their Impact
* How to use GLD

* What to Look For in a Good Design

¢ Practice!
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What is Ground Loop Design (GLD) Software?
¢ An advanced software suite that helps to properly size a closed loop
ground heat exchanger by considering the interplay among:

4

Heat Pump
Performance
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System Design Inputs and Their Impact

Modeling Time Period
Entering Fluid Temperatures

COOLING TOWER/BOILER HYBRIDS

J’LfeilingMuumed Units
~Console Units
| A A a5 2

? ﬁ Vertical Units i

V
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Key Components:
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— -1 Copyright © 2013 > - GLD2012 Quick Start Training - Side 1 .19

System Design Inputs and Their Impact

Loads

Entering Water Temperatures
Pipe/Borehole Spacing

Field Layout

Ground Temperature
Thermal Conductivity

Grout Conductivity

Modeling Time Period

* Residential loads determined by climate/bin data
e Commercial loads determined by climate, structure

Illle.u-nu B _—
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Loads: Residential vs Commercial

and building use/internal gains/diversity
— Oftentimes cooling dominated

LTI
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Loads

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

v

Monthly Energy Output” Daylight contours Climate Understanding
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Loads: 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:

¢ Climate and Structure
* Energy Reclamation

« Internal gains (occupancy, electrical, process)
* Solar gains

* Energy loads

* Energy Balance

i
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Loads: 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 capacity

¥
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Loads: 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 and
an energy source. The GHX must be the right size.

e 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
calculate and are more valuable. Designers should charge clients for
these calculations.

f
1
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Loads: Overview

¢ We recommend advanced energy simulators such as Trane Trace, IES,
eQuest and Carrier HAP.

* Standard mechanical equipment loads calculation tools do not
provide the necessary loads data and should not be used.

¥
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Loads: Overview

e 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: Required Loads Data

e Minimum (Design Day Method)
» Better (Monthly Simulation Method)
* Best (Hourly Simulation Method)
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Loads: Required Loads Data
Minimum Required Loads Data (Design Day Method)

Peak Loads (btu/hr, kbtu/hr, kW)

Annual Energy Loads (total btu, total kbtu, kwH)

Annual energy loads are converted into Annual Equivalent Full Load Hours
(AEFLH) by dividing:

Annual Energy Load/Peak Load

For example:
Peak Cooling: 1440kBtu/hr (~120 tons)
Annual Cooling Energy Load: 1,414,080kBtu
AEFLH = 1,414,080/1440 = 982 hours cooling
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Loads: Required Loads Data
Minimum Required Loads Data
I Borehole Design Project =1 o e ] & Average Biock Loads - Borehole Design Project 1 | | (=) )
-
Resuks | Fuid | Soi | U-Tube| Pattem| Extra kw | Information | __|ﬁ| Z|a|s| 2| ety
Calculate | [Desonbay =] COOLING  HEATING fefarence Labet: |
Total Length (ft): 6057.1 2098.9 Sl
Barehole Nurmber: 24 24 70 o e ity
Borehole Length (ft): 2524 87.5 I Heuty Data 3= ot e
Ground Temperature Change (°F):  +3.6 +10.4 Tromsler sam - [ 00 [ 200
Unit Inlet (*F): 85.0 38.3 Moon - 4. | 340.0 (]
Unit Outlet (°F): 95.0 323 | Gkt | :um -: . g.g g_g
Woniiiy oads | e -G | 0 .
Total Unit Capacity (kBtu/Hr): 3434 264.9 -
Peak Load (kitu/Hr): 340.0 240.0 950 350
Peak Demand (kw): 243 19.5 = .
Heat Pump EER/COP: 145 38 st
™ Custom Pump. Pump Mame: NLHOSO
System EER/COP: 14.0 36 Cocing  Healng
System Flow Rate (gpmi): 85.0 60.0 Sedect Capadty dEhube) 34 7648
Optional Coolng Tower/Boler Deto Power (oN) 2368 2060
Condenser Capacity (kBtw/hr): o =R oP 145 38
Coolng Tower Fiow Rate (gpm): Flow Rate {gom) 85.0 60.0
Coolng Range (*F): Partial Load Factor 0.99 0.91
Annual Operating Hours (hrfyr): [0 0 %
Boler Capactty (kBtu/hr): 0.0 i Fiow Rate )
Unit Inket (F): 250 | 383
| ===]
Cactburral
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Loads: Required Loads Data
What happens if you guess the AEFLH?

1 Borehole Design Preject 1 o e ] B Average Block Loads - Borenole Design Project 1 | = | B | 83|
Resuts | Fud | sof | u-Tube| pattem | Bvtra ko | Information| | s(a|s| 9 -
Caloulate | [oesgnosy -] COOLING  HEATING Asference Lebel: |
Total Langth (ft): 6905.3 0.0 ~ Design Day Loads -
Borehole Humber: 24 24 70 Deys [Wesk e Design Day Loads
Borzhoke Le ) 287.7 0.0 Lol G"‘I') ““'“ L
Geownd Tk nqm:ur} Change (°F): +6.0 0.0 » = B 1
o ‘emperature Change 2 . - Bam. -Noon 0o ,W

Unikt Inlet (°F): 85.0 38.3 Noon-4pm. | 3400 | 00
Unit Qutlet (°F): 95.0 323 _Caindste o | dpm8pm | 00 | 00
Total Unk: Capacty (KBtu/Hr): 343.4 264.9 Mongly Loads cleere U
Peak Load (kBtu/Hr): 340.0 240.0 y 1 1800 || 700
Peak Derand (KW): 243 19.5 | |
Heat Pump EER/COP: 14.5 38 Heal Pump Specificaions at Design Temperalure and Flow Rate

ra NLHOSO ]
System EER/COP: 140 16 gt e e
sysam Flow Rate (gom): ) 85.0 60.0 o |
Optonal Coolng Tower/Boder —_— W) 2368 | 2060
Condenser Capacity (kBtu/he): L | EERICOP us | 18
Coolng Tower Flow Rate (gom): D= Fiow Rate (gom) 80 | 600
Coolng Range (°F): Fartal Load Factor 099 | om
Annual Operating Hours (hefyr):
Boder Capacty (kBtufhr):

Flow Rate
30 gomfton Ut et [F): 85.0 |l
wm —
Cavtbarrmal
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Loads: Required Loads Data
What happens if you guess the AEFLH?
¥ Borehole Design Project #1 oy B |2 D Average Block Loads - Borehole Design Project 51 | = | =
Resubs | Fud | Sof | u-Tube| pattem| Bxra kw | mformaton | >| s|u|a| o] T
[bsgnoey -] COOLING  HEATING Reforonce Label: |
Total Length (ft): 5037.0 3909.2 Design Day Loads
Borehole Number: 24 24 70 Daye [Wesk Design Day Loads
Borechole Length (ft): 209.9 162.9 - sy Time of Day m “N',lﬂw;‘
Ground Temperature Change (*F): 0.3 -0.3 Teara Bam -Noon [ 0.0 | 2000
Uni Inlet (F): 85.0 383 L= Moo -4pm. | 340.0 0.0
Unkt Outlet (*F): 95.0 323 Colaotz Hours 4pm-8pm | 0.0 00
Tatal Unk Capacty (KBtu/Hr): 3434 2649 Monthly Loads Spsatiay 99 LE
Peak Load (kBtu/Hr): 340.0 240.0 Anoual Ful-Load | 350
Pazk Demend (KW): 243 195
Heat: Pump EER/COP: 14.5 3.8 t Desgn
™ Custom Name: MLHOBO

Systern EER/COP: 140 1.6 . P R
System Flow Rate (gom): 85.0 60.0 = a
Optional Cooling Towes/Boler — _ Sdect | Capecty (i) 3;35; g“ﬁg
Condenser Capacty (Btufhe):  [0.0 =1 - | | : :

: = —— 1% e EERICOP us 38
Cooling Tower Fow Rate (gpm): | 0.0 = | oo Fiow Rate (gom) 8.0 §0.0
Cooling Range (°F): 101 = ok 3 3
Annual Operating Hours (hejyr): [ .| | a— P L T L L
Boler Capacty (kBtu/hr): 0.0 oo e e

Uit ket (F): 250 183
[ ae] mmn
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Loads: Required Loads Data

Minimum Required Loads Data (Monthly Method)

Peak Loads (btu/hr, kbtu/hr, kW)

and

Monthly total loads (total btu, total kWh) for each month of the year for
heating and cooling.

+GLD2012 Quick Start Training - Slide 1 .32
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Loads: Required Loads Data
Required Loads Data (Monthly Simulation Method)
[ Awesage Block Loads - Borehole Design Project =1 | o | (=} |miciel,
=EYR=A= 1] ﬂ Uniied.zon
Ty Lozd
B Cooling Heating
_update | poy Penk Total Pesk L2000
Cancel | gety) 0 pnyh) 8] (ket) 2] (rsturhe) 2]
Tanuary L4 ¥ 96676 120000
Febnuary 652 17 | 73371 100000
March 543 09 | 56079 747]
Aodd [ mé: a3 | 22355 503 S~
Yoy [ aery SR 251 50000 e
e ga5a: 02 | 2 1 .
o | zseE 56 | [ i —Totsl Heating
Auguss | 106089 | 708 0 [ 20000
R — &0 GE o = =A .
o FIf] 3 63 [E y s w o :
Wovember 0y 7 [ %08 ;\9‘@«}6\#‘ *g® *’:&i EEES
December | 6 7 [ 7m0 B < o O
[ aracas
Totak 47854 »m’;?m 3T07E2 m-'gm
H’;.:m Uit Iniet ()¢ o [ 383
[ saa}
Geotharmal
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Loads: Required Loads Data
What can you do with Monthly Simulation Method Loads Data?

Predict the interplay of heating and cooling loads to estimate fluid temps over
time, average COPs/EERs and annual power consumption.

For some loads profiles you can reduce your drilling based on the predicted
thermal storage benefits arising from balanced loads.

COOLING HEATING
Total Length (ft): 14658.0 14658.0 L
Borehole Number: 60 B0
Borehole Length (ft): 443 1443 1
round Temperature Change (°F 0.0 0.0 ? i
®
Peak Unit Inlet (°F): 80.5 45.5 E
Peak Unic Outlet (°F): BB.8 36.5 Eomb
Total Unit Capacity (kBtu/Hr): 708.8 640.6
Peak Load (kBitu/Hr): T06.8 640.6 .
Peak Damand (kKW): 10.0 9.2
Average Heat Pump EER/COP: 18.4 4.4
Avg. Annual Power (KWh): 25.974.2 24.671.4 - f
[ - = 10 w0 .
Temarticmnal
-un—-u S i
m - I > +GLD2012 Quick Start Training - Slide 1 .34
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Loads: Required Loads Data
Required Loads Data (Hourly Simulation Method)

[Brcaur T T p Hourly[]a‘la '

111111

38.911
111111

—Chillersload (kBtu/h)

e Pl il s s (kB

g
b
.
i

Ground Loop Design
Version 2012

Loads: Required Loads Data
* Peak Loads
— The loads normally calculated for commercial buildings using
boiler/chillers plants etc.
* Energy Loads

— For Geothermal, we need energy loads to determine the total annual
energy that is exchanged with the loopfield.

Hourly Loads Data

Data calculated with
IES <VE>

Loads)
-2HEEBEERE

Gl < |
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Loads: Required Loads Data
What can you do with Hourly Simulation Method Loads Data?

Predict the interplay of heating and cooling loads to estimate fluid temps over
time, average COPs/EERs and annual power consumption.

For some loads profiles you can reduce your drilling based on the predicted
thermal storage benefits arising from balanced loads.

Hourly simulations provide more detail that monthly simulations.

- |—-\-..I.,L=m| Hnary s
COOLING HEATING
lotal Lenath (ft): 14640.0 146400 = 1
Ninrehale Hurhar: A [ b 1
Buorclw: Lenglh (ILk 211.0 211.0
Ground Tarpessture Chage (°Fk 0.0 0.0
Reak ik Tniet (5F): 56 130
Paak Uil Qulkel (°F) 85.4 382
Tuslal Urdl Capacily (kRlufHs): AR LG
Pk Lust (KBLu/H1): 708.8 640.6
Peak Demand (kw): qLr 0.2
Average |leat Pump COR/COP: 187 4.1 -
Avg. Annisl Powor (kivh): 55711 26,5160 F
SysLern EER/COP: 16.5 3.7 . -
[ =) =) ) £ e
T ()
-M S B
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Loads: Software

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

¢ Avoid 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.

e 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

-m . I
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Loads: 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 high

ANNUAL HOURS

Cooling annual loads over 2,000 hours = double check

-M R I
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Loads: Conclusion

* Loads are really important!

* Calculate them accurately!

-m B -
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Entering Water Temperatures

Flow Rate;

)

Uinit Iniet (*F1: i i
Er i i

="
=
'l
=i

« Definition:

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

* Range:
Cooling: 85-95 F (25-35 above ground temp)
Heating: 30-40 F (15 below ground temp)

* Impact
Heat Exchanger Length

Example 1

-M R I
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Borehole Spacing

Borehole Mumber: 30

Rows Actoss: | f
Rows Down: [ 5

Borehale Separation: | 200 ft

¢ 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
Example 1 (cooling dom)

Example 2 (heating dom)

-m B -
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» Definition:

Geometry of the loopfield
* Range:

Depends on space
* Impact

High Density Systems = More Drilling
Low Density Systems = Less Drilling

-M R I
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Borehole Geometry

54 54

< a8 <489 @
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2%s 2 18
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] 0

[1] 6 12 18 24 30 E 42 48 0 [ 12 1 24 30 36 42 48
X Coordi Plane ( ) X Coordinate Plane (meters)
36 boreholes x 437ft 36 boreholes x 406ft
~ 1,111 ft less drilling
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Ground Temperature

Ground Terperature: 58.0  °F

¢ Definition:
Subsurface undisturbed ground temperature

* Range:
35F +/- to 68F +/-

* Impact:
Maximize the Delta T between the Soil and EWTs to minimize drilling

Example 1

1] i
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Thermal Conductivity

Thetrnal Conductivity: [108 Btuf(h*ft*°F)

Thermal Diffusivity: | 0.759  ft~2/day

* Definition: ‘GeoCube

Ability of soil to transport heat "'::
=

* Range:
0.6to 1.5+

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

Example 1
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Thermal Conductivity Testing

* What?
— Atest to determine the average thermal conductivity of the ground.

— Usually for vertical systems. Can be performed for horizontal systems as well;

- M res: - =

easures 05T i

— Ground temperature (undisturbed)
— Borehole Thermal Resistance
— Conductivity (k)
(how much heat flows through the soil)

e Why?
— Allows you to design accurately

— Test loop can be used in finished
system

Bl - -
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Thermal Conductivity Testing

Perform a Thermal Conductivity (TC) test if the cost of the TC test
is less than the cost difference between the best case and worst
case design scenarios

For example: Difference in Soil Conductivity (SC)
¢ Drilling footage if SC is 0.80 Btu/(hreft.e°F) — 3,500 Ft.

¢ Drilling footage if SC is 1.40 Btu/(hreft.e°F) — 2,500 Ft.

* Drilling cost per vertical foot - $12 / ft.

3 difference - $12,000

e Cost of TC test - $7,500
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Thermal Conductivity

Therrmal Conduclivity Cabuulation Project ==
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start: [ 12.0 e P[220 hr
1hermal Conductivity 1.60 Btu/{h*ft")
slope 2
Awerage Heat Fhin 174 Wjfr
Averaye Puwer 5216.2 Walls
BH Thermal Resist (BTR) 0.31 h™H™F/Btu
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Grout Conductivity

—Backfil {Grout) Information .
Thermal Cnnductivit':.-':l 1.08 Bruf(h*fr*F)

* Definition:
Ability of grout to transport heat

* Range:
varies
* Impact
higher conductivity = more efficient heat transfer = less drilling
Example 1
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Grout Conductivity
~Backfill (Grout) Information

Thermal Cl:lnductivity:] 1.08  Brufih*fr*er)

100 borehole system

Grout Conductivity Bore length Total length | Cost ($12/ft)
0.00 6039ft 603900ft $7,246,800
0.45 360ft 36900ft $442,800
0.57 350.3ft 35030ft $420.360
0.69 341ft 34100ft $409,200
0.79 335ft 33500ft $402,000
0.88 320ft 32900ft $394,800
Example 1
-m I Copyright © 2013 I +GLD2012 Quick Start Training - Slide 1 .52
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» Definition:

The length of time required for the ground temperature to stabilize
¢ Range:

Vertical system: 10-25 years

Horizontal system: 1-5 years

Pond system: N/A
* Impact:

Balanced systems, ground temperature stabilizes quickly

Unbalanced systems: required stabilization time increases

Example 1
Bl R Copyright © 2013 > - 6LD2012 Quick San Training - Side 1 .53

Ground Loop Design

Version 2012

Modeling Time Period
Prediction Time: l 150  years
100 borehole system

Time Bore length Total length Ground Temp Change

1year 304.0 ft 30,400ft 0.9°F

3 years 311.5ft 31,150ft 1.8°F
5 years 319.3 ft 31,930ft 2.2°F
10 years 329.0 ft 32,900ft 2.8°F
15 years 336.7 ft 33,670ft 3.2°F
25 years 344.1 ft 34,410ft 3.6°F
35 years 347.2 ft 34,720ft 3.8°F

Example 1
-m E Copyright © 2013 II +GLD2012 Quick Start Training - Slide 1 .54
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Maodeling Time Period
Prediction Time: ’T YEars '

Unbalanced Load

Cooling Load

" g |
Heating Load Y dettte: | |

1,324 kBtu/2,222 hours

1,159 kBtu/1,333 hours

Balanced Load

Cooling Load

Heating Load

1,324 kBtu/2,222 hours

1,248 kBtu/2,205 hours
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Course Overview

* How can GLD Software help you?

* Brief introduction to GLD

¢ Why Use GLD Software?

¢ System Design Inputs and Their Impact
* How to use GLD

* What to Look For in a Good Design

* Practice!

-m I S
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GLD Methodology

« Step 1: Calculate loads with maximum accuracy

e Step 2: Import loads into the software

e Step 3: Select heat pumps

e Step 4: Vertical, Horizontal, Pond or Hybrid?

e Step 5: Input location-specific soil parameters

e Step 6: Design loopfield based on space constraints
e Step 7: Iterate and Optimize Design

» Step 8: Optimize design for PD/Purging

* Step 9: System economics/LEED Submittals

Bl - -
T < Copyright © 2013 > . GLD2012 Quick Start Traning - Side 1 .57

Ground Loop Design

Version 2012

GLD Methodology
Optimize Loads =g 1) Import Loads

\4
2) Select Heat Pump (s)

v
3) Design Heat Exchanger <= Piping Optimization

}

4) Finance/CO2 Analysis

-m B -
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Sample GLD Project
* Input loads
* Select heat pump
* Set EWTs
* Design loop system
e Optimize
Bl R Copyright © 2013 = Faining - Side 159

Ground Loop Design
Version 2012

What are we Trying to Accomplish?

* We want to design geothermal heat exchangers that are easily
purged and perform well.

» We want a system that is easily purged so that we can get all the
air bubbles out and ensure stable performance.

* We want a system that performs well so that the circulation
pumps do not consume unnecessary energy.

Pump hp/100 tons Efficiency
of load
<5 Excellent
5-7% Good
7%-10 Ok
10-15 Poor
>15 Bad
Bl [« Copyright © 2013 > - GLD2012 Quick Star Training - Side 160
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What are we Trying to Accomplish?

A sample system:

* 22,000kWh cooling
* 5,000 kWh heating

Well Designed piping system:

* 12 x 2 borefield

* 10 ft. hd @ 45gpm

* ~ 0.5 hp pump w/ 85% efficiency = 3,504 kWh
e Pump penalty = 11%

Poorly Designed System:

* 12 x 2 borefield

* 34 ft. hd @ 45 gpm

e~ 1 hp pump w/ 85% efficiency = 7,884 kWh
* Pump penalty = 22%

S

™ Uarchale Desgn Propect =1

wesuls | Fuil | Sui| U-Ture| Palten | Extia kv | Ilormetion|

Colculste | [DesonDay - COULING  HEATING
1otzl Length (ft): GUs1 098.Y
Rorchnln Numhes: Fo 24
Borehole Length (ft): 2524 87.5
Ground |emperature Change (™1 )= 136 1104
1t Tlet (=7} as.n o
Uil Oullel (°F): 95.0 323
Total Unit Capacity (kBtufHr): 3434 264.9
Peak | nad (knmyfiiry: 3400 740.0
Peak Demand (KW): 7.8 3.1
ligat Pump FTR{COP: 145 aa
ystem LLILUP: 122 Ju
Syslem Flow Rale (poni: 85.0 60.0

~Upbonal Loolng i

Cnndenser Capacity (kim/hr): nn =1

Covlny Tower Fow Rale (uorm): | O =
Cooing Kange [*1): 1 = Doder
Aorud Operaling Hows (hefw). [0
Boder Capachty (KBtufhr): 0.0
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Introduction to Nomenclature
eStandardized Nomenclature is critical to clear communication.
GHX Manifold/Vault GHX Module
From Buiding map ) To Bulding
i
| : GHX Header
: "7 7 T GHX Module Return Runout ] 7777 |
7 |
: GHX Module Supply Runout P E——  — |
I H I
"""""""""" | |
I |
I I
I
: | GHX Cireuits
I I
I I
I I
BY; v V |
Cocaharmal E—
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Introduction to Nomenclature

«U-Tube: An assembly of two lengths of HDPE pipe connected on one end with a molded, purpose built U-
bend.

—-am1a

\V

A

* GHX: Refers to a ground heat exchanger, and may include vertical, horizontal trenching, horizontal boring,
pond or lake heat exchanger buried in the ground or submerged in a body of water.

Bl - -
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Introduction to Nomenclature

*GHX Circuits: HDPE pipe buried in the ground in horizontal or vertical orientation designed to transfer
energy to and from the ground. Typically a number of GHX Circuits are fusion welded to a GHX Header that is
in turn fusion welded to a Supply-Return Runout. Heat transfer fluid is circulated through the assembly to a
building.

*GHX Header: Connection points between Supply-Return Runout piping and GHX Circuits. GHX Headers are
buried in the ground adjacent to the GHX Field and are comprised of an assembly of fusion welded fittings
and pipe. Fittings and pipe are manufactured using HDPE resin and are connected using heat fusion (butt
fusion, socket fusion or electro-fusion). Most GHX Headers are “Reducing Headers”

BHX Hearler

/

F

GHX Cincuits GHX Clrcauits:

\V) \V \V
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Introduction to Nomenclature

*GHX Module Supply-Return Runout : Supply-Return Runout refers to the high-density polyethylene
(HDPE) piping installed to connect the GHX Circuit piping to the Pump House header. The Supply-Return
Runout has both a supply pipe and a return pipe.
. GHX Rianifoldyanit
o Hieibing Wy o Gabieg

GHX Blodule Retwumn Runouk

GHX Miodule Supgly Runee I |

Ground Loop Design

Version 2012

Introduction to Nomenclature

*GHX Module: Completed assembly of GHX components, including GHX Supply and Return Runouts, GHX
header and GHX Circuits.

GHX Module Return Runout

GHX Module Supply Runout —

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
I
.
|
|
|
|
J

GRHE Circuils

-m B -
i ] « 201 » + GLD2012 Quick Start Training - Siide 1 .66

5/15/2013

33



Introduction to Nomenclature

*GHX Field: Assembly of all GHX Modules connected to a single building or group of buildings via GHX

Manifold(s)/Vault(s).

GHOE Rl 1

Ill
| om—
L

e—

GHE Rindnile 3

I

— TTTTTTTI
NN
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Purging Design: RR Systems
* You want to have a piping system that you can purge with available purge pumps.

e A 2ft/sec fluid velocity throughout entire system is required to purge air effectively.

* Systems are purged with water and all calculations must be done with water.
P P,

ml=
P o] e F ¥ o] F ¥ o] F ¥ P o] Firs ol
A e——— i prrre— iy — ﬂnn-ql |mn-q T |mn-q |mp.|-q

p—

Y

v
oHecame  #1 &2 2 & i 6 a7 #
Gecthrmal S p—
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Purging Design: RR Systems

* You want to have a piping system that you can purge with available purge pumps.

« A 2ft/sec fluid velocity throughout entire system is required to purge air effectively.

» Systems are purged with water and all calculations must be done with water.

2 fids

Mt teded? Vsl Snoanes  Moper Sehoadl MesivSrooeil  Motwlnonds Moo icoash  Moworlisese
2 fiis: 2 fiis: fiss: 2 fifs: fils

21 zfus”zms zms”zms
—
Tl g
v w W v LY LY W W
2is 2is 21fiis 2 s 2fis 2t 2fiks 2fies
& 82 2 # & 0 # 8
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Purging Design: RR Systems

« You want to have a piping system that you can purge with available purge pumps.

« A 2 ft/sec fluid velocity throughout entire system is required to purge air effectively.

« Systems are purged with water and all calculations must be done with water.

45.32 GPM and 6.6 ft. hd : Fean Rt
. 4.54 s

ne2fs 1246 1BSfis  247fs  30EMk  388fs 431N
a34fis | |a31dus | | aeems | | sonms | |2erms | | 188 | | 124f0s | |ns2fis
—

Ayt

2,04 fifs 202f= 20 20fs 28 s 201 fils 202 204N
#1 &2 & # #6 f # #®

* The GHX circuits are being purged but the headering is not.
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Purging Design: RR Systems

« Based on this configuration, to achieve 2 ft/s flow rates across the headering system requires:

146 GPM and 345 ft. hd.

1580 ftfs
ot Hepel,

2o0fes  29TREs ABANs  7HONMS  986TSs  TLA2MEs 13R0its _

A L b Y
aR2fils G4Gfs B42fs  B40fs  s4afs  SA2fe B4Rk BEZRK

L 2 L 8 5 6 7 #

Fopyly Powat

-y
1=8ems | 100wk | treznes) | eeenes | |Toenis | | 2odnes | | 2970 | | 200
| —
« This clearly is unreasonable and justifies the use of a reducing headering system.
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Purging Design: RR Systems

« Reducing headering systems enable purging velocities throughout a system while maintaining
reasonable flow rates and pressure drops.

Bl Pt
i
TR 1B BT L T TR R
zaimbiuy| | S0k | | anstom| |dakom | | sk | 0o R
| ———
Fpyipe
W Vv (¥ L7
TEWRGER  TTIONdep THEMRdey TIEORdsp TREIMdsep T . dp T +
&t £2 82 # &6 6 & &8
Cocaharmal — I
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Purging Design: RR Systems

« Reducing headering systems enable purging velocities throughout a system while maintaining
reasonable flow rates and pressure drops.

46.7 GPM and 46.2 ft. hd.

5.05 fifs
Pz Plossc:

" 20afis  264f  204fs 260 ANTRs 3B 4ans | @

205t | | seeme | | 2Btfs| | 217 Izaih Izuﬂa Izunh Immn
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Purging Design: RR Systems

 Other Reducing Header Options:
Header Example Velocity Velocity Velocity
Section (ft/s) (ft/s) (ft/s)
Runout 2"/2” 5.05 /5.05 2"[2” 2.34/2.34 2"/2” 2.69/2.69
1 2”/1” 4.44/2.00 2”/1” 2.06/2.00 2"/1” 2.37/2.29
2 2"/1 %" 3.81/2.54 2"/1%” 3.84/2.56 2"/2” 2.03/2.93
3 2”/1%” 3.17/2.94 2”/2 3.20/2.96 2"[2" 3.67/2.18
4 2"/2” 2.53/2.53 2"[2” 2.55/2.55 27/2” 2.92/2.92
5 1%"/2" 2.94/3.17 2"[2” 2.96/3.20 2"[2" 2.18/3.67
6 1%"/2” 2.54/3.81 1%"/2" 2.56/3.84 2"/2” 2.93/2.03
7 1”7/2” 2.00/4.44 1”7/2” 2.00/2.06 17/2” 2.29/2.37
Flow Rate 46.7 gpm 49.5 gpm 71.9 gpm
PD 37.6 ft. hd. 42.5 ft. hd 84 ft. hd.

Caontbaremal S N
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Design and Performance: RR Systems

Flow Balance and Reynolds Numbers

« Flow balance is important to ensure that all of the GHX circuits exchange an equal # of BTUS with the
ground. Unbalanced systems perform poorly.

« This RR system has GHX circuit flow rates that range from 3.31 gpm to 3.41 gpm, a less than 5% imbalance
across the entire GHX Module. Note: Propylene Glycol with freeze protection down to 20F, 27 gpm, 20.2 ft hd.

27 g
bty My

231 ppm EFigom Mi2gem 12SRgem EEEgwm 27T gpn Z05%gpn

- 27 gemr ||n.a |aur |1m gnl |1|.1=gun| |unm| 351 gpm
E
W (¥ (¥ W W W 3

.37 gpan .47 gpan A3 gmn LI gom

W

B gean 559 gean E41 ppm 531 ppm

2 2 £ # # & E #

i = < >
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Design and Performance: RR Systems

Balanced Flow and Reynolds Numbers

« Reynolds indicate flow type (turbulent, laminar, etc). Turbulent flow is optimal for efficient heat transfer.

» This RR system has GHX circuit flow Reynolds Numbers drop from 3,404 to 3,305, a 5% drop.

Phiorm P,
. 14200 .
3305 =2 584 7450 2316 e 1307
14500 | 13071 | 11188 | 5318 | 7450 | s584 | 2 2305
iyl
W ¥ W W L% v L¥ LV
3305 3404 2383 5373 5573 83 2404 2385
# £F & # &5 8 # #
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The Finance/Lifecycle Costing Module

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.

Future costs and savings are converted into today’s dollar terms using the
discount rate, which is typically the inflation rate.

Typically, 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.

-M R I
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The Finance/Lifecycle Costing Module

Freram.e: Mutub - Buswoie Diasgn Brupes 51 e
=83

Kesmlts | Ceolhennal | Comvenlivnal | Ulilies | Olher Cusls: 1|L|:||Liw'.-

Guolhermal  Alternate [1 4 [ #]

| Calculate |

Air-cooled Chiller
Arsrescel (i () Rsiber
Cnergy 4,969.76 9,010,060
02 Cmissions 160710 3.945.00
Waker 000 o.00
Mairlenanue 2,500.00 7.000.00
Mathanical Rooen | cara 1,000.00 1,500.00
Aavmeral Toalaal 11,2764 22,755.82

NV Lifecyole Costs (5] 8 years

Energy 4112211 91492
LUZ Emissions 1465400 2502328
‘Water 0.00 0.00
Maintenance 14,507.19 49.014.38
Mechanical Room Lease 7,002.05 10.503.08
Instaliation 443,000.00 419,500.00
Sabvuge (1.329.85) (4.707.48)
Tileryed: Tolal 526,055.51 587,767.68
Cactharmal B -
-m = Copyright © 2013 (> + GLD2012 Quick Start Training - Siide 1 .78

5/15/2013

39



5/15/2013

The Finance/Lifecycle Costing Module

Hard Costs

Installation Costs - installation costs per square foot.

Energy Consumption (kWh) costs

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

Incentives

Federal/National
State/Provincial

Eali ) l
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The Finance/Lifecycle Costing Module

Hard Costs: Installation

ystem Type Cost per Square Ft
Installed

Geothermal Vertical S16to $21
Geothermal Horizontal 513 to 517
Geothermal Surface Water S13to 516
Geothermal Vertical/Hybrid S14to 518

VAV- Water Cooled w/boiler S16to 519

VAV-Air Cooled w/boiler $14to S18
Fan Coil WCC w/ boiler $12 to $16
Rooftop Gas/Electric $10to 516
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Hard Costs: Energy

The Finance/Lifecycle Costing Module
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The Finance/Lifecycle Costing Module
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The Finance/Lifecycle Costing Module

Soft Costs: Mechanical Room Size

* In some cases, the geothermal system will have a smaller footprint than
a conventional system.

* For new construction, this means construction costs savings
* For retrofits, this means space available for other uses = savings

rary [ o
COULING HEALING OO0 THG HEATING
Cqvrul oadtiours: [ @ br [0 ::2:;:”"“ U"“ :;mmr U"U ::whr
Equpment 13p; [Ar-coolsd chiler -] [soiler 5| Averdye Heel Pump Blideny: | 00 EER 00 COP
Vower siource: [ Flectricny | [clectrcny | Groulation Fumg Input Fower: 0 kw oo kw
metalied Capacty: | 0.0 kanyhr [00 ey Cire. Fump Fower: ’; he Ton we
Cffidency: 0.0 R ,T % Mulor Elliciricy: . % [
baatorer: | U0 kW [v0 Aduilioral P [eo w [ oo &w
Mech. nstall area: | 00 fn2 [T a2 T s o nez
Water lage Rate: | UOU gpmyton [[ww gmpron 3
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The Finance/Lifecycle Costing Module

Soft Costs: Maintenance Costs

System Type Cost per Square Ft per
year I

Geothermal Vertical $0.09 to $0.11

VAV- Air Cooled Chiller $0.10to $0.14
w/ gas boiler

VAV- Water Cooled 50.18 to $0.20
Chiller w/boiler

Coolingtower systems $0.50 or more
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The Finance/Lifecycle Costing Module

Soft Costs: Water Consumption Costs

* Cooling towers consume 2 gpm/ton.
* A 300 ton system will use 600 gpm
» Water can cost $2.50/hour of cooling

v
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The Finance/Lifecycle Costing Module

Soft Costs: Water Consumption Costs

* Cooling towers consume 2 gpm/ton. | resis| esthermal  curnei

||||| linmal | Utilitles| Other Costs| Incentives
. |Akemate systems |
* A 300 ton system will use 600 gpm ) [
* Water can cost $2.50/hour of cooling | rumesnm: wmswn a0 s
Uther: None Mone

AN s HEAT NG
Cqvrull Load lours: [ 1400 hr [0 nr
Cquipment Type:  [ar cooled Chiller  ~| [ Dodler =
Fowar Source: | plecmary | [eeancey -l
Inslalled Caponity: | 36000 KDluft [0 ke
Rlency: | 17 FFR nn %
bara bowers | w0 kw w kW
Mot Tedall Area: | 300 142 [aw n~

Water Usage Rate: | UUU33  gomyton o0 gpmiton 7|
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The Finance/Lifecycle Costing Module

Incentives

* Commercial Incentives
* Residential Incentives

Investment |ax Credrt: w o
1 ped | ax Credit: 0.00 5 [ I'rojedct
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Challenges of Using Design Software

* Garbage In/Garbage Out
* Need to know the site-specific information

* Need to Understand Relationships Between Design
Parameters

— GLD is an excellent training tool!
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Course Overview

e How can GLD Software help you?

e Brief introduction to GLD

* Why Use GLD Software?

e System Design Inputs and Their Impact
* How to use GLD

* What to Look For in a Good Design

¢ Practice!
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What to Look For in a Good Design

* Reasonable Loads

e Appropriately selected heat pump(s)

* Appropriate flow rates/EWTs

» Accurate soil temperatures/TC values

e Appropriate Borehole Spacing for land area

» Stable soil temperatures over many years (vertical systems)
* Appropriate pipe selection to minimize PD
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Course Overview

* How can GLD Software help you?

* Brief introduction to GLD

e Why Use GLD Software?

e System Design Inputs and Their Impact
* How to use GLD

e What to Look For in a Good Design

* Practice!
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Designing with GLD

* Vertical Systems
e Horizontal Systems
e Surface Water Systems
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Vertical Design Project

Known design variables:

* Thermal Conductivity — 1.75 Btu/(hr * ft * °F) for a 275’ boring
e Thermal Diffusivity — 1.25 ft2 / day

¢ Ground Temperature —49.5 °F

¢ Loads File — Heavycooling.GT1
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Designing Horizontal Systems
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Horizontal Design Project

Known design variables:

* Site selected for directional drilling for minimal site impact

e Thermal Conductivity — 1.00 Btu/(hr * ft * °F) for a 400’ boring
* Thermal Diffusivity — 0.95 ft? / day

e Ground Temperature —51.0 °F

¢ Loads File — Heavycooling.GT1
(Same as Vertical)
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Ponds

shallow dee
(header) {circuil
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shalow clecp
e Building Loads
e Capacity of body of water
e Pond Temperatures
e Soil Properties
* Pipe Size
* Pressure Drop Calculations

— Turbulent flow essential
* Note: No Annual/Duration loads with ponds!

Horizontal Section
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Pond Module Method

» Step 1: Enter Loads/Pond Temps
e Step 2: Choose pipe style and size

e Step 3: Check the minimum allowable flow rate for turbulent
flow

e Step 4: Choose a layout
e Step 5: Enter head loss for pipe and header
e Step 6: Calculate

e Step 7: Modify the parallel loops to balance turbulent flow
and reduce pump power.
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GLD Software

Groung [ o
Premier Edition
Geothermal
Design Studio
Fiwl=(kn|

David Henrich
David@GroundLoopDesign.com
www.groundloopdesign.com
www.geotrainers.com
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