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‘Insulating layer of earth

‘When liquid is pumped -40-70°F
through the pipe, it transfers
energy with the earth around it



Sizing Procedures

Calculate Building / Zone Heating / Cooling
Loads

Select Geothermal Heat Pump/s for Building /
Zones

Design Ground Loop System Using a Software
Program

Run Operating Costs Comparison Using a
Software Program

Verify Dehumidification in Cooling Mode




Objectives: Bailding Loads
Residential

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

Residential - Manual “]” load Calculation
Room by Room loads for duct sizing & CFM
Total Zone or Building loads for Equipment Selection

Cooling Load MUST Include Sensible and Latent
L oads




Objectives:

Residenti

Various So

Room name

| Morth

NE and N
East and West
SE and W
South
Horizontal

Entire House
200.0 ft.

First Floor
200.0 ft.

| 40.0 X 60.0 fi.
I 8.0 heat;"cool ‘




Objectives:
Residenti

Zone { room: Entire House / First Floor

Glazing CST: 3C {(Metal Frame,Dbl Pane, Clear Glass)

Glazing orientation: B e [n [w
Glazing area {sqft); | 45.0 [ 45.0 [ 45.0 [ 45.0
Wall / ceiling type (see F5): a | | |
Glazing type (c, h, r): ]| ]| ]| ]|
Storms on in summer {y, n); [n [n [n [n
Inclination angle (0 - 90): | oo[8 908 908 90
Shading type (n, d, b, s, i): [n [0 [n n
Shading coefficient {.01 - 1.0): | 0.90 (WM 0.50 [l 0.90 (@M 0.50
Overhang depth, A (ft): | 1.00[88 1.00 8 1.00 88 1.00
Overhang to glazing distance, B(fty | 2.00 [ 2.00 [ 2.00 [ 2.00
Glazing height, C (ft) [5.00] [s5.00 [s.00

Component cooling HTM: @9] [(65.5]1 [r21.4] |[6E

Note: Any overhang-shaded portion will be entered on the worksheet as facing north.




Objectives:
Residenti

a 1113[19.5] I 7.2]
b [1oc|f19.1] |[ 7.1]

2400 4198

2400 13865
u}
u}

16824




Objectives:
Residenti

Loss=B+8+3+10+11+12 | 47863 47863

D 10 % 4786 [10% 4736
HTG - Total Btuh Loss = 13+1. 52649

2z

Internal | . B e —
Gail‘ls | 19022

Total Btuh Loss = 13+14
Total RSH Gain = (17 +18)*PLF
CFM air required




Objectives:
Residenti

DESIGN CONDITIONS
HEATING COOLING
Outdoor design: i 2 : Qutdoor design: 91 °F
Indoor temp: [ 70]°F ' r\ Indoor temp: [ 7s]°F
’ Daytime setup: [ 75 °F
Design TD: 530k Design TD: R

Relative humidity: | 50 %
Grains water.  |[[ 36] ar

HEATING SUMMARY
Building heat loss 52649 Btuh
Ventilation air < 10> CFM
Vent air loss 583 Btuh
Designheatload (




Objectives: Sélect Heat Pumps
Residential

Units are Normally Selected for Heating Load in
Northern Climates

Size Unit by the Dominate Load / Heating or Cooling
Select 2 Stage High Efficiency Geothermal Units

Unit Should Cover Approximately 95% of Annual
Heating Requirements

Must Check Sensible and Latent Cooling Capacity

Use Manufacturers Software Program!!




Objectives

Resident

Packaged




2- Stage Copeland UltraTech Compressor

Solenoid
Valve

AC/DE Same “Footprint” as Single
+— converter

«uloading”  OPEEA Compressor
— Thicker Shell than R22 Version

Anti-rotation Device to Insure
Quiet Operation

Solenoid Switches Speed

R-410A Compressors Have
Lower Failure Rates than R22
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\
o
—




opeland UltraTe

With Copeland Scroll Ul
run at 67% part-load ¢
demand, the modulg
shifting capacity
stopping and

e CapaCity

100% Capacity

-
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Objectives: Sélect Heat Pumps
Commercial

Unit Selected by Dominate Load / Typically
Cooling in Commercial Applications

Select Geothermal High Efficiency Units

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

Dual Capacity Machines are Recommended
Units Rated by ARI standard 13256-1

“Reheat” option for humidity control




English (IP) Units

Objectives:
ARI/ISO 1325

EWT for

ARIFASHRAEISO 13256-1

Water Loop Heat Pump Ground Water Heat Pump Ground Loop Heat Pump
. : : ; Cooling Heatin
) Cooling Heating Cooling Heating -

C = d d = Full Load 77°F Full Load 32°F

Model Mna u?;:tlirgn Water 86°F Water 68°F Water 59°F Water 50°F art Load 68°F art Load 41°F
Capacity EER Capacity | -op | Capacity EER Capacity | -gp | Capacity EER Capacity | -gp

Btuh BtuhW Btuh Btuh BtuhW Btuh Btuh Biuh/W Btuh

TT026 Full 25,300 15.9 30,800 5.3 28,900 24.5 25,700 48 26,600 18.5 19,800 4.0
19,400 18.3 22,400 6.1 22,200 30.8 18,600 a1 }Q@'@'—% )&&@G—%

36,200 156 44 800 5.3 41,200 23.0 36,700 a7 38,200 4.0

26,200 18.5 30,800 6.2 30,200 31.5 24,800 a1 28,900 4.5

TT049 Full 45,400 15.7 59,900 5.2 54,600 225 48,300 a7 %&— \ 0

Part 36,100 18.0 44 300 6.2 40,700 287 35,400 a1 39,600 249 31,200 4.6

S—— Full 61,500 15.0 72,300 5.0 68,600 220 53,600 44 £4,800 175 48,000 3.9

Part 44,900 176 51,100 5.7 51,900 29.7 41,800 a7 43,800 253 37,500 4.3

Cooling capacities based upon 80.6°F DB, 66.2°F WB entaring air temperature Certified in accordance with the ARI/ISO Rev: 07/06/04

Heating capacities based upon 68°F DB, 533°F WE entering air temperature
All ratings based upon 208V operation
Ground loop heat pump ratings based upon 15% antifreeze solution

Stondard 13256-1 Cerfification Program,
which replacad ARI Standard-320,

325, and 330,




Objectives:
Commerci




Objectives: Sélect Heat Pumps
Residential

Units are Rated at AHRI Conditions

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

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




Objectives:
Chec

EWT WPD Cooling - EAT 80/67°F Heating - EAT 70°F

- ) GPM Aifiow Aifow

pst | FT %% | 7c | sc | kw | HR | EER [Hwe | %™ ( He )| kw | HE | LAT | coP | Hwe

90 59 137 3 ] R 1080 5 228 182 920 330 20

20 90 59 137 Operation not reco Lo 1250 262 218 188 894 351 25

45 17 389 1080 431 274 155 483 279 - 1080 279 232 202 939 352 30

45 17 39 1250 441 301 161 496 273 s 1250 284 222 209 911 375 26

30 68 33 77 1080 433 275 144 481 300 ; 1080 292 235 214 950 384 30

68 33 77 1250 443 301 151 494 294 5 1250 . 295 221 920 387 26

90 57 131 ] 1080 434 75 139 481 312 - 1080 299\ 238 220 956 371 29

90 57 131 Q1250 444 301 145 494 306 S 1250 \ 304/) 226 228 925 394 25

1080 505 292 406 1133 5.08 44
1250 515 280 419 1081 540 38
1080 535 3.02 432 1159 520 44
1250 545 289 447 1104 553 38
1080 552 3.07 47 NM73 526 43

45 10 22 1080 348 243 257 436 13.6
45 10 22 1250 356 267 2.68 4438 13.3
85 6.8 28 6.4 1080 362 250 2.40 444 15.0

6.8 28 6.4 1250  37.0 74 2.51 456 147
9.0 45 103 1080 3638 253 233 4438 15.8
9.0 45 10.3 1250 377 277 2.43 46.0 15.5 1250 563 285 462 1117 559 3.7

1250 570 297 469 1122 562 40
1080 577 316 469 1195 535 45
1250 588 3.03 485 1136 589 3.9

1080 55.9 3.10 453 1179 529 46
9.0 44 10.2 1080 (/358 248 2.44 442 14.7
9.0 44 10.2 1250 \ 36.7 272 2.55 454 14.4

KT
38
32
32
26
2.7
45 08 21 1080 338 239 2.70 43.0 12.5 41 1080 527 299 425 152 5.7 46
45 08 21 1250 346 262 2.81 442 12.3 42 1250 53.7 2.86 440 1098 5.50 40
@ 6.8 2.7 6.2 1080 351 245 2.52 438 13.9 5
6.8 27 6.2 1250 - 269 2.63 450 13.7 36
29
3.0
5.0
5.1

g [ 1080 \aL8/ 229 293 420 106
_ g Ji12s0 325 252 312 432 104 .
00 | B8 26 1 Q1080 331 235 28 426 118 43

. 1 J 1250 338 258 292 438 116 43
7 J1080 337 233 270 430 125 35
7

1250 345 26.2 2.82 442 12.2 36




Objectives:
Residentic

900

8 ~ O 790 600
; || 5 65 65°
5° 68°
1}0’0" 6 coo || 81°  sI° 31°
00000000000

Forced Air System Radiant Floor Heat




Objectives:
Residenti
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Install
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Objectives: ¥

From Floor

To Floor

Remove

temp/press
relief valve

(207 kPa)
model.

6" (15 cm)
off from

floor.\

and replac
wi30 psi e@—

T H|

A.S.M.E. Buffer Tank
( T )
SRR

Pres, Gauge

&

Alrveat

Remowve
elements
to use
fittings for

ank

connections
to hydronic
system.

o !

W2Ww

Ll Unit

hiake-up
water
supply

Backflow
preventer




Objectives:

)

<t
=t

Controller

®®

/

-

Heat Pump
Tol/From
Buffer Water
Tank To
Water
—O water Out (O
_O water In O-

e

Heat Pump

Water
To
Air

Water Qut O—-

waterin O

Field-supplied
full-port ball vaive
for balancing

=

e

M

Each heat pump /

must include P/T

ports to verify flow rates



Objectives:
Residenti

60Hz Units Ground Loop Heat Pump Ground Water Heat Pump
Heating
Indoor 86/95°F, Indoor 104/113°F, indoor 86/95°F, Indoor 104/113°F,

Qutdoor 32/27°F* Qutdoor 32/27°F* Qutdoor 50/45°F* Outdoor 50/45°F*

Indoor 30/35°C, Indoor 40/45°C, Indoor 30/35°C, Indoor 40/45°C,
Outdoor 0/-3°C* Outdoor 0/-3°C* Qutdoor 10/7°C* Qutdoor 10/7°C*

Gor | Capacty cop
Btun (kW] Btun (KW Bun kW) | WW
42 30.8 [9.03]

Btuh [kW] Wiw

THW010 | 326[957) 426 [12.50] 39.9 [11.69] 4.1




Objectives: V
Select Unit by

30*F
Leaving

SOURCE
Flow

Flow 4.5 GPM

Flow 6.8 GPM

Flow 9.0 GPM

HC Power

Mbtuh KW

HE LWT cop
Mbtuh F

Power
KW

HE LWT
Mbtuh F

WFD

PSI

Mbtuh

Power

HE LWT
Mbtuh F

WPD

PSI

209
19.0
16.3

7186
g14
111

215
19.8
16.7

67.8
87.7
1074

217
19.8
16.9

659
85.8
105.5

219
20.0
17.3
138

721
a1e
11186
131.2

22.5
20.8
17.8
142

688.1
88.0

2.7
208
18.0
143

66.1

232
21.2
183
14.8

728

924
1120
1315

23.8
21.8
18.9
15.0

241
220
19.0
15.1

217 258

239

730
02.7
189 | 1123 | 32
131.7
233
129
1327
74.0

244

15.4
—

2486
25
19.5 | 1082

11

254
218
203
269

2.37

248
27

19.6 l 106.2 I

15.6

2.1

257
222
205
272

93.7
132
1328
743

247
215
174
277

249
217
176
280

940

254
22
17.9
17.9

257
224
18.1
18.1

49



eObjectives:
System De

Copyright(c) 1996-2003 ClimateMaster, Inc.
%' GeoDesigner Q@@
File Help Setup
GeofhermFa/ ,i;ieg% Pump Systems # %
iegistered [ o:
S CLIMATEMASTER
Richard Hiles :
ClimateMaster Inc f’ i+ Version
. 3.2.02
VYersion 3.2.02 ':~ Open Existing Project

For Microsoft Windows t )
ok

Create New Project

Check for Program
Updates



eObjectives:

Project Information

Job Information  Load Information
Design Data

State/Prov.

14,

D

IL - Indianapolis
South Bend

- City Information -
Dearee Deep Suface  Suface  1%Clg 97.5%
Days Earth Swing Swing Design Htg
Temp F F Days F Design

| 5699 | 55 | 2386 | 34 | 92 JinZ

- Load Input -

Heating Cooling Hot Water

I 73452 35698
Delta T 7 F 25 lﬁ‘ F

Set Point lf F 75
Beain At 73

Sensible Btu/Hr I_Tg',' #
|~ Ratio
Users

Load Btu/Hr

i~ Internal Gains Estimator

Base Electric Load per sq ft

Solar Gains per sq ft

Occupancy Level per sq ft

Construction Quality

[ | =

Blg Bal Point Internal Gain
[60 F [T12319  BtuHr

L Heating Cd Factor R

[0s4 M 072 [047

Continuous Fan " Yes i« No




eObjectives:
and Selec

Utility Information

~ Energy Providers

Utility - Electic  [Sample Electic Utility - Natural Gas |5 ample Natural Gas

Source- Propane  |Sample Propane Source - Fuel Oil |Sample Fuel Oil

System Types .
Edit System Descriptions Geods GeoB H.P. Fumace None
B lGas-93°/°-Condensing-Zstg-Vspd System I ‘o @ @ (s £

E |15 SEER - Scroll - R410a System

[~ ]TT 043 Vspd / Vert 1 U-Tube - 0.75"

Fuel Oil |3‘ pon  PerGallon 3000  PerGallon




Objectives:

4

Buildi

Notes:  Any HAVC Customer

Notes: Any MN GSHP Asoc Dealer

Design Data

Heating Load:
Htg Load Temp Diff:
Cooling Load:

Clg Load Temp Diff:

Sensible Cooling:

Reference City:
Winter Design:
Summer Design:

Bldg Balance Temp:

Avg Internal Gains:

84 629 BtuHr
82 DegF
31,289 BtuHr
20 DegF
27,826 BtufHr

Minneapolis, MN

-12 DegF

92 DegF

61 DegF
11,067 Btu/Hr

Heating Setpoint:
Cooling Setpoint:
Beqgin Cooling At:
Hot Water Setpoint:
Hot VWater Users:
Continuous Fan:

Annual Heating:
Annual Cooling:

Annual VWater Heating:

Daily Hot Water Use:

Million Btu
Million Btu
Million Btu
Gallons




eObjectives:

ClimateM Climatetd

TT 049 Vspd | |TT 049 Vspd

ClimatetMag
TT 043 Vspd

- Hot Water
¢ Yes

Geo Sou
Vert 1 U-Tube

Geo Sourcy _ :
Wert1 U-Tube -

Geo Soul

Ayg Depth

Avag Depth
=8 Loop Min/M
. V,'el,l_ 1 U-Tube-- oop Min/Max
Auto-Size| [4fert 1 U-Tube
Wert 2 U-Tubes
Wert 2 1)-Tubes

Loop Min/Max - U1
el Water

Soil§ Soll

0.90-Damp§| |0.90-Damp

ClimateMaster System

I TT 043 ¥Vspd A I

Hot W ater Generator
* Yes " No

Geo Source Selection

Velt 1U-Tube - 0.75" I

Avg Depth

[too FT

Auto-Size v

Il Loop Min/Max  [32” [95 DeaF

Soil Selection

0.90 - Damp Sand/Gravel I

Ausiliary Heat Selection
Electric Fan Cail - Vspd ]

Auiliary Heat Operation Mode

] Supplement Heat Pump v l

\Water Heater Selection
Gas - Tankless - Hi Eff

(as - Tank - Std

Gas - Tankless - Hi Eff
Geothermal - Full Time

il - Tank - Std.

Propane - Tank - Hi Eff
Propane - Tank - Std
Propane - Tankless - HIiEff
Solar Thermal - Electric Tank

Gas - Tankless - Hi Eff




TS Tons Vspd
TT 026 VYspd
TT 038 Vspd

TT 064 Vspd
TT 072 Vspd
1T Tons Vspd
TTP 026 Vspd




Objectives: &

Percentac

TT 049 Vspd ' Vert 1 U-Tube - 0.75"

Geothermal Source

Heating

Bore Length: 1,010 Feset
68 DegF
56 DegF
33 DegF
30 Deg F

Max Cooling:
Avg Cooling:
Avg Heating:
hin Heating:

Deep Earth Temp:
Soil Conductivty:
S0oil Diffusivity:

47 Deg F
0.90
0.64

3.59 COP
o9 % of Hig
$574 Annual

Geothermal

100 % Eff
15 % of Hig
$575 Annual

Aux Heating

Tot Heating |$1.449 Annual




Objectives:

Percentac

TT 064 Vspd / Vert 1 U-Tube - 0.75"

Geothermal Source Heating

Bore Length: 1,260 Feet Geothermal 3.56 COP
- 93 % of Htg
Max Cooling: 63 DegF $972 Annual
Avg Cooling: 53 DegF
Avg Heating: 35 Deg F ||Aux Heating 100 % Eff
Min Heating: 30 Deg F 7 % of Hig
$254 Annual

Deep Earth Temp: 47 Deg F
Soil Conductivty: 0.90 Tot Heating $1,226 Annua

=oil Diffusivity: 0.64




Objectives: &

Percentz

TT 072 Vspd / Vert 1 U-Tube - 0.75"

Geothermal Source

Heating

Bore Length: 1,315 Feet
Max Cooling:
Avg Cooling:
Avg Heating:
Min Heating:

62 DegF
53 Deg F
36 Deg F
30 Deg F

Deep Earth Temp:
S0l Conductivty:
=oil Diffusivity:

47 Deg F
0.90
0.64

Geothermal 3.00 COP
96 % of Hig

$1,185 Annual

100 9% Eff
4 % of Htg
$165 Annual

Aux Heating

Tot Heating | $1,350 Annual




Objectives:

Operati

Estimated Operating Cost Summary

Cooling | Hot Water | Constant Total Per
Cost Cost Fan

Heating
Cost

System

TT 049 Vspd / Vert 1 U-Tube - 0.75" $1.449 $31 $305 $0
TT 064 Vspd / Vert 1 U-Tube - 0.75" $1.226 $29 $318 $0 $1.574 $131
No Option Selected $0 $0 $0 $0 $0 $0

Comments: Utility Cost Rate Summer | Winter

Sizing a GSHP System Electric - Geothermal $ikawh 075 075
Electric - Heat Pump $ikwh 075 075
Electric - Furnace $ikwh 075 075
Matural Gas $itherm 1.00 1.00
1122012 Propane $/gallon 2.25 2.25

MN Sizing GSHP 2012 .ged Fuel Qil $/gallon 3.00 3.00




Estimated Operating Cost Summary

System Heating Cooling Hot Water | Constant Total
Cost Cost Cost Fan Cost

TT 064 Vspd /Vert 1 U-Tube - 0.75" $1.226
TT 072 Vspd /Vert 1 U-Tube - 0.75" $1.350
Mo Option Selected $0




Objectives:

Operatir

Estimated Operating Cost Summary

System Heating Cooling | Hot Water | Constant Total Per

Cost Cost Cost Fan Cost Month
Gas-93%-Condensing-2stg-Yspd System $1,972 $105 $381 $0 $2458 | $205
14 SEER - Scroll - R410a Systermn $2,219 $110 $551 $0 $2.881 $240
TT 064 Vspd { Vert 1 U-Tube - 0.75" $1,226 $29 $319 $0 $1.574 $131

Comments: Utility Cost Rate Summer | Winter
Sizing a GSHP System Electric - Geothermal $ikwh 075 075

Electric - Heat Pump $ikwh 075 075
Electric - Furnace $ilowih 075 075
Natural Gas $itherm 1.00 1.00
1122012 Propane $/gallon 2:25 2.25

MIN Sizing GSHP 2012 ged Fuel Qil $/gallon 3.00 3.00
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Objectives:

Notes:  Any HAVC Customer Notes: Any MN GSHP Asoc Dealer

Design Data

Heating Load: 84,629 BtuHr Heating Setpoint:

Htg Load Temp Diff: 85 DegF Cooling Setpoint: 79 DegF

Cooling Load: 31,289 BtuHr Beqgin Cooling At: 73 DegF

Clg Load Temp Diff: 20 DegF Hot Water Setpoint: 130 DegF

Sensible Cooling: 27826 BtulHr Hot Water Users: =
Continuous Fan: Mo

Reference City: Minneapolis, MN

Winter Design: -12 DegF Annual Heating: 169.1 Million Btu

Summer Design: 92 DegF Annual Cooling: 144 Million Btu

Eldg Balance Temp: 61 DegF Annual VWater Heating: 22.1 Million Btu

Avg Internal Gains: 11,067 BtuHr Daily Hot Water Use: Gallons




Objectives:
Check S

WPD COOLING - EAT 80/67 °F HEATING - EAT 70°F
EWTTF|GPML ba | er Aé",_l‘,’“" TC SC KW HR | EER | HwC Ag,_l‘,’f HC KW HE Lar | cop | Hwe
75 ] 08 | 19 1 1580
1825 Operation not recommeanded
20 113 24 55 1580 Operation not recommended
1825
150 | 50 | 116 | 1580 1750 | 410 | 386 | 278 | 917 | 312 | 40
1825 2050 | 418 | 371 | 201 | 889 | 330 | 35
75 | 06 | 15 § 1580 | 660 | 421 | 279 | 755 | 237 = 1750 | 446 | 387 | 31.4 | 936 | 338 | 41
185 | 673 | 456 | 200 | 772 | 232 . 2050 | 454 | 373 | 327 | 905 | 357 | 36
@ 13| 23 | 53 | 1580 | 670 | 426 | 267 | 761 | 251 : 1750 | 464 | 392 | 330 | 946 | 347 | a1
1825 | 683 | 462 | 277 | 778 | 247 g 2050 | 47 377 | 344 | 914 | 367 | 35
150 | 48 | 110 | 1580 | 684 | 435 | 261 | 773 | 262 R 1750 || 474 | 395 | 340 | 951 | 352 | 40
1825 | 697 | 471 | 271 | 789 | 257 . 2050 || 483 | 380 | 354 | 018 | 373 | a5

75 0.3 0.8 1580 66.0 439 3.58 782 185 29 1750 63.0 4.47 47.8 103.3 4.14 4.8

1825 67.3 47.6 3.72 80.0 18.1 30 2050 64.2 4.29 49.5 99.0 4.38 4.2
113 2.1 4.7 1580 3 . 789 201 25 1750 50.5 104.9 4.25 4.7

1825 80.7 19.7 25 = E 10 4.50 4.1

15.0 4.1 9.4 1580 79.2 209 21 10 4.31 4.7

1825 80.9 205 2.1 2050 53.8 101.1 4.57 4.0

75 0.3 0.7 1580 76.7 16.1 40 1750 69.5 4.66 53.6 106.8 4.38 53

1825 78.5 158 40 R 1 4.6

70 13 20 4.5 1580 77.8 177 34 3. 4.76 : .6 4.49 52
1825 79.6 174 34 2050 743 4.58 58.7 103.6 4.76 4.5

15.0 39 8.9 1580 783 186 28 7 5 4 4.56 51

1825 80.1 182 29 xi 4 AEATE ! £!5 4.83 4.4

75 0.2 0.5 1580 60.0 419 4.33 748 139 52 1750 76. 4.86 50.6 110.3 4.60 58

1825 61.2 45.4 4.5 76.6 136 53 2050 77.6 4.67 61.7 105.1 4.87 5.1

80 113 1.9 4.4 1580 623 427 4.05 76.1 154 44 1 . 63.2 1125 4.72 57
1825 63.5 46.3 4.21 77.9 151 45 1 ! 65.4 106.9 5.00 5.0

150 38 84 1580 63 4 431 301 76 8 162 36 1750 | 826 | 505 | 653 1137 479 586



Objectives:

Cooline

Temperature Bin Analysis

TT 064 Vspd [ Vert 1 U-Tube -0.75"

Outdoor Annual Hot Water
Air  Weather Load
Temp Hours BtuHr

Geo Htg - Clg HW. Gen Geo
Source Capacity Capacity Run
Temp BtuHr BtuHr Time

Geo
Operating
Cost

Aux
Hot Water
Cost

112
107
102
97
92
87
82
L
72




Dehumigc

Unit Sizec

Dehumidification Mode settings: The dehumidification
mode setting provides field selection of humidity control.
When operating in the normal mode, the cooling airflow
settings are determined by the cooling tap setting above.
When dehumidification is enabled there is a reduction in
airflow in cooling to increase the moisture removal of the
heat pump. Consult submittal data or specifications catalog
for the specific unit series and model to correlate speed
tap to airflow in CFM. The dehumidification mode can be

g e i Constant Dehumidification Mode: When the

dehumidification mode is selected (via DIP switch or
jumper setting), the ECM motor will operate with a
multiplier applied to the cooling CEFM settings (approx.

20-25% lower airflow). Any time the unit is running in
the cooling mode, it will operate at the lower airflow
to improve latent capacity. The "DEHUM™ LED will be
illuminated at all times. Heating airflow is not affected.
NOTE: Do not select dehumidification mode if cooling



Dehumi

Unit Si

Max Fan Tap Cooling Mode Dehumid Mode Heating Mode AUX Aux/
Model | (B2 | Matar Setting | stg1 | Stg2 | Fan | Stg1 | Stg2 | Fan | Stg1 | Stg2 | Fan | CFM Emealg
(in.wg) | (hp) Mode
050 | 12 4 810 | 950 | 475 | 630 | 740 | 475 | 920 | 1060 | 475 4 1060
0o | 050 | 12 3 725 | 850 | 425 | 560 | 660 | 425 | 825 | 950 | 425 3 950
050 | 1 2 620 | 730 | a70 | 490 | 570 | 370 | 710 | 820 | a70 2 820
050 | 1 1 520 | 610 | 300 | oo | 60 | 300 1 690
050 | 12 4 1120 | 1400 | 700 | 870 | 1090 | 700 | 1120 | 1400 | 700 4 1400
0a | 0850 [ 2 3 1000 | 1250 | 630 | 780 | 980 | 630 | 1000 | 1250 | 630 3 1350
050 | 12 2 860 | 1080 | 540 | 670 | 840 | 540 | 860 | 1080 | 540 2 1350
050 | 1/2 1 730 | 9200 | 450 _ 730 | 900 | 450 : 1350
0.75 : 4 1460 | 1730 | 870 | 1140 | 1350 | 870 | 1560 | 1850 | 870 4 1850
o | 075 1 3 1300 | 1550 | 780 | 1020 | 1210 | 780 | 1400 | 1650 | 780 3 1660
0.75 1 2 1120 | 1330 | 670 | 870 | 1040 | 670 | 1200 | 1430 | 670 2 1430
0.75 : 1 940 | 1120 | 560 1010 | 1200 | 560 1 1350
0.75 1 4 1670 | 2050 | 1020 | 1300 | 1600 | 1020 | 1860 | 2280 | 1020 | @ 2280
—~ o7 : 3 1500 | 1825 | 920 J| 1160 | 1430 | 920 ] 1650 | 2050 | 920 3 2040
0.75 1 2 1280 | 1580 | 790 | 1000 | 1230 | 790 | 1430 | 1750 | 790 2 1750
0.75 : 1 1080 | 1320 | 660 1200 | 1470 | 660 : 1470




ClimateM aster System

TT 072 Vspd

THW 060 70F Load
T 060 90F Load
Thw 120 110F Load
Thw 120 130F Load
THWw 120 70F Load

Th 120 90F Load 513 O ai

TMW Tons 110F Load
TMW Tons 130F Load




Objectives:

Operating €

Estimated Operating Cost Summary

System

Heating

Cost

Cooling
Cost

Hot Water
Cost

Constant
Fan

Total

Per

T 060 110F Load / Vert 1 U-Tube - 0.75"
TT 064 Vspd / Vert 1 U-Tube - 0.75"
No Option Selected

$1,283
$1,226
$0

$11
$29
$0

$162
$319
$0

$0
$0
$0

$1.455
$1.574
$0

$121
$131
$0

Comments:
Sizing a GSHP System

1122012
MN Sizing GSHP 2012 .ged

Utility Cost Rate Summer | Winter
Electric - Geothermal $ikowih 075 075
Electric - Heat Pump $ikowh 075 075
Electric - Furnace $ikwh 075 075
Natural Gas $itherm 1.00 1.00
Propane $/gallon 2.25 2.25
Fuel Qil $/gallon 3.00 3.00




Objectives: Desigh Loop System
Common Information

Loop Design

Basic Design Rules
3 GPM Per Ton of Equipment
Pressure / Temperature Ports on ALL Units

1 - 3/4" PE Circuit per ton / 3 GPM
1 1/4” or 2" PE Pipe for Supply & Return
Reverse Return Header for Equal Flow




Objectives:

ChemName: 00000

Address:

Phone:

GeoDesigner performed by:

Scil conditions:

Special conditions and requirements:

Owner’s preference on location of loop:

Locute properly S, exsting siructuses, Loure
O ucton, USiios, o services.
Al cale the goo ol sart op, penebation el

Geo Site Survey

Date:

Surveyedby: 0000

O New construction ) Retrofit
Date:




Objectives:

How many peo)
Existing equipn
Any allergies o
Home ever too | How many peop
Any hot or cold Any allergies or
Do youwant a1 Home ever too b
Concemned with Any hot or cold
Aware of the iw Do youwantas
Any special ne¢. Concerned with

Des aware of the imy

— Any special neeq

-— Desc
Any special safi
Des

— Alake orpond v
- or Opecial trees or!

Special trees or ]
Are you aware | When do you pli
vou know an

Do you know a
Do either of yor Do either of you
What types of ¢ What types of er
What are you o« What are you co
How long have How long do yor
Typical savings Typical savings
mvested money invested money’!
If financing, wh What is the inter
0§ What is the term
Would yoube I What are the S
What are the 51 0 low cost operatt
Jlow cost opers ) clean operation
J clean operation 2 odoriess
U odorless 0 no nolsy outdoc
3 o nolsy ouldo 1) g ms:jwaw

Ufree hot water 2
J environmentall E3 SANiOmRe

Geotherme! Hoo! A

If you had to che
Are there any ot
If ye

If you had to ch
Are there any o
Ifw

How many bids How many bids
How many mor How many more

Customer: __ Customer: ___

GeoDesigner Worksheet

CLIMATEN pesier intormstion

Name

Begin Cig At

Geo A Intormation

e =T ——

# of Tons:
Yes

HWG:

Ultra Hybrid

Loop Type

Avg Depth
TrenchBore.
Loop Temp Range
Soll Type

Auxdiary Type.
Aux Input Cap:
Water Hr Type:

Utility Rates

Electric Geo.
Electric HP:
Electric Fossl
Natural Gas:
Propane.
Fual OF

Denotes required information

Client Information
Name

Internal Gains (1-low 5-high):
Base Electric Load per 2.
Solw Gain per 2.
QOccupancy per &2
Construct or Load per 2.
Mot Water Setpoint:
Hot Water Users

Geo B information
el —
# of Tons:
HWG: Yes No

S m—

Locp Type:

Avg Depth:
Trench/8ore

Loop Temp Range:

Soll Type

Heat Pump Information
Model.
ARt Cig Capacity
Cue Off Temp.
Aux Heat Type.
input Capacity:

Auxtiary Type
Awx Input Cap:
Water Her Type:

Furnace information
Furnaoe Model
input Capacity:
Ak Cond Type
ARI Cig Capacity.




Objectives:

2 foot wide trench

|
Supply Return

Cireuit 1 Circuit 2 Circuit .3

Circuit 1 Circuit 2 Circuit 3



Objectives: JDesign Loop System
Vertical

Vertical Loops
One bore per ton

Bore hole spacing 10 ft minimum

One circuit at 3 GPM flow per ton for 34" and 1”
circuits

U-Bend pipe sizes 34" & 1" ID

ASTM PE3408 HD Geothermal PE pipe
Many states require bentonite grouting
Some locales restrict drilling
Bore Hole Depth (typical)




Objectives:










Objectives:

One bore TT 064 Vspd / Vert 1 U-Tube - 0.75"

Geothermal Source
Bore Length: 1,280 Feet Geothermal 3.56 COP

93 % of Htg

Max Cooling: 63 DegF $972 Annual
Avg Cooling: 53 DegF
Avg Heating: 35 DegF i 100 % Eff
Min Heating: 30 DegF 7 % of Htg

$254 Annual
Deep Earth Temp: 47 Deg F
Soil Conductivty: 0.90 Tot Heating $1,226 Annual
Soil Diffusivity: 0.64




Objectives:
Horizontal

Horizontal Loops

Backhoe or trench excavation

Backhoe used in areas with rock

Loop Piping installed below frost line

34" & 1" ID PE3408 HD PE pipe

1 circuit per ton using 34" and 1” circuits

3 gpm flow/ton

Pipe per ton




Objectives:




Objectives

Pit Loops




Four-Pi§

*Supply/Return Pipes

 Exit Perpendicular

 to Foundation Wall
- Header Pit Min. 10 ft&5——
 from Wall

=

uit layout

%%

» 24” Maximum Header/Manifold
* Parallel Circuit Design
* 3/4” or 1” Circuit Pipe




Objectives:

TT 064 Vspd and Horz 4 pipe - 0.75"

Geothermal Source

Trench Length: 70 Feet Geothermal 3.66 COP
Backhoe or 95 % of Htg

Max Cooling: 64 DegF $963 Annual

Avg Cooling: 52 DegF

Avg Heating: 38 Deg F ||Aux Heating 100 % Eff

Min Heating: 30 DegF 5 % of Htg

$193 Annual

Deep Earth Temp: 47 Deg F

Soil Conductivty: 0.90 Tot Heating $1,157 Annual

Soil Diffusivity: 0.64




Objectives:
Software

Slinky Hori

Average
Depth

e

Horizontal U-Tube

19”
Pitch

8 foot of pipe per foot of trench J 3 fe et ¢




Objectives:

TT 064 Vspd and Horz U-Tube - 0.75"

Geothermal Source

Bore Length: 1,100 Feet 364 COP
94 % of Htg

Max Cooling: 64 DegF $960 Annual
Avg Cooling: 51 DegF
Avg Heating: 37 Deg F ||Aux Heating 100 % Eff
Min Heating: 30 DegF 6 % of Htg

$226 Annual
Deep Earth Temp: 47 DegF
Soil Conductivty: 0.90 Tot Heating $1,186 Annual
Soll Diffusivity: 0.64




Objectives: JDesign Loop System
Pond / Lake

Lake or Pond Loop

Least expensive ground loop
Minimum 1/2 acre and 10 feet deep
Pond should be within 400" of structure

In North - need ice cover for good operation
Utilizes 39°F water temp (no aeration).
Stagnate water body works best for heating

Pipe footage per ton / circuit
North and South 400 ft -500 ft/ton

n



Y -
D
P
]
O
-
0
@,




Lake Loop Coils on Rack




Objectives: |
ond / Lak




Poj

*Supply/Return Pipes

. Exit Perpendicular Typical Trench/Circuit layout
' ) « Extended Reverse Return

* Header/Manifold
* Parallel Circuit Design

« 3/4” or 1" HD PE3408 pipe




Objectives:

One Circuit pe

TT 064 Vspd and Pond Loop - Coiled 0.75"

Geothermal Source
Pipe Length: 1,500 Feet Geothermal 3.54 COP

>
94 % of Htg
Max Cooling: 76 DegF $983 Annual
Avg Cooling: 65 Deg F
Avg Heating: 34 DegF ' 100 % Eff
Min Heating: 29 DegF 6 % of Htg
$234 Annual
Deep Earth Temp: 47 DegF
Soil Conductivty: 0.00 Tot Heating $1,218 Annual
Soil Diffusivity: 0







Water Side Of System

Flow Controller / Pump Station




QT:Flow Center




Objectivés: Select Loop

Circulator Pumps

Pump Selection

Pump Selection

e Verify 1 or 2 Pump Flow Controller

e 1 Pump = 3 Ton Unit

e 2 Pump = 3.5to 6 Tons

e Minimum Flow of 2.25 GPM / Ton

o \erify Reynolds Number at 2500 Min.
e Use Pressure Drop. Software Program




Objectives

Total B

TT 049 Vspd | TT 064 Vspd '\ TT 072 Vspd ' Vert

Geothermal Source Geothermal Source Geothermal Source H
Bore Length: 1,010 Feet |Bore Length: 1,280 Feet |Bore Length: 1,315 Feet G

Max Cooling: Max Cooling: 63 Deg F|Max Cooling: 62 DegF
Avg Cooling: Avg Cooling: 53 Deg F|Avg Cooling: 53 DegF
Avg Heating: Avg Heating: 35 Deqg F|Avg Heating: 36 DegF
Min Heating: Min Heating: 30 Deg F{Min Heating: 30 DegF

Deep Earth Temp: Deep Earth Temp: 47 Deg F|Deep Earth Temp: 47 DegF
Soil Conductivty: Soil Conductivty: 0.90 Soil Conductivty: 0.90
Soil Diffusivity: Soil Diffusivity: 0.64 Soil Diffusivity: 0.64




Objecti
Ci

Version 3.1
rev. 031503

gﬂmo:[ﬁ Pump s,,fg Geothermal Closed Loop Pressure Drop Calculation Worksheet

100 gy

3 Inside Minimum system flow rate should be 11 gpm. WL -
Pipe ¢ 8. Determine Pump Sizing Curve Coordinates 3 TR e
Tot. gpm (3 gpm/ton) = Q1 15.0 x ) 3 5 S Eeanviaty ft of hd. =
Tot. pres. drop (Ft hd)=_ h1 37.7 y }pomtf« 73§ PR HE —
4 Qutsic Tot. gpm x 2/3 = | Q2 10.0 X}pointB ‘? P 20
Pipe c ?[:=:f02“2]|j:132.v"1j01"2; IC].123 ;g g y & ! T
ot. gpm x 4/3 = 0 x : . -
PD=?83“2}(h1}."'iQ1A2} h3 671 y } PR | = | _ftofhd. C
5 Circur 9 Plot system curve & determing which Flow w jiaseases B 15 eries |00p]_
Pipe : Controller will produce the desired flow rate‘ ek 1 2 . SSRes’ S8t 2 gom
Pump Sys B = 16 gpm (to the nearest gpm) 2 H 0 "mﬁ‘ z ﬂ‘ of hd D
10. Verify circuit Reynolds number: 3578 " E PP PPREEEH s ;
6 Fittinc (Should he 2,500 or greater) e Flow Rateu s gpmi: P ft of hd. E
=11 Calculate the amount of antifreeze needed o gh e oiaing s P "é'“é'”;'“;’ s = = g"'é"'g] —
Total | (Pipe size: 1.00 ) 10 tot. feet™ x 4.5 volume/100 ft. = 100 = 0.5 gallons __ft ofhd.™
(Pipe size: 1.25 ] 200  tot. feet™ x 8.3 volume/100 ft. = 100 = 16.6 gallons
(Pipe size: 0.75 1: 2550  tot. feet™ x 2.8 volume/100 ft. = 100 = 714 gallons
(Pipe size: ‘ tot. feet™ x - volume/100 ft. = 100 = - gallons
Notes: 1) Use decimal number for pipe size (e.g. 3/4" = 0.75) Total fluid in loop: 99 5 gallons™
2) Volume/100 ft. is shown for PE pipe only. % antifreeze x 25% by vol
3) Use 1" pipe for rubber hose. Total antifreeze req. 249 gallons

12. Determine Flushing Requirements. Flushing requirements: 20 gpm @ 67 ft. hd.



Objecti
Ci

Vertica

Customer: MN GSHPA 2012
Address: 5 Ton Vertical Example % Antifreeze by vol 25 %

Antifreeze (M.P.E or W) P Propylene Glycal

Address Number of circuits: 4
'Note: M = Methanol; P = Propylene Glycol; E = Ethanol; W = Water Pump combinaton-? 6 (2) UP26-116
“Note: Pump combo A = 1-UP28-89; pump combe B = 2-UP25-8%; pump combe C = 2-UP28-116; pump combo D = 3-UP26-88
1. Unit #1 4 {enter code frombelow) TT_064 Stons gpm 15
7. Total Pressure Drop(A+B +C + D + E). 464 f.ofhd** F

Minimum system flow rate should be 11 gpm. N T ——
8. Determine Pump Sizing Curve Coordinates: c LE RN
Tot. gpm (3 gpmiton) = Q1 150 x - 3 ER Ay
Tot. pres. drop (Ft hdj= h1_46.4 y [POINtA m; : T
Tot. gpm x 2/3 = Q2 10.0 X}pointB & oo =
PD=(Q2"2)(h1)(Q1%2) h2 206 y O i
Tot. gpm x 4/3 = Q3 20.0 x} . 5 i H
St Buavly tC 5
PD=(Q32)(h1)/(Q1"2) h3 825 y " " sk 15
40
9 Plot system curve & determine which Flow ;
Controller will produce the desired flow rate. o mev 8!
Pump Sys C = 16 gpm (to the nearest gpm) » o8f 10 =
10. Verify circuit Reynolds number: 2554 - T
(Should bhe 2,500 or greater) :




Objecti
Ci

Horizon

Customer: MN GSHPA 2012 Antifreeze (M.P.E or W) M Methanol
Address: 5 Ton Horizontal 4 Pipe Example % Antifreeze by vol 25 %
Address: With 4 Circuits 4

MNumber of circuits:

6. Fittings (Add 2 ft. of hd for every 10 fittings): (number of fittings) 36 ftofhd.
7. Total Pressure Drop (A+B +C +D + E): 581 ft.ofhd* F
Minimum system flow rate should be 11 gpm. B T —
8. Determine Pump Sizing Curve Coordinates: - i T
Tot. gpm (3 gpmiton) = Q1 15.0 x i 3 2 s
Tot. pres. drop (Ft hd)= h1_ 581 y [POM~ mf° :
Tot. gpm x 2/3 = Q2 10.0 x}pointB €t 5
PD=(Q2"2)(h1)/(Q1%2) h2 258 y o 1 15
Tot. gpm x 4/3 = Q3 200 x}pointC @ H
PD={Q3"2)(h1)/(Q142) h3 1034 y s 22
9
9. Plot system curve & determine which Flow ; i
Controller will produce the desired flow rate . ; <0
Pump Sys B = 13 gpm (to the nearest gpm) x H -
10. Verify circuit Reynolds number: 3690 " H
{Should be 2,500 or greater) T AR S ope):
,jgoﬂl!l.’ % + Q!lil!lil!lilllil!c +
ripe sice v.aro UESIYI S IVIZLAL J0 AGuar Orweke = oo g S
900 ftofpipe®*x 368 ftofhd00ft = 100= 3312 ftofhd D




Objecti
Ci

Horizon

Customer: MN GSHPA 2012

Antifreeze (M,P.E or W) 1Y Methanol

Address: 5 Ton Horizontal 4 Pipe Example % Antifreeze by vol. 25 %
Address: Nith 4 Circuits Number of circuits: 6
‘Note: I = Methanol P = Prosviene Ghveal F = Fthanal W = Water  Pump combinaton-2 B (21 UP2/-09
7. Total Pressure Drop(A+ B+ C + D + E) 359 ftofhd* F

Minimum system flow rate should be 11 gapm. A T ——
8. Determine Pump Sizing Curve Coordinates: - —.—:-z_
Tot. gpm (3 gpm/ton) = Q1 150 x o 3 R
Tot. pres. drop (Ft hd)=_h1 359 y POIER m%
Tot. gpm x23= Q2 1[3.0 X}pointB S 30
PD=(Q2"2)(h1)/(Q1*2) h2 159 y & e
Tot. gpm x43= | Q3 202 X}pointc % ;
PD=(Q3"2)(h1)/(Q12) h3 638 y
40 11
9 Plot system curve & determine which Flow - 15
Controller will produce the desired flow rate. N T
Pump Sys B = 16 gpm (to the nearest gpm) 2 H -
10. Verify circuit Reynolds number: 3019 . ',1,?, i
(Should be 2,500 or greater) i -Flow R (2 gpoy.
.:’O'ONIEI.!,I!IQ + + !lilll;lllilll;llo
Pipe size:  U/5  in.  Uesign GPM/ckt 75 Actual GPWekt = 2.7 gom o

2.1 g
600 ftofpipe®x 181 f.ofhd100ft = 100= 1086 ft




Objecti
Ci
Lake

5. Circuit Piping (Use only one circuit if piped using parallel header system: use total pipe If series loop):
Pipe size 0.75 in Design GPM/ckt: 3.6 Actual GPIM/ckt = 4.0 gom
500 ftofpipe®x 423 ftofhd100ft = 100= 2117 f ofhd. D
6. Fittings (Add 2 ft. of hd.for every 10 fittings): 18 (number of fittings) 36 fofhd E
7. Total Pressure Drop (A+ B+ C + D + E):. 434 ft ofhd** F
Minimum system flow rate should be 11 gpm. = WEHH s
8. Determine Pump Sizing Curve Coordinates % R
Tot. gpm (3 gpmiton) = Q1 150 x . 0 5 SRR
Tot. pres. drop (Ft hd)=_ h1 434 y ROt % 57 SEm
Tot. gpm x 2/3 = Q2 10.0 X}pointB oo :
PD=(Q2"2)(h1)/{(Q1%2) h2 193 y % j
Tot. gpm x 4/3 = Q3 20.0 x} : H
e tC 50
PD=(Q3+2)(h1)/(Q1%2) h3 77.2 yJ*O" 0
‘o
9. Plot system curve & determine which Flow _
Controller will produce the desired flow rate. n at
Pump Sys C = 16 gpm (to the nearest gpm) 2 10 -
10. Verify circuit Reynolds number: 2554 ” HHHH T
(Should be 2,500 or greater) i oW JURs {1 2 901). T
D! Oﬂl!l.!’l ~+ + * !lilllilllilllill + * 4 + il!l;
= - 2— f:[- o~ o4 ot = = o

a0u ft. of pipe”™ X u.74 WOTNAMUUTL = TUU=  3./.




Objectives:

a/

TEMASTER
Pachged Unat Refngeration Schematic
Date:
Senal#:
Voltage:

Job Name:
Model#:
Wire Size:

HEATING CYCLE ANALYSIS -

Look up pressure drop In
PSt ___PY 1.O.M. to getenmine fow rate or
WATERIN | WATER OUT enter value on fiow raguiatr:

GPM

COOLING CYCLE ANALYSIS -




Objectives: Bdilding Loads
Commercial

Commercial - Calculate Building Loads using
ACCA Manual N or ASHRAE Method

one

OdaC

Peak bloc

00p C

ept

S are used to select heat pumps

K load is used to determine bore

NS

Heating and cooling loads are required for

each zone / area that will have a ground
loop system

Commercial Building Load Profile is
“Normally” Cooling Dominate



Objectives: Bdilding Eoads™

Commercial

UNIT LAYOUT- PERIMETER AND CORE DESIGN




Objectives: Bdilding Loads
Commercial

CENTRAL PUMP STATION APPLICATION

SUCTION
FROM

CLOSED LOQ

l

AR 7

SEPARATOR

/ TANK

SUCTION
DIFFUSER

EXPANSION

CENTRIFUGAL PUMP

T

DISCHARGE
TO
CLOSED LOOP

TRIPLE DUTY
VALVE




Objectives: Loep Design / Basic
Commercial

Commercial Loop Layout

RUNOUT

CIRCUIT or
BORE




Objectives: Lc
Commercia
USE Pea

% Average Block Loads - Garber Church € 18 ‘I 1]

ll | 'l I Garber Church C3 10506
Reference Label; I Garber Church C2 10 2 06

Design Day Loads

Design Day Loads

Days Occupied Time of Day Heat Gains Heat Losses
per Week (MBEuSHrY  (MBEU/HY)

| 7.0 8 a.m. - Noon I 5720 I 650.0

e Moon-4p.m. | 7150 | 305.0

—l 4p.m.-8pm. | 430.0 |2UUU

Calculate Hours I gp.m.-8am. | 180.0 | 300.0
Annual Equivalent Full-Load Hours:

—Heat Pump Specifications at Desian Temperature and Flow Rate

[~ Custom Pump Pump MName

Cooling Heating

Select Capacity (MBtufHr) | 756.7 | 650.0

Details Power (ki) | B1.66 | 55.51
EER/COP | 12.3 | 3.4
Flow Rate {gpm) | 1788 | 1625
Partial Load Factor | 0.94 | 1.00

Flow Rate:

1 0| .
30 | onmiton Unit Inlek {°F):




Objectives: Lc
Commercia

Garber Church C3 105 06

Reference Label; I Garber Church C2 10 2 06

Design Day Loads
Design Day Loads

Days Occupied Time of Day Heat Gains Heat Losses
per Week (MBEufHr)  (MBEufHr)

| 7.0 8 a.m. - Noon | 572.0 I 650.0

o Noon-4pm. | 7150 | 305.0

—I 4pm. -8pm. | 4300 |20ElU

Calculate Hours | 8pm.-8am. | 1800 | 3000
Annual Equivalent Full-Load Hours:

Heat Pump Specifications at Design Temperature and Flow Rate

I ClimateMaster v I GS Yertica

GR Horizontal

GR Vertical

(5 Horizontal

S Split

GS Yertical

Paradigm

RE Rooftop

Ultra Classic - Full Load

Flow Rate:
3.0 gomiton Unit Inlet {°F): I 80.0 I

Purmp Name




[

Objectives: Lc

B Borehole Design Project - 100 ton Example 7 22 09 E]ig

Results IFIuid | S0il | U-Tube | Pattern| Extra kw | Information |

L Calculate | Monthly Data COOLING  HEATING

Total Length (ft): 23946.6 11929.2
Borehole Nurmber: 72 72
Borehole Length (ft): 332.6 165.7

Ground Temperature Change (°F): +0.9 +1.7

Unit Inlet {(°F): 90.0 35.0
Unit Qutlet {(°F): 100.3 29.5

Total Unit Capacity (kBtu/Hr): 1263.2 1105.5
Peak Load (kBtu/Hr): 1200.0 750.0
Peak Demand (kw): 101.7 67.4
Heat Pump EER/COP: 11.8 3.3
System EER/COP: 11.8 3.3

System Flow Rate (gpm): 187.5

~Optional Cooling Tower/Boiler

Cooling T
Condenser Capacity (kBtughr): DO JONIEL

Cooling Tower Flow Rate (gpm): : J T
Cooling Range (°F): : Boiler
Annual Operating Hours (hrfyr): f—— 0%

Boiler Capacity (kBtufhr): SO

0 %

Load Balance

T




Objectives: Fi

B Finance Module - 100 ton Example 7 22 09

Results | Geothermal Conventional | Utilities | Other Costs | Incentives

Alternate Systems

system: |1 4| »| cooimg HEATING TOTAL

Total Annual Power:  78,000.0 kWwh 0.0 kwh 78,000.0 kwh
\Water: 0.0 Gallons 0.0 Gallons 0.0 Gallons
Other: Mone 500,121.2 ft~3
Matural Gas

System Details

COOLING HEATING

Eqv Full-Load Hours: 650  hr 550  hr

Equipment Type: Air-cooled Chiller I Boiler I
Power Source: Electricity I Natural Gas I

Installed Capacity: [m kBtushr IW kBtu/hr
Efficiency: I_IE_U_ EER I—EF %
Exira Power: [T ki |T ki
Mech. Install Area: [T ft~2 l-? ft~2
Water Usage Rate: I 0.00  gpm/ton | 0.00 gpmfton 7|




Objectives: Fi

® Finance Module - 100 ton Example 7 22 09

Results Geothermal | Conventional | Utilities | Other Costs | Incentives

Geothermal System

& Import
years ¢ Manual

Geothermal Power: 49367.1 kWwh 33582.5 kwh 82949.5 kwh
Hbrid Power: 0.0 kwh 0.0 kwh 0.0 kwh
Total Annual Power: 49367.1 kwh 33582.5 kwh 82949.5 kwh
\Water: 0.0 Gallons 0.0 Gallons 0.0 Gallons
Other: Mone Mone

Primary Geothermal ., Hybrid Component

HEATING

COOLING HEATING TOTAL

Eqv Full-Load Hours: hr SS0 hr
Peak Capacity: kBtu/hr ,W kBtuhr
Average Heat Pump Efficiency: EER 'T COP
Circulation Pump Input Power : : kit IT ki

Circ, Pump Power: : hP | 0.0 hP
Motor Efficiency: % | 85.0 9

Additional Power : ki | 0.0 ki

Mech. Room Installation &rea: I 0.0 fto2




Objectives: Fi

B Finance Module - 100 ton Example 7 22 09

| Results | Geothermal | Conventional | Utilities | Other Costs | Incentives

Estimated Cost Results
Geothermal Alternate IT 4 | |

Air-cooled Chiller
Annual Costs (&)} Boiler

Energy 5,806.47 21,463.88
CO2 Emissions 0.00 0.00
Water 0.00 0.00
Maintenance 0.00 0.00
Mechanical Room Lease 0.00 0.00
Annual Total 5,806.47 21,463.88

NPV i ifecycle Costs (§) - 25 years

Energy 118,282.01 556,945.01
CO2Z Emissions 0.00 0.00
Water 0.00 0.00
Maintenance 0.00 0.00
Mechanical Room Lease 0.00 0.00
Installation 0.00 37,740.00
Salvage 0.00 (173.21)
Lifecycle Total 118,282.01 594,511.80



Objectives: Fi

B Finance Module - 100 ton Example 7 22 09

Conventional | Utilities | Other Costs | Incentives

Estimated Cost Results

Annual Costs (£

Energy

CO2 Emissions

Water

Maintenance
Mechanical Room Lease
Annual Total

Geothermal

5,806.47
622.12
0.00
532.80
0.00
6,961.39

NPV L ffecycie Costs (§) - 25 years

Energy

CO2 Emissions

Water

Maintenance
Mechanical Room Lease
Installation

Salvage

Lifecycle Total

118,282.01
5,981.52
0.00
8,981.33
0.00
47,952.00
0.00
181,196.85

Alternate IT 4 | |

Air-cooled Chiller
Boiler

21,463.88
1,073.97
0.00
1,776.00
0.00
24,313.85

556,945.01
10,325.89
0.00
29,937.75
0.00
73,260.00
(173.21)
670,295.44







Central 2-Pipe Constant-Speed.







Central 1-Pipe
Primary/Secondary




Central 1-Pipe
Primary/Secondary




Example: Pumping Energy: Comparison

Pumping Option
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Sizing Procedures

Calculate Building / Zone
Heating / Cooling Loads

Select Geothermal Heat Pump/s for
Building / Zones

Design Ground Loop System

Run Operating Costs Comparison Using a
Software Program

Verify Dehumidification in Cooling Mode

Check Effects on Ground Loop System by
Unit Size



MNGHPA

"Minnesota Geothermal
(. Heat Pump Association




