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GeoExchange Systems

“Solar” Geothermal
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Load to Source: Sustainability Factor

Generation and
Transmission Losses

Source Load
Ground Source
Heat Pump
9 kWh ; ) | Power Plant | [2.7 kWh> cop = 3 10 KWh +

1]

GSHP requires only 9 kWh; from the source to provide 10
kWh; to the building since they can provide a COP of 3.7



Water to Air GHP Water to Water GHP
(Forced Air) (Hydronic)
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Many GHEX/Earth Loop Options
(Who decides?... Who designs?)



Supply Side (GSHP) Delivery Side (HVAC)

Ground Heat Duct System (incl. Air
Exchanger (GHEX) Exchanger)

Ground Source Heat Radiant Floor Tubing,
Pump (GSHP or GHP) Manifolds, Zone

Loop Pump or Flow Pumps and Controls
Center Radiant Baseboards,
Some Peripheral and Panels, Radiators
Auxiliary Components Plumbing/Piping

(incl. Controls) Delivery Systems

The "geothermal system 1S aenera 2SSloneod to
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High Temp @ Low Temp @
50,000 BTUH! 50,000 BTUH!

130°F - 180°F 85°F - 115°F



High—temp-@ Low Temp @
50,000 BTUH! 50,000 BTUH!

GENERAL PREMISE: The Lower the
Temperature—the Higher the Efficiency!






Consider that GSHP Technology iIs
Also Highly Adaptable.
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ERDENHEIM HOUSE: New Construction

GRAND RAPIDS, MN (Bin Weather Data)

/0,150 BTU
12,168 BTU
38,583 BTU

Heat Loss (@ -30°F OAT)
Garage (@ 20 BTUH/sq")
Heat Gain (@ +84°F OAT)

Space for No More Than 7T Horz. GHEX

/ Ton HYD Heat/Cool GSHP System
Compare to LP Boiler @ $1.80/Gallon



(HVAC) Delivery Side Supply Side (GSHP)

B
F,f:
Hydronic Fan Coil Draws

Hot or Chilled Water from
the Tank.

Radiant Floor Zones \T
Draw Hot Water from ‘i HYD
the Tank. BUFFER

TANK

GSHP Serves
=) HYD Buffer Tank
= ONLY!

v

—

T Mate — Alwavs use copper pipe on the hydronic <ide.
# Nate = Conceptual drvwing onby, Check local codes amd wse proper plumbing procedunes.,

dronic Heat/Cool GSHP Syste




5T HYD GSHP w/ 3 T HYD Fan Coil combines
radiant floor heating with F/Z/A heating & cooling



GeoSense Data Input

7T GSHP =
@ 30°F EWT /

SIZING = 78.9%

7 kWh AUX RH Reco
(14 kWh Modulating R

COP Drops from 3.50 to

5T HYD Fan Coil for Cooli
(45,200 BTUH Capacity)




Estimated Annual Operating Cosls

Moy Camlivng a= il {8970

ColdClimate GSHP Capacity to
Peak Heating Load

LOAD = 82,318 BTUH

7T GSHP = 64,900 BTUH
@ 30°F EWT / 108°F HYD

SIZING = 78.9%

7 kWh AUX RH Recommended
(14 kWh Modulating RH Boiler)

e i e Toodeg B

COP Drops from 3.50 to 3.37

= 5T HYD Fan Coil for Cooling
(45,200 BTUH Capacity)



Estimated Annual Operating Costs
Far Herb & Diana Lieffring

7T HYD HEAT/COOL GSHP SYSTEM
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96.3% GSHP

16,591 kWh







How Moisture Improves Thermal Conductivity of Soil

At complete dryness the heat flow passes mainly through
the grains, but has to bridge the air-filled gaps between the
grains around their contact points.

At very low water contents the soil particles are covered by
thin absorbed water layers

The thickness of these layers increases with increasing
water content. At a certain Xw liquid rings start to form
around the contact points between the grains; they show a
curved air-water interface.

From this point on the thermal conductivity increases
rapidly with increasing Xw, until the rings almost
completely fill the original gap. When Xw increases still
further the complete pores are filled with water, up to
saturation. This is reflected by the slower increase of k
with Xw.
























June through December 2007

Date Meter Read Non- Dual Fuel Econar Off Peak Hot Total

Interruptible | Geothermal/Seisco Water Heat

Household Microboiler Marathon

Power
July 12, 2007 55 55
August 11, 2007 122 122
September 8, 2007 | 187 187
October 9, 2007 132 [GSHP Commissioned] 132
November 9, 2007 | 328 328
December 10, 2007 | 1,868 [GSHP HYD Startup] 1,868
January 10, 2008 1,626 2,094 3,720
TOTAL kWh 4,318 2,094 6,412




January through December 2008

Date Meter Read Non- Dual Fuel Econar Off Peak Hot Total

Interruptible | Geothermal/Seisco Water Heat

Household Microboiler Marathon

Power
February 8, 2008 560 2,418 2,978
March 8, 2008 624 3,957 [Anomaly] 4,581
April 9, 2008 575 1,141 1,716
May 8, 2008 472 309 781
June 9, 2008 353 1,198 [Anomaly] [DHW Online] | 1,551
July 10, 2008 79 263 419 761
August 9, 2008 553 553
September 8, 2008 | 108 185 634 927
October 8, 2008 378 208 651 1,237
November 8,2008 404 813 548 1,765
December 8, 2008 | 421 1,802 407 2,630
January 8, 2009 600 2,884 399 3,883
TOTAL kWh 5,127 15,178 3,058 23,363

14,222 kWh 3,919 kWh




January through December 2009

Date Meter Read Non- Dual Fuel Econar Off Peak Hot Total

Interruptible | Geothermal/Seisco Water Heat

Household Microboiler Marathon

Power
February 11, 2009 580 3,266 406 4,252
March 9, 2009 400 2,225 371 2,996
April 8, 2009 569 1,821 548 2,938
May 8, 2009 447 939 592 1,978
June 11, 2009 544 395 761 1,700
July 8, 2009 524 139 597 1,260
August 8, 2009 557 22 695 1,274
September 8, 2009 | 624 114 699 1,437
October 8, 2009 603 220 671 1,494
November 10, 2009 | 960 992 633 2,585
December 8, 2009 | 800 1,265 573 2,638
January 8, 2010 1,016 2,098 513 3,627
TOTAL kWh 7,624 13,496 7,059 28,179

14,222 kWh 3,919 kWh



January through December 2010

Date Meter Read Non- Dual Fuel Econar Off Peak Hot Total

Interruptible | Geothermal/Seisco Water Heat

Household Microboiler Marathon

Power
February 8, 2010 852 1,995 505 3,352
March 9, 2010 684 1,708 477 2,869
April 9, 2010 740 1,133 605 2,478
May 9, 2010 698 579 600 1,877
June 9, 2010 676 176 697 1,549
July 9, 2010 695 6 711 1,412
August 9, 2010 755 166 785 1,706
September 9, 2010 | 830 284 769 1,883
October 9, 2010 664 310 719 1,693
November 9, 2010 | 798 611 738 2,147
December 9, 2010 | 756 1,524 601 2,881
January 9, 2011 745 2,262 478 3,485
TOTAL kWH 8,893 10,754 7,685 27,332

14,222 kWh 3,919 kWh



January through December 2011

Date Meter Read Non- Dual Fuel Econar Off Peak Hot Total

Interruptible | Geothermal/Seisco Water Heat

Household Microboiler Marathon

Power
February 9, 2011 834 1,982 [Offline 10 Days] | 490 3,306
March 9, 2011 684 2,203 589 3,476
April 9, 2011 661 956 601 2,218
May 13, 2011 746 586 724 2,056
June 9, 2011 663 0 674 1,337
July 9, 2011 848 152 779 1,779
August 9, 2011 940 460 756 2,156
September 9, 2011 | 764 234 [IDF LP Upgrade] [ 708 1,706
October 9, 2011 695 0 707 1,402
November 9, 2011 | 764 329 676 1,769
December 9, 2011 814 997 586 2,397
January 9, 2012 862 1,359 580 2,801
TOTAL KWH 9,275 9,258 7,870 26,403

14,222 kWh 3,919 kWh




January through December 2012

Date Meter Read Non- Dual Fuel Econar Off Peak Hot Total

Interruptible | Geothermal/Seisco Water Heat

Household Microboiler Marathon

Power
February 10, 2012 | 876 1,370 462 2,717
March 11, 2012 758 1,166 536 2,460
April 10, 2012 767 547 625 1,939
May 9, 2012 691 472 600 1,763
June 9, 2012 760 4 741 1,505
July 8, 2012 817 338 726 1,881
August 9, 2012 986 707 902 2,595
September 9, 2012 | 847 368 759 1,974
October 10, 2012 765 32 833 1,630
November 11, 2012 | 869 494 803 2,166
December 9, 2012 | 816 892 535 1,513
January 10, 2013 948 1,579 495 3,022
TOTAL kWH 9,900 7,969 8,017 25,886

14,222 kWh 3,919 kWh



By comparison, the equivalent

amount of kWh usage for 100%
electric heating,

cooling & domestic hot water

would be
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Clair Nelson Intermodal Transportation Center

Finland, MN
16 Ton ColdClimate Hydronic Heat Only GSHP Application

PRESENTER:
Mark Sakry, CGD
Northern GroundSource Inc.
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\ “Finland Community Center” Model View i§
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Envelope

4=m 206 700 BTUH

(20 Ton ColdClimate
GSHP Requirement)

hitect’s Load Summary Comparis
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Manual J Calculations
Queried for Unique Location

Considered “"Embarrass Effect”
Adjusted Design Temperature
Difference (AT) to 100°F
Between Indoor and Outdoor
Conditions

= 147,977 BTUH

= 16 Ton ColdClimate GSHP




GeoSense Data Input
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Considered F/A Heat/

Considered 98% Geothe
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= 147,977 BTUH

=14 Ton 3HT/2CL E/A G




Estimated Annual Operating Costs

tageng Cocdeg g Dol

ColdClimate GSHP Capacity
to Peak Heating Load

Considered “"Embarrass Effect”

Adjusted Design Temperature
Difference (AT) to 100°F
Between Indoor and Outdoor
Conditions

Considered F/A Heat/Cool

i g Considered 98% Geothermal
with Auxiliary RH

= = 147,977 BTUH

= 14 Ton 3HT/2CL E/A GSHP




Estimated Annual Qperating Costs
For Finland Communiry Center

14T 3HT/2CL F/A GSHP SYSTEM
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25,746kWh

[Includes Cooling!]




(HVAC) Delivery Side

Supply Side (GSHP)

=
)

o
»

-

Radiant Floor Zones
Draw Hot Water
from the Tank.

il

HYD
BUFFER
TANK

(To 115°F)

o MNibe — Adways wse copper pipe on the hvdroiie sde,
@ MNote — Conceptual drowing only. Check local codes and use proper plumbing procedures.

’_-'-F

£
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GSHP Serves
HYD Buffer Tank
ONLY!

dronic “Heat Only” GSHP Syste




(HVAC) Delivery Side Supply Side (GSHP)

B
F,f:
Hydronic Fan Coil Draws

Hot or Chilled Water from
the Tank.

Radiant Floor Zones \T
Draw Hot Water from ‘i HYD
the Tank. BUFFER

TANK

GSHP Serves
=) HYD Buffer Tank
= ONLY!

v

—

T Mate — Alwavs use copper pipe on the hydronic <ide.
# Nate = Conceptual drvwing onby, Check local codes amd wse proper plumbing procedunes.,

dronic Heat/Cool GSHP Syste




GeoSense Data Input
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Estimated Annual Operating Costs

il g o lewy, vl (Y

ColdClimate GSHP Capacity
to Peak Heating Load

Considered “"Embarrass Effect”

Adjusted Design Temperature
Difference (AT) to 100°F
Between Indoor and Outdoor
Conditions

Considered HYD “Heat Only”

Considered 100% Geothermal

= 147,977 BTUH

= 16 Ton HYD HEAT ONLY




Estimated Annual Operating Costs
For Fimland Community Center

16T HYD “HEAT ONLY"” GSHP SYSTEM
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Community Center Mechanical Plan




munity Center Proposed GHEX Lay
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IGSHPA STANDARD 3A.11 (1996) Long Sweep Elbows for Pipe Bends!...
All pipes passing through walls will be Proper pipe sleeve sizing and configuration
sleeved and sealed with non-hardening will make it a lot easier to place geothermal
Caulklng matenal [emphas|s added]_ HDPE SUppIY/return header plpeS |atel‘.

Clair Nelson Intermodal Transportation Center, Finland, MN



2 X 8T Hydronic
“"Heat Only” GSHP
System Served by
Integrated 2 X 8T
Horizontal Slinky

Il GHEX.

Heats Approximately
10,000 sqgq’ Radiant
Slab with NO Backup
or Auxiliary Heat!



Annual CO2 Emmissions by Technology

18.8 Tons

25.2 Toans

Hropare 281 Tons

lons or LLhe




Heating

Cooling

High Capacity Runtime 1,883 hrs
Resistance Heat Runtime 26 hrs

Heat Pump Energy Use 22 810 kWh
Resistance Heat Energy Use 71 kWh
Pumping Energy Use 895 kWh

High Capacity Runtime 0 hrs

Heat Pump Energy Use 0 kWh
Pumping Energy Use D kWh

GSHP Operating Cost Breakdown for Zone Name

Aazed nn the annual power consumpltion of the system and the price per kilowatt hoor
in your area the estimated cost to maintain the set points for this zone are as follows:

Heating

Cooling

HP Operating Cost $1,596.76
Resistance Heat Operating Cost $5.02
Pumping Cost $62.66

Total Cost $1 664 43

HP Operating Cost 30.00
Pumping Cost $0.00

Total Cost $0.00




1005232

11520
Propana

£hh46.33
[+ ¥

L4503 36
HNat Cas

Coats (5 LS.

51004.4.3
GSHP

System Type

Ground Sourca Heat Pump (GSHE)

RH

kat Gaz

Proqpuane




Resistance Heat wf Central A/C

GSHP

Installaton Cost $10,000.00
Incentives $0.00
Actual Cost $10.000.00

Duwri Paynenl $0.00
Loan Amount $10,000.00

Loan Interest Rate 0.000%
Loan Term 0 years

Monthly Payment $0.00
(P&l ony)

Fuel Inflation Rate 3.5%
COP 1.00
SFFR 1500

Instaliation Cost $62 400.00
Incentrves $11,000.00
Actual Cost $41. 40000

Duown Payneenl $0.00

Loan Amount $41,400.00

Loan Interest Rate 0.000%

Loan Term 0 years
Monthly Payment $0.00
(P&l only)

Fuel Inflabon Rate 3.5%
Avg. COP 393
Avg FFR 00N




Northem GroundSource Inc.

Economics: Cost of Ownership

GSHP Savings Overview
Monthly Operating Cost Savings $406.82
Incremental Loan Mayment $0.00

Monthly Savings from GSHP 540682
Total Savings {After 30 Years) $220,616.50

Simple Fayback

GSHP Instal Cost $41400.00 Conventional Instal Cost $10,000 00
Corventonal Operating Cost $6,.546.33 (G3HP Cpeaating Const $1.664.43

$31,400.00

$4.88184 Simple Payback Penod 6.4 years




January -- December 2011

[GSHP SYSTEM COMMISSIONED : 11/11/2010]

Metered Month Meter No. Meter No. Meter No. Total
0101883032 0107477721 092804277
Ground Source Heat
December 2010 720 234 3,773 4727
January 2011 880 88 3,136 4,104
February 2011 1,720 107 2,420 4,247
March 2011 2,120 67 2,234 4,421
April 2011 1,400 43 1,485 2,928
May 2011 1,720 124 804 2,648
June 2011 1,840 93 174 2,737
July 2011 2,240 129 48 2,417
August 2011 2,240 209 45 2,494
September 2011 2,400 251 291 2,942
October 2011 1,720 120 710 2,550
November 2011 1,200 98 1,463 2,761
December 2011 1,240 67 2,429 3,736
TOTAL kWh 20,200 1,563 15,239 38,346
$1,011.87

($0.066/kWh)

23.776 kWh
$1,664.43



January -- December 2012

($0.066/kWh)

23.776 KWh

$1,664.43

Metered Month Meter No. Meter No. Meter No. Total
0101883032 0107477721 092804277
Ground Source Heat
January 2012 1,680 105 2,799 4,584
February 2012 1,960 235 2,014 4,209
March 2012 1,640 136 1,179 2,955
April 2012 1,240 118 498 1,856
May 2012 1,840 160 120 2,120
June 2012 2,000 81 42 2,123
July 2012 2,200 94 38 2,332
August 2012 2,320 186 43 2,549
September 2012 1,720 164 27 1,911
October 2012 1,640 183 945 2,768
November 2012 1,960 230 1,913 4,103
December 2012 2,080 264 2,464 4,808fs
TOTAL kWh 22,280 1,956 12,082 36,318
$ 802.24




The Clair Nelson Intermodal Transportation Center
Finland, MN—Construction Completed October 2010







RESOURCES:

Minnesota Geothermal Heat Pump Association
www.MNGHPA.org

Wisconsin Geothermal Association
WWW.Wisgeo.org

International Ground Source Heat Pump Association
www.igshpa.okstate.edu

GeoExchange
www.GeoExchange.org

Association of Energy Engineers
Www.aeecenter.org
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