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Proposed GSHP for a library 

A ground coupled heat pump (GSHP) system has been proposed for the 24,000 square 
foot library building proposed a small city in Minnesota 
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In accordance with the Department of Labor and Industry’s statute 
326.0981, Subd. 11, 
 
“This educational offering is recognized by the Minnesota 
Department of Labor and Industry as satisfying 1.5 hours of credit 
toward Building Officials and Residential Contractors continuing 
education requirements.” 
 
For additional continuing education approvals, please see your credit 
tracking card.  
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Feasibility assessments for GSHP systems 

•  High percentage of potential GSHP projects scrapped at feasibility study stage. 
Rules of thumb are used to: 

•  Building peak loads are estimated – 400 ft2 per ton or 20 Btu/hr per ft2 

•  Estimate amount of drilling required – 200’ of borehole per ton 
•  Land area required is based on 20’ spacing between boreholes 
•  GHX configuration is not considered 
•  Accurate hourly energy models are seldom developed at feasibility stage and are 

seldom used to influence building heating and cooling loads 
•  This results in a GSHP system that does not provide a good return on 

investment and potential GSHP project is discarded as too expensive 
•  Presentation reviews one project in Minnesota that was pulled back into 

consideration – a 24,000 ft2 new library building 
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Preliminary “feasibility assessment” 

•  24,000 square feet / 400  =  60 tons capacity required 
•  60 tons X 200’  =  12,000’ of borehole 
•  12,000’  X  $18  =  $216,000 
•  Geothermal vault  =  $40,000 
•  Total extra cost of GSHP system  =  $256,000 
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Design process for a GCHP system 
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Preliminary energy model 

Preliminary energy model developed using Trane Trace 700 software created by ABC 
Engineering. Minor changes were made to the systems described in the model to allow 
it to run. Hourly loads converted to monthly energy loads (kBtu) and monthly peak loads 
(kBtu/hr) 

Month
kBtu kBtu/hr kBtu kBtu/hr

Jan 416 29 56198 310
Feb 2926 88 43909 310
Mar 6093 192 30052 310
Apr 18365 251 5516 236
May 30564 284 1796 215
Jun 52232 389 228 85
Jul 81898 438 0 0
Aug 82856 424 58 34
Sep 44956 440 1013 100
Oct 9619 293 9132 252
Nov 4532 89 19641 283
Dec 1205 48 39172 310

335,661 440 206,716 310
Tons 37 Tons 26
EFLH 763 EFLH 668

Geo	Cooling Geo	Heating

Annual

Energy	Model	as	Provided

Peak cooling 

Peak heating 

Monthly cooling 

Monthly heating 
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Occupancy schedule in energy model 

Building occupancy schedules reviewed to reflect building use as accurately as 
possible. Current Library Director consulted to provide estimated occupancy schedule 
for the proposed building. Schedule input to energy model.  
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Energy model changes to match design narrative - 15°F setback 

Energy model adjusted to match design narrative as closely as possible. Design 
narrative includes 15°F night setback for heating and cooling from daytime setpoint. 

Month
kBtu kBtu/hr kBtu kBtu/hr

Jan 4155 43 51214 484
Feb 6248 113 39271 448
Mar 12127 263 26095 474
Apr 26543 371 3939 288
May 40149 451 1066 252
Jun 63092 667 29 29
Jul 92197 667 0 0
Aug 95980 667 0 0
Sep 54203 667 431 96
Oct 18253 346 7081 313
Nov 10278 125 15067 405
Dec 5544 69 34659 507

428,768 667 178,852 507
Tons 56 Tons 42
EFLH 643 EFLH 353

Geo	Cooling Geo	Heating

Annual

Model	Adjusted	to	Match	Narrative	-	15°	Setback
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Night setback reduced to 5°F  

Night setback adjusted to 5°F. Peak cooling load drops from 667 to 625 kBtu/hr and 
peak heating load drops from 507 to 450 kBtu/hr.  

Month
kBtu kBtu/hr kBtu kBtu/hr

Jan 4569 41 53926 450
Feb 6935 113 41942 392
Mar 12710 259 28063 424
Apr 27485 369 4990 234
May 41345 395 1229 171
Jun 64436 584 39 13
Jul 94593 624 0 0
Aug 97517 625 0 0
Sep 56003 607 572 42
Oct 18736 346 8315 249
Nov 10942 125 17173 326
Dec 6054 69 38211 417

441,324 625 194,460 450
Tons 52 Tons 37
EFLH 706 EFLH 432

Geo	Cooling Geo	Heating

Annual

Model	Adjusted	to	Match	Narrative	-	5°	Setback
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Economizer added to heat recovery ventilation system 

Economizer dampers added to heat recovery ventilation system to take advantage of 
cool outdoor air to provide cooling when possible. Peak cooling & monthly energy loads 
reduced in winter and shoulder seasons. 

Month
kBtu kBtu/hr kBtu kBtu/hr

Jan 1388 22 53926 450
Feb 2594 63 41942 392
Mar 8627 232 28063 424
Apr 25037 369 4990 234
May 39640 395 1229 171
Jun 63482 584 39 13
Jul 94499 624 0 0
Aug 97462 625 0 0
Sep 54938 607 572 42
Oct 16393 346 8315 249
Nov 7589 99 17173 326
Dec 2846 41 38211 417

414,495 625 194,459 450
Tons 52 Tons 37
EFLH 663 EFLH 432

Geo	Cooling Geo	Heating

Annual

Addition	of	Economizer	to	Ventilation	Air
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Lighting intensity reduced and CO2 sensors added to fresh air supply 

Reducing lighting intensity reduced using occupancy sensors and daylighting sensors 
reduces annual energy consumption from lighting (but doesn’t reduce peak gains). CO2 
sensors used to control fresh air supply to facility reduces heating and cooling energy 
loads. NOTE that reduced lighting gains increases heat required from GCHP system. 

Month
kBtu kBtu/hr kBtu kBtu/hr

Jan 1275 22 59212 455
Feb 2434 61 46633 405
Mar 7437 198 32107 429
Apr 21683 306 6390 244
May 34720 358 1678 188
Jun 57393 587 49 13
Jul 88349 627 0 0
Aug 91023 628 0 0
Sep 49366 602 658 46
Oct 14060 327 10751 262
Nov 6633 93 21079 341
Dec 2505 38 43174 420

376,879 628 221,730 455
Tons 52 Tons 38
EFLH 600 EFLH 487

Geo	Cooling Geo	Heating

Annual

Lighying	Intensity	Reduced
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Night setback eliminated in energy model 

Warming or cooling a building to reach daytime setpoints forces full heat pump capacity 
for an extended time, especially to help mass in building to regain temperature. This 
greatly increases peak heat extraction from and heat rejection to the GHX during 
morning recovery period.  

Month
kBtu kBtu/hr kBtu kBtu/hr

Jan 1191 22 57760 307
Feb 2515 61 45430 219
Mar 7956 199 31817 222
Apr 23359 306 8401 53
May 37031 337 2467 50
Jun 59677 466 485 16
Jul 91371 489 28 8
Aug 93328 522 77 10
Sep 52033 506 1387 22
Oct 14836 327 12125 74
Nov 7236 93 21661 99
Dec 2556 40 43202 178

393,088 522 224,840 307
Tons 44 Tons 26
EFLH 753 EFLH 733

Geo	Cooling Geo	Heating

Annual

Night	Setback	Eliminated
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Impact of night setback on design day heating load profile 

Heating the building after allowing the temperature to drop creates a peak heating 
requirement…and peak heat extraction from the GHX for several hours. Overnight 
energy loads increased to maintain temperature, but overall effect on energy cost is not 
large.  

15° setback 
5° setback 
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Impact of night setback on design day heating load profile 

Heating the building after allowing the temperature to drop creates a peak heating 
requirement…and peak heat extraction from the GHX for several hours. Overnight 
energy loads increased to maintain temperature, but overall effect on energy cost is not 
large.  

165 kBtu/hr (13.7 tons or 48.3 kW) 
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Impact of night setback on design day cooling load profile 

Cooling the building to reach setpoint when the building is occupied in the morning 
significantly increases peak heat rejection to the GHX. Note that the load profiles only 
indicate the building loads…compressor loads add approximately 20% more heat to the 
GHX.  

15° setback 
5° setback 
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Impact of night setback on design day cooling load profile 

Cooling the building to reach setpoint when the building is occupied in the morning 
significantly increases peak heat rejection to the GHX. Note that the load profiles only 
indicate the building loads…compressor loads add approximately 20% more heat to the 
GHX.  

100 kBtu/hr (8.3 tons or 28.5kW) 
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Energy model iterations 

Each iteration of the energy model was changed in an attempt to reduce the peak or 
annual cooling loads and balance energy loads to the GHX.  
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Impact of energy model iterations on GHX size 

GHX modeling software was used to calculate the size of GHX required for this project 
based on the successive energy models. Two commonly used GHX modeling algorithms 
were used to determine the total amount of borehole. For larger commercial projects the 
G-function algorithms are considered more accurate.  

Final energy model used 
to refine GHX layout and 
borehole configuration 



19 Keeping GSHP projects on the table 

Changes to GHX layout and borehole configuration affect borehole length 

The final iteration of the energy model was used to refine the GHX layout and borehole 
configuration to further reduce the total amount of borehole required. Note that allowing 
less efficient heat pump equipment on a cooling dominant building will increase the 
amount of drilling required. 
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GHX model using hourly loads 

Hourly energy model loads provide greater detail in how the GHX will perform. 
Monitoring the GHX allows the building operator to determine if the system is operating 
as designed and helps validate the design process.  

Annual temperature profile 

Weekly temperature profile 
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GHX model using hourly loads 

Hourly energy model loads provides more detailed information to calculate the GHX 
more accurately. Final design is typically based on information from test borehole log, 
results from thermal conductivity test, estimated construction cost (based on discussions 
with local drilling contractors) and land area constraints.   
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Geological information 

Local water well logs and discussions with GHX drilling contractors indicated that a 
borehole depth of 200’ to 275’ would be the most cost-effective depth for this project. 
Tables were used to estimate thermal properties of the soil based on the drill logs to 
calculate the borehole required. 
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Preliminary GHX layout on site 

Hourly energy model loads provides more detailed information to calculate the GHX 
more accurately. Final design is typically based on information from test borehole log, 
results from thermal conductivity test, estimated construction cost (based on discussions 
with local drilling contractors) and land area constraints.   
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From feasibility to design & implementation 

The initial report estimated the approximate cost of installing a GSHP system in the 
Library. Soil properties were estimated, an hourly energy model was created, and a 
GHX model was created based on the initial findings. The estimated cost of installing a 
GHX was $105,000. The next step is detailed design and implementation.  
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Initial & updated energy load profile 

Several iterations of an hourly energy model were developed to determine the feasibility 
of installing a GSHP system. As building plans finalized, building occupancy schedules 
were refined and mechanical system designs were developed, initial energy model was 
updated based on most recent information.  

Month
kBtu kBtu/hr kBtu kBtu/hr

Jan 1191 22 57760 307
Feb 2515 61 45430 219
Mar 7956 199 31817 222
Apr 23359 306 8401 53
May 37031 337 2467 50
Jun 59677 466 485 16
Jul 91371 489 28 8
Aug 93328 522 77 10
Sep 52033 506 1387 22
Oct 14836 327 12125 74
Nov 7236 93 21661 99
Dec 2556 40 43202 178

393,088 522 224,840 307
Tons 44 Tons 26
EFLH 753 EFLH 733

Geo	Cooling Geo	Heating

Annual

Night	Setback	Eliminated
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Initial & updated energy load profile 

Graphic representation of building energy load profile. Cooling loads show a small 
increase, but heating loads have increased significantly. The loads are more balanced 
than initially estimated.  
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Soil properties tested – thermal conductivity 

A thermal conductivity test was completed in September, 2015. Calculated thermal 
conductivity is 0.971 Btu/hr * ft * °F. The conductivity seems reasonable based on the 
drilling log.  
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Soil properties tested – thermal diffusivity 

Thermal diffusivity is estimated based on the layers of clay, silt, sands and gravel found 
in the formation. Reviewing thermal diffusivity charts and calculating a weighted average 
shows a lower result: 0.74 ft2 / day (used to calculate updated GHX field) 
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Long term performance of GHX 

GHX modeling software can calculate the long term impact of unbalanced energy loads 
to and from the ground. Graph A is based on the energy model used in the feasibility 
assessment…it shows approximately an 8°F temperature increase over 10 years. Graph 
B shows calculations based on the updated energy model…approximately a 3°F rise 
over 10 years…because the loads are more balanced.  
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GHX configuration 

To ensure maximum performance from a GHX, flow rates in each of the boreholes 
should be approximately equal and high enough to ensure the flow is not laminar in 
some of the boreholes. The simplest method of ensuring equal flow is a reverse / return 
piping configuration.  
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Designing the GHX to facilitate air removal 

Air trapped in GHX piping can block flow through some boreholes. A flow velocity of 2 
feet per second is needed through each section of the GHX piping to remove air. The 
chart shows the required flow rate needed to remove air from various pipe sizes used in 
the GHX design.  

  Flow rate (gpm) required to achieve velocity of 2 feet per second 
Pipe Diameter SDR11 SDR13.5 SDR15.5 

0.75” 3.55 n/a n/a 
1.00” 5.56 n/a n/a 
1.25” 8.87 9.65 n/a 
2.00” 18.16 19.76 20.70 
3.00” 39.44 42.93 44.96 
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Reducing header 

In most projects U-tubes in the boreholes are connected to a header. It is impractical to 
install valves to facilitate the removal of air. Reducing headers are used to ensure the 
flow rate in each section of the header is adequate to remove the air from the system.  
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U-tube pipe size in the borehole 

Equipment specified for the Library requires flow rate of 150 gpm. Total borehole depth 
determined by test borehole depth…that in turn determines number of boreholes. 
Calculations run with 1.00” pipe (as per test borehole) and with 1.25” pipe. Pressure 
drop much lower with 1.25” and Reynolds number still high enough.  
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Integrating the test borehole 

Test borehole drilled in September, 2015. 1.00” U-tube was installed in the borehole… 
but pressure drop is much lower using 1.25” pipe. Calculations done to determine if 
Reynolds number still adequate if integrated with borehole field using 1.25” pipe.  
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Check Reynolds numbers 

During peak heat extraction heat transfer fluid becomes denser and more viscous… 
potentially going to laminar flow. In laminar flow (Reynolds number < 2,300) heat 
transfer is diminished. Calculations show that the Reynolds numbers are adequate with 
the 1.00” borehole connected to nearest GHX module.  



36 Keeping GSHP projects on the table 

Location of 1.00” U-tube impacts flow rates 

Supply & return runouts are longer to GHX module…reducing flow rates in U-tubes, and 
reducing Reynolds numbers. Reynolds number in 1.00” U-tube are close to laminar flow.  
 

To increase flow rate to GHX module 2, balancing valves added at the manifold.  
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GHX connections to building system 

Boreholes must be connected to the building mechanical system. Runout pipe size, 
number of boreholes connected to each runout, heat transfer fluid specifications, flow 
rates…all have an impact on system efficiency. Ability to remove air from the system and 
pumping power are directly affected by the design.   
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Borehole design details 

Borehole design details and QA/QC program is critical to the performance of the GHX. 
Because the boreholes and connecting piping are buried under a parking lot it will be 
expensive and/or difficult to change anything after it is built.  
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Grout specifications and quality control 

The performance of a borehole is contingent is based on the design. If it’s not built as 
designed it will not perform as expected. Borehole diameter, depth, pipe specifications, 
pipe placement, grout specifications…are all critical to performance of the system.   
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Detailed GHX design is important 

Location of reducing fittings on buried fusion welded headers is important for pressure 
drop of system and ability to remove air from the system. Because it will be buried, it’s 
important site visits or some other method (photos?) is used to ensure accuracy and 
quality control.  
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Calculate and specify flow rate needed to remove air from system 

Contractor must be able to remove air from the system. Design should facilitate air 
removal and minimum flow rate should be specified. 
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Detailed manifold design 

Specifications for the manifold and transitions from HDPE supply / return runouts to 
manifold and building piping system should be clear. Building penetrations should be 
appropriate for soil conditions.  
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Flushing procedures 

Design should facilitate the contractor’s ability to fill, flush and purge the system as 
easily as possible. Flush ports and valves should be designed for flow rates required.  
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Design specifications for contractor should be very clear 

Specifications for contractor should be as clear as possible. Should indicate the 
minimum flow rates required to flush air, dirt and debris from the system…to prevent 
poor operation after turnover.  
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Annual GHX temperature profile for building owner / operator 

Building owner / operator should be provided with annual temperature profile the GHX is 
expected to operate at. If temperature deviates very much from expected profile, the 
cause should be determined. Operator should also be aware of the daily temperature 
range that can be expected.  
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Daily GHX temperature profile 

•  Energy model indicates cooling load of 50 tons, heating load 408 kBtu/hr 
•  GHX design based on actual TC test and energy model: 7,200’ of borehole  
•  7,200’  X  $16  =  $115,000 
•  Geothermal vault  -  not required 
•  Total extra cost of GSHP system  =  $115,000 (versus $256,000) 
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Proposed GSHP for a library 

A ground coupled heat pump (GSHP) system has been proposed for the 24,000 square 
foot library building proposed a small city in Minnesota 
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