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District GSHPs Compared to Simple School GSHP Systems 
 

It seems district piping loops are the latest rage in reducing the 
cost of ground source heat pump (GSHP) systems. These large 
systems are touted to be net–zero ready and carbon neutral. They 
are especially attractive where a “free” heat source/sink is 
available such as a large lake, abundant shallow ground water, a 
geothermal heat source (>120 °F), or an abandoned water-filled 
mine. They may be also attractive when compared to poorly 
performing central GSHPs where the engineer-of-record 
specified the ground (or lake) loop to be “designed-by-others” 
and the mechanical systems have numerous big pumps and fans. 
But do these large district systems compare well with smaller 
GSHP loops and “distributed” systems designed by engineers 
and installed by contractors with 20 to 30 years of experience. 
 

Successful Small GSHP Systems for Schools in a Hot State 
 

A good place to do the evaluation is Texas where GSHPs are 
served by large central district loops and multiple small loops.  
Before examining the district loop, descriptions of small loop 
GSHPs are warranted.  
 

Recall in a recent OTL newsletter (Vol. 6, No. 3) a bar graph 
showed the energy use of GSHP schools in the Leander 
Independent School District near Austin. The 35 schools had an 
average Energy Star rating of 96, an annual site energy use of 27 
kBtu/ft2, and 2010-2012 mechanical costs below $30/ft2 
(including the ground loop). In these systems each classroom and 
office is served by a water-to-air heat pump connected to an 
individual ground loop with an on-off circulator pump. Larger 
spaces and ventilation air requirements are served by 
conventional air-source units. 
 
Moving north near Dallas, the Frisco Independent School district 
has 45 schools that achieved the Energy Star ratings shown in 
Table 1. Near the turn of the century Frisco ISD and a few 
nearby school districts began installing a GSHP loop variation. 
As shown in Figure 1 small groups of heat pumps are connected 
to common loops and small on-off low head circulating pumps 
provide sufficient circulation. This eliminates the need for large 
central pumps with elaborate flow controls. Larger buildings can 
be served by adding more common loops.    

Const. Gross Floor E-Star E-Star

School Date Area (ft
2
) Date Rating

1 Allen Elem 2009 83,960 2017 98

2 Ashley Elem 2005 75,902 2017 95

3 Bledsoe Elem 2005 75,326 2014 95

4 Boals Elem 2003 75,736 2017 96

5 Bright Elem 2001 74,591 2017 96

6 Carroll Elem 2007 75,902 2017 96

7 Centennial High 2003 379,897 2017 93

8 Cobb Middle 2010 143,160 2017 95

9 Corbell Elem 2006 75,904 2017 94

10 Curtsinger Elem 1995 76,762 2017 81

11 Fisher Elem 2001 73,327 2017 96

12 Frisco High 1995 286,178 2014 84

13 Griffin Middle 2004 138,428 2017 95

14 Gunsteam Elem 2002 71,755 2017 89

15 Heritage High 2009 356,738 2014 98

16 Hosp Elem 2014 79,844 2017 98

17 Hunt Middle 2001 143,160 2014 96

18 Independence High 2014 345,969 2016 99

19 Isbell Elem 2004 75,904 2017 97

20 Liberty High 2007 348,496 2014 98

21 Lone Star High 2010 345,445 2014 99

22 Maus Middle 2010 143,160 2017 95

23 McSpedden Elem 2014 79,844 2017 98

24 Newman Elem 2014 82,500 2017 97

25 Nichols Elem 2012 81,144 2014 98

26 Norris Elem 2015 79,844 2017 99

27 Pearson Middle 2015 143,160 2017 96

28 Phillips 2012 81,144 2017 99

29 Pink Elem 2005 75,326 2017 97

30 Purefoy Elem 2010 81,144 2017 97

31 Roach Middle 2005 138,651 2017 95

32 Rogers Elem 1986 64,586 2017 99

33 Sem Elem 2006 75,904 2017 92

34 Shawnee Trail Elem 1997 73,922 2017 87

35 Smith Elem 2002 72,399 2014 85

36 Sparks Elem 2002 72,399 2014 75

37 Spears Elem 2002 71,755 2014 81

38 Stafford Middle 2008 142,108 2017 97

39 Staley Middle 1996 128,330 2014 92

40 Tadlock Elem 2008 77,184 2017 98

41 Tom HIcks 2004 100,479 2017 81

42 Trent Middle 2015 143,160 2017 97

43 Vandeventer Middle 2012 143,160 2017 93

44 Wakeland High 2006 345,646 2014 100

45 Wester Middle 2002 138,306 2014 78

Total ft
2
= 6,037,639 Avg E-Star= 93.6

Energy Star Certified Buildings and Plants

Frisco (TX) Independent School District
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Mediocre District Energy Systems in CBECS and Up North 
 

As shown in Figure 2, the 2003 and 2012 Commercial Building 
Energy Consumption Surveys (CBECS) indicate district chilled 
water systems use almost double the energy of packaged heat 
pumps in commercial buildings. This is not an indictment of all 
district systems but many of them. They tend to have large 
pumps due to greater piping lengths and large high pressure air 
handlers in the buildings that typically use more energy than the 
pumps. In traditional systems the added heat of these devices is 
rejected via cooling towers.  In GSHPs the added heat goes into 
the ground along with the heat removed from the building. 
 

  
 

The geothermal heat pump system at Ball State University was 
claimed to be the largest GHP system at the time of start-up in 
2012.  Phase 1 of the two-phase project included about half of 
the campus load and consisted of two 2500-ton heat recovery 
chillers connected to a ground loop of 1803 vertical bores 400 ft. 
in depth (144 ft/ton). Bores were placed on 15 ft. centers in a 
formation with 55 to 56°F temperature and a thermal 
conductivity of 1.68 Btu/h∙ft∙°F.  Pumps totaling 2050 hp (41 
hp/100 tons) served the ground loop and chilled water system. In 
heating the total pump power was less at 1650 hp. 
 

The water temperature leaving the ground loop had risen to 
108°F by September 2014 and was still 85°F by February 2015. 
This of course substantially reduced the cooling efficiency of the 
system. A cooling tower with two additional 125 hp pumps were 
added bringing the pump total to 46 hp/100 tons in cooling. A 
portion of the campus heating requirement continues to be served 
by a steam system.  This has created a significant heat imbalance 
in the ground loop and along with the narrow 15 ft. bore 
separation likely caused the elevated ground temperatures.  
 

 
 

The COP of the chilled water system ranged from 2.17 in August 
2015 to 4.6 in March 2016. However the values do not include 

the fan power which was not reported. This will substantially 
lower the COP for the entire system especially if the air handlers 
have high fan pressure fans and numerous terminal fans. 
https://info.ornl.gov/sites/publications/Files/Pub71170.pdf 
 

A Residential District GSHP System in Texas 

 

Whisper Valley is described as sustainable community using 
geothermal heat pumps to achieve Net–Zero ready homes. 
Several envelope and mechanical features result in very low 
energy requirements. Costs are below local average prices due to 
an economy of scale and pre-installation of GSHP infrastructure.   
The addition of solar PV will lead to Net-Zero for a planned 
7,200 homes in the 2,000 acre development. 
 

Phase 1 of the project consists of 237 homes. Each home has a 
water-to-air heat pump connected to a single 335 ft. vertical 
ground heat exchanger.  A five mile long central loop is coupled 
to two 250-ton cooling towers needed for heat rejection capacity. 
A monthly service fee is required for access to the loop. 
 

The fee is a good economic value compared to conventional 
HVAC and water heating systems. The value compared to a 
conventional GSHP with additional loops in each home is 
debatable.  The average floor area of a Whisper Valley home for 
sale in March 2020 was 2,036 square feet. An energy efficient 
home of this size should require no more than 2½ tons of cooling 
capacity.  
 

If the development used a larger ground loop for each home, the 
need for a central loop, cooling towers, central pumps and 
monthly fee could be eliminated. Experience in the area indicates 
vertical GSHP heat exchangers should be 250 to 300 feet per ton 
(or 625 to 750 ft. for a 2½ ton unit). Using 750 ft., an additional 
415 ft. is required. At $15 per foot (currently the cost is below 
$10/ft. for area schools), the added cost would be $6225. A 
typical 4% interest rate for a 30-year mortgage would result in an 
additional cost of only $30/month. The monthly fee would likely 
increase over the years while the mortgage cost is “fixed”. 
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It also appears that the only heat source for the heat pumps is a 
single vertical bore for each home. Therefore the units will have 
a substantially lower heating capacity and COP compared to 
units connected to a vertical loop of 750 ft. total length. Due to 
the mild winter conditions (26°F design) and warm ground 
(≈70°F) the single loop will provide adequate heat in most cases. 
However, some owners may need auxiliary heat during colder 
winter extremes. Heat pump water heating capacity, a big benefit 
of GHPs, will also be compromised with a single vertical loop. 
The homes would likely be net zero in the cooling, but additional 
PV would likely be necessary to achieve net zero in heating. 
 

Another novelty of Whisper Valley is the use of cross-linked 
polyethylene (PEX) tubing with two U-tubes (4 pipes) for each 
vertical heat exchanger. Based on RS Means 2020 Mechanical 

Cost, one-inch PEX cost $2.03/ft. One-inch thermally-fused high 
density polyethylene (HDPE) costs $0.89/ft. foot and has a 20% 
larger inside diameter (1.08 in. vs. 0.88 in.). At these values, the 
PEX heat exchangers would cost $6 per foot more than a single 
HDPE U-tube. The claimed 30% reduction in heat exchanger 
length for double U-tubes is likely exaggerated with the actual 
reduction being closer to 15% over the life of the system 
(Geothermal Heating and Cooling, ASHRAE, 2014, p. 121). 
 

Figure 4 shows the installation of the central cooling tower loop 
with a HDPE pipe fusion machine. While vertical loops in 
homeowner lots require no maintenance, a cooling tower in a 
residential neighborhood requires frequent maintenance to 
comply with ANSI/ASHRAE Standard 188-2018 which: 
 

…guides engineers in managing the risks of water 
contamination from legionella pneumophila which can 
lead to legionellosis. In its most severe form 
legionellosis can lead to death.  

 

 
https://csengineermag.com/whisper-valley-winning-for-the-environment/ 
 

This loop adds a significant premium in an effort to reduce the 
cost of vertical ground heat exchangers.  The central loop pipe 
appears to be 12-inch diameter/DR 11. Table 2 is a summary of 
the RS Means Mechanical Cost Data 2015 if the entire 5-mile 
loop is made of 12-inch diameter HDPE.  
 

An alternative that eliminates the need for the cooling towers, 
central pumps and the large central loop would be several smaller 
common loops like the Frisco schools. Eight to ten common 
loops each requiring 1/3 acre each could be surrounded by 25  

 
 

to 30 homes. Cost for all the common loops would be $1,000,000 
at $10/ft of ground loop. No pipe header greater than 4-inch 
diameter would be required. The larger combined ground heat 
exchanger creates a win-win for the homeowner and the 
developer. Homeowners would have lower bills, the developer 
could collect a monthly fee without the maintenance and liability 
of cooling towers, and net-zero would be more likely to happen. 
 

 Oklahoma State Dissolves IGSHPA, But May Keep the Goodies 
 

On November 4, 2019 Oklahoma State University dissolved the 
International Ground Source Heat Pump Association Board and 
Standing Committees. It announced a search for an organization 
“…regarding future housing of IGSHPA membership.  
Conversations and meetings are in the early stages and we will 
continue to keep you informed during the transition period.” 
 

“The training and certification attached to IGSHPA will continue 
at Oklahoma State University while the organization undergoes 
changes in the membership area.” To date little information has 
been shared with members as to the progress of the search. 
 

IGSHPA was established in 1987 as a result of over 10 years of 
R&D efforts primarily in the OSU College of Engineering 
Technology. The college had an established outreach program in 
other areas and GSHP efforts flourished.  On-campus 
conferences expanded and well-attended national events 
followed.  The training certifications began in 1988 and offerings 
were added to the original installer program. These included 
programs for designers, drillers, inspectors, residential designers 
and a Train-the-Trainer session. As the GSHP industry evolved, 
IGSHPA appears to have stagnated, staffing was cut, national 
meetings cancelled and OSU pulled the plug (to some extent). 
 

The announcements leaves one to assume OSU would like to 
retain the primary sources of the association’s income (training 
and certification) while offloading the less profitable. This 
provides OSU a continued income no matter how ineffective the 
training and certification are because many agencies and states 
require IGSHPA certification.  It is probable the dissolution of 
IGSHPA is a result of a decline in the quality of training and 
member services and big changes and improvement are needed. 
 

A group of concerned IGSHPA members formed the Geothermal 
Working Group (GWG) to assess the reasons for the decline of 
IGSPHA and to help initiate a way forward. GWG sent out a 
survey to members to evaluate what is good, bad, and in need of 
improvement. Individuals and associations should review results 
before attending (or requiring others to attend) these programs. 
(https://docs.google.com/spreadsheets/d/1K43ndVorY_0P0rkfehmn_tO6cBo0QG

2XHeWdkxzqkKM/edit?usp=sharing) It may be wise to seek other 
means of education or copy the Geothermal Alliance of Illinois 
(GAOI) and establish new programs of training and certification.  
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Unit Qty. $/Unit Total

feet 10,560 $5.19 $54,806

feet 21,120 $35 $739,200

welds 264 $88 $23,232

welds 474 $57 $27,018

each 2 $33,200 $66,400

each 2 $35,460 $90,920

84.1% US Total $1,001,576

Austin $842,326

200 ton Galvanized Steel Induced Draft Cooling Tower 

20-hp End Suction Horiz. Pump with Equip. Room

Table 2 Cost to Install District Cooling Tower Two-Pipe Loop  

Saddle fusion weld for 237 take-offs ( 2 per home)

Excavate, Backfill, Bed Pipe (2' x 4') trench (Common Earth)

Install 12-inch diameter/DR 11 HDPE (40 ft. sections) 

Thermal Fusion Weld 12-inch pipe (welder rental not incl.)

Item

Austin, TX Location Factor



The GAOI training and certification program was adapted to 
local needs and has been most successful. Executive Director 
John Freitag explains; 
 

…we developed what we call our 12-hour installation 
class that prepares technicians for the exams. To date 
we have had about 400 successfully pass our tests. In 
addition, we have…two northern IL labor unions that 
make this part of their apprentice training. Two 
utilities currently require our certification for 
participation in their incentive programs.” 
 
“Why did we start this training? Frankly, (it was) out 
of need. We tried to go with the IGSHPA, but the 
training and the testing were...so off base that we 
couldn’t use it.  (It was) not a bad program for loop 
installers. From memory, I kind of recall, at least half 
the emphasis was on the ground loop, soils, fluids, 
etc., not much on sizing, basic refrigeration, 
troubleshooting, ducting ... stuff that installers need to 
know." 

 

When done well, GSHPs are incredible HVAC systems. To be 
more successful the industry needs equally incredible national 
and regional associations.  These would be ones that do well in 
balancing the support of core constituents of the industry 
(installers, technicians, designers, clients, trainers, etc.) with 
those of the equipment manufacturers and vendors.  It seems like 
the GAOI has a pretty good model in place.   
 

Bookout Replaces Too Damn Big (TDB) Pumps with Little Ones 
 

It appears that one of the main reasons district energy systems 
and central systems in large buildings use more energy than the 
average (see Figure 2) is that fans and pumps are often too damn 
big (TDB). TDB equipment raises the possibility that control 
systems will not operate as intended.  Occasionally a crafty re-
designer gets a chance to correct the often-occurring TDB and 
out-of-control phenomena simultaneously. 
 
One such crafty fellow is Norman Bookout. An 11-story, 93,000 
ft2 (8,600 m2) office building in Chattanooga, Tennessee 
achieved an Energy Star Label primarily due to a novel upgrade 
to a 1969 vintage water-loop heat pump system. Mr. Bookout 
suggested the replacement of a central 50-hp (37 kW) pump and 
one 5-hp (3.7 kW) pump with 46 in-line pumps which cycle on 
and off with each heat pump.  Although total pump power is only 
8.2 hp (6.1 kW), they “… were found to handle the loads with no 
problem…and also save maintenance dollars” (Energy Star 
Labeled Building Profile, Edney Building.  U.S. EPA, 2009).  
This relatively simple modification suggests the potential for 
similar improvements in many existing buildings and possibly 

even in buildings not yet completed. 
http://geokiss.com/wp-content/uploads/2018/06/BigFansPumpsEnergy10-09.pdf 
 

Another Free Program: Variable Speed Pump Curve Maker 

 
It seems pump curves for multiple speeds are becoming less 
available. When data is available for only the full speed, the 
theoretical “affinity laws” for flow, differential head, and power 
required provide reasonable accuracy of speeds down to 50% (or 
even less).  

 

Q2(gpm) = Q1(gpm) × (RPM2/RPM1) 
 

∆h2(ft.wtr.) = ∆h1 (ft.wtr.) × (RPM2/RPM1)
2 

 

w2(hp) = w1(hp) × (RPM2/RPM1)
3 

 

Below is the input and output screen for a pump curve maker 
spreadsheet. Users enter rated speed and flow rate, head and 
brake horsepower for 4 to six points in the yellow cells.  When a 
lower speed is entered into the NewRPM cell a new curve 
appears. Power curves are not shown on the figure but values are 
provided in the table.  Output screens are available for 0-300 
gpm, 0-800 gpm and 0-5000 gpm pumps and others can be added 
by users. 
 

Unfortunately, the OTL webmaster is deeply involved with the 
transition of the University of Alabama spring semester to on-
line classes. So the program is not available on the website. Send 
an e-mail request to geokisseis@gmail.com if you’d like a copy. 
 

Be forewarned that although the theoretical affinity laws for 
impeller diameter (D) have the same relationships as the above 
pump speed (RPM) laws, they will not provide acceptable 
accuracy. The laws assume the pump efficiency is constant with 
speed and diameter.  To a much greater extent this is true for 
variations in pump speed but not for impeller diameter.  This can 
be observed by examining lines of constant efficiency for a pump 
casing with multiple curves for impeller diameter.   
 

 
 

 
. 
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                  Step 2:  Enter new rpm for new curve.

Input Cells Output Cells

BaseRPM 1750 NewRPM 1500

Point Flow-gpm Head-ft.wtr.Power-BHP Flow-gpm Head-ft.wtr.Power-BHP

Point 1 50 51 1.5 42.9 37.5 0.94

Point 2 100 49.5 2.05 85.7 36.4 1.29

Point 3 150 47 2.5 128.6 34.5 1.57

Point 4 200 42.5 2.75 171.4 31.2 1.73

Point 5 250 35 3.05 214.3 25.7 1.92

Point 6 300 25 3.3 257.1 18.4 2.08

Table 3 Variable Speed Pump Curve Maker 

  Do not type in output cells

  Step 1: Input flow, head (or psi) and hp from mfg's data at base rpm. 
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Thermal Property Map of Tennessee Valley: Your Tax $$$ at Work - 1997 to 2002 

The Tennessee Valley Authority provided thermal property tests as incentives for GSHP installations. The ASHRAE recommended test 
duration is 36 to 48 hours. Errors in thermal conductivity have been observed with short term tests (<14 hrs) in high thermal conductivity 
sites (>1.5 Btu/h·ft·°F) especially when annuli are filled with a low conductivity grout (<0.6 Btu/h·ft·°F). Reference: ASHRAE RP-1118 
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