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High Cost of GSHP Equipment Stifles Market Penetration 
 

Too often GSHP systems are dismissed as an option because 
the cost of the ground loop makes them too expensive. A less 
known issue is that price is compounded by needlessly 
expensive water-to-air heat pumps. The combined higher cost 
has limited residential use primarily to high end homes. 
 

 
 

Figure 1 lists cost information for water-to-air heat pumps lifted 
from ads of online sales sources for March 2022.  The cost of a 

14-SEER 4-ton air-to-air heat pump (AAHP) is $3,942. This 
includes a scroll compressor, an ECM driven indoor fan, and 
auxiliary heat coils. A 16-SEER unit with a two-stage 
compressor is available for an additional $1,191 at $5,133. 
 

A lesser known GSHP manufacturer (Miami Heat Pump) offers 
a 27-EER WAHP at $3,699 and a non-rated two-stage unit for 
a $779 premium at $4,498. The primary differences between 
the AAHP and the WAHP is that the AAHP has an auxiliary 
heater, an outdoor fan, a defrost circuit, and an outdoor coil that 
is physically much, much larger than the water-to-refrigerant 
coil of the WAHP. The WAHP also has a stainless-steel cabinet 
but would require a circulation pump. The cost differences 
between the AAHP and WAHP are reasonable given the much 
larger production volume of Goodman. 
 

Consider the constant-speed and two-stage WAHPs from larger 
GSHP companies at $6,650 and $7,050 or $2,850 and $2,550 
premiums above Miami Heat Pumps. Miami Heat Pumps also 
had much higher Furnace Compare satisfaction ratings than 
Climate Master (OTL v.6, n.2) and Goodman (OTL n.7, n.4). 
Figure 2 demonstrates even though the components of a WAHP 
are fewer than an AAHP, the cost is typically much higher.   
 

 



The premiums charged by the mainstream GSHP manufacturers 
will likely limit growth in the residential sector and remain a 
niche market. GSHP capacity to reduce global warming and 
provide low demand electric heating will be minimized, 
especially in cold climates. Hopefully “experts” may realize 
that thermodynamic principals cannot be over-ridden with high-
tech controls and slick marketing of ASHPs and VRFs.  
 

Good Simple Engineering Makes GSHP Schools Affordable  
 

Previous editions of Outside the Loop (v.6, n.3, p.5; v.7, n.2, 
p.2; v.7, n.4, p.4), have highlighted examples of GSHPs in 
school applications where quality engineers and contractors 
have provided results that cost less than many conventional 
HVAC options. Possibly an even greater impediment to GSHP 
use in commercial/institutional sector is the lack of engineers 
who consider the constraints of schools and small to mid-size 
building owners. There is an attraction in my profession and 
among architects to favor cutting-edge and “cool” technologies. 
Simple designs and controls are considered outdated and passé. 
 

A primary reason that GSHPs are economically favorable in 
non-residential sectors is that almost all other options are 
expensive. Too many engineers choose to apply GSHPs by 
simply replacing the cooling towers of conventional HVAC 
systems with a ground loop (but back-up boilers are left in place 
in case the ground loop doesn’t work so well). 
 

Figure 3 is the results of a 2015 cost comparison prepared for a 
warm climate electric utility. The installation costs of a constant 
air volume (CAV) and a variable air volume (VAV) chilled/hot 
water (CW/HW) 4-pipe systems were compared to a simple 
GSHP system design with WAHPs. Mechanical costs from RS 
Means (2014) were used, except for an assumed $15/ft. cost for 
vertical ground heat exchanger. Items of interests are: 
 

• CAV FCUs costs are equivalent to WAHP pumps. (duct inc.) 

• VAV AHUs cost more than WAHPs. (duct inc.) 

• The cost of the chillers is much lower than the heat pumps. 

• The pump, boiler and cooling tower costs are modest. 

• The GSHP system has two piping loops (ground, interior) and 
the CW/HW systems also have two loops. All are expensive. 

• The GSHP system cost less than the 4-pipe CW/HW systems. 
 

 
(Detailed cost and maintenance listings are provided on page 5.) 

 

Many design engineers are more familiar with CW/HW 
systems and choose to apply them to GSHPs. This entails 

replacing the relatively inexpensive cooling tower and boiler 
with a ground loop and switching the cooling-only chiller to a 
reversible chiller or several large water-to-water heat pumps. 
This results in a much higher cost than any of the options in 
Figure 3 with efficiencies no different than the CW/HW 
systems. Figure 4 demonstrates the cost comparison when 
traditional CW/HW systems are combined with a ground loop. 
  

 
 

Recommendation: Have potential design and architectural 

firms submit portfolios of previous GSHP projects with 

costs, details, and results as suggested in the link below.  
http://geokiss.com/wp-content/uploads/2018/06/LongTermGSHPsPt7.pdf 

 

Paths to Affordable Residential GSHPs – Efficient & Simple 

 

Higher acceptance of GSHPs in the residential market involves: 

• Energy efficient homes (800-1200 ft2/ton) with smaller heat 
pumps and therefore shorter ground loops. 

• WAHPs with equivalent costs to packaged ASHPs that will 
last 20 to 30 years with near zero maintenance (it’s been done 
in the past but current products need simplification). 

• Long term mortgages (or loans) with premium payments for 
the GSHP less than or nearly equal to annual cost savings. 

 

Figure 5 demonstrates the results of cooling and heating load 
calculations for a 1400 ft2 home in Austin, TX. The difference 
to current practice is the duct and units are located in the 
conditioned space. Even with the higher mechanical ventilation 
rate to comply with ASHRAE Standard 62.2-2019, the cooling 
load (which dictates loop length in Austin) is less than 1.5 tons. 
Placing the unit and duct in the attic with spray foam roof 
insulation also results in less than 1.5-ton cooling load. Typical 
loop Austin lengths of 300 ft./ton, (450 ft. total) are assumed. 
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Table 1 is the results of a 30-year mortgage calculation for the 
home that assumes the premium for the GSHP system is ground 
loop cost. It also assumes the equipment is simple so there are 
savings in both maintenance and energy. The added mortgage 
payment is less than the total GSHP savings. Thus, the payback 
is immediate. The challenge is to offer WAHPs at equal cost to 
ASHPs but retain long equipment life as in the past. 
 

 
---------------------------------------------------------------------------------------------- 

 
 

The New IGSHPA: Different or Kind of The Same? 
 

After a long slow decline and several years on life-support, the 
International Ground Source Heat Pump Association 
(IGSHPA) has been rebooted. A new board of directors is in 
place that have a minimum of gray hair and is headed by an 
energetic chairwoman who, for many reasons, is not one of the 
“good old boys”.  Jeff Hammond, a long-time and respected 
member of the GSHP industry, is the new Executive Director. 
 

The 2021 Annual Conference was held in Nashville, TN on 
December 14-16 in conjunction with the National Ground 
Water Association (NGWA) conference. Presentations can be 
viewed here:  https://igshpa.org/conference2021/ A monthly 
newsletter, town hall meetings, and webinars are provided and 
can be viewed from links on the IGSHPA main page: 
https://igshpa.org/ along with next year’s conference 
information in Las Vegas. Member needs appear to be an 
enhanced focus and I was shocked to be invited to speak after 
30+ years of being an IGSHPA outcast. 
 

Signs are hopeful but after attending the conference, concerns 
the “New IGSHPA” could be similar to the old version include: 

• The emphasis seems to be on the high-end residential market. 

• Few professional engineers were in attendance, which does 
not bode well for the larger commercial and institutional 
markets.  

• The Geothermal Exchange Organization (GEO) retains 
oversight of IGSHPA. The GEO website prominently 
displays their three primary member organizations, which are 
manufacturers all owned by the same corporation. 

• Continues to be focused on enhanced marketing programs as 
the primary tool for industry growth. 

• Fails to address GSHPs as systems with limited emphasis on 
the importance of optimizing building HVAC systems. 

• A lack of cooperation with other organizations (such as 
ASHRAE) continues as noted by an absence of listings of 
other publications and resources on the IGSHPA website. 

• Prefers being a big fish in a little pond offering high-cost 
products to those who can afford them. 

• Provides limited field data regarding installation cost details, 
resulting energy performance, and maintenance costs. 

• Continues to push the often-stated view that the cost of the 
ground loops needs to come down (as repeated by a CEO of 
a primary member organization at the IGSHPA conference). 

 

However, the “New IGSHPA” is new and the old IGSPHA 

was in very bad shape. Many areas of the organization need 
dramatic renewal and more time is needed to address the 
concerns listed above. Hopefully, improved services will 
evolve to better support all members, especially the ground loop 
contractors, HVAC contractors, and design engineers. The 
former version of IGSHPA was not especially effective in 
attracting and supporting large numbers of high-quality 
professionals in these areas. If GSHP installations are to expand 
to levels necessary to reach the full potential of this wonderful 
technology, many more good folks will be needed. 
 

Throwing a Great Ground Loop Contractor under the Bus 
This is an example of lack of support for ground loop contractors, 
which are perhaps the most critical GSHP segment for market growth. 
 

One of the largest concentrations of GSHPs schools is in the 
suburbs of Austin, which started in the mid-1980s. Several good 
loop contractor firms evolved in the area to provide competitive 
bids. The MEP firm responsible for most of the local projects 
loved it when Ball Drilling got the bid. They knew corners 
would not be cut and the work product would follow design. 
 

Owner Lonnie Ball committed to a “high-end residential GSHP 
project” in a very remote area of west Texas (the owner traveled 
to the home by airplane). The mechanical design and ground 
heat exchanger dimensions were specified by the HVAC 
contractor for the large home. Also during construction, vertical 
loops were deleted from the design. Since specifications for the 
completion method were not provided, the loops were installed 
with the successful methods used in the Austin area.  
 

The owner was displeased with the resulting performance. 
Finger pointing ensued and for the first time in over 40 years of 
drilling, Ball faced the possibility of being sued. The 
manufacturer’s rep used a series of colorful computer printouts 
to convince the owner that the loops were the problem. Failure 
to follow IGSHPA specifications, developed in part by a grout 
manufacturer, were used as further evidence. While the threat 
of litigation disturbed Lonnie, his wife was even more 
concerned and her “suggestions” that he retire increased. 
 

A team including two GSHP design engineers from north Texas 
visited the site. It seemed obvious that the complexity of the site 
and system would normally require a good engineer from the 
beginning. The loops were undersized for the warm formation 
and the air distribution system needed modification. The heat 
pumps were split systems and service checks were suggested. 
Ensuing measurements found that almost all the units were low 
on refrigerant charge and were not providing specified cooling 
capacity. 
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Input Cells Output Cells

$6,750.00 Rebate = $0.00

Net Cost Loan Interest Energy Inflation Main. Inflation Gen. Inflation

of ECO ($) Rate (%) Rate (%) Rate (%) Rate - CPI (%)

$6,750.00 3.5 3 3 3

Year One Year One Added Annual Added Monthly

Energy Savings Maint. Cost*($) Payment Payment 

$300 -$75 $367.01 $30.58

Year Energy Savings Maint. Cost* Net Cash Flow Disc. NCF Pres. Worth

1 $300.00 -$75.00 $7.99 $7.99 $7.99

2 $309.00 -$77.25 $19.24 $18.68 $26.68

3 $318.27 -$79.57 $30.83 $29.06 $55.74

4 $327.82 -$81.95 $42.77 $39.14 $94.87

5 $337.65 -$84.41 $55.06 $48.92 $143.79

Added Cost of ECO =

Table 1  Economic Value of 1.5-Ton GSHP in 30-year Mortgage

Do not type in these cells.

Added Cost of Ground Loop = 450 ft. bore x $15/ft = $6,750

25 $609.84 -$152.46 $395.29 $194.46 $2,792.54

26 $628.13 -$157.03 $418.16 $199.72 $2,992.26

27 $646.98 -$161.74 $441.72 $204.82 $3,197.08

28 $666.39 -$166.60 $465.98 $209.78 $3,406.85

29 $686.38 -$171.59 $490.97 $214.59 $3,621.44

30 $706.97 -$176.74 $516.71 $219.26 $3,840.71

* Enter higher maintenance cost as positive, lower cost as negative.



Lonnie was vindicated and was invited to install additional 
ground loops. He declined, is now retired, and Ball Drilling no 
longer exits. This project was not the sole reason for its demise 
but one of the straws that broke the camel’s back. I’m not 
impartial in this reporting, since I just bought a house in Austin 
with a furnace. Lonnie has sold his rig and is unable to drill 
loops for a GSHP to replace the furnace. 
 

Expensive Heat Pumps with Cheap-Inefficient Fans (CIFs) 

 

It is most disturbing that almost cutting-edge heat pumps and 
similar unitary equipment continue to have cheap, low 
efficiency indoor fan wheels.  Figure 6 is a plot that appeared 
in a summary paper for an AHRI research project which 
demonstrates fan wire-to-air efficiencies to be only 10% to 35% 
even when driven by ½ hp (and less) electronically commutated 
motors (ECMs). Figure 7 is a similar plot for several fans 
powered by permanent split capacitor (PSC) motors. Efficiency 
results are similar to fans driven by ECMs. The fan wheel type 
used for the fans in the project is shown in Figure 8. 
 

 
 

 
 

It is incredulous that $7000 heat pumps would have a fan with 
an average efficiency of only 10 to 30%. Manufacturers realize 

that ratings will improve only marginally if high efficiency fan 
impellers are used. The rating procedure for furnace efficiency 
does not include fan power while heat pumps and air 
conditioner ratings specify very low filter and duct loss 
requirements. Manufacturer cost-benefit for higher efficiency 
fans will only improve if rated external pressure (ESP) and filter 
losses (∆hfilter) better match conditions in actual installations.  

 
Figure 8 Cheap Inefficient Fan Wheel (CIF) 

a.k.a. Squirrel Cage Blower 
 

Fans are available with much higher efficiencies. The potential 
energy and greenhouse gas savings would be enormous with 
50% efficient fans which are available at modest cost. 
http://geokiss.com/wp-
content/uploads/2018/06/PathTo50EffUnitaryFans12-17.pdf 
 

Figure 9 was lifted from a Surplus Center catalog for a brand- 
new motorized backward-curve (BC) impeller fan. The specific 
design is likely not optimized for ESPs near typical values of 
1.0 in. w.g. for ducted unitary equipment. It is evident much 
higher efficiencies are possible than with CIFs. The cost may 
even be lower since 50+% efficiencies with BC impellers are 
possible with lower cost PSC motors. 
 

The transition to fan-motor combinations with at least 

50% efficiency is something reputable manufacturers 

should do without the Department of Energy mandating 

this requirement. 
 

I am somewhat surprised and very dismayed that apparently the 
DOE is not aware of or concerned about this loophole in the 
current furnace, heat pump, air-conditioner, and terminal unit 
standards. This creates a lot of extra CO2 being dumped into the 
atmosphere in which my grandchildren are living.  
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It is recognized the pricing below is dated but it still reflects the cost-effectiveness of GSHPs over conventional chilled/hot 
water four-pipe systems.  The impact of cost increases is scalable across all systems in the HVAC industry. 
 
 

 Means (2014) Unit Total Means (2015)

Qty Unit Unit Cost Total Cost Page Page

40 Unit 3-ton  Heat pump with ductwork $5,730 $229,211 574 $182 $7,280 460

6 Unit 5-ton  Heat pump with ductwork $8,125 $48,750 574 $184 $1,104

52 Unit 1/6 hp (0.12 kW) In-line circulator pumps†† $1,300 $67,600 301 $0 $0 460

33750 ft Vertical HDPE ground loops (150 @ 225 ft) $15 $506,250 $0 $0

8001 ft Interior piping system (@ $72/ft) $72 $576,065 535, 536 NA

150 tons Total $1,427,876 $8,384

150 bores Cost/ton $9,519

225 ft/bore Cost/ft² $19.83

72000 sq.ft. †† Interpolated between 1/8 hp and 1/3 hp

 Unit Total Means (2015)

Qty Components Unit Cost Total Cost $/yr $/yr Page

1 Unit 150-ton Chiller reciprocaIng††† $115,900 $115,900 537 $199 $199 426

40 Unit 3-ton CAV Fan coil unit 4-pipe with ductwork $7,375 $295,000 549 $145 $5,800 442

6 Unit 5-ton CAV Fan coil unit 4-pipe with ductwork†††† $11,400 $68,400 549 $145 $870 442

2 Unit 210 kW boilers with  pumps and piping $30,400 $60,800 528 $411 $822 411,421

1 Unit 150 ton draw through fiberglass cooling tower  $55,100 $55,100 541 $125 $125 439

8000 ft Chilled water piping system (@ $72/ft) $72 $576,000 535, 536 NA

8000 ft Hot water piping system (@ $50/ft) $50 $400,000 525 NA

400 ft Condenser water piping system (@ $72/ft) $72 $28,800 535, 536 NA

2 Unit 10 hp (7.5 kW) Base mounted condenser water pumps $16,800 $33,600 302 66 $132 421

Total $1,633,600 Total $7,948

Cost/ton $10,890.67

†††Gross tons (deduct 5% for net tons with FCU) Cost/ft² $22.69

††††Extrapolated

 Unit Total Means (2015)

Qty Components Unit Cost Total Cost $/yr $/yr Page

1 Unit 150-ton†††††Chilled water system, pumps, piping, cooling $1,112,400 $1,112,400 536 456 $456 421,426,439

tower, CAV fan coil (no heat) ($15.45/sf × 72,000 sf)

4 Unit Upgrade from CAV to VAV AHU (15,000 cfm) $8,300 $33,200 544, 545 271 $1,084

2 Unit 210 kW boilers with  pumps and piping $30,400 $60,800 528 $411 $822 411,421

40 Unit 1250 cfm (2100 m
3
/h) FPVAV terminals with reheat & duct $11,750 $470,000 551 199 $7,960 442,443

6 Unit 2000 cfm (3400 m
3
/h) FPVAV terminals with reheat & duct $17,625 $105,750 551 199 $1,194 442,443

2 Unit 10 hp (7.5 kW) Base mounted condenser water pumps $16,800 $33,600 302 66 $132 421

Total $1,815,750 Total $11,648

Cost/ton $12,105

Cost/ft² $25.22

†††††Gross tons (deduct 10% for net tons with AHU)

Option 2 - Chilled Water 4-pipe CAV with Electric Boiler

GSHP Cost Premium -12.6%

Preventative Maintenance

$/yr

Option 3 - Chilled Water 4-pipe VAV with Electric Boiler

 Cost Comparison†- 72,000 ft
2

 (6,700 m
2
) School Building, 150 Net Cooling Tons  (530 kW) - Birmingham, AL

†Costs of Building Automation Systems and Energy Recovery Systems Not Included 

Option 1 - Five Common Loop GSHPs  

-21.4%GSHP Cost Premium

 

Reference: Kavanaugh, S.P. and C. Gray, "A Simple Approach to Affordable GSHPs”, ASHRAE Journal, Atlanta, 2016, Vol. 58, No. 4. 
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