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Complexity with High Cost or Simplicity  
Several of the articles in this issue address controls. The 
HVAC industry has ignored the advice of Albert Einstein, 
“Everything should be made as simple as possible, but not 
simpler”.  Industry publications proclaim the benefits of high 
level devices, but concrete evidence of the economic value 
and occupant comfort satisfaction are sparse. Meanwhile, 
operators and owners struggle to get complex hardware and 
software to communicate and function as intended. 
Here a few of reasons for skepticism: 
 The 2012 Commercial Building Energy Consumption 

Survey (CBECS-Table E2) reports the average annual 
energy use for all buildings was 82 kBtu/ft2 but those with 
building automation systems (BAS) used 100.1 kBtu/ft2.  

 In a 2011-2 survey of GSHP performance, the average 
Energy Star rating for 20 buildings with BAS control was 
61.  The 16 buildings with room thermostat control had an 
average rating of 80. (ASHRAE Journal, July 2012 p. 32) 

 The installed cost of a space temperature sensor located 50 
feet from the DDC controller is $665.  The installed cost of 
a dual set-back programmable thermostat is $295. (RS 
Means, Mechanical Cost Data, 2015, p. 271, 275) 

 A community college in Alabama installed a 70-ton surface 
water heat pump (SWHP) system in spite of the architect’s 
caution of high first cost. The lake heat exchanger cost was 
$90,000 and the control system cost was $80,000 (ASHRAE 
Journal, April 2016, pp. 20-25). The lake heat exchanger 
works well but the “sensorless technology” pump motor 
VFD varies randomly with no correlation to load. It does 
not communicate well with the BAS or heat pump controls.  
It will likely remain that way for the life of the system.  

 

Professionals who design, build, and apply advanced digital 
controls are very smart people, but probably not smarter than 
Albert. So maybe we should heed his advice. 

 
 

Feedback: Comments, Suggestions, Questions 
This edition of Outside the Loop marks the first anniversary of 
the revived publication. Some feedback has been received and 
most of it has been complimentary.    However, efforts to 
provide information not available in manufacturers’ literature 
or HVAC trade publications may not be universally well 
received.  Attempts have been made to do more than just raise 
awareness of (a.k.a complain about) misinformation and deceit 
in the industry. Design tools, suggestions, and alternative 
evaluation methods have been shared. 
 

Hopefully, the approach has been helpful and thought 
provoking to readers.  Improvement is certainly possible and 
suggestions would be helpful. Comments and questions are 
welcome. Please send feedback to geokisseis@gmail.com. 

 

Where’s the Beef (Data)? Much More Needed 
Much of the economic and environmental value of HVAC 
systems is now generated via computer modeling. I had to do 
a model to get my Ph.D. It matched the field data well (of 
course).  The model was not fully validated since the HVAC 
system of the professor most familiar with numerical methods 
broke down just before the dissertation defense. Rather than 
scrutinize the model his interrogation focused on three things: 
installed cost, savings, and benefits of a new system. 
 

This three-part question has been asked hundreds of times 
since but few have asked about the model. Measured data is 
valuable and much more is needed. So readers please help add 
to the existing information by sending results of operating 
systems (good, bad, or just OK).  The desired format would be 
like the one used in the article on the Alabama SWHP system. 
 Brief building (type, size) and HVAC system descriptions 
 Installation cost with a breakdown of primary items 
 Annual Energy: Electrical (kWh/ft2), Fossil fuel (kBtu/ft2) 
 Energy Star rating if available for the building type 
 Occupant satisfaction (ASHRAE Journal, Dec, 2012 p. 33) 
 

Guest columnist Barbara McCrary provides her thoughts on 
The Good Architect (p. 4).  Architects, contractors and others 
are invited to share views on traits of The Good Engineer.  
Josh Kavanaugh shares his observations of economizer 
applications in a column (p. 5) and a future white paper. 



Outside the Loop is a revival of a newsletter originally devoted to ground 
source heat pumps This version is expanded to the larger HVAC industry to 
provide alternative perspectives to publications that depend on advertisement 
for financial support. The editor is a frequent contributor to the ASHRAE 
Journal and is author and co-author of two widely sold ASHRAE publications, 
HVAC Simplified (2006) and Geothermal Heating and Cooling (2014).  
 Steve Kavanaugh, Professor Emeritus (Retired), University of Alabama 

Previous issues available at www.geokiss.com. 
 E‐mail geokisseis@gmail.com to be on the distribution list. 

 

Instant Payback of GSHP with 30‐Year Mortgage 
Most folks think the most prudent time to invest in energy 
conservation opportunities (ECOs) is when rebates are 
available.  However, evidence indicates installation costs 
increase with rebates and the homeowner may or may not see 
a benefit. (See OTL Vol.5, No.3, p 3.).  Perhaps a better option 
is to include the added cost into the home loan using a simple, 
high efficiency unit and a quality ground loop.  In many cases 
the operating savings of ground source heat pump (GSHP) is 
more than the added mortgage payment. 
 

Table 1 below demonstrates an example using a $10,800 
premium for a 4-ton vertical ground loop. The rest of the 
system cost is set equal to a 4-ton 14-SEER/12 EER air source 
heat pump (ASHP). The loop is based on St. Louis, ground 
temperature = 58°F, conductivity = 1.4 Btu/h-ft-°F, 180 ft/ton, 
and $15/ft of bore. The mortgage rate used was 4% and the 
inflation rates are 2.5% for energy, 3% for maintenance and  
 

 
Program available at  http://geokiss.com/free-design-software/ 

3% for the consumer price index.  The annual savings for a 20 
EER GSHP is $550 for energy and $100 for maintenance due 
to the absence of exposed equipment.  Thus, the annual 
savings is $650 which is more than the added $624.57 
mortgage payment.  The investment cash flow is positive in 
year 1 and the 30-year present worth value is $5,780. 
 

The values used in this example are assumptions and are 
realistic if sensible GSHP options are taken. A prudent choice 
is a constant-speed water-to-air heat pump (CSWAHP). A 4-
ton unit with a 20 EER at 77°F entering water temperature 
(EWT) and a rated EER of 18 at 86°F EWT. The unit can be 
purchased for $3,479 (http://heatpumpsuppliers.com). This 
compares with the $3,499 cost of 14 EER packaged ASHP 
with similar components (scroll compressor, fan ECM).  It is 
reasonable to expect the cost of a water coil and pump for the 
WAHP would be equal to or less than the cost of an outdoor 
air coil and fan of the ASHP. 
 

Some owners are led to believe much greater savings can be 
realized with dual-stage or variable-speed WAHPs.  Consider: 
1. The cost of 4-ton dual-stage unit with an advertised 27.4 

EER is $6,768 (http://ingramswaterandair.com). 
2. The AHRI directory (https://www.ahridirectory.org) lists 

this unit to have a full-load EER of 19.3 at 77°F EWT (4% 
less than the CSWAHP that costs $3,289 less) and an EER 
of 16.8 at 86°F EWT (7% less than the CSWAHP). 

3. The more expensive unit is promoted based on the part-load 
EER of 27.4, which is attained with an EWT of 68°F not 
77°F and higher water and air flow rates per ton. 

4. Finally compare the simplicity and serviceability of the 
control circuit of a single speed unit (Figure 1) with the 
complex proprietary network of the dual-stage WAHP 
(Figure 2). Note the advantages of the simple controls in 
Figure 1 and issues with the control circuit in Figure 2. 

5. Unfortunately, many simple single-speed heat pumps now 
have proprietary and unnecessary control circuit boards.  
(See Have-a-Heart Heat Pump Repair, p. 4.) 

6. The $3,289 premium for the dual capacity unit extends 
the period for a positive cash flow to year 22. 

 

Figure 1 
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Input Cells Output Cells

$10,800.00 Rebate = $0.00
Net Cost Loan Interest Energy Inflation Main. Inflation Gen. Inflation

of ECO ($) Rate (%) Rate (%) Rate (%) Rate - CPI (%)
$10,800.00 4 2.5 3 3
Year One Year One Added Annual Added Monthly

Energy Savings Maint. Cost*($) Payment Payment 
$550 -$100 $624.57 $52.05

Year Energy Savings Maint. Cost* Net Cash Flow Disc. NCF Pres. Worth
1 $550.00 -$100.00 $25.43 $25.43 $25.43
2 $563.75 -$103.00 $42.18 $40.96 $66.39
3 $577.84 -$106.09 $59.37 $55.96 $122.35
4 $592.29 -$109.27 $77.00 $70.46 $192.82
5 $607.10 -$112.55 $95.08 $84.48 $277.30
6 $622.27 -$115.93 $113.64 $98.02 $375.32
7 $637.83 -$119.41 $132.67 $111.11 $486.43
8 $653.78 -$122.99 $152.20 $123.75 $610.18
9 $670.12 -$126.68 $172.23 $135.96 $746.14

10 $686.87 -$130.48 $192.79 $147.76 $893.90
11 $704.05 -$134.39 $213.87 $159.14 $1,053.04
12 $721.65 -$138.42 $235.51 $170.13 $1,223.18
13 $739.69 -$142.58 $257.70 $180.75 $1,403.92
14 $758.18 -$146.85 $280.47 $190.99 $1,594.91
15 $777.14 -$151.26 $303.83 $200.87 $1,795.77
16 $796.56 -$155.80 $327.80 $210.40 $2,006.17
17 $816.48 -$160.47 $352.38 $219.59 $2,225.77
18 $836.89 -$165.28 $377.61 $228.46 $2,454.23
19 $857.81 -$170.24 $403.49 $237.01 $2,691.24
20 $879.26 -$175.35 $430.04 $245.25 $2,936.48
21 $901.24 -$180.61 $457.29 $253.19 $3,189.67
22 $923.77 -$186.03 $485.23 $260.84 $3,450.51
23 $946.86 -$191.61 $513.91 $268.21 $3,718.71
24 $970.54 -$197.36 $543.33 $275.30 $3,994.01
25 $994.80 -$203.28 $573.51 $282.13 $4,276.15
26 $1,019.67 -$209.38 $604.48 $288.70 $4,564.85
27 $1,045.16 -$215.66 $636.26 $295.03 $4,859.88
28 $1,071.29 -$222.13 $668.85 $301.11 $5,160.99
29 $1,098.07 -$228.79 $702.30 $306.96 $5,467.95
30 $1,125.52 -$235.66 $736.62 $312.58 $5,780.53

Added Cost of ECO =

Table 1  Economic Value of 4-Ton GSHP in 30-year Mortgage

Do not type in these cells.

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



Figure 2 – Control Diagram for Dual Stage Water-to-Air Heat Pump

Have‐a‐Heart Heat Pump Repair 
My neighbor’s new heat pump stopped working after two 
years of service. The dealer’s technician ascertained the 
problem was due to a short in the blower circuit control board. 
The service charge for diagnosing and replacing the board was 
“only” $309.95 since the heat pump was under warranty. More 
problematic was the board had to be shipped from Atlanta so 
my neighbor and his wife went three days without cooling. 
 

 
 

This didn’t solve the problem. The dealer provided the 
response that it must be the other control board and offered to 
replace it.  My neighbor decided to troubleshoot the problem 
himself.  He found the control wiring in the crawl space had 
been chewed by a varmint and made the necessary repairs.  
Unlike some lawyers, he didn’t sue for the $309.95 plus more 
for emotional distress of three days in the Alabama heat 
without cooling. 
 

An additional constraint impacting the long–term HVAC 
solution was that his lovely wife is an animal lover.  The low 
cost solution was borrowing a Have-a-Heart trap in hopes the 
varmint was a squirrel or small rat. It was a rat (Figure 3) who 
was captured and released to cause trouble elsewhere. 

 
 

This simple heat pump is an example the exposure customers 
experience with proprietary controls. 
 Unnecessary complexity is turning astute troubleshooting 

into parts replacement. 
 Unnecessary expenditures (i.e. circuit board replacements) 

often cancel out energy savings of new equipment. 
 Replacement parts are much more expensive, not available 

promptly, and may be obsolete a few years after installation. 
Imagine how long the wait and high the cost of this board 
10 years after installation. 

 Circuit control boards are not only proprietary (non-compete 
items), they are less resistant to electric surges (lighting 
strikes) compared to much less expensive electro-
mechanical components that are generic. 

 The advanced features of modern HVAC systems are 
possible with “old fashion” electro-mechanical controls.  On 
board wiring in almost all HVAC equipment could be 
similar to those diagramed in Figure 1. 

 Thermostats with advanced features (remote programing, 
learning, etc.) or as simple as non-programmable devices 
could be interfaced with equipment. 

 Advantages would be low cost, local replacement parts, and 
not being tied to the controls for the life of the equipment. 
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What is a Good Architect, according to one Engineer  
Barbara H. McCrary, PE 
Successful Architect-Engineer relationships are not mythical 
things like unicorns or Mechanical Rooms that are big enough 
(sorry, I could not resist). What makes a Good Architect? The 
qualities that define a Good Architect from the consulting 
engineers’ point of view are many, with Project Management 
as being the most critical. Good Architects communicate well 
with the team, keep them up to date on changes, deadlines, etc. 
They welcome feedback from the consultants on pros and cons 
of design decisions and want to understand the impacts of 
those changes. They respect the opinions of the Engineer. 
They keep the consultants informed by passing along all 
information in a timely manner that may be useful in making 
engineering decisions. They help the Engineer understand the 
use of spaces in the building which may not be apparent by the 
room name only. Open communication is critical, and the 
Good Architect understands this. Good Architects are 
organized; they keep track of open items in design and keep 
everyone on task and on target on critical path items.  
 

A Good Architect manages the owner’s expectations on the 
budget. Owners often want more than they can afford. The 
Good Architect listens to feedback from the Engineer. They 
help the Owner prioritize the most important parts of the 
program and identify areas where cuts can be made.    
  
A Good Architect understands enough about the engineering 
aspects of building design to have reasonable goals and 
expectations for the design and project schedule. The age-old 
battle of the Engineer always wanting too much floor space 
and the Architect wanting to give up too little does not have to 
be. The Good Architect realizes an engineered system (like 
HVAC equipment) will take up some physical space and must 
be able to be accessed for maintenance. This requires that a 
Good Engineer prioritize providing adequate space for their 
systems and be able to communicate this to the Architect. 
 

A Good Architect is Professional, valuing the opinions, time, 
and work product of others and treating others as 
Professionals. Unfortunately lack of respect for others as 
Professionals occurs in this industry. Engineers should be 
hired not to complete a defined task as if they are robots, but 
to provide feedback and expertise to the design process to 
create a better building for the owner. Successful collaborative 
design requires the Good Architect involve the Engineer early, 
prior to settling on a floor plan design. Working in “silos” and 
coming together at the end results in frustration and redesign. 
Involving the Engineers early and allowing them to discuss 
system types and expectations with the owner sets up the 
project for greater success and a happier owner.  
 

Successful Architect-Engineer relationships are possible. This 
author is fortunate to have them; a situation not taken for 
granted as it has not always been this way and may not 
continue to be in the future. Anything good in life takes work, 
whether it is in the professional or personal realm.  The Good 
Architect does not exist in a vacuum; we must be Good 
Engineers too, demonstrating the same qualities and attributes 
we are expecting in return. 

The Myth of Improved Part‐Load Dehumidification 
Two commonly stated advantages of multi-stage and variable 
speed cooling units are: 

1. improved dehumidification or latent cooling (LC) 
resulting from reduce on-off cycling at part-load and, 

2. higher efficiency during part-load operation. 
To get improved dehumidification the part-load latent heat 
ratio [LHR = LC ÷ total cooling (TC)] must be equivalent or 
greater than the full-load LHR. This is realized by holding the 
evaporator coil at nearly the same temperature with an air flow 
rate of about the same rate relative to the part-load capacity 
(cfm/ton).  But recall higher efficiency is achieved by using a 
large evaporator coil and raising the air flow rate. 

 

Table 2 is a snippet from multi-capacity scroll compressor 
performance data.  Note the lower portion of the table is for 
part-load (modulating capacity) at a condensing temperature 
of 100°F (OAT≈85°F).  If the evaporating temperature is near 
45°F and airflow below 375 cfm/ton, good dehumidification is 
likely with return air at 75°F/50% RH.  Now consider that the 
rated return air is 80°F and reporting LHR or sensible heat 
ratio [SHR=(TC-LC)÷TC)] is not required. So increasing part-
load airflow through an evaporator coil sized for full-load 
capacity can lift evaporating temperature to near 55°F.  This 
will raise cooling capacity from 40 kBtu/h to 50.1 kBtu/h 
while lowering power input by 40 watts. 
 

This will enhance advertised ASHP SEER and part-load 
GSHP EER ratings. But a 55°F evaporation temperature will 
result in no dehumidification with return air at 75°F/50% RH. 
To verify, plot the process on psychrometric chart. 
  

 
 

The lesson is not to assume the part-load dehumidification of 
multi-capacity and variable-speed equipment is better because 
of reduced on-off cycle frequency.  The unit must also 
effectively dehumidify when operating during low load periods 
which diminishes part-load efficiency.   
 

Also note the data shows the compressor is less efficient at the 
modulating capacity (EER=17.4) than at full-load (EER=18.5). 
This suggests the advertised advantage of higher part-load 
efficiency (with adequate dehumidification) is questionable. 

Page 4 



Economizers Should Save Energy, Right? 
Josh Kavanaugh, EIT 
Table 3, taken from the 2012 Commercial Buildings Energy 
Consumption Survey (CBECS), shows a curious trend of 
buildings with economizer cycles having a higher energy use 
intensity (EUI) than the overall average: 
 

Table 3: Economizer EUI (Total) 

Major Fuel EnergyIntensity  kBtus/ft2‐year
(Using any major fuel for end use) Total

All buildings (average) 82.0

Buildings with Economizers 102.2  
 

One would assume that an economizer cycle would result in a 
lower energy use intensity (EUI), but the data seem to tell the 
opposite story. Inspection of the microdata shows a similar 
trend across building sizes, climate zones, and building types 
(a white paper for full analysis will be available soon at 
geokiss.com). Figure 4 provides results typical of the filtered 
data for air-side economizers, which includes the number of 
samples gathered by CBECS as well as the number of 
buildings the sample size statistically represents.  
 
Figure 4 Economizer EUI by Climate Zone (+100,000 ft2) 

 
 

Larger buildings are more likely to be served by centralized 
chilled-water VAV air handlers that are equipped with what I 
would consider a “proper” air-side economizer that have a 
return or exhaust fan to ensure near equal air balance and 
constant building pressurization. Even for buildings of this 
size in milder climates where an economizer is expected to be 
more beneficial, EUI is still higher for buildings with an air-
side economizer. 
 

Analysis of the CBECS data, and my own personal experience 
in the field, highlight three important takeaways: 
1) Engineers should be wary of a one-size fits all answer for 

implementing air-side economizers. Allowing exceptions 
for climate is prudent but should not be the only deciding 
factor: a milder climate does not necessarily justify an 
economizer.  

2) Primary building use should be considered when 
implementing air economizers. Educational buildings may 
seem like a good candidate for air-economizing because 
most of their occupied hours are in swing seasons, but the

 individual spaces within a school should be considered 
when deciding to use an economizer (e.g., a gym might 
see more benefit from an economizer than a classroom). 

3) Personal experience has led me to the conclusion that the 
single biggest factor that should be considered when 
implementing air-economizers is the resources and 
sophistication of the building’s HVAC maintenance team. 
Many maintenance teams only have the resources to 
address the most pressing comfort and equipment issues 
and can’t properly address malfunctioning components in 
a relatively complex air-side economizing system. 

 

Quick Check of Cooling/Heating System Performance 
The results of the National Comfort Institute survey of the 
poor performance of 819 cooling units raises critical concerns. 
Field measurements indicated the average system performance 
was only 48% of published capacity. The average for the units 
alone was 70% of published performance. (See OTL Vol. 5, 
No. 3.) 
 
Figure 4 is a suggested format to determine if a unitary system 
needs more thorough testing and service. The most common 
issues found in the NCI survey were related to cooling 
equipment refrigeration charge and air distribution (duct and 
fan) issues.  Measurement of temperatures at the locations 
shown in Figure 5 will provide information to determine if 
service and/or repairs are necessary. The thermometer should 
be fast acting with a 0.1°F readout.  If the measurement of the 
four locations requires longer than two minutes, then: 
 Measure in this order: EAT, RAT, SAT1 and SAT2 
 Repeat measurements in this order: SAT1, RAT, and EAT 
 Use the average of the two for EAT, RAT, and SAT1 

Accurate determination of performance requires higher level 
instruments. It is highly recommended that more thorough 
testing and service recommendations be provided by an 
independent firm not associated with the installing contractor. 
 

Figure 5 Preliminary Test of System Performance 
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