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Loopholes in ASHRAE 90.1 HVAC Section Offset 
Advances in Lighting and Building Envelopes  

(How to be 90.1‐16 Compliant with an EER Less Than 5) 
The last edition of this newsletter highlighted data from the 
2012 Commercial Building Energy Consumption Survey 
(CBECS) noting dramatic improvements in lighting and 
heating energy use since 2003. This welcome improvement is 
offset by the fact that buildings constructed in the 2008 -2012 
period used over 8% more energy per square foot than those 
built between 1980 and 1999.  

The disadvantage of long, complex standards like ASHRAE 
90.1- 2016 is that loopholes can go unnoticed. The 59 pages of 
the HVAC section has a few large enough to “drive a Mack 
truck through” as shown in Figure 1. It is suspected a few of 
the 2008-2012 buildings have taken advantage of them.   

  
 

The size of the “Big Fan” loophole can be seen by examining 
the fan power limit equation in Table 6.5.3.1.1 in the Standard, 
 

Nameplate hp < cfmS × 0.0015 for VAV systems. 
 

For values of 90% for motor/drive efficiency and 400 cfm/ton, 
0.746	 400 0.0015

90%
0.5  

 

This power is converted to heat (fan/motor efficiency loss, air 
duct friction) resulting in a 14% lower net chiller capacity, 

	=	0.5 3,412 1706 0.14	  
 

Thus, the net fan allowable is power is 0.58 kW/ton, which is 
more than the limit for a centrifugal chiller (Table 6.8.1-3). 
 

0.50 100% 14% 0.58  

 

Water pumps for the building and chiller have a combined 
head of 150 ft. water at 2.4 gpm/ton (Δt≈10°F), 70% efficiency 
and 85% efficient motors result in a power of, 

150	 . 2.4 0.746

3960 70%	 85%
0.114  

 

The chilled water pump power is converted to heat reducing 
the chiller net capacity 3%, 

	=	0.114 3,412 390 0.03	  

 

A case has been made for use of air cooled chillers where 
water resources are limited (ASHRAE Journal, Sept. 2017).  
Consider an air-cooled chiller in Phoenix on a 110°F design 
day. The Standard requires a minimum EER of 10.1 Btu/W-h 
(at 95°F) which would be reduced 15% (or more) to 8.6 
Btu/W-h at 110°F.  Converting EER to kW/ton, 
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Adding fan and pump power inputs results in, 

0.50 0.114 1.4 2.01  

 

The net cooling capacity is then corrected by 14% and 3% due 
to the fan and chilled water pump heat input. 

2.01 100% 17% 2.42  

 

Converting kW/ton to EER for the 90.1 compliant system, 
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The above example did not include the small fan efficiency 
loophole. The wire-to-air efficiency of these fans has been 
shown to range between 5% and 36% (O’Neal, et. al., 2015).  
If they were included, EERSystem would be even lower. 
 

ASHRAE 90.1-2016 has become unwieldy and ineffective 
with so many details the big picture of system efficiency is 
hidden.  Its credibility is undermined by permitting system 
efficiencies of EER = 4.96.  It is useless to spend hours 
complying with details while there are “loopholes big 
enough to drive a Mack truck through.” 
 

References:  ANSI/ASHRAE/IES Standard 90.1-2016. 
O’Neal, Reid, and Ingram. 2015. A Model of Fan/Motor Performance 
of FPT Units That Use ECMs, ASHRAE Transactions, AT-15-025. 
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Simple Lighting W/ft2 Standards Worked Awesome 
Why Not Do the Same for Cooling and Envelope? 

Figure 2 demonstrates the dramatic reduction in lighting 
energy use reported in the 2012 CBECS along with increases 
for ventilation and cooling.  The lighting section of the 
standard provides lighting power density (LPDs) limits in 
watts per unit floor area (W/ft2, W/m2) for 32 different 
building types. Compliance can be obtained by meeting the 
LPDs for the entire building or by an individual space-by-
space method. The simplicity of the method is obvious since 
the ASHRAE Standard 90.1 page lengths for the lighting 
sections in force during the 2003-12 period were only 6 pages 
in 1999, 6½ pages in 2004, and 7 pages in 2007. 
(Unfortunately, the lighting section is 22 pages in 2016.)  

  

Clearly adjustments to the Standard are needed.  Some format 
for limiting the auxiliary power demand (fans, pumps, etc.) is 
necessary in applications in which the demands of the primary 
cooling devices are high (air cooled chillers in hot climates). 
Cooling power densities (CPDs) could be developed for the 
same building types as those used for LPDs.  Values would be 
adjusted for climate type, abnormal internal building loads, 
and occupancies. This would not only eliminate the loopholes 
currently in the HVAC section but it would also reduce the 
amount of effort currently required to comply with the many 
details in the 59-page HVAC section.   

The concept could also be extended to the building envelope 
by calculating a cooling load density (CLD) and a heat loss 
density (HLD) in Btu/h∙ft2 (W/m2) for the 32 building types. 
This would allow designers the flexibility of being able to 
incorporate building envelope improvements to offset system 
equipment efficiency limits to meet CPD requirements.  
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An advantage here is that the architectural design team is now 
more responsible for providing designs with reasonable CLD 
and HLD values in order to meet CPD guidelines.  Trade-offs 
for improved features (added insulation, lower window-to-
wall ratios, energy recovery) to offset less than optimal 
options, (lower efficiency units, larger fans, high internal 
loads) would be justified by meeting CPD or HLD guidelines. 
 

This concept was proposed during the revision cycle for 
Standard 90.1-2007 but was obviously rejected. Details of the 
concept from an EPA Energy Star sponsored project can be 
found in a December 2006 ASHRAE Journal article.  
http://www.geokiss.com/tech-notes/HVACPowerDensity12-06.pdf 
 

The Importance and Absence of Measured Data 
In the article, “Modeled Performance Isn’t Actual 
Performance” (ASHRAE Journal, May 2016) the authors state, 
“All models are wrong, but some are useful”.  Their point 
seems to be that models can be useful to compare the relative 
value of one design option to another but not to predict energy 
use accurately.  A stated objective of the article was to suggest 
that to maximize the usefulness of models an important 
component is to compare theory to reality. 
 

In order to access the effectiveness of design and equipment 
options, energy must be measured.  This should be done for 
every project (not just the ones where model and 
measurements are close) and reported.  Data are almost always 
scattered and the more that are available the better the value 
for evaluation of design options.  Projects in which the model 
and measurements diverge, both those that lead to higher than 
expected energy use and those that use less, can be quite 
useful since mistakes are valuable learning lessons. 
 

A popular and frequent contributor to the ASHRAE Journal 
(Joseph Lstiburek) suggested that plaques for green buildings 
be attached with screws.  Thus, the plaque could be removed if 
much more energy was used than projected in order to receive 
the award.  His perspective is typically focused on the building 
envelope.  However, it is quite possible that modeling errors 
of equipment performance result in even larger discrepancies. 
 

Some reasons for equipment model inaccuracy are: 
 The controls do not (or cannot) work as intended and 

sequences are often complex and/or cannot be 
implemented as portrayed by the model. 

 Certified data at multiple operating points are not 
given so imprecise generic corrections are necessary. 

 Seasonal efficiency values (SEER, HSPF, IPLV) are 
used with “work-arounds” that may not equitably 
compare design options. 

 Models are based on equipment being properly sized 
but generous safety factors are often applied. 

 Equipment is improperly installed or malfunctions. 
 

Some articles about successful buildings provide both the 
results of the modeled and actual energy use.  It is suggested 
that in the future authors be compelled by reviewers to provide 
measured electrical and fossil fuel energy use, costs of system 
components, and Energy Star rating to compare economic 
value to equivalent buildings. 
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GSHPs: A Solution to HVAC Planned Obsolescence 
Beating the same dead horse will not expand the industry. 

The horse died about 25 years ago but the GSHP industry 
keeps trying to resurrect it.  How often has it been heard? 
1. “We need to get the cost of the loop down.” 
2. “We need to improve marketing of GSHP advantages.” 
3. “We need even better tax and utility rebates.”  
The larger HVAC industry has provided an opportunity 
similar to the opening US automakers gave the fledging 
Japanese manufacturers in the 1970s.  Basically the Big Four 
built cars that made you want to buy something else after just 
a few years (Gremlin, Vega, Pinto, 2nd Generation Mustang).  
This was good for carmakers’ profit but bad for car drivers 
until Toyota, Honda and other Japanese manufacturers learned 
quality control from the W. Edwards Deming, the guy the 
USA ignored.   
 
The current HVAC situation is somewhat different since basic 
components are much the same, even with some notable 
improvements. The obsolescence is in the equipment brains.  
Most control components are no longer standard, wiring 
schemes are much more complex, and circuit boards are 
proprietary and frequently “upgraded” or “enhanced”. Thus 
the availability of a circuit board for a 10-year old heat pump 
that has gone through model upgrades and manufacturer 
ownership changes in that period will be limited.  
 

When installed in a quality manner GSHPs can be much more 
reliable and simple than air based equipment.  But GSHP 
equipment manufacturers seem to be following the lead of the 
larger HVAC industry by developing complex systems and 
controls that provide higher RATED efficiencies without 
improving actual performance in the field.  Equipment costs 
are higher, more difficult to install/service, no more 
dependable than conventional equipment, and the economic 
value is highly questionable.    
 

In the early 1990s many electrical utilities offered rebates for 
residential ground source heat pumps (GSHPs) to offset some 
of the cost for the ground exchanger. The Tennessee Valley 
Authority (TVA) participated in this activity and some success 
was achieved in increasing the awareness and market 
penetration.   However, the rebates did little to reduce the net 
system cost to their customers.  
 

TVA funded a national “Cost Containment for GSHPs” survey 
in 1995 to understand why the rebates were not reducing costs 
for residential systems. Figure 3 summarizes the results which 
indicate the cost of a three-ton GSHP was approximately 
double the cost of conventional systems.  However, the 
premium was not just the loop cost but also the high installed 
cost of the GSHP HVAC system, which was 35% higher than 
the cost of conventional systems.  A second result showed: 
 If the rebate was $100 to $400, the average installed cost 

of a 3-ton GSHP-HVAC system was $5,293. 
 If the rebate was $800 to $1200, the average installed 

cost of a 3-ton GSHP-HVAC system was $6,290. 
 

The $1546 average premium for the GSHP-HVAC system is 
more than one-half the cost of all three loop types, horizontal, 
slinky, and vertical.  Attempts have been made for over 25 
years to reduce loop cost but little progress has been made. 

  
 

A more logical approach would seem to be to reduce the 
GSHP interior HVAC equipment and installation costs to that 
of a split-system air-source heat pump (ASHP). This seems 
doable given a water-to-air heat pump typically has much less 
copper, steel, and aluminum (water coil significantly smaller 
than an outdoor ASHP coil, one cabinet instead of two, and no 
runs of tubing from indoor to outdoors), a smaller compressor, 
and fewer controls are needed (no defrost or outdoor T-stat). 
 

A more recent survey was conducted for the commercial 
GSHP sector (ASHRAE Journal, Oct. 2012) and it compared 
results of similar surveys in 1995 and 2000.  In summary; 
 The average cost of the ground heat exchanger was 

26% of the total system cost and has increased by 3% 
per year since 1995. 

 The average cost of the interior HVAC system was 74% 
of the total system cost and has increased by 11% per 
year since 1995.  

 

Duh, the lower hanging fruit is equipment cost. Why 
continue to beat up on ground loop contractors. GSHPs remain 
a niche industry even though commercial GSHPs are less 
expensive, more dependable, and more efficient than many 
widely used conventional systems. Concentrating on reducing 
loop costs has made little traction because it focuses on the 
technology of loop installation rather than a larger challenge 
confronting loop contractors. This is the feast or famine 
nature of project opportunities. They encounter down time 
periods when staff must be paid in order to be retained and 
equipment is idle. Then an opportunity arises to install a large 
number of loops in a limited amount of time but it is beyond 
the capacity of their equipment. So they have to subcontract to 
a competitor for assistance (who could charge a premium). 
 

A path toward wider market penetration is a return to simple, 
efficient, dependable heat pumps (SEDHPs) without 
proprietary controls. 
 SEDHPs can counter the planned obsolesce of the larger 

HVAC industry. 
 SEDHPs can reduce system cost much more than 

anything possible by reducing ground loop costs. 
 By reducing cost, SEDHPs will ensure more consistent, 

steady work for quality loop contractors, thus further 
reducing their cost by reducing down times.  
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What Happens When Geo‐Marketing Outsmarts Engineering 
 (It’s usually not good for the customer!) 

The trend in GSHP industry seems to be a move toward high 
end variable-speed (VSHP) and multi-capacity (MCHP) 
water-to-air heat pumps. Often it is not remembered that 
Mother Nature and her stepchild, Thermodynamics, pay no 
attention to marketing propaganda.  Manufacturers have been 
marketing VSHPs with incredibly high RATED Energy 
Efficiency Ratios (EERs) with some numbers above 50. Savvy 
engineers and other intelligent HVAC professionals 
understand the rated conditions that generate these numbers 
are vastly different than field conditions required to deliver 
comfort. 

So how do you attain a 50+ EER?  

1. Slow the compressor RPM down to reduce output to 30% 
or less of full load. 

2. Deliver entering water temperature (EWT) to the unit at 
59°F (15°C) and 8 to 9 gpm/ton (How often does this 
happen when cooling is required?) 

3. Deliver entering air temperature (EAT) to the unit at 
80.6°F (27°C) with a flow rate over 1000 cfm/ton. (There 
will be no dehumidification but many upset occupants). 

4. Then deduct the input power required to circulate 1000+ 
cfm/ton of airflow and 8+ gpm/ton of water flow through 
the distribution systems using fans and pumps with 30% 
efficiencies.  (This power is likely to be nearly equal the 
power of the compressor operating at low part-load.) 

5. Add the capacity that is lost due to fan heat back into the 
rated cooling output. 

Guess what? Manufacturers are not cheating like Volkswagen 
because ISO Standard 13256-1 specifies these rather tranquil 
test conditions. (It’s kind of like rating car miles per gallon 
going downhill with a tail wind.) 

Engineers and other GSHP/HVAC professionals must look 
closer at realistic data in order to deliver economic value to 
clients.  Suggestions are: 

1. Compare cooling performance of VSHP, MCHP and 
SSHPs at field expected EWT which is typically near the 
86°F (30°C) rating point at full-load. 

2. Compare heating performance of VSHP, MCHP and single 
speed heat pumps (SSHP) at field expected EWTs which 
are typically near the 50°F (10°C) rated condition at full-
load for commercial applications or the 32°F (0°C) heating 
rated condition for cold climate residential applications. 
Usually a high efficiency SSHP will have better efficiency. 

3. Recognize the EERs and COPs at these conditions are also 
somewhat inflated because fan and pump power are not 
included and occupants will complain (or revolt) if the 
room temperature is 80.6°F (27°C) in cooling. 

4. For part-load and full-load operation, consult manufacturer 
performance data at airflow rates near 400 cfm/ton, water 
flow rates near 3 gpm/ton and indoor temperatures near 
75°F (24°C) or the owner specified temperature.   

5. Observe closely that the cooling mode sensible heat ratios 
at part-load are low to ensure required dehumidification 
will occur since part-load airflow of VSHPs and MCHPs 

tend to be high relative to capacity reduction.  Recall that 
lowering fan speed to 50% will only lower airflow to about 
70% of full-load airflow unless dampers are incorporated.  
Usually when steps 4 and 5 are done there will be little 
difference in the efficiency of the VSHP and SSHP and the 
MCHP will typically be lower. 

6. Carefully design the air distribution system to avoid 
insufficient velocity (a.k.a. projectile dysfunction) at low 
part-load airflow without adding terminal fans that are 
often necessary in variable-air-volume (VAV) systems. 

 
7. Observe the electronic complexity of VSHPs and MCHPs 

(Figure 5) and provide the customer an opinion of 
likelihood that replacement components will be available 
for the expected 20+ year life of a water-to-air heat pump 
(ASHRAE Handbook 2015 HVAC Applications). 

8. Request from the manufacturer the heating mode full-load 
compressor RPM for the VSHPs (which can be double the 
RPM of a SSHP) and provide an assessment as to the 
impact of these speeds upon compressor life. 

9. Finally, recognize and make owners aware that 
complex systems with proprietary controls and 
equipment often mandate costly service contracts 
and/or warranty provisions that may reduce, negate, or 
exceed lifetime energy savings.  

Notice:  In fairness to the GSHP equipment manufacturers, it 
should be realized they are in competition with the larger air 
source heat pump (ASHP) industry that uses VSHPs and 
MCHPs to enhance rated SEER and HSPF values well above 
values that are experienced in actual installations.    
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Free HVAC & GSHP Design Tools and Our Friend Kirk 
Two lessons learned are that it’s hard for an old guy to keep 
up with technology and making a hefty profit developing 
design software takes a lot of work.  So the stuff is free.  The 
logic here is that this may help someone else make a little 
extra profit and thus pay more social security taxes to keep the 
program afloat longer for geezers like myself. 
 

The figure below is a screenshot of a free spreadsheet for 
piping system design (E-PipeAlator).  It originally focused on 
high density polyethylene (HDPE) piping used in the GSHP 
industry but now also contains several other types.  Macros are 
used to obtain friction factor for fifteen water-antifreeze 
solutions and frictions losses through a variety of fittings, 
piping accessories, and heat exchangers.  Even Reynolds 
Numbers (Re) are calculated in case one worries about laminar 
flow in the ground exchanger.  The values on the screenshot 
are results for the ground loop shown in the lower left corner. 

In addition to being free, it can be upgraded to better to suit 
individual needs and preferences.  This brings up our good 
friend Kirk Mescher who, to quote his obituary, “kicked the 
bucket” too soon. Once on his way to Atlanta he stopped by 
for a visit. I thought we’d ride around on the lake, drink his 
expensive wine and solve all the HVAC industry’s problems. 
 

Kirk had other priorities once he discovered Excel Visual 
Basic macros in E-PipeAlator.  I went to bed and woke up to 
learn he had stayed up all night transforming E-PipeAlator 
into E-KirkAlator.  Then I watch him design and price a 100-
ton ground loop system in about 10 minutes.   I’m not sure 
what happened to E-KirkAlator now but E-PipeAlator is at: 
http://www.geokiss.com/hsoftware.htm. 
 
An annual award has been set up in Kirk’s name for students, 
engineers, or teaching faculty. More details for applicants (and 
donors) are available at: tc0608.ashraetcs.org/awards.php. 
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