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Needed Balance in ASHRAE: Engineers and Manufacturers  
 

ASHRAE requires a great amount of financial and volunteer 
resources to serve the variety of member needs and wants. 
Maintaining a balance and cooperation among constituents who 
may be at cross purposes is challenging. Currently, it appears the 
balance of influence between design engineers and equipment 
manufacturers is out of kilter. I offer the committee member 
affiliations for the 2016 revision of Standard 90.1 (SSPC 90.1) as 
a telling example (see OTL Vol. 6, No.4, p.1). Engineers are 
badly outnumbered by those from the manufacturing industry. 
 

ASHRAE is an engineering society. Manufactures have their 
own advocacy group in AHRI. Manufacturers and their 
representatives have greater financial resources and support for 
volunteerism necessary to influence not only standards 
development but also technical literature. Take a look at the 
listing of contributors to the Variable Refrigerant Flow Systems 
chapter (18) in the ASHRAE 2012 and 2016 HVAC Systems and 
Equipment Handbooks shown in Figure 1. This is not balance. 
 

 
 

Principals at small and medium size engineering design firms can 
ill afford to devote the time and resources required to actively 
participate in the development of gargantuan standards such as 
the 422 page ASHRAE Standard 90.1-2019. However, these 
individuals are highly qualified to develop standards and author 
technical literature. Regardless, there are many generous design 
engineers who do contribute but if there is inadequate balance 
their input and contributions can be minimized. 
 

Should the society take concrete steps to restore a balance? This 
will likely have serious financial repercussion and will certainly 
leave open many volunteer positions when committees seek to 

equalize the number of design engineers with manufacturer 
representatives. Reshaping ASHRAE to radically enhance the 
influence of design engineers might be a bridge too far but some 
compromise is certainly possible. At a minimum it is hoped that 
the society can initiate comprehensive measurement programs to 
verify energy performance of buildings and make equipment 
ratings transparent and simple. For example; 
 

 Because there is limited evidence (beyond lighting) that 
ASHRAE 90.1 is effective, a building energy measurement 
program that includes cost and occupant satisfaction is vital. 

 If the society requires compliance with a complex ventilation 
standard, then occupants should be surveyed to see if 
recommended practices result in at least 80% satisfaction. 

 If the society references equipment ratings like IPLV, IEER, 
SEER, HSPF, etc., (which are useless to designers) also 
publish rated performance (sensible and latent capacities, 
total power) at a wide range of design conditions. 

 If the ASHRAE Handbook states that VRFs can operate at 
80% nominal capacity at -13°F (-25°C), then require a rating 
to be published (which includes COP) near -13°F. 

 

Building Energy Quotient (bEQ) Delays, NYC Goes Its Own Way 
  
The bEQ program was formulated in 2009 “…to drive both 
existing and new buildings towards the NZEB target outlined in 
ASHRAE’s strategic documents”. This was a well-intended 
effort to measure and verify performance. The approach was 
similar to the UK and European certificate programs. Scoring 
methods for Energy Asset (modeled) and Operational (measured) 
rating labels were to be developed and published. The labels 
would inform the public, owners, tenants, and operators of the 
building’s energy efficiency. Ten years after the initiation of the 
program there appears to be no publically available bEQ labels. 
 

In this vacuum New York City has moved to create its own 
building efficiency label based on the EPA Energy Star program 
with a nuance of providing both the EPA rating and a letter 
grade. Building owners will be required to provide a label as 
shown in Figure 2 on buildings larger than 25,000 ft2 (2,300 m2). 
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Hopefully, other cities and states will 
follow this approach. Although this 
program will not provide a 
comprehensive data base that 
includes costs, occupant satisfaction, 
envelope details and equipment 
descriptions, it will be a significant 
improvement over what is currently 
available. It will also be out of the 
control of those in ASHRAE who are 
reluctant to measure and publish 
verification of the effectiveness and 
quality of their work. 
 

The Energy Star is free while the 
bEQ program was intended to 
generate income for ASHRAE. Fees 
include short course registrations and 
applications to be certified Building 
Energy Modeling Professional 
(BEMP) and/or a Building Energy 
Assessment Professional (BEAP). A 
PE license that took 8 or 10 years to 
obtain is good enough to conduct an 
Energy Star rating. 
  
 In 2018 when it appeared the bEQ 
program was delayed, I submitted a 
one page paper to the ASHRAE 
Journal suggesting the EPA Energy 
Star rating program as a viable 
alternative. It never got rejected but 
did get a promise of publication in 
the “next available issue”. It was 
never published. I was told it “fell 
through the cracks”. It is printed on 
page 5 of this newsletter. 
 

ASHRAE had its chance to develop a 
building energy rating program. To 
initiate a bEQ rating now would be 
troubling. If others follow the lead of 
NYC reconciling two different rating 
systems would cause confusion 
similar to the perplexity caused by 
retaining multiple building energy 
codes (Std. 90.1, IECC, Title 24).  In 
the best interest of the industry, “put 
a fork in it, it’s done”. 
 

 

 AHRI Limits Published Data which Places Designers at Risk 
 

The stated reason for single one-size-fits-anywhere energy efficiency ratings is to 
recognize how cooling/heating units will perform over an entire season. It doesn’t matter if 
the equipment is operating in St. Paul, MN or Las Vegas, NV; they are still good for 
comparing one unit to another. There was an element of truth to this reasoning 50 years ago 
but with almost every equipment variation now having its own unique rating method, the 
logic no longer applies. The method to accurately compare HVAC options is to apply 
certified data for a least three points over the range of operation using typical operating 
conditions (indoor temperature, airflow rate, fan and pump power, etc.).  Multi-capacity 
and variable-speed equipment must provide this data for least three speeds/modulations. 
 

Observation of data in the AHRI Certified Directory reveals published ratings at design 
conditions are being phased out, especially in the heating mode. Table 1 is the current 
information for a residential package heat pump product line. Note both the capacity and 
EER at only 95°F outdoor air temperature (OAT) and SEER are listed for cooling. The 
HSPF and the heating capacities at 47°F and 17°F are listed. However, the COPs at these 
conditions are not listed even though testing results include these values. 
 

  
 

Table 2 is the AHRI listings for a series of VRF outdoor units with ducted indoor units by 
the same manufacturer of the packaged heat pumps listed in Table 1. The cooling capacity 
and EER at 95°F OAT are listed. Since the units are larger than 65,000 Btu/h the integrated 
IEER is provided rather than SEER. Also included is a Simultaneous Cooling and Heating 
Efficiency (SCHE), a new metric for heat recovery VRFs. Both heating COPs are listed. 
 

Table 3 is listings for a series of VRF units rated after the US manufacturer merged with a 
Japanese company with VRF products. This listing takes the omission of information 
needed by engineers to a new level.  All of the rating points at 95°F in cooling and 47°F 
and 17°F in heating are omitted. Especially deceptive is listing the heating performance at 
only 68°F OAT. A 5.62 COP is impressive but if heating is needed at 68°F, all the doors 
and windows in the building must be open during a windstorm.  
 

 
 

Imagine the predicament of an engineer at a pre-design meeting where the owner and the 
architect are sold on VRF units with a COP of 5.6 and an IEER of 25. They might also 
believe the heating capacity at -13°F (-25°C) is 80% of the “nominal” capacity which is 
listed at 68°F (20°C) OAT.  This efficiency is believed to also dramatically reduce the 
building “carbon footprint”. No one mentions VRFs have nearly equal efficiencies when 
rated at the same conditions as the 16 SEER/8.3 HSPF heat pumps and  the added amount 
of refrigerant (with a GWP of 2088) will likely increase four or five fold.  So who is at 
risk when the equipment does not perform as well as the owner was lead to believe? 
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Clg. Cap. EER Htg. Cap. COP Htg. Cap. COP HSPF Air Flow

Type Btuh 95°F  95°F SEER Btuh 47°F  47°F Btuh 17°F  17°F Region IV cfm

Pkg.Ht. Pump 24000 12.00 16.00 20200 11300 8.20 800

Pkg.Ht. Pump 36000 12.20 16.00 31000 19200 8.30 1100

Pkg.Ht. Pump 47500 12.00 16.00 42000 23200 8.50 1625

Pkg.Ht. Pump 57000 11.50 15.00 53500 34000 8.30 1775

Table 1. Example of US Manufacterer AHRI Certified Pakaged Heat Pump Listing

Clg. Cap. EER Clg. Cap. EER Htg. Cap. COP Htg. Cap. COP Htg. Cap. COP

Indoor  Btuh 95°F  95°F Btuh 86°F  86°F IEER SCHE Btuh 47°F  47°F Btuh 17°F  17°F Btuh 68°F  68°F

Ducted  69000 12.00 22.7 26.7 77000 3.69 54000 2.41

Ducted  92000 11.70 22.5 26.7 103000 3.57 72000 2.30

Ducted  115000 11.00 21.5 25.5 120000 3.40 80000 2.28

Ducted  138000 10.40 18.7 27.7 150000 3.20 102000 2.15

Clg. Cap. EER Clg. Cap. EER Htg. Cap. COP Htg. Cap. COP Htg. Cap. COP

Indoor  Btuh 95°F  95°F Btuh 86°F  86°F IEER SCHE Btuh 47°F  47°F Btuh 17°F  17°F Btuh 68°F  68°F

Ducted  69000 17.40 24.2 76000 5.62

Ducted  92000 15.20 25 19.7 103000 5.00

Ducted  114000 13.50 23.2 129000 5.00

Ducted  136000 12.10 19.5 152000 4.92

Table 2. Example of US Manufacterer AHRI Certified VRF Listing

Table 3. Example of Merged US ‐ Japanese Manufacturer AHRI Certified VRF Listing



Detailed performance data at a variety of conditions are 
typically provided by manufacturers but if certified data is 
omitted, the completeness and forthrightness can vary by 
equipment type and manufacturer.  It is highly likely that 
owners, architects, and many engineers do not have the 
resources to understand how to compare kW/ton, SCHE, COP, 
HSPF, EER, SEER, IPLV, and IEER.  There are several 100+ 
page AHRI Standards available for those who have an 
abundance of time to study the details of calculations used to 
arrive at these numbers.  
 

Performance Data for an Engineering Society (i.e. ASHRAE) 
 

AHRI is an organization for manufacturers. ASHRAE is an 
engineering society. While cooperation between the 
organizations is critical, one would expect the engineering 
society to have the interest of design engineers as a priority. 
Compromise is often possible when cross purposes (i.e. high 
sales volume vs. owner value) are encountered. Engineers need 
certified performance data over the operating ranges of 
equipment that provide comfort much more than seasonal or 
integrated performance ratings.  
 

Consider AHRI 210/240 for air conditioners and heat pumps.  
Heating tests for capacities and COP (or power input) at OATs 
of 17°F, 35°F, and 47°F are required.  This data is not 
completely reported in the AHRI Directory. Cooling tests are 
required at 82°F and 95°F OATs.  Only total capacity and EER 
at 95°F are reported in the directory. Other AHRI standards 
report even less. In order to accurately size equipment and 
predict performance at off-design conditions (i.e. model) much 
more information is required. 
 

Figure 4 represents a summary of needed test points and 
conditions for engineers and energy modelers to accurately 
perform their tasks for air source heat pumps. The required 
number of tests in heating is the same (3 OATs) and only one 
additional OAT test point is required for cooling. Note the 
sensible capacity is also shown which is easily computed using 
the data already available to calculate total capacity. 
 

The range of test points in cooling is expanded to 68°F (20°C) 
to104°F (40°C) in cooling from the current narrow range of 
82°F to 95°F.  In heating the suggested range is 5°F (-15°C) to 
50°F (10°C) rather than the current 17°F to 47°F.  
 

Things have changed since the original AHRI 210/240 test 
conditions were established over 40 years ago. Nearly 40% of 
US adults are obese. So an indoor air temperature of the current 
rated value of 80°F for cooling is unrealistic. Flexible duct was 
in its infancy and fiberglass air filters were common. So test 
condition for external static pressure (ESP) and filter loss 
(Δhfilter) must be increased to reflect these changes. 
 

In cooling the indoor air temperature is set to be within the 
ASHRAE Standard 55 comfort zone at 75.2°F (21°C) and 50% 
relative humidity (RH) rather than 80°F/51% RH (which is 
outside the comfort zone). Air flow rates are listed near or 
below 400 cfm/ton (190 cmh/kW) so dehumidification in 
cooling and air delivery temperature in heating are reasonable. 
Finally, external static pressure (ESP) and air filter loss are 
raised to more typical values (ESP from 0.2 to 0.5 inches w.g. 
and filter loss from the current 0.08 to 0.3 inches w.g.). 

 
 

Multi-capacity and variable speed equipment should be tested at 
part-load using the same OATs and conditions that provide 
comfort (dehumidification in summer and warm air delivery in 
heating). Figure 5 displays a part-load version of Figure 4. 
 

 
 

Improved ratings for other types of equipment (water source 
heat pumps, chillers, VRF systems, etc.) should be required. 
Improved test conditions would be no more onerous to 
manufacturers. However, test assumptions (IAT, RH, air flow, 
ESP, Δh filters, etc.) should be clearly displayed for conditions 
representative of actual installations. Blank spaces for known 
data, like those in the current AHRI Directory, should be filled. 
 
For ASHRAE to be a first class engineering society it must 
advocate for standards and practices that make engineering tasks 
more effective and less cumbersome. It does not appear that 
AHRI is likely to provide expanded test data.  The Department 
of Energy seems to be in crisis mode and unable to effectively 
intervene.  Design engineers, who are the critical link in the 
effort “…to drive both existing and new buildings towards the 
NZEB target outlined in ASHRAE’s strategic documents”, have 
too little influence in the direction of the HVAC industry. 
 

It would be insightful to perform an impartial survey of only 
design engineers, including those who don’t regularly attend 
ASHRAE meetings, to establish the society’s effectiveness in 
the areas of standards, technical publications and advocacy.   
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Figure 4 ‐ Full Load Capacities and Efficiencies
(Model 036 with Model 038‐ABC Indoor Coil)
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Figure 5 ‐ Part Load Capacities and Efficiencies
(Model 036 with Model 038‐ABC Indoor Coil)
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DOE ECM Mandates Fail to Reflect Motor Life, Fan Efficiency 
 

The DOE has begun to mandate electronically commutated 
motors (ECMs) in a variety of unitary equipment and appliances. 
A previous article in this publication (Vol. 6, No. 1, pp. 2-3) 
suggested that a much greater efficiency gain would be possible 
for indoor fans by mandating improvements in the fan impellers.  
Even with ECMs, fans in furnaces, heat pumps and air-
conditioners struggle to attain a wire-to-air efficiency of 30%. It 
also suggested that high quality permanent split-capacitor (PSC) 
motors are competitively efficient in constant speed applications. 
 

It would be more logical to replace the ECM fan mandate with 
system (wire-to-air) efficiency schedules. This will ensure all 
components are state of the art.  It would include not only the fan 
impeller but also eliminate low quality ECMs and PSC motors. 
Very small capacity unitary equipment fans could have a low 
minimum of 40% and increase to 60% for larger unitary fans. 
 

An even better option would be to include fan power at realistic 
settings (ESP=0.4-0.6w.g., Δhfilter=0.3w.g.) in the computations 
for efficiency for furnaces, air conditioners and heat pumps. This 
would motivate manufacturers to utilize better fans and motors. 
 

The economic justification for the mandate was based on energy 
savings and assumed the service life of an ECM would be the 
same as PSC motor, an assumption that most likely cannot 
currently be validated. It also appears the performance data taken 
to justify the mandate might have compared the ECM driven fans 
with fans driven by low efficiency PSC motors. As shown in 
Figure 6, the 2012 ASHRAE Handbook (Chapter 45) indicates a 
PSC motor can have an efficiency of “up to 80%” just like an 
ECM. All PSC motors are not the same.  The specification for a 
1/3 hp, 230 VAC PSC motor can be less than 2 amps (less than a 
1/3 hp ECM) while others can be greater than 3 amps. Does the 
DOE mandate rule out ECMs that are inferior? 
 

 
Consider the Leander Independent School District near Austin, 
TX that has 40+ schools with ground source heat pumps.  The 
first was installed in the mid-1980s. Water-to-air heat pumps in 

the six newest GSHP systems have indoor fan ECMs. Heat 
pumps in the remaining 34+ schools have PSC fan motors. There 
is a lack of satisfaction with ECMs among technicians because of 
the added difficulty of replacement and the two or three day 
delivery time. LISD has eight technicians currently assigned to 
HVAC. Service and cost records for ECM fan motors for 2016-9 
and 2018 PSC motors were provided as shown in Figure 7. 
 

Although heat pump ECMs are in only 15% of the schools in the 
district, replacements are disproportionally higher than for PSC 
motors and the ECMs are in newer heat pumps. This data set is 
limited but does indicate more study is needed to ensure the 
technology is appropriate for schools with limited resources. It 
should be noted that the schools with PSC fan motors had an 
average Energy Star rating of 96 in 2012. 
 

 
 

This mandated approach to improving unitary equipment fan 
efficiency is quite narrow. The DOE assumes all ECMs are high 
quality and are well matched to the fan impeller and housing. It 
also fails to recognize the overall efficiency of the motor-
impeller-housing and “system effect” degradation.  
 

A better engineering approach would be to consider the entire 
system not just the motor.  AHRI sponsored research (Report # 
4012) found that wire-to-air efficiencies of direct drive fans in 
terminal units rarely exceed 30% even with ECMs. Since, 
 

ηw-a = ηmotor × ηfan, ηfan= ηw-a/ηmotor = 30%/80% = 37.5% 
 

The engineering logic of mandating an expensive motor while 
ignoring the inferiority of the fan itself makes no sense. 
However, it makes perfect sense from a vendor/manufacturer 
perspective. Fan wheels rarely fail and need replacement.  
Motors do fail and mandating a more expensive (and possibly 
shorter equipment life) motor is good for profit. This, of course, 
may be really bad for K-12 schools with lots of ECMs.  
 

ECMs do have improved part-load efficiencies. This boosts rated 
efficiencies since the current rated fan conditions are essentially 
at part-load (ESP=0.1-0.2”w.g. and Δhfilter=0.08“w.g.) and ECMs 
also work well with variable capacity equipment. However, the 
engineering firm that designed the very successful LISDs GSHP 
systems (OTL Vol.6, No.3, p.5) would probably not be invited 
back if they specified VS heat pumps as soon as the technicians 
viewed the control diagrams as shown in (OTL Vol.6, No.3, p.4).  
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The Energy Star article that “fell through the cracks” at the ASHRAE Journal. 
 
Quality Buildings Deserve Performance Based Ratings  
 
Energy bills are determined from measured consumption.  Thus, ratings based on actual performance are vital to 
owners and designers in search of quality and economic value. Energy Star for commercial buildings is 
administered by the Environmental Protection Agency and is the most widely used rating system in the United 
States based on measured energy use. Other noteworthy US rating systems are based on computer models and/or 
have minimal data.  Computer models rarely match actual energy consumption results due to many necessary 
assumptions made such as: 

 Electronic controls will work as intended. 
 Installation procedures will closely follow design documents. 
 Equipment is sized without excessive factors of safety. 
 Detailed equipment performance data and control algorisms are complex, thus “work-arounds” based on 

seasonal ratings or theoretical relationships are applied. 
 (See “Modeled Performance Isn’t Actual Performance”, ASHRAE Journal, May 2016.) 
 
Energy Star is based on large data set of measured energy use [Commercial Building Energy Consumption Survey 
(CBECS)] and results are corrected for “primary” variables (location, building size, building type, occupancy, 
schedule of operation, etc.) and “other” critical items that affect energy use for each building type.  Energy Star 
designation is awarded to buildings with a rating of 75 or above. This indicates energy performance better than 75% 
of equivalent buildings. The energy use data and “primary” values that have the greatest impact on Energy Star 
rating are typically available.  However, some of the “other” data items may not be accurately measured (i.e. annual 
weight of laundry washed in hotels).  Energy Star rating accuracy is constrained by the amount of detail available 
but it remains the best verifiable indicator of actual energy use due to the absence of alternatives.  In addition to 
being based on actual performance, Energy Star rating has other advantages. 

 The amount of time and cost for obtaining a rating is significantly less than what is required obtaining other 
ratings. 

 Building owners can clearly understand the rating value, especially for K-12 schools and those accustomed 
to 1-100 grades. 

 The EPA Portfolio Manager for calculating a rating is free and open to the public. 
https://portfoliomanager.energystar.gov/pm/login.html 

 A large data base of  over 32,000+ buildings with the rating values above 75 is open to the public.  
https://www.energystar.gov/index.cfm?fuseaction=labeled_buildings.locator 

 Profiles are available detailing the characteristics of many Energy Star buildings. 
 A high Energy Star rating indicates the building design and installation was successful while a poor rating 

indicates corrective activities are warranted. 
 An Energy Star rating can be an important value to owners seeking financial relief for underperforming 

buildings but it can also be an important defense tool if owners have unreasonable expectations or initiate 
litigation.  

 Energy Star is based on measured data and follows a fundamental tenant and quotation of W. Edwards 
Deming, whose quality control concepts are largely responsible for the rise of the Japanese automobile 
industry:  “In God we trust, all others must bring data”. 

The building industry that currently relies almost exclusively on computer models for ratings would do well to give 
at least equal weight to ratings based on actual performance.  Energy Star, while not perfect, provides low cost, 
simple energy ratings that indicate quality and success.     
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