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ASHRAE: Engineering Society or Manufacturer Surrogate? 
 

A modern society needs many things to be successful. Among 

them are vibrant engineering societies to address the many 

challenges of a growing world with safe, environmentally prudent, 

and economically viable solutions. This edition of the newsletter 

raises the following question: Does ASHRAE operate primarily as 

an engineering society, or have manufacturers acquired such 

influence that prudent engineering practices are compromised? 

Several critical challenges facing the HVAC industry are listed 

below. The solutions to these challenges taken by ASHRAE will 

be summarized and followed by an alternate path that would likely 

be taken by engineers. A brief attempt to define the profession is 

offered first. 
 

What is an Engineer? 
 

The traits of exceptional engineers are not always clearly 

understood. The public often groups engineers with scientists and 

occasionally architects. Scientists probe the unknown, engineers 

apply these results to solve problems. This collaboration has 

produced incredible advances. Occasionally, architect-engineer 

collaboration works but there is always room for improvement.  
 

Even the framers of ASHRAE’s mission statement may not fully 

appreciate the profession since the term engineer is not used.  
 

To serve humanity by advancing the arts and sciences of heating, 

ventilation, air conditioning, refrigeration and their allied fields. 
 

Perhaps two examples of engineering excellence would better 

explain. The professor on Gilligan’s Island was probably an 

engineer with prior practical experience before becoming a 

professor. He often referred to his scientific background, but 

ultimately it was the engineer in him that identified problems and 

created solutions using the island’s available resources.  
 

A scene from the movie Appollo13 is perhaps a superb example of 

“what is an engineer”. Several items available on the crippled 

spacecraft were put on a table and NASA engineers had to quickly 

figure out how to use them to lower the cabin CO2 concentration 

to avoid suffocation of the astronauts. They succeeded and their 

reward for a job well done was saving the crew. Now consider the 

following important challenges facing ASHRAE engineers. 

Challenge No. 1 Replacement of High GWP Refrigerants  
 

Hydrofluorocarbons (HFCs) refrigerants have been favored 

because of their limited ozone depletion potential (ODP). Some 

HFCs, such as R-410a, with global warming potentials (GWPs) 

above 750 are targeted to be phased down/out. The search for 

alternatives is a critical environmental and safety issue. 
 

ASHRAE Solution: ASHRAE in conjunction with the US DOE 

and the Air-Conditioning Heating and Refrigeration Institute 

(AHRI) has conducted research supporting the use of low toxicity, 

mildly flammable (A2L) refrigerants via the multidisciplinary task 

group MTG.LowGWP. Research results will be used to update 

ASHRAE refrigerant safety and designation standards (15 and 34) 

as soon as possible. The International Code Council (ICC) has 

stated that code revisions will be fast tracked accordingly. 
 

ASHRAE Technical Committee 3.1 (Refrigerants and Secondary 

Coolants) was a primary cognizant committee for three critical 

MTG.LowGWP research projects (RP-1806, RP-1807, RP-1808). 

Figure 1 is a listing of TC 3.1 membership which is weighted with 

manufacturers. It should be noted that several firms have merged 

or have agreements with Japanese companies where R-32 (A2L, 

675 GWP) is the replacement of choice. These “merged” 

businesses have also aggressively promoted variable refrigerant 

flow (VRF) systems that have relatively large refrigerant charges. 

The philosophy seems to be that it is acceptable to allow systems 

with very large refrigerant charges (per ton) and require multiple 

field installed connections (potential leak sites) with refrigerants 

that are mildly flammable as long as their GWP is below 750. 

 
 

An Engineering Solution: Engineers would want significant data 

to formulate a path forward. Items of interest include the overall 

impact of high GWP refrigerants, required refrigerant charges and 

leak rates relative to capacity for various system types, cost of 

conversions, and drop-in compatibility with existing systems.  
 

Little of this information is available. The impact of all 

fluorocarbons (CFCs, HCFC, HFCs) and sulfur hexafluoride is 

about 2% of greenhouse gas (GHG) emissions (2017 ASHRAE 

Fundamentals, p. 29.5). The ASHRAE Fundamentals and 

Refrigeration handbooks contain information on leak detection 

but nothing on refrigerant leak rates. 
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Green Chill, an EPA partnership with food retailers, estimates the 

annual supermarket refrigerant leakage is 25% with an average 

store having 4000 pounds of charge. Another indicator of leakage 

is a National Comfort Institute survey of 819 systems that found 

equipment output loss was 30% of specified capacity. The largest 

impact in capacity decline was primarily due to refrigerant charge 

losses. The added CO2 produced by improperly charged systems 

is likely have a greater GWP impact than refrigerant leakage. 
 

The engineering approach would consider refrigerant ODP, GWP 

and safety but equally important items to evaluate are: 

• Amount of refrigerant per unit of capacity (lbs./ton) 

• Historical leakage rate based on equipment type 

• GWP impact of poor efficiency due to refrigerant loss  

A logical engineer would conclude that systems similar to those in 

supermarkets with multiple in-field tube connections (like VRFs) 

would likely have similar leak rates (25%/year).  Although R-32 

has only one-third the GWP of R-410a, it makes little sense to 

allow systems that typically require 4 to 6 times the charge of this 

“mildly flammable” refrigerant compared to packaged systems. 
 

An engineering approach would also recognize the impact of the 

shortage of skilled technicians on equipment refrigerant leakage. 

Trade publications rarely miss an edition without some mention of 

this shortage. These articles fail to include that the pay scale of an 

experienced (5-10 years) HVAC service person is typically 

between 50% and 70% of the cost of living for a family of four. 

www.epi.org/resources/budget/ and www.payscale.com/ 
 

The engineering solution would be created by a balanced team of 

engineers, scientists, technicians, manufacturers, and economists 

using measured data with leak rates being a primary statistic. 
 

Challenge No. 2 Minimizing Building Energy and Demand 
 

ASHRAE Solution: The primary approach to this challenge is 

developing and upgrading standards, many of which are adopted 

by building codes.  The flagship non-residential energy standard, 

ASHRAE 90.1-2019, is 422 pages in length which is alarming and 

overwhelming to design engineers.  
 

 
*Document width is same as 2013 Fundamentals Handbook. 

The standard provides lists of prescriptions and specifications for 

building envelope components, lighting and HVAC equipment. 

Total equipment system demand and energy use are not 

considered. Each component must meet specification or efficiency 

ratings but there are no limits on number of components. This 

approach is obviously beneficial to equipment manufacturers.  

Economic justifications for upgrades to the standard are based on 

computer simulations that assume the unrealistic beliefs that 

controls work as intended, installations follow design documents, 

and equipment is sized without excessive factors of safety. Actual 

measured energy use, operating costs and installation costs data do 

not appear to be key indicators of project success or efficiency. 

 

The lighting section of Standard 90.1 has been developed in 

collaboration with the Illuminating Energy Society. The approach 

in this section is to limit demand per unit floor area for a wide 

variety of building types. Prior to 2010 this section was less than 

7 pages in length. Results in reducing lighting energy were 

enormous as noted by the difference in the 2012 Commercial 

Building Energy Consumption Survey compared to 2003 survey. 

Unfortunately, the Standard 90.1-2019 lighting section is now 26 

pages with many more complex, unproven control requirements. 
 

An Engineering Solution: To meet the challenge the engineer 

would prefer energy and demand targets and constraints (cost, 

safety, occupant satisfaction) rather than 422 pages of “do it this 

way.”  The succinct pre-2010 lighting section limit on demand is 

a good example. The design cooling loads and heat losses per unit 

area (Btu/h-ft2) could be specified for the same building types 

listed in the lighting section (this could keep the architects in 

check). These values would be divided by the HVAC system 

efficiency (EER≡Btu/W-h) to provide code compliant W/ft2 

values. Post occupancy energy use and occupant satisfaction 

would be measured and evaluated by Energy Star ratings to verify 

compliance. Computer models can be supplemental design tools 

and would be useful evaluations of programs and users. 
 

Challenge No. 3 Control Interoperability in the Tower of Babel 
 

A regular “controls” contributor to a non-ASHRAE engineering 

publication compared the current communication compatibility of 

control platforms to the tower of Babel. The biblical tower project 

was not completed due to a “biblical” failure to communicate. 

Anecdotally, stories abound with the problems resulting from 

multiple control protocols failing to communicate with each other 

and with “proprietary” equipment manufacturer controls. 

ASHRAE even got a taste of this medicine with the renovation of 

the current HQ building. Unlike many customers who must live 

with unsatisfactory performance, the Society was able to exert its 

influence to have the issues resolved but it took four years. 
https://cxgbs.com/ashrae-headquarters-renovation/ 

 

ASHRAE Solution: Many ASHRAE members have contributed to 

a good faith effort to develop BACnet protocol beginning in 1987. 

The effort resulted in a standard (135). It was an attempt to better 

organize the flow of information from multiple devices. Several 

control companies cooperated but the effort has recently been 

complicated by the transition to proprietary controls specific to 

equipment. Many equipment manufacturers are essentially their 

own control entities that usually do not seamlessly communicate 

with others.   
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In this environment, problems continue to persist. ASHRAE 

and others have responded by developing training and 

certification for building commissioning professionals (BCxP 

and CBCP). ASHRAE has released a standard for the 

commissioning process (202). While the responsibilities of 

commissioning agent (CxA/CxP) include review of designs and 

verification of equipment installation and operation, much of 

their efforts center on ensuring controls function as intended 

(a.k.a. fixing controls). Apparently, the process has developed 

complications (“Creating Safeguards for Rising Building 

Commissioning Cost”, ASHRAE Journal, June 2020) and the 

evolution of the retro-commissioning profession (a.k.a. fixing 

controls again) has resulted. 
 

An Engineering Solution: Design engineers recognize that there 

are limited choices available from manufacturers with regard to 

controls. The “this is what we offer, live with it” approach is 

common. Most buildings and owners require simple and 

reliable controls that can be serviced within economic 

constraints. The move away from simple systems is in part a 

result of the false narrative that advanced controls save energy 

and improve comfort. 
 

However, the 2012 Commercial Building 

Energy Consumption Survey (CBECS) found 

that buildings with energy management (EMS) 

or building automation systems (BAS) 

consumed 100 kBtu/ft2-yr while the average for 

all commercial buildings was 20% less at 80 

kBtu/ft2-yr. 
 

A solution to this issue is to give engineers and owners a choice 

between simplicity and varying levels of complexity. The 

approach is to develop standardized wiring schematics for the 

primary equipment types that serve buildings such as 

residential, K-12 schools, small to mid-size office and 

commercial buildings. Universal (plug and play) pin 

connections would be connected to on-board control devices 

that are common and durable electro-mechanical devices. 
 

 

Manufacturers could provide more sophisticated control 

devices via the universal pin connection. If the designer and 

owner so desired these devices could include proprietary 

hardware/software and/or allow options such as BACnet 

interface, remote monitoring, learning, Alexa communication, 

and BAS (temperature, lighting and security system) controls. 

Less sophisticated BAS or simple thermostats would also be an 

option. While the simple option may not work with some 

buildings, it would be very effective for the vast majority. 
 

ASHRAE as an engineering society could facilitate this new 

approach by gathering a balanced committee of engineers, 

building energy managers, and service technicians to develop 

and publish control diagrams for the basic equipment types (like 

Figure 3) serving the vast majority of buildings. Designers 

would then be able to specify compliance with an official 

ASHRAE document. Owners would have the choice of either 

simplicity or complexity to best meet their needs without 

having to live with proprietary and expensive controls. 
 

Challenge No. 4 Transforming Cheap Little Fan Efficiencies 
 

Almost all of the millions of fractional horsepower (<0.75 kW) 

fans used in HVAC applications have wire-to-air efficiencies 

(ηw-a= ηfan× ηmotor) of less than 30%. Electronically commutated 

and permanent split capacitor motors (ECM, PSCM) are 

available with efficiencies in the 70% to 80% range. The motors 

are coupled to fan wheels in these applications that are similar 

in design to exercise devices for fluffy tail rodents in captivity 

(thus the name squirrel cage blower). Efficiencies for these fan 

wheels are below 40% when operating at full speed. Their 

positive attributes are low weight, cheapness to produce, and 

their added fan power is not fully deducted in unitary 

equipment ratings. These appalling efficiency values appear to 

be an oversight for a society whose mission is “To serve 

humanity by advancing the arts and sciences of HVAC&R…” 
 

Figure 4 demonstrates a portion of the results of an AHRI 

research project for direct drive fans in terminal unit 

applications. One ECM drive fan exceeded a 35% ηw-a at low 

speed but at high speed this fan peaked at 21% ηw-a. A second 

ECM fan peaked at 29% for high speed but the low speed ηw-a 

was 12 to 15%. The efficiency curves shown for the PSC fans 

were composites for several fans from manufacturers A and B 

which peaked at ηw-a values of 29% and 31%. 

  

 
 

There are technologies available (such as backward curve 

motorized impellers) that can double the efficiencies of current 

fractional horsepower fans. They do have a premium cost but it 

is usually less than the premium for an ECM. An additional 

advantage is that the motor selection for each impeller is 

optimized at the factory to avoid mismatch issues like the 3/4 

hp ECM driven fan in Figure 4 (Efficiency = 21% in high speed 

and 35% in low speed). 
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ASHRAE Solution: ASHRAE 90.1-2019 requires that motors 

greater 1/12 hp and less than 1 hp be driven by an ECM or a  

70% efficient motor and have a means of adjusting motor speed. 

This requirement does little to improve the current state-of-the 

art and manufacturers continue to be able to install millions of 

low cost, low efficiency squirrel cage fan wheels. 
 

An Engineering Solution, Option 1: Raise the minimum wire-

to-air fan efficiency to values 10% below what is attainable with 

optimal combinations of motors and impellers. Values should 

be raised as technologies improve. An example: 
  
 ηw-a = 55%  for  motors < 1 hp and > 3/4 hp  

 ηw-a = 50%  for  motors < 3/4 hp and > 1/4 hp 

 ηw-a = 45%  for  motors < 1/4 hp and > 1/8 hp 
 

An Engineering Solution, Option 2: Conduct an ASHRAE 

sponsored student Design/Build/Test competition for optimal 

small fans. Establish minimum fan efficiency values based on 

competition results and student recommendations. 
 

Challenge No. 5 Rectifying Equipment Efficiency Hogwash 
 

When “comparing apples to oranges”, at least one fruit of 

equivalent size is compared another. The current rating methods 

for HVAC equipment options are much more discombobulated. 
 

ASHRAE Solution: The society’s solution is to specify ratings 

primarily from the AHRI. Exceptions include the Code of 

Federal Regulations (CFR) for furnaces and boilers, Cooling 

Tower Institute (CTI), ISO for water source heat pumps, and 

the Association of Home Appliance Manufacturers (AHAM) 

for window units. Notable examples of hogwash include:  
 

• The Integrated Part Load Value (IPLV) for air cooled chillers 

is weighted by1% of the EER at 95°F and by 12% of the EER 

at 55°F. The resulting weighted average outdoor temperature 

is 71.2 °F. Only the power input to the chiller and condenser 

fan(s) are included but pump and indoor fan power is omitted.  

• The rated indoor temperature used to determine SEER is 

80°F while the weighted average of the outdoor temperature 

is lower at 76.8°F. (Note: car mpg is good going downhill.) 

• Fossil fuel furnaces do not include consideration of fan 

electrical energy (which could be higher for condensing 

furnaces that have combustion air blowers). 

• Window air conditioners are only rated by EER at 95°F. 

Unlike all more expensive options, no part-load or seasonal 

values are provided. 

• Ductless mini-split units, which have identical components 

and EERs as window units, also get a SEER rating with 

average outdoor temperature of 76.8°F. (Too many folks 

don’t comprehend the difference.) 

• Some VRF units in the AHRI directory list heating capacity 

and COP at 68°F outdoor air temperature (OAT) but omit 

these values at 17°F and 47°F. The 2020 ASHRAE HVAC 

Applications Handbook (p.18.8) states that VRFs have “80% 

heating output at -13°F”. Designs based 80% of rated heating 

output (at 68°F) when the OAT is -13°F may be in trouble.  

• Water-cooled chillers are rated by kW/ton (and COP) at 85°F 

condenser EWT and 54°F evaporator EWT. A 0.5 kW/ton  

unit would have an impressive EER=24 Btu/W-h. When

pumps, cooling tower fans, high static air-handling units, 

VAV terminal units, and return fans are included the EERs 

can fall into the 7 to 8 Btu/-h range even if fan power is 

limited to the ASHRAE 90.1 allowable 1.5 hp/1000 cfm. 
 

An Engineering Solution: Savvy engineers recognize that “the 

horse has already left the barn” in regard to truthfulness and 

openness of equipment ratings. Massive AHRI and DOE 

documents and rulings will not be tossed aside. The consultants, 

lawyers, public policy experts, and manufacturers that inspired 

them will overwhelm the design engineers who want to obtain 

critical certified design values that are no longer available. 
 

If ASHRAE is an engineering society, 

• It will insist AHRI, the DOE, and related organizations 

publish basic raw test results used to determine rated values 

(i.e. Heating capacity and COP at 17°F, total and sensible 

capacity, EER at 95°F, fan power and total pressure). 

• It will petition that out of date test conditions be replaced by 

appropriate values. [i.e. replace 80°F(db)/67°F(wb) return 

air cooling mode temperatures with 75.2°F/62.6°F 

(24°C/17°C), extend the maximum outdoor air cooling test 

condition from 95°F(35°C) to least 104°F(40°C), lower the 

outdoor air heating test condition from 17°F to 5°F(-15°C)] 

• Develop a certified tool that considers the input and output 

of all components with typical (but adjustable) conditions to 

determine system cooling capacity and efficiency and 

heating capacity and efficiency at design conditions. 

• Require buildings being considered for an ASHRAE awards 

have published measured energy and demand results when 

fully occupied, Energy Star rating, and itemized installation 

costs of 6 to 10 summary values (including controls). 

• Encourage new and renovated building owners to provide 

the same information called for in the bullet above 
 

Challenge No. 6 Separating YEA Education from Propaganda 
 

A few years ago, I asked a some of my ex-students why they no 

longer attended local ASHRAE meetings. The answers were: 

• They were tired of being hounded by sales reps 

• Most of the presentations were sales pitches 
 

These battle-hardened warriors are able to distinguish useful 

information and quality equipment from propaganda and snake 

oil. However, Young Engineers in ASHRAE (YEA) have less 

experience in developing sophisticated BS filters. 
 

ASHRAE Solution:  Practicing design engineers with good 

mentoring skills typically do not have the time resources to 

develop and teach seminars (often to engineers from competing 

firms). Manufacturer representatives are much more willing 

and available often at no cost. An example was the special 

seminar, “Yay for YEA! Refrigerants and Refrigerant Concepts 

for YEA Members” at the 2020 Winter Annual meeting 

presented by representatives of two VRF manufacturers, a 

refrigerant manufacturer, and a lubricant manufacturer. 
 

An Engineering Solution: Provide no or very little PDH credit 

for attending sessions offered by manufacturer representatives 

that fail to avoid commercialism and provide both pro and cons. 

Let’s put the “E” back in ASHRAE!
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