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Today’s Silver Bullet, Tomorrow’s Environmental Disaster 
 

In the 1950s the song popularized by Jerry Lee Lewis indicated 
there was a “Whole Lotta Shakin’ Goin’ On”. A songwriter 
friend could write a song for the 2020’s titled, “Whole Lotta 
Leakin’ Goin’ On”. Anecdotal evidence and limited published 
data suggest there is a large amount of refrigerant escaping from 
equipment. The industry focus is mainly about changing what 
is leaking and less how much is leaking. This is not prudent. 
 

History has shown this decade’s silver bullet compounds will 
be tomorrow’s environmental disaster. CFCs and HCFCs 
replaced hydrocarbon refrigerants for safety. HFCs replaced 
CFCs and HCFCs to repair the ozone layer. Now mildly 
flammable, flammable, complex, and high glide mixtures (that 
leak at different component concentrations) are proposed to 
replace HFCs to reduce global warming even though they also 
contribute to environmental, serviceability and/or safety issues. 
 

Leakage of even a near perfect refrigerant [A1 (low flame 
spread), B1 (low-toxicity), near zero Ozone Depletion Potential 
(ODP), near zero Global Warming Potential (GWP), high COP] 
escalates global warming. Improperly charged equipment 
operates inefficiently thus increasing energy use, demand, CO2 
emissions, and strain on the electrical grid. Substantial leaks can 
also cause asphyxiation when refrigerant concentration limits 
(RCLs) are exceeded (ASHRAE Standard 34, Section 7). 
 

What is even more illogical is that equipment and refrigerant 
manufacturers are aggressively promoting equipment with 
large refrigerant-to-capacity ratios (lbs./ton, kg/kW). These 
systems have extended tubing lengths and multiple field 
installed connections (Figure 1). This does not mesh well given 
the shortages of experienced refrigeration technicians. 
 

R-32, a “mildly flammable” refrigerant, is a proposed 

replacement for R-410a. It appears a 30-ton VRF system 

with 100+ lbs. of R-32 (675 GWP) would be OK. 

However, a 30-ton water-to-water heat pump with 26 lbs. 

of R-410a (A1, B1, 2088 GWP) would not. (OTL v.6, n.3) 

 

Solutions are expensive, troublesome, and created without 
sufficient published data on the sources and amount of leakage.  

Figure 1. Illogical Global Warming Remedy: Unregulated Systems 

with Large Amounts of Mildly-Flammable Refrigerants with mid-

level GWPs and Multiple Potential Leak Sites. 

 

 
Yale Students Measure What HVAC Industry Won’t 
 

Tilden Chao, a junior economics major, founded the Yale 
Refrigeration Initiative using a $25,000 grant from the College 
green innovation fund. He and seven fellow students set out to 
catalog the major pieces of equipment that use refrigerants on 
campus. Initially the project focused on dorm room mini-
refrigerators but they soon realized the real culprits were larger 
equipment used by Yale’s hospitality and research operations. 
They found thousands of smaller units that were not required to 
be reported by the World Resources Institute (WRI). 
 

 
Figure 2. Tilden Chao and Leaking Compressor Rack 



Tilden became an EPA certified refrigerant handler and learned 
the use of refrigerant detecting sensors. After one year of 
painstaking “detective” work, the team determined the campus 
greenhouse refrigeration emissions were double the amount 
reported. The West Campus Power Plant emitted enough R-
134a refrigerant to have the same climate impact as burning 
1,000,000 pounds of coal. 
 
To many, the statistics might inspire doom, but Tilden, like 
many in his generation, view the issue as a problem seeking 
solutions. “The harsh reality…is that the very chemicals that 
will help people adapt to extreme heat are driving the climate 
crisis.” He feels the problem is less about the refrigerants and 
more about our failure to manage them.  
 

“We Can’t Manage What We Can’t Measure”, Tilden Chao 
https://sustainability.yale.edu/news/yale-undergrad-confronts-hidden-

climate-threat-refrigerant-leaks 

 

NCI Study Indicates High Levels of Refrigerant Leakage 
 

As reported previously in Outside the Loop (Vol. 5, No.3), one 
of the few recent studies to measure system performance, was 
conducted on 819 systems by the National Comfort Institute 
(NCI). The average ratio of equipment output to advertised 
capacity was only 70% and the average ratio of system 
performance (which includes the air distribution networks) was 
only 48%. Figure 3 indicates most systems operated between 
30% to 70% of advertised performance and Figure 4 shows 
most units operated between 60% to 90%. These two figures 
also provide results for 462 of the systems that were serviced. 
Overall system performance ratios improved from 48% to 83% 
and equipment performance ratios from 70% to 93%. 
(Reference: 2018 ASHRAE Annual Meeting, Seminar 17) 
 

 
Figure 5 itemizes the impact of individual factors contributing 
to performance degradation. The two dominant factors were 
declines in supply air enthalpy/temperature change and 
ductwork losses, which also contribute to static pressure faults. 
The number 1 fault, supply air enthalpy change, is typically a 
result of improper refrigerant charge due to leakage. The NCI 
summary report listed the first common repair to improve 
equipment performance was to determine and correct 

refrigerant charge issues as noted in Figure 6. Figure 7 includes 
remedies for ductwork losses and static pressure issues to 
further improve system performance. Air distribution upgrades 
would also impact global warming via CO2 reduction. 
 

 
 

 
 

 
 

Critical Specification: Refrigerant Mass-per-Capacity Ratio 
 

It seems logical that paths toward minimizing global warming 
and ozone depletion while improving occupant safety would 
include the following refrigerant Practices: 
A. Use low GWP/ODP, high COP, A1 and B1 refrigerants. 
B. Identify HVAC and refrigeration systems with high 

propensity for leakage and restrict their use. 
C. Identify HVAC systems with high refrigerant mass-to-

capacity ratios and restrict their use. 
 

The current approach primarily addresses Practice A. Little 
attention is given to the remainder of the list. 
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To my knowledge, sufficient information is not available to 
identify a broad spectrum of systems that tend to leak (Practice 

B). The HVAC, and possibly the refrigeration, industries have 
little interest in airing their dirty laundry. This task would best 
be left to teams of students like those at Yale. They are less 
biased and, because they are young, will likely suffer the 
environmental consequences if there is a “Whole Lotta Leakin’ 
Goin’ on”. Until additional studies of refrigerant leak rates in 
residential and commercial systems are conducted, solutions 
are being developed with insufficient knowledge. 
 

Practice C that addresses high refrigerant mass-to-capacity 
systems is more easily incorporated. Values can be directly 
determined from manufacturers specifications for packaged 
systems. Additional computation is necessary for split systems 
and can be determined from manufacturers software when it is 
made available. Figure 8 provides the results of a study using 
manufacturers data and software for several unitary systems 
serving a 30-ton office building.  Results indicate there are clear 
preferences based on refrigerant mass-to-capacity ratios. Those 
interested in limiting the impact of refrigerants on global 
warming should consider adopting Practice C. 
 

 
 

HVAC Refrigerant Leakage Likely Enormous: Data Needed 
 

Initial searches for reports of refrigerant leak rates were less 
than fruitful. There seems to be greater effort in the US to 
identify and correct problems in the refrigeration sector 
compared to the HVAC industry. For example, the Green Chill 
program of US Environmental Protection Agency (EPA) is 
specific to the food refrigeration industry. No similar program 
for HVAC systems was identified to minimize and correct the 
many units like the brand new one shown in Figure 9. 
 

 
 

The EPA estimated the total contribution of HFC refrigerants 
was 2.56% of the total GHG emission in 2015. The largest 
contributor was in the transportation sector (0.91%) followed 

by commercial (0.61%), residential (0.55%) and industry 
(0.31%). Reference: Inventory of U.S. Greenhouse Gas 

Emissions and Sinks: 1990–2013, EPA, 2015. 
 
The United Kingdom (UK) Department for the Environment, 
Food and Rural Affairs (DEFRA) provides estimates of 
refrigeration leakage summarized in Table 1. It appears much 
of the information is provided voluntarily. 
 

 
https://support.accuvio.com/support/solutions/articles/400004
0366-annual-leakage-rate-for-the-refrigeration-air-con-hvac- 
 

The EPA regulates leakage rates of equipment containing 50 
pounds or more of refrigerant. Owners must identify and repair 
equipment if the annual leakage rate exceeds 30% of total 
charge for industrial processes, 20% for commercial 
refrigeration, and 10% for cooling equipment and other 
appliances. However, reporting is only required if the system 

leaks 125% of total charge. (Section 608, Clean Air Act) 
 

Requirements for systems with less than 50 pounds is 
unregulated. Thus, the amount of leakage from millions of 
HVAC and refrigerant machines is unknown and likely grossly 
underestimated similar to the Yale campus. 
 

The transition to aluminum coils coupled with much 

higher operating pressures of R-410a (420 psig at 120°F) 

and R-32 (430 psig at 120°F) compared to R-22 (260 psig 

at 120°F) has increased the potential for leakage. 
 

Certainly, owners of multi-family housing complexes and 
frugal homeowners are aware of leakage rates given the recent 
jump in costs of a R-410a recharge. (Similar to R-22 recharge 
hikes not too long ago.) Efforts similar to those conducted by 
Yale students will expose the hidden truth of just how much 
modern equipment is leaking. 
 

Refrigerant leak rate data from HVAC systems is rarely 
released or published but they are out there waiting to be mined. 
Building owners and institutions like Yale are in a Catch 22. If 
leak rate data are released, they face the potential of being 
vilified as a polluter. However, the information from multiple 
sources would identify the bad actors by equipment type, 
HVAC service companies, and manufacturers. These sources 
could be avoided in the future which may lead to improved 
product quality and installation excellence.    
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Reference: ASHRAE 2020 Winter Conference, Seminar 73, Presentation 2 

Type of Equipment Annual Leakage 

Domestic Refrigeration 0.3%

Small Hermetic Stand-Alone Refrigeration Units 1.5%

Condensing Units 10.0%

Centralised Supermarket Refrigeration Systems 17.0%

Industrial Systems 8.0%

Small Stationary Air Conditioning 3.0%

Medium Stationary Air Conditioning 6.0%

Large Stationary Air Conditioning (Chillers) 3.0%

Heat Pumps 6.0%

Land Transport Refrigeration 15.0%

Marine Transport Refrigeration 39.0%

Light-Duty Mobile Air Conditioning 10.0%

Other Mobile Air Conditioning 10.0%

Table 1. UK Equipment Type and Their Estimated Annual Leakage

Source: Accuvio, Enviromental, Social, Governance  (ESG) Data 



Wimpy Flammable Refrigerant Fitting Leakage Research 
 

In 2018 the society released the ASHRAE Position Document 

on Climate Change and reaffirmed it in 2021. The opening 
abstract begins with, “Worldwide concern for changes in the 
global climate has escalated as scientific evidence has become 
more definitive, linking increased concentrations of 
atmospheric greenhouse gases (GHGs) with global warming… 
HVAC&R systems contribute to GHG emissions in terms of 
direct refrigerant emissions (CFCs, HCFCs, and HFCs) and 
indirect CO2 emissions associated with the energy needed for 
operating buildings…” The document provides eight 
recommendations, none of which address leakage.  
 

ASHRAE research includes one project (RP-1808) dealing with 
refrigerant leakage. The primary motivation was to access the 
impact of mechanical fittings since brazed connections would 
be not be acceptable with the mildly flammable substitutes. 
Three mechanical connections types used were (press fit, 
compression, and flare) for three different diameters, and both 
copper-to-copper and aluminum-to-copper tubing. Copper-to-
copper brazed connections served as the base comparison. The 
test refrigerant was R-32, a favored R-410a replacement. 
 

The testing appears to have been thorough and well conducted. 
The Executive Summary concluded that press fittings had a 
higher average leak rate than the compression and flare types 
but they had a much lower variation. The final statement was 
the mechanical fittings had equivalent leak rates to the brazed 
connections at vacuum conditions. But no statement was made 
about leak rates at elevated temperatures and pressures. This 
gave me pause, especially since R-32 is a high-pressure fluid. 
 

The body of the report included data indicating mechanical leak 
rates were much higher at rather “wimpy” conditions as shown 
in Figure 10. Figure 61 in the report used the conditions of P = 
24 bar and T = 39°C. This converts to 338 psig and 102.2°F. 
My outdoor thermometer in Austin reads 103°F right now and 
I’m sure the discharge temperature is at least 140°F. It would 
be nice to see leak rates at these conditions. 
  

 
 

This presentation of the results appears to be somewhat 
deceptive. This may not be entirely the intention of the 
researchers. Maybe “following the money” as to the primary 
funding source for the project would be enlightening. However, 
a logical conclusion might be: 

Although R-32 has a lower GWP than R-410a, it is mildly 

flammable and current mechanical fittings have been 

shown to have higher leakage rates than brazed 

connections even at mild conditions. The net positive 

impact on global warming and net negative impact on 

occupant safety are uncertain. This uncertainty could be 

greatly diminished with aggressive practices to measure 

and diminish refrigerant leakage rates. 
 

Leakin’ Is the Problem: Be Like Sargent Shultz or Tilden? 
 

Back in the day, Hogan’s Heroes was one of my favorite TV 
shows about a team of “captured” POWs who ran a clandestine 
operation to subvert German military operations. They also did 
a lot of partying. They were able to operate by endearing 
themselves to Sargent Shultz, a kindly but compromised guard, 
who continually said, “I see nothing, I know nothing”. 
 

 
 

I am fairly certain history is about to repeat itself as we switch 
to new refrigerants and fail to deal with the real problem. Like 
Sargent Shultz, the HVAC industry wants to see nothing and 
therefore know nothing. Things not apparently widely known: 

• HVAC equipment leaks a lot. 

• Data on how much are sparse by design. 

• Equipment that leaks a lot doubles the damage since they 
not only leak but operate poorly and require more energy. 

• Equipment that leaks a lot is poor quality and needs fixin’. 

• Quality installations require highly skilled and well-paid 
HVAC technicians to counter current shortages. 

• The industry doesn’t pay them well (OTL Vol. 9, No. 1). 

• Leaking flammable refrigerants will create new problems. 

• Brazing near these refrigerants is risky. Mechanical fittings 
are used that leak more (unless they’re under a vacuum). 

• Aggressive advertising promotes equipment that circulates 
lots of refrigerant though buildings rather than air or water. 

• This switchover will cost consumers a lot of money, 
especially if leaks and frequent service calls continue 

 

Hopefully, Tilden and his associates will inspire other students 
to take on the task of measuring and publishing leakage on their 
campuses. Tilden has shared his research as a best practice with 
other universities in the Ivy Plus Sustainability Consortium. 
 

Strategies to Solve the Problems (Not Just Change Them)  
 

It appears the HVAC industry’s approach is not to solve the 
interconnected problems of global warming, ozone layer 
depletion, safety, equipment efficiency and cost to consumers 
but simple change them. The plan is to swap refrigerants with 
high GWP (i.e.R-410a, GWP=2088) to ones with “mildly” 
flammable, lower GWP (i.e. R-32, GWP=675), cope with new 
installer/occupant safety issues, but sidestep leakage problems. 
This must appear irresponsible to young, smart students like at 
those at Yale who will live with the future results of this plan.  
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One likely result of this current plan is that it will raise cost to 
consumers. Could it be that corporations promoting this plan 
will end up with profit increases like those of the oil companies 
in the first quarter of 2022 while consumers paid $4 to $6 per 
gallon of gasoline? (See below.) It seems illogical that the 
HVAC type with the highest refrigerant mass to cooling 
capacity ratio in Figure 8 is being aggressively promoted while 
leakage problems are not being forcefully addressed. 
 

The Situation: 
 

• High rates of refrigerant leaks from HVAC equipment 
have/are contributing to global warming, ozone layer 
depletion, equipment performance degradation, occupant 
safety, and consumer cost. 

• Leakage rate data of HVAC equipment are limited. 

• Identification of the sources, amounts and causes of leaks 
will require a concerted and possibly expensive effort. 

• This identification is critical to solve these problems.  

• The HVAC industry has not financially supported projects 
of this type in the past and may not be inclined to do so in 
the future. 

• Recent Supreme Court rulings have potentially limited the 
EPA’s ability to tighten enforcement such as requiring 
owners to repair systems with more than 50 lbs. of 
refrigerant when annual leakage exceed 30%, 20% or 10% 
of full charge. 

 

 Strategies (as inspired by Tilden and friends) 
 

• Identify and solicit grants to train, support, and network 
teams of students to collect and publish leakage data. 

• Identify and network with existing programs dealing with 
refrigerant leakage and alternatives. (See Additional 

Reference below) 

• Solicit home homeowner and building owner cooperation, 
especially those with existing refrigerant use records. 

• Publish data so that leakage rates can be identified by: 
a. Unitary equipment type (split systems, packaged, 

window/thru the wall, mini-split, cooling only vs. 
heat pump, etc.) 

b. Central chiller types (rotary, centrifugal, scroll, 
reciprocating, etc.) 

c. Equipment manufacturer 
d. Components (compressors, condenser coils, 

evaporation coils, valves, etc.) 

• Share results with established consumer information 
publications (i.e. Consumer Reports)

 

• Build simple, high-quality equipment, that is shipped from 
the factory able to be leak free for extended service life.  
Figure 11 is such an example donated to me in 1992 by 
Armand (Pete) Petersen. He was  one of the early pioneers 
of the GSHP revival and would repair or replace a leaking 
unit rather than charging it up to make it work until the 
warranty expired.. 

 

 
 

Additional Reference 
 

City of Seattle Refrigerant Emissions Analysis 
GHG Emissions Calculation Methodologies 
May 5, 2020 
www.seattle.gov/documents/Departments/OSE/Building 
Energy/SEA_Refrigerant_Analysis_May2020.pdf 
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Oil Company Profits, First Quarter 2022 

• In the first quarter, Shell's adjusted earnings rose to $9.1 billion from $3.2 billion in the same period last year. 

• BP profit rose to $6.2 billion in the first three months of this year, more than doubling from last year. 

• Chevron reported a quarterly profit of $6.26 billion, over four times its earnings in the first quarter of last year.  

• Phillips 66 reported first-quarter …adjusted earnings of $595 million. In 2021, Phillips 66 reported a first quarter … adjusted loss 
of $509 million. 

• China Petroleum & Chemical Corp, or Sinopec, reported 22.61 billion yuan for the first quarter of 2022 compared to 17.93 billion 
yuan last year. 

www.usatoday.com/story/money/economy/2022/05/07/oil-company-record-profits-2022/9686761002/ 

 


