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took place between the mid-
1990s through 2010, as CFC 
and HCFC refrigerants were 
phased out and largely replaced 
by HFCs.  This transition 
was a global effort under an 
international treaty known as 
the Montreal Protocol (MP) 
that addressed the destructive 
effects these compounds had 
on the ozone layer. This latest 
change is also in response to 
an environmental crisis, but the 
transition is well under way. As 
of today, more than 68 million 
air conditioners globally are 
already using new refrigerants 
with a safety group classification 
of A2L.

BACKGROUND
Why change again so soon? 

Through science and research, 
stakeholders now recognize 
the full environmental impact 

of operating air conditioners, 
both directly due to refrigerant 
released to the atmosphere, and 
indirectly due to the carbon 
emissions from the generation 
of electrical power. The previous 
round of refrigerant changes 
intended to reduce the impact 
of refrigerants on the ozone 
layer. Periodic atmospheric 
measurements have confirmed 
the steady decrease of ozone 
depleting substances after 
implementing those refrigerant 
changes. The Montreal Protocol 
is considered one of the most 
successful international 
environmental treaties, and 
the benefits are being seen 
today as continued atmospheric 
monitoring confirm a steady 
increase in the ozone layer. 
The current round of changes 
aims to reduce the greenhouse 
effect of refrigerants, as those 
atmospheric measurements 
have also confirmed the steady 
increase of greenhouse gases 
over the last several decades, 

some of which are synthesized 
substances with no naturally 
occurring sources.

This article will focus on the 
class of refrigerants that will 
replace R-410A, by far the most 
commonly used refrigerant in 
new air conditioners and heat 
pumps installed today. R-410A 
was the primary replacement for 
R-22 during the last transition. 
While not ozone depleting, 
R-410A has a higher GWP 
than R-22, so its environmental 
impact rules it out as a long-
term refrigerant solution. 
Similar concerns apply to other 
refrigerants currently in use for 
a wide range of applications 
involving cooling or refrigeration 
and using many different types 
of equipment, which are beyond 
the scope of this article.

DRIVERS OF CHANGE
The MP has been revised nine 

times since it was agreed upon in 
1987, the most recent of which is 
known as the Kigali Amendment. 

The Kigali Agreement was 
created in October 2016, became 
effective globally on Jan. 1, 2019, 
and has been ratified by 72 
countries as of this June. Initially, 
the MP would reduce usage of 
ozone depleting substances by 
half, but it later placed bans 
on substances with significant 
ozone depletion potential (ODP). 
It resulted in the complete 
phaseout of various substances 
and refrigerants (CFCs and 
HCFCs). The Kigali Amendment 
added restrictions to the MP on 
substances with global warming 
potential (GWP) that trap heat 
in the upper atmosphere, with 
reduction targets established 
based on carbon dioxide 
equivalent emissions (CO2-e). 
This will result in a phasedown 
of refrigerants with higher-
GWP and a transition to lower-
GWP refrigerants, with several 
reduction steps globally from 
2019 to 2047. The end goal is 
to dramatically reduce usage of 
existing refrigerants to just 15 
percent of the baseline by 2037 
in many countries. The targets 
represent quite a challenge, 
and the refrigeration and air 
conditioning industry must 
implement solutions soon.

The U.S. has not ratified 
the Kigali Amendment, and 
no federal policy or regulation 
exists at this time to reduce 
the usage of higher GWP 
refrigerants. However, several 
states are moving ahead in the 
absence of nationwide action. 
Figure 1 summarizes the status 
as of July 2019, though it is 
rapidly evolving. California 
is leading the activity with a 
rulemaking process already 
underway. Proposed is a limit 
of GWP100 < 750 for refrigerant 

in new air conditioners effective 
Jan. 1, 2023. Other states, 
like Washington, New York, 
Vermont, and Maryland, have 
indicated they will begin a 
rulemaking process through 
their state agencies in 2019. 
These states are all members 
of the U.S. Climate Alliance, 
a coalition of states with the 
goal to reduce greenhouse gas 
emissions. Of the 25 members, 
14 states have committed to 
address short-lived climate 
pollutants (SLCPs) but have 
not yet begun the legislative or 
regulatory process.

FINDING THE RIGHT 
ALTERNATIVE 
REFRIGERANTS

Scientists and researchers have 
conducted exhaustive searches 
for substances suitable for use 
as refrigerants (McLinden, et al., 
2017). Suitability is measured by 
many factors including:

• air conditioner cycle energy 
efficiency,

• total cost impact of both 
refrigerant and equipment,

• safety classification consid-
erations such as flammability 
and toxicity,

• environmental consider-
ations such as ODP and GWP,

• design and reliability 
considerations such as chemical 
compatibility and stability, and

• life cycle considerations 
including recycling and 
reclaiming of used refrigerant.

The conclusion of these 
studies is that there is no 
perfect refrigerant that meets 
all the desirable qualities, and 
that tradeoffs must be made 
to find an acceptable balance. 
Part of the tradeoff problem is 
the chemistry of refrigerants. 
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FIGURE 1: Map of U.S. state activities regarding higher-GWP HFC phasedowns.

Count  
1 Currently in a regulatory rulemaking process as of July 2019

8 Have indicated will begin a regulatory rulemaking process in 2019

1 Considering legislative bills granting authority to state agencies to create HFC phasedown rules

15 States & Territories in the US Climate Alliance but have not begun the legislative or regulatory process

REFRIGERANTS
HVAC

TERMINOLOGY

CFC Chlorofluorocarbon, containing fluorine and chlorine but 
no hydrogen Refrigerant molecules with 

a hydrocarbon-like structure, 
containing one or more 
carbon atoms, where one 
or more hydrogen atoms is 
replaced with fluorine and/or 
chlorine

HCFC Hydrochlorofluorocarbon, containing fluorine, chlorine, 
and hydrogen

HFC Hydrofluorocarbon, containing fluorine and hydrogen but 
no chlorine

HFO Hydrofluoro-olefin, an HFC with one or more double 
carbon bonds

GWP100 Global Warming Potential, 100-year time horizon, 
integrated radiant forcing (greenhouse effect), as a ratio 
relative to carbon dioxide, value from IPCC AR4 (2007) 
or AR5 (2013)

Environmental metrics of 
substances

ODP Ozone Depletion Potential, ability to deplete stratospheric 
ozone, as a ratio relative to refrigerant R 11 (CFC)

LFL Lower Flammability Limit (kg/m³), 
leanest concentration in air that can 
propagate a flame

Determined in 
accordance 
with ASHRAE 
Standard 34 Flammability metrics of 

gaseous fuels

HOC Heat Of Combustion (MJ/kg), 
calculated theoretical energy release 
when burned

BV Maximum velocity (m/s) that a laminar 
flame propagates relative to unburned 
gases ahead of it, at an optimum 
concentration

MIE Minimum Ignition Energy (mJ), least possible energy 
that can ignite a flammable mixture, at an optimum 
concentration

ACCA Air Conditioning Contractors of America

Organizations

AHRI Air-Conditioning, Heating, and Refrigeration Institute

ASHRAE American Society of Heating, Refrigerating, and Air-
Conditioning Engineers

NATE North American Technician Excellence

US DOE United States Department of Energy
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