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Hydrofluorocarbons (HFCs), as the name suggests, are compounds containing
hydrogen, fluorine, and carbon. They are used for residential and commercial
heating, ventilation, and air conditioning (HVAC) as refrigerants, by firefighters as a
fire suppressant, and in aerosols as propellants.

HFCs are also greenhouse gases often described in terms of their Global Warming
Potential (GWP), which is the tendency of a substance to persist in the environment
while absorbing energy and, thus, retain higher energy and temperatures in the
atmosphere. GWP ratings for substances and material that contribute to the
potential of global warming are developed by the Intergovernmental Panel on
Climate Change (IPCC), a United Nations body responsible for assessing the science
related to climate change.! GWP uses the same scale to evaluate all substances
and materials, making comparisons of direct emissions of refrigerants easy.

For example, R-410A—a commonly used HFC refrigerant over the past two
decades—has GWP of 2088, which suggests that each kilogram of R-410A emitted
to the atmosphere is equivalent to 2088 kilograms of CO; emissions. Different
refrigerants have different GWPs:

Type Ref.rigert.: nt G\!VP Refrig.erq.ni
Designation? Rating’ Classification?
HFC R-410A 2088 Al
HCFC R-22 1810 Al
HFC R-134a 1430 Al
HFC R-32 675 A2L

Table 1. GWP and ASHRAE safety classification for commonly used refrigerants in HVAC systems

I Global Warming Potential (100 year), IPCC 4th Assessment Report, 2007 (https://www.ipcc.ch/report/ard/wal/)
2 ASHRAE 34-2019 - Designation and Safety Classification of Refrigerants
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R-32, or difluoromethane (CH2F2), is an HFC refrigerant with a GWP of 675, which is
markedly lower than that of R-410A and many other commonly used refrigerants.

However, GWP is only one refrigerant property and not the only measure of a
refrigerant’s environmental impact when employed in HVAC systems. To estimate
the total emissions-related effects of a refrigerant’s use in HVAC systems,
environmental researchers often employ a methodology known as Life Cycle
Climate Performance (LCCP) modeling. LCCP modeling estimates the total direct
and indirect greenhouse gas emissions over an HVAC's system'’s lifetime, from
manufacturing to disposal and recycling. Put differently, an LCCP analysis considers
a refrigerant’s physical properties and thermodynamic performance as well as the
impacts of that refrigerant’s use in an HVAC system to estimate total CO, equivalent
emissions over that HVAC system'’s lifetime.

R-32's properties can help HVAC engineers design systems that have a lower
greenhouse-gas-emissions impact than R-410A. R-32 has greater latent heat
capacity than R-410A, which means that R-32 systems could be designed to achieve
the same capacity performance by circulating less refrigerant at a lower flow rate
through the compressor. And a lower charge of R-32 refrigerant in comparison to R-
410A allows HVAC engineers the opportunity to design smaller compressors and coils.
These characteristics of R-32 help give engineers the tools they need to design R-32
systems with energy savings and a reduction in the material used. And these indirect
benefits can have a significant impact on the environment that are not accounted
forin a GWP rating alone.

A number of recent LCCP studies345¢7 have found that CO2 emissions due to
electrical energy consumption is a significant contributor to an HVAC system's
lifetime-emissions calculation.  Amongst other considerations related to
manufacturing, materials, and related process, LCCP analysis takes into account
emissions generated by the power plant supplying the electricity subsequently used
by the HVAC equipment during that equipment’s useful lifetime. A large portion of
the total lifetime emissions of an HVAC system is due to the system’s electricity
consumption. According to these LCCP calculations, electricity consumption can

3Zhang M., et al. 2011. “Life Cycle Climate Performance Model for Residential Heat Pump Systems.” AHRTI Report 09003-01
4Troch S., et al. 2016. “Life Cycle Climate Performance Evaluation.” International Institute of Refrigeration

5 Anderson S., et al. 2018. “Life-Cycle Climate Performance Metrics and Room AC Carbon Footprint.”

ASHRAE Technical Feature

6 Optimized Thermal Systems. 2016. “An Evaluation of R32 for the US HVAC&R Market.”

7 Zhang M., et al. 2012. “Life Cycle Climate Performance Model for Residential Heat Pump Systems.” International
Refrigeration and Air Conditioning Conference. Paper 1311. (http://docs.lib.purdue.edu/iracc/1311)
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contribute up to 85% of the total emissions over a system'’s lifetime. As a result, a
refrigerant that achieves higher energy efficiency in use could be more effective in
protecting the climate than its GWP rating suggests. The total electricity consumption
of an air conditioner or heat pump depends on a number of factors, including the
regional climate, surrounding infrastructure and the system’s cooling capacity and
energy efficiency. Since the location, infrastructure, and cooling capacity are the
same for a given application, the differentiating factor between systems is typically
system efficiency. More efficient systems consume less electricity. Hence, a small
change in efficiency can make a significant reduction in environmental impact over
the system’s lifetime. R-32 refrigerant allows engineers to design systems that can
reduce environmental impact.

Due to R-32’s excellent thermodynamic properties, R-32 systems can be designed
and engineered to be up to 12% more efficient when compared to similar R-410A
systems. And R-32 systems can be designed to achieve performance improvements
over a broad range of operating conditions. Daikin lab tests on rooftop systems
equipped with inverter-driven compressors and water-cooled chillers found that full-
load and part-load efficiency rating metrics improved by up to 12% by using R-32 as
compared to R-410A. Daikin engineers have also found that R-32 can be used in
heat pump and cooling applications and extireme cold and hot climates with
improved performance over R-410A.

According to the EIA projections, 94% of the required energy for operating air
conditioning systems was provided using electricity from non-renewable sources.
Renewable sources are still not widely implemented, and according to the EIA’s
projections, by 2050, the United States will consume 500 trillion BTUs more electricity.8
Reducing energy consumption, even by small percentages, can result in
considerable accumulated energy savings. Improving energy efficiency of
residential and commercial air conditioning equipment by using R-32 can result in
significant benefits in the coming years.

R-32 systems can be developed that are more efficient and provide higher capacity
with less refrigerant charge, leading to a smaller physical design compared to R-410A
systems. Also, R-32 systems allow for designs that use less raw material—e.g., less steel,
copper, plastics, and aluminum—during the manufacturing process. That, too, helps
to reduce the system's potential environmental impact. Additionally, R-32 systems

8 hitps://www.eia.gov/todayinenergy/detail.ohp2id=43155
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can offer a smaller refrigerant carbon footprint than blended refrigerants. Because
R-32 is a single-component refrigerant, it offers simple charging, recovery, and
reclamation processes.

R-32 will also have lower direct emissions due to its lower GWP compared to R-410A.
Direct emissions are a combined calculation of the required amount of refrigerant in
an HVAC system and its GWP. Figure 1 shows a comparison of direct emissions of an
R-410A system with an R-32 system having similar specifications. The chart compares
lifetime emissions from a 15 SEER air-conditioner operating in a mild climate over a
15-year lifetime and an assumed leakage rate from both systems. Most systems will
most likely not reach that leakage rate during a lifetime, but for the purpose of this
analysis we have assumed a leakage amount to highlight the difference between
refrigerants. In this case we assume an annual leakage rate of 4% and end-of-life
leakage of 15%.
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Figure 1. Direct emissions comparison between R-410A and R-32.

Many HVAC OEMs across the globe have endorsed R-32 for select applications
because of these properties. In a published HVAC frade magazine editorial, it was
suggested that R-32 could help reduce the carbon footprint by up to 80% in
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commercial scroll chillers and heat pumps due to its lower GWP and significant
charge reduction.?

R-32 is not a new refrigerant. R-32 is also a component in one of the most commonly
used refrigerants over the past two decades-R-410A, which is 50% (by weight) R-32.
And other refrigerants blends, such as R454B, R452B, R466A, R407A, and R407C, also
include R-32 in varying concentrations.

R-32 has reportedly been used in more than 160 million systems, and more than
50 OEM companies are already manufacturing R-32 systems around the world. That
number will likely increase as more countries adopt R-32 as the preferred solution
to achieve enhanced indoor comfort in various applications. To that end,
Daikin Industries, Ltd., has granted free access and pledged many R-32 equipment
patents, to increase the pace of R-32 innovation. R-32 refrigerant can greatly
help achieve reduction of detrimental environmental impacts associated with
HVAC system:s.

9 https://www.contractingbusiness.com/commercial-hvac/article/21129538/carrier-selects-R-32-refrigerant-commercial-scroll-
chillers
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