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The Importance of Refrigerants

* Heating and cooling are Essential Infrastructure

* Refrigerants make cooling possible — but also create climate risks if

mismanaged
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Refrigerant Transition Policies

e Montreal Protocol - most successful e AIM Act - Sets production/ e CA-SB 1206 (September 2022)
environmental agreement in history consumption limits for US, All sectors prohibits the sale of high GWP virgin
e Kigali Amendment — ratified by 172 compete for decreasing supply HFCs, Requires reclaimed refrigerant
countries e Technology transitions rules — dictate for servicing of state-owned
adoption of lower-GWP alternatives properties
in certain products e NY- NYDEC Final Part 494 prohibits

the sale of high GWP virgin HFCs
while allowing for the use of
reclaimed refrigerants

e SB S6105A and Assembly Bill
A10624 (both pending), would

e establish requirements for

200 producers to take part in

refrigerant collection programs

e WA - Chapter 173-443 (January 2024)
@ Chiorofluorocarbons (CFCs) ® Halons 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 (] HB 2401 (pend|ng) WOUld establiSh

@ Other Fully Halogenated CFCs © Carbon Tetrachloride (CTC)
@ Methyl Chloroform (TCA) @ Hydrochlorofluorocarbons (HCFCs)

 moliroariors 1G9 @ Bamodiorantune 600 PSSRV @bmras) WONsNETEA B O requirements for producers and
(EPA HFC Data Hub, 2025) nonproducers to register and take
part in refrigerant stewardship
organizations
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Refrigerant Transition Considerations

Residential R-410A annual supply and demand (million Ibs. R-410A) ° Service demand for Iegacy refrigera nts remains hlgh for many
. R-410A Virgin Supply (annual maximum) . R-410A Reclaimed Supply at Reference Reclamation Rate

A years due to long equipment lifetimes

e Supply-Demand mismatch puts operation and maintenance of
installed base at risk

* Price volatility can push maintenance timelines or early
equipment retirements

&0

Figure 25: Price development of HFCs at service company level (price index, 2014 = 100 percent (base-

o line))
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Recovery, Recycling, and Reclamation

Recovery

‘ s

Recycling

Robinair

Extract refrigerant from an °
appliance and clean it for reuse in
equipment of the same owner
without meeting all of the
requirements for reclamation.

* Remove refrigerant in any .
condition from an appliance and
to store it in an external
container without necessarily
testing or processing it in any way

Recycling equipment certified
under AHRI 740

e Legally required under Section .
608 of the Clean Air Act

https://www.epa.gov/section608/recovering-recycling-and-reclaiming-refrigerants

Reclaim

Reprocess recovered refrigerant to

all of the specifications ... that are
applicable to that refrigerant and to
verify that the refrigerant meets
these specifications using the
analytical methodology in AHRI
Standard 700

Can be sold/used in any equipment
like new

April 3, 2026
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Reclaim Reality

* Growing reclaim of R410A, but...
* Reclamation remains a small fraction of our annual consumption— why?

Refrigerant Consumption and Reclamation
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Challenges to scaling reclamation in the U.S.

ON-SITE RECOVERY CONTAMINATED AND MIXED GASES

High opportunity cost of recovery for contractors Need for updated training for contractors to
resolve the issue of contaminated and mixed gases

MARKET FORCES

Need for tailored interventions of existing market forces: ENFORCEMENT

virgin refrigerant still relatively inexpensive, no Absence of enforcement of anti-venting

requirements for use or reduction of price for reclaimed regulations + lack of mandatory reporting +
auditing

DATA GAPS CONTINUED EDUCATION AND

TRAINING FOR CONTRACTORS

Standardizing and updating federal service
technician certification requirements

Absence of uniform standards and requirements for data
collection, reporting, and auditing

CONSUMER BEHAVIOR AND EDUCATION

Need to address consumer behavior and deficiencies in existing knowledge gaps
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Research Focus

Estimated Breakdown of HFCs Used as Refrigerants in Installed Appliances Expected in 2025 (MT) =

Refrigerated Transport

Which refrigerant?
* R410A - Dominant refrigerant in US AC and heat pumps; ot npplances a8

9.0%

TT in 2025, No drop in replacement Commercia Refrigeration

9.0%

What system type/size? | o p—
« 3, 5TR residential split and commercial packaged - most " >

common equipment sizes based on sales data

Mobile AC
10.1%

What impurities in recovered/reclaimed refrigerant might
affect performance?

Chillers /
18.4%

EPA, 2025

B T T | sk US Manufacturers Shipments of Central Ai
SegRiiEmEn STaEEs A a0 bl L Conditioners and Air-Source Heat Pumps Nov. 2025 YID

% wt. R32 / 48.5-50.5 /

Allowable composition . 1,600,000
R125 49.5-51.5 =
i ° o 1,200,000
Air and non-condensable gases %Vv/v @ 25°C 1.5 g 200,000
Other volatiles % wt. 0.5 = ’
B—— 10 5 400,000 I I I I
] H = = -

High boiling residues % vol or wt. 0.01 @ 0 N NN NN NG NG %y O Oy b

Particulates Pass/Fail Visually clean Z L8R LATIEREITSXI22A2RFTIRR é

idi HCl 1 Ev Attt b T TR YH X Qo

Acidity ppm wt. as —gfmmmme\ogggﬁﬁﬁﬁggo%\gg

Chloride Pass/Fail No visible turbidity = S~

Size description (000 BIUH)

©
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Methods and Materials

e Systems: 3-ton split ducted, 5-ton
packaged heat pumps

. . . . o o ace “Worst-
* Refrigerants: virgin, custom reclaimed -. S R‘;j;';‘::d Case” Recovered
! Reclaimed

blend %  >99.5% | 99.99% 99.91% | 99.61% | 99.5% | 99.76%

o)
Combosition g)?:\gt/ 48.5-50.5 /| 49.77/ 49.62/ | 49.92/ 50.34/ | 50.49/
> R125 49.5-51.5] 50.23 50.38 50.08 49.66 49.51

Air and non-

’ CompOSitionS measured USing gas condensable <1.5% 0.67%  1.37% 0.36% 1.46% 5.96%
. gases
Chromatqgraphy —procedures in AHRI Standard %wt. <05% | 0.01% 0.09% | 0.39% |0.5% (R22)| 0.24%
700 Appendlx C volatiles

i

* Experimental system testing following |
AHRI Standard 210/240 -@__)‘

Global Anaulser Systems
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Experimental Setup

Split Ducted Heat Pump: Packaged Heat Pump:
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Results: Split Ducted Heat Pump

Normalized

April 3, 2026

a) ODU in Chamber

Normalized Cooling/Heating Capacity
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Afull Bfull H1 H2

¢) IDU Installed in Closed Loop

Normalized Cooling/Heating Efficiency (EER/COP)
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Results: Packaged Heat Pump

Environmental Air-Side
RTU Chamber

Measurement Set-Up

Comparison of Non-Condensable Gas Content among Refrigerant Samples
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Conclusions

* Reclaimed refrigerants cannot be distinguished from new, virgin
refrigerants based on thermodynamic performance in real HVAC systems

* System owners/operators and technicians can be confident that
refrigerants that are reclaimed and certified to AHRI 700 specification
should perform equivalently to new, virgin refrigerant

e Refrigerant quality, not origin, determines performance
* Refrigerant circularity does not have to come at performance trade-off
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Looking Ahead

* Abundant refrigerant is
available in installed base to
bridge supply gap

e This transition is not the only
one that will happen — at this
moment we have an

opportunity to begin building a

more robust ecosystem for
refrigerant management

e Publicly-available performance
and reliability evidence

e Buyer and owner
commitments

e Policy engagement to build
awareness and support to
ultimately normalize reclaimed
refrigerant use

e Appropriate financial
incentives for returning

recovered refrigerant and using

reclaimed refrigerant

e Reclaimed refrigerant treated
as a default option by large
owners, contractors, and
policymakers

e Higher recovery rates, lower
emissions, and a more

affordable and practical AIM
Act transition

Your feedback: What other barriers exist / what else will be helpful to support
reclamation and refrigerant transition?
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Refrigerant Samples NCG Levels

NCG Levels for all R410A Refrigerant Samples

7% -
Sample Location
>6% | B Tank - Vapor Port 5.96%
2 @ Tank - Liquid Port}
0 - . . . *x
§ >% I @RTU - Liquid Line
5 4% | ERTU - Liquid Line(Empty Tank Test)
© 3.47%
S 30
Vapor |R410A g 3% 1
> : o
. Y 2%
Liquid |R410A S
v . T < 1% | 067%
.0.23%
0%
Virgin Reclaimed Recovered
lllustration of Liquid/Vapor ** These samples are paired here to compare the refrigerant's NCG profile in its 'Source Tank' state vs. its 'System-Operating' state.

Separation

* A recovered/reused refrigerant sample with higher NCG content was also
tested with the RTU
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Results: Packaged Heat Pump with Higher NGS Levels

Normalized Cooling/Heating Capacity

| oa Normalized Cooling/Heating Efficiency (EER/COP)

. 1.06

T 1.02 =104

2 g

é 1.00 -é 1.02 |

8 108 £ 1.00 [

g B o098 |

g 0.96 S 096 |

2 0.94 g 0.94 |

0.92 0.92
Afull Bfull H1 Afull Bfull H1

@ Virgin @ Reclaimed
@ Recovered @ Reclaimed - Empty Tank Test

O Recovered - Empty Tank Test

April 3, 2026 OTS _y R&D ,/\RM I



Low Charge Testing — Packaged Heat Pump (virgin ra10a Only)

Normalized Cooling/Heating Capacity

Normalized Cooling/Heating Efficiency (EER/COP)
1.1
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 RTU tested under low charge conditions with virgin refrigerant (55%-85% nominal charge)
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