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2016 Montreal Protocol HFC Amendment Agreement

Kigali Amendment - Global Transitions Based on GWP
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More Complex Than ODP Phase Out (Banned Chemicals)

This is a Phase Down (All Refrigerants Available for Use)
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Closer Look - USA — GWP Cap and Phase Down Detalls
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Kigali Phase-Down of HFCs starting in 2019 for Developed Nations

USA (AIM Act) — Starting +10% 2022 then 440% by 2024 (Rule Expected 2022)
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How and When on United States HFC Phasedown Timing

* On April 30 in accordance with the AIM legislation, the USEPA issued a proposed
rule to reduce HFC production and consumption
https://www.epa.gov/newsreleases/epa-moves-forward-phase-down-climate-
damaging-hydrofluorocarbons

* On Oct 1 & Oct 5 - HFC allocation final rule issued in accordance with AlM
o 10% reduction for 2022 and 2023 (expect 40% reduction rule next year)
o HFC baseline set using 3 highest production years between 2011-2019
o Ban of non-refillable cylinders by 2027

o Required tracking of refrigerants and use (QR codes)

* On Oct 7 — Grants petitions in support of HFC phasedown for rule making

e AHRI, AHAM, EIA, NRD..etc means EPA granting or partial granting requests made in future rule making
EPA Rules and SNAP Notices

https://www.epa.gov/climate-hfcs-reduction
https://www.epa.gov/snap/snap-regulations#rule23supplemental

EPA will Release Final HFC Rule Up To 40% Phasedown in 2022
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AHRI & AHAM Petition — Air Conditioning, Chillers, Commercial Refrigeration

TABLE 1

Pyt Y rem—rT = —
AIR-CONDITIONING, HEATING, / Product (Tategor; (Hew AR4 GWP Limit Transition Date
& REFRIGERATION INSTITUTE Equlpment )
N 2 - »
we make lfe beter* Standalone/Self-contained SNAP Rules 20/21 January 1. 2022
ASSOCIATION OF HOME gefriger;ti‘;"_ SYSt§mSS ( Prohibitions b
APPLIANCE MANUFACTURERS emote Refrigeration Systems (>
. . . R 2022
April 21, 2021 Refngeratlon 50 Ibs refrigerant charge) 1500 January 1, 20
_ 1111 19th Street NW ~ Suite 402 > Washington, DC 20036 Remote Refrigeration Systems (<=
The Honorable Michael S. Reg: S 1 M E 2200 January 1, 2022
Administrator 202.872.5955 202.872.9354 www.aham.org 50 Ibs refrigerant charge)
Environmental Protection Age: Industrial and Processing 1500 January 1, 2022
1200 Pennsylvania Avenue, N.w. Refrigeration (w/o chillers) B o'y
Washington, DC 20460 ACIM (> 50 Ibs refrigerant charge) 2200 January 1, 2022
1 1 22 202
Re: AHRI Petition for Technology Transition under The American Innovation and Manufacturing Act of Tmnspon Rgfngerauon _“'00 - - January 1 .-0-.3
Exceptions: ACIM < 501bs charge, Medical, Scientific and Research Applications

2020 (Air Conditioning)

* SNAP Rules 20 and 21 https://www.govinfo.gov/content/pke/FR-2015-07-20/pdf2015-17066.pdf and
Jiwww.govinfo.gov/content/'pkg/FR-2016-12-01/pd12016-25167.pdf

o2

AC o4
?g/ &
K 2 TABLE 2
®
Chillers® AR4 GWP Limit Transition Date
Chillers (designed for chilled fluid
leaving temperature > +35° F) 750 January 1, 2024

Chillers (designed for chilled fluid

. . Jan 1, 2023 — No Electric e g, s
AC Ch l I Ier Eq U l p m e nt ’ (ll‘?lill::rs (designed for chilled fluid = ey L2
H eat leaving temperature <-10°to -50°F) 2200 January 1, 2024

Chillers (< 201bs charge) (designed

Jan 1, 2024 .'an 1’ 2024 - Electric Heat for chilled fluid leaving temperature

<+35°F) 2200 January 1, 2024

. . De h u m idS - 2 yrs afte r R—3 2 Exceptions: Chillers <-50 F, Medical, Scientific and Research Applications
Unitary and VRF Equipment SNAP Approved

Unitary: Jan 1, 2025 Refrig -More Complex Based On
VRF: Jan 1, 2026 Available Technology by App

AC - <750 GWP For All Products 6
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Refrigerant Replacement Challenge
Today Primary Challenge

e > Balancing Key Factors for;

TN *Direct Refrigerant GWP

‘ DeM.n.m.s Low i *Efficiency (Indirect GWP)
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*Transition Costs
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Environment | y;ope cong '.
Minimal
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\ : el i *Intellectual Property
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*Product Sustainability
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Last Transition Challenge

Challenge: Selectlng Refrigerants with Best Balance (Sustainability)

Flammability Greatest Challenge for this Transition — Not in All Cases
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Toolbox of <10 GWP Next Generation Refrigerants

R1234yf R1233zd(E)
QWP <1 A1GWP 1
R1336mzz(Z)
R1130(E) A1 GWP <2
R1224yd(2) B2L GWP <1 R1336mzz(E)
R1234ze(E) Al GWP 1 . R514A Al GWP <6
JWP <1 Azeotropic Bl GWP<2
(A2 Gwp<1 L @ wp <1 W A1 GWP<1 s

6 New Molecules/9 Older Molecules - HFOs, HCFOs, HCOs, IFC, CO2, NH3, HCs

Many of Which are Flammable — Remember Flammables are Flammable
Standards & Building Codes Updates by 2024 to Allow Wide Scale Adoption of Flammables
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Closer Look — Viable Lower & Ultra Low GWP Alternatives
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Flammable Refrigerants Required For Some Applications

Interim Refrigerant Adoption Required to Achieve GWP Phasedown Goals
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Efficiency Impacts — Large Centrifugal Chillers

Introduction of R-514A

Phaseout of R-123
Introduction of R-1233zd(E) !
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No Efficiency Impacts - Possible Gains
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What Refrigerant Actions Should | Take Now?

Low GWP refrigerant innovation is an on-going balance of known science and proven
technologies. There are some long term ultra low GWP solutions available today.

Finding the safest, best balance that enables the LOWEST emissions, the HIGHEST eff|C|ency
and the LOWEST life-cycle costs is key. -

- Take a balanced approach during regulatory uncertainty (refrigerant & efficiency)

- Maintaining existing installed equipment is also key (leak tightness and efficiency) to reduce GHG impacts

Low GWP alternatives available today, only non-flammable options allow easy adoption

- Long term solution, e.g. GWPs <10” alternatives, R-514A, R-1233zd(E), are available today (larger applied water-cooled
chiller products >200 tons)

- Lower GWP interim solutions for >100 ton applied R-134a containing products, R-513A, are available today. Long term
solutions (<150 GWP) will be flammable and available by 2024 to 2026 (building code updates)

- Lower GWP interim solutions for Unitary and residential applications (R-410A replacements), R-32 & R-454B, (flammable
need building code updates). Interim solutions (750 to 460 GWP), flammable. Innovation required to achieve final 85%
reduction goals, expect another transition in 2030’s if lower GWP technology is available.

Understand The Facts... Evaluate Your Options... Plan & Prepare For Tomorrow

11



-
“

s 3% & - ' s

A

‘ Neds 2 SIES A_ 2 o d R e ”4‘::72 : F s ‘“.43 ‘
Sunrise over the Mississ RiVer at my House — Brownsville, Minnesota -

S




