


WHAT IS A REFRIGERANT?

In a refrigerating system - the medium of heat
transfer, which picks up heat by evaporating
at a low temperature and pressure, and
gives up heat on condensing at a higher
temperature and pressure.

Ref: ASHRAE Terminology of HVAC&R




BASICS

> ODP = Ozone
Depletion Potential

> Ozone is depleted by
compounds that contain
chlorine that make it into the
upper atmosphere

» To protect the ozone, the
Montreal Protocol has phased
out CFCs and HCFCs

Total Ozone (Dobson units)



BASICS _ _
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BASICS

 What about GWP?




BASICS
GWP = Global Warming Potential

GWP is a measure of the relative impact a refrigerant has >

on global warming by trapping heat in the atmosphere Lo y

GWP does not provide visibility to efficiency

CO2 GWP=1
HFC134a GWP = 1300
R410A - GWP =1924 .

Global Climate Change concern is driving the decisi&ns tbday




|S THERE A PROBLEM?

<+—— current level

For centuries, atmospheric carbon dioxide had never been above this line
<+—— 1950 level

Graphic: The relentless rise of carbon dioxide

http://climate.nasa.gov/climate_resources/24/



http://climate.nasa.gov/climate_resources/24/

GROWTH OF AC THROUGH 2050 - IMPACT TO ENERGY USE AND COZ2 EMISSIONS
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US EPA ANNUAL GHG REPORT

Emissions (million metric tons of

carbon dioxide equivalents)
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Source: US. EPA's Inventory of LS. Creenhouse Gas Emissions and Sinks: 1930-2016.

https

woww_epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
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WHAT WILL BE DONE WITH REFRIGERANTS TO HELP REDUCE GWP?

> HFO - Hydrofluoro olefins are those chemicals .

that are composed of fluorine and carbon and e

have at least one double bond connecting the —

atoms. Hydrofluoro olefins are non-ozone-
depleting substances with relatively low - J;;;;
GWP values. s 2

HFO — Short atmospheric lifetime — Less climate impact




BASICS

Refrigerant number
designations

Toxicity —Aor B

Flammability — 1 thru 3

ASHRAE Standard 34

ANSI/ASHRAE Standard 34-2016
(Supersedes ANSI/ASHRAE Standard 34-2013)
Includes ANSI/ASHRAE addenda listed in Appendix H

Designation and
Safety Classification of
Refrigerants

See Appendix H for approval dates by the ASHRAE Standards Committee, the ASHRAE Board of Directors, and the Amer-
ican National Standards Institute.

This Standard is under continuous maintenance by a Standing Standard Project Commitzee (SSPC) for which the Standards
C for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. The change submittal form,
instructions, and deadiines may be obtained in electronic form from the ASHRAE website (www.ashrae.org) or in paper
form from the Senior Manager of Standards. The latest edition of an ASHRAE Standard may be purchased from the
ASHRAE website (www.ashrae.org) or from ASHRAE Customer Service, 1791 Tullie Circle, NE, Adanta, GA 30329-2305.
E-mail: orders@ashrae.org. Fax: 678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for
orders in US and Canada). For reprint permission, g0 to www.ashrae org/permissions.

© 2016 ASHRAE ISSN 1041-2336




ASHRAE 34-2016

> Toxicity — ASHRAE 34

A (lower toxicity) or
B (higher toxicity)

» Flammability - ASHRAE

34

1 (no flame propagation)
2L (lower flammability) -
effect of ignition is not so
large, and typically
difficult to ignite

2 (lower flammability)
3 (higher flammability)

F SAFETY GROUP

| L || Higher

N A || Flammability 4 B3

CM

RM A 9

E A (| Lower kﬁk

A B || Flammability < AT 5 )
A2LY B2L

S |

I L \< /

N I || NoFlame

G ‘T( Propagation Al B
Lower | Higher
Toxicity | Toxicity

INCREASING TOXICITY'

* A2L and B2L are lower flammability refrigerants with a maximum
burning velocity of 3.9 in./s (10 om/s).

FIGURE 6.1.4 Refrigerant safety group classification.

2L not yet recognized in North America building codes!




BASICS — FLAMMABILITY AND TOXICITY

>

Increasing Flammability

Higher
Flammability

Lower
Flammmability

No Flame
Propogation

Safety Group

Propane (R290)

A2 B2
Ammonia (R717)
A2l B2L
rez Al B1

Increasing Toxicity
>




BASICS — FLAMMABILITY AND TOXICITY

R134a Alternatives
1234yf in 26/50 top 2019 auto models

\

Slightly ‘
Flammable

Nonflammable

Blends => 400 and
500 series, capital
letters at end

HFO1234yf
HFO1234ze

Lower Toxicity

R125)
rgher Toxicity

R452B

Ammonia (R717)

B2L

Good R410A Alternative
Being used globally
Basis of 410A (with

R454B

—>

Pure Ref. => Lower
case or no ending
letters

R134a
R410A
R22

Al

N

R466A
HFO1233zd

G

R410A
Alternatives
(49-69% R32
Blends)

!

HFO/HFC blends
targeting R134a

!

New equipment alternative to
R123

-Higher pressure => ASME
vessels

Interim
retro-fit
alternative
for current
R123
designs




GWP 1s NOT A MEASURE OF EFFICIENCY

Direct Indirect

Effect from Effect from

Chemical Energy Use Total

> Refrigerant > Construction — Equwa!ent
GWP Atz [ 1] Warming

> End-of-Life Equipment Impact
Impact efficiency

The majority of climate impact from HVAC is power generation for electricity
use over equipment lifetime

In effect, a lower GWP refrigerant with lower efficiency could actually create
more global warming

Source: http://www.sciencedirect.com/science/article/pii/S1876610214030525



http://www.sciencedirect.com/science/article/pii/S1876610214030525

REGULATORY UPDATE
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CHANGES ARE COMING
> HFCs will be phased down (134a & 410A)

> Drivers:

— October 15, 2016 Kigali Amendment
to the Montreal Protocol, phase
down framework is defined

— F-gas regulations in Europe

— EPA SNAP Program / Climate Action
Plan

— Canada HFC activities
— California actions

> Code adoption process

©2018 Daikin Applied



KIGALI AMENDMENT TO THE MONTREAL PROTOCOL

> In October 2016 a multi-national agreement was
reached in Kigali, Rwanda to phase down HFCs by 85%

between now and 2047

> This will be done as an amendment to the Montreal
Protocol, so all countries (Including the US) who
approve it will follow the guidelines

> Phase down will be done on a GWP weighted basis

— Eliminating higher GWP HFCs such as R404A
(GWP=3940) will have more of an impact than
reductions in R134a (GWP=1300)

©2018 Daikin Applied



KIGALI AMENDMENT TO MONTREAL PROTOCOL

HFC Emissions Surface Temperature Change Due to HFCs
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KIGALI AMENDMENT TO THE MONTREAL PROTOCOL
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©2018 Daikin Applied

* https://www.ipcc.ch/site/assets/uploads/2018/05/ar4 wqgl full report-1.pdf

In October 2016 a multi-
national agreement was
reached in Kigali, Rwanda
to phase down HFCs by
85% between now and
2047

Based an AR4 GWP
values*

Phase down will be done
on a GWP weighted basis
Eliminating higher
GWP HFCs such
as R404A
(GWP=3940) will
have more of an
impact than
reductions in
R134a
(GWP=1300)


https://www.ipcc.ch/site/assets/uploads/2018/05/ar4_wg1_full_report-1.pdf

CANADA & MEXICO HAVE
RATIFIED THE
KIGALI AGREEMENT

&

[ §+ ]

Key: m Country that has ratified Kigali Amendment

Sept. 2022: 138 Countries Ratified




UNTIL RECENTLY WHAT WAS BEING DONE IN THE UNITED STATES TO
PHASE DOWN REFRIGERANTS?

> The Significant New Alternatives Policy (SNAP) Program is the US Environmental
Protection Agency’s (EPA) program originally intended to evaluate and regulate
substitutes for the ozone-depleting chemicals

« 2016 -17 SNAP started to set up regulations to de-list refrigerants

« The authority of SNAP was challenged in court and ruled they did not have the
authority. This was appealed and declined. Supreme Court Declined to hear the
case.

« The United States had no national policy



Low GWP REFRIGERANTS — CALIFORNIA

» California Air Resource Board (December 10, 2020 meeting) voted to approve
the staff proposal on its HFC regulation. Key provisions:

—  GWRP 750 ban
— Room AC and dehumidifiers: January 1, 2023
— VRF: January 1, 2026
— Other AC equipment: January 1, 2025
— Chillers: January 1, 2024

— Refrigerant Recovery, Recycle, and Reuse (R4) Program

— 10% use of reclaimed refrigerant by AC manufacturers for 2023 and 2024 shipments into
CA

— Early action credit for low GWP refrigerant use

— Reclaim rulemaking in 2021. Likely excludes chillers and could source reclaim
nationwide, but all TBD

©2018 Daikin Applied



WHO IS THE US CLIMATE ALLIANCE?

ES-MAP 1 US. Climate Alliance States

UNITED STATES
CLIMATE ALLIANCE

> 24 States and Puerto Rico will california
honor the Paris & Kigali Colorado
AgreementS Connecticut
> Reduce use of HFCs; speeding  [[Hes
up de-listings linois*
—  Refrigerants GWP > Morstand
750 (134a, 410A, 407C, (TS
404A) e
—  All Commercial AC and Montana®
Residential AC included :ij:;sev
> Reduce GHG emissions to 26- New Mexico"
28% less than 2005 levels by Now vork
2025 oi:ergun arolina
> Forcing manufacturers to move Pennsylvania®

fast

—  Testing for AHRI
Certification, reliability,
and optimization a
prime issue

©2018 Daikin Applied

Puerto Rico
Rhode Island

Vermont
Virginia
Washington
Wisconsin*

*Alliance state joining in 2019

M Alliance states as of 2018

. Alliance states joining in 2019



DECEMBER 2020 — UNITED STATES TAKES ACTION

« Congress Passes Government Funding Bill with COVID-19 Relief Provisions In
December, Congress passed a $2.3 trillion legislative package to fund the
government through September 30, 2021.

« The package also provided $900 billion in Coronavirus relief and included
energy and tax provisions.

* The bill also included the American Innovation and Manufacturing Act (AIM) Act

« Sept. 21, 2022 - US Senate ratifies Kigali Amendment —Rules are already in
place.



Low GWP REFRIGERANTS — FEDERAL ACTION

> The AIM Act (American Innovation and Manufacturing Act) is now
law, included within the December Omnibus spending bill

— Gives EPA authority to phasedown HFCs roughly aligned with Kigali
Amendment to Montreal Protocol

— Establish the phase-down program and allocate allowances for
production and consumption by Oct 1, 2021 (Specific rules from
production in 2022 & 2023 are out, more to follow)

— EPAwill take petitions from any party for sector transitions

— Environment groups likely to petition to reinstate SNAP Rules 20 & 21

— Rule 21 would ban use of R134a and R410A in new chillers January 1,
2024

— Rule 20 addresses aerosols, foams and MAC (mobile AC, i.e. automobiles)

©2018 Daikin Applied
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FOR IMMEDIATE RELEASE: December 1, 2016

FACT SHEET

Final Rule 21 - Protection of Stratospheric Ozone: Significant New
Alternatives Policy Program New and Changed Listings

www.epa.gov/snap

CHANGE OF LISTING 5TATUS

End-Usas

Substitutes

| Date of Change of Status

Air conditioning

centrifugal chillers
[new)

FOR12A FOR12ZB, HFC-134a, HFC-227ea, HFC-236fa, HFC-
245fa, R-125/134a/600a (28.1/70,/1.9), R-125,/290,/134a/600a
(55.0/1.0/42.5/1.5), R-2044, R-307C, R-4104, R-2108, R-3174,
R-421A, R-422E, R-422C, R-422D, R-423A, R-1244, R-4344A, R-
4384, R-5074, R5-44 (2003 compasition], and THR-03

<,LI nacceptable, except as otherwise allowed

under a narrowed use limit, as of January 1,
2024

N—

centrifugal chillers
[maw]

HFC-134a for military marine vessels

Acceptable, subject to narrowed use limits,
as of January 1, 2024

cCentrifugal chillers
[new)

HFC-134a and R-4044 for human-rated spacecraft and related
support equipment

Acceptable, subje
a5

rrowed use limits,

Positive
dizplacement
chillers [new)

FOR12A FOR12B, HFC-1343, HFC-227ea, KDDE, R-
125/134a/600a [28.1,/70/1.9], R-125/290,/134a/6003
{55.0/1.0/42.5/1.5), R-204A, R-407C, R-4104, R-4108, R-4174,
R-4214, R-422F, R-422C, R-4220, R-4244, R-1344 R-4374, B-
4384, R-5074, R5-44 (2003 composition), SP34E, and THR-03

(

,l..lnal:cepta ble, except as otherwize allowed
under a narrowed use limit, as of January 1,

024




THE AIM ACT

12

D10

HFC Phasedown Schedule as% of Baseline

Does not go to zero!




CHILLERS SPECIFICALLY

* Phasedown does not mean Phaseout.

 Phasedown does not restrict the use of HFCs in existing chillers nor
require that the refrigerant be changed.

» As production of HFCs drops in accordance with the Kigali schedule,
recycled and reclaimed refrigerant will play a bigger role in the
aftermarket.

« Key difference between the CFC/HCFC phase-out and the HFC phase-
down is the end state. Kigali allows 15% of the baseline
production/consumption in 2036 for HFCs, where CFCs/HCFCs went to
essentially zero.

* This means that there will be some new refrigerant available in addition
to the recycle/reclaim for servicing existing installations



DESIRE FOR REFRIGERANT CHANGE VSs. CobE CHANGE




R-134A PHASE OUT - EXEMPTION
FOR PROCESS COOLING

* Industrial process air conditioning
was exempt from the Jan 1, 2024 date

» The EPA considers Data Centers
and Industrial Process cooling to be in
this category



ADOPTION PROCESS — GROUP A2L REFRIGERANTS - BRIEFLY

ASHRAE

Standard 34
Designation
and Safety

Classification

= >

EPA SNAP
Approval

Significant New
Alternatives

Policy Program

Safety Standards
Refrigeration Systems:
ASHRAE Standard 15
2019 Ed.

Equipment: UL Standard
60335-2-40 2019 Ed.

Model
Building
Codes
2021 Ed

) 4

UMC, Uniform Mechanical Code
IMC/IRC, International Mechanical Code/International Residential Code

S

) 4

Model
Building
Codes
2024-Ed

State and
Local
Codes




BASICS — FLAMMABILITY AND TOXICITY

R134a Alternatives

1234yt in 26/50 top 2019 auto models

R,
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HFO1234yf
HFO1234ze
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Good R410A Alternative
Being used globally
Basis of 410A (with
R125)

=3
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letters at end

Pure Ref. == Lower
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Al Y

R410A
Alternatives
(49-69% R32
Blends)

case or no ending
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HFO/HFC blends
targeting R134a

New equipment alternative to
R123

-Higher pressure => ASME
vessels

Interim
retro-fit
alternative
for current
R123

designs




ALTERNATIVES TO HFC134A IN POSITIVE PRESSURE CENTRIFUGAL &
SCREW CHILLERS

Now
« R-134a, a positive pressure, A1 (nonflammable, lower toxicity)
« Pure Refrigerant, GWP of 1300

Interim Alternative

+ R513A, Al (nonflammable, lower toxicity)

» Blend (44% R134-a & 56% R1234yf), GWP of 573

« Similar capacity to R-134a, but a 2-3% negative impact on efficiency

« Recommendation — Okay if you must get below 600 GWP, if not stick with
HFC134a



ALTERNATIVES TO HFC134A IN POSITIVE PRESSURE CENTRIFUGAL &
SCREW CHILLERS

Long Term

« R1234ze, A2L (slightly flammable, lower toxicity)

* Pure HFO Refrigerant, GWP of 1

» Efficiency similar to R-134a

» Requires new compressor designs to match R-134a capacity, and A2L
changes in building codes

« R515B, Al (nonflammable, lower toxicity)

» Blend, (91% R1234ze, 9% R227), GWP of 292

» Good efficiency but has some capacity loss associated with R1234ze and
a GWP of 292 versus 1 for R1234ze



ALTERNATIVES IN LOW PRESSURE CENTRIFUGAL CHILLERS

Now — for existing HCFC123 designs

- R-514A, B1 (non-flammable, higher toxicity - limited acceptance)
« Blend (75% R1336mzz, 25% R1130), GWP of 2

« Similar performance and working pressures to HCFC123

Now & Long Term

« R1233zd, Al (nonflammable, lower toxicity)

* Pure HFO Refrigerant, GWP of 1

« Good Efficiency

* Requires ASME certified construction (HCFC123 did not)



ALTERNATIVES TO R-410A COMMERCIAL AIR CONDITIONERS
SCROLL CHILLERS, RoOoOFTOP, WATER SOURCE HEAT PUMPS, ETC.

Now
« R-410A, Al (nonflammable, lower toxicity)
* Blend (50% R32 /50% R125), GWP of 1924

Long Term
« R32, A2L (slightly flammable, lower toxicity)

» Pure Refrigerant, GWP of 677
R32 needs less refrigerant charge than R410A and R454B to accomplish the same
amount of capacity — GWP closer to 475

» 10% more capacity as compared to R-410A

« Up to 10% more energy efficient than R-410A

» Enables reduced charge, compact design and higher efficiency

» Over 160 million R32 units are in operation globally built by more than 40
OEM’s



R-32 IS A TRUSTED COMMODITY USED GLOBALLY

America
2016

Over 160 million

units from over 40
OEMs

in over 100 countries

’ Thailand “ through 2021
\ 2014 )
Australia
2014

7 DAIKIN



WHAT TO SPECIFY AND USE TODAY?

* R-134a remains the best choice today for a positive pressure, non-
flammable application (screw and centrifugal chillers). There are no
restrictions on the use of R-134a at this time and it offers the most efficient
and economical alternative. R513A would be a choice if customers insist
on change.

* For low pressure applications, R1233zd will be the universally used Al
low-GWP long-term refrigerant for low pressure centrifugal chillers.

* R410A remains the best choice today for positive pressure equipment
today.

*  We anticipate this to be the case until building codes recognize and
include the use of A2L refrigerants.

« Atthat time, R32 and R1234ze(E) will be the best alternatives to
R410A and R134a, respectively.

©2018 Daikin Applied



SUMMARY

* Refrigerant changes will happen in a controlled manner

* The United States is on board and playing catch with the
rest of the world

* Building Codes will be a hold up

* By the time Building Codes catch up new equipment will
be available with new generation of Refrigerants

* Little immediate action required now by designers

©2018 Daikin Applied
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Contact GARDINER:

Dan Nish - (440) 248-3400

dnish@whgardiner.com





