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SAF;I- hl\grcg Who we are

Scaling the Clean Cooling & Heating Economy

ATMO ATMO ATMO
r Approved r Marketplaces r Conferences
t Cunated natunal redrigerant producta and Defining th
ATMO = ATMO ATMO
A Reports r] Training i Newsletters
Understand the latest market trends, P 10 get the latest d
intelbgen

technologies and players

ATMOsphere is a global
market accelerator with
a mission to clean up
cooling and heating.

https://atmosphere.cool/
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What do we stand against and for

r AT M o Impact of Refrigerants Fact Sheet #2 (V1)
sphere Refrigerants: Real GWP and PFAS

l IPCC AR4 (2007) IPCC ARS6 (2021) PFAS

Refrigerants / Type @ awe 100 Real GWP  GWP 100 |Real GWP v 0
R143a HFC 100% R143a 4470
R125 HFC 100% R125 3500
Dirty Cooling Paradigm SRR o | e |
R32 HFC 100% R32 650
S | o | I wm
Ra407A 20% R32,40% R125,
CFCs HCFCs / HFCs HFOs Foonsozs " O Risis
i HFC 50% R125 / 50% R32 2075
DpteonxPas | HFO/HFO | T e 2137
ommtn HFC/ HFO 2;4'23;‘7&@ 51"3%:735".;5‘5 1390
e 26% R32 / 26% R125 / -
P HFG/HFO | 21%R13de/ 7K Riz3dze | 1379 3321
Ozone Depletion Global Warming Water Acidification W o | TEmITImES g s
and more ... oml HFC/ HFO 316%‘21%4‘;4 aas 3 1354
omﬁ’-’)ﬁblo HFC/HFO | 44% R134a / 56% R1234yf 629 1823
TR HFC/ HFO | 42% R134a / 5B, R1234z¢ 601 1747
opm HFC/ HFO 785 RI234yT s 140 0 580
Soleties L40X HFCIHFO | o T s 140
R744 Natural CO2 1 1 1 1 No
R600a Natural Iscbutane «1 <1 «1 =<1 No
R290 Natural Propane «1 <1 «1 <1 No
R1270 Natural Propylene =<1 <1 =1 =<1 No
R717 Nstural NHx a D a o No
R71B Natural H.0 a o a o No
R729 Natural Alr a o a o No
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Cooling Pledge
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Global Cooling Pledge

GLOBAL COOLING PLEDGE FOR COP28

Source: https://www.unep.org/resources/report/global-cooling-pledge

Voluntary measure adopted by
60+ Parties to the UNFCCC to
mainstream cooling-related
polices at COPs

Reducing at least by 68%
cooling related emissions by
2050

Move towards environmentally-
friendly low-GWP refrigerants
ATMOsphere amongst the first
non-state actors signatories


https://www.unep.org/resources/report/global-cooling-pledge
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Kigali Ratification

. 156 out of 197 Parties to the UN

. Different deadlines among
Article 5 and non Article 5
Parties on production and
consuption.

. Measures on HFCs can be
varied, however, spanning from
closer attention to lifecycle
management to straightforward
bans

Source: https://ozone.unep.org/all-ratifications Legenda: Dark Blue has adopted Kigali, Light Blue has not (as of March 2024)



https://ozone.unep.org/all-ratifications

ATMO -
Sp are PFAS amendment after Kigali-

=

« EU & other countries pushed for PFAS review by the Montreal Protocol Scientific Panels,
EEAP (Environmental Effects Assessment Panel, Scientific Assessment Panel, Technology
and Economic Assessment Panel) (Decision at MOP 35 in Nairobi, Kenya)

«  Will there be an amendment tackling PFAS that are F-gases in the near future?

Source: https://ozone.unep.org/system/files/documents/MOP-35-12E.pdf



https://ozone.unep.org/system/files/documents/MOP-35-12E.pdf
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SAF;I-I\QI% EU F-gas V.3
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« F-gases contributed to 2.8% of total GHG emissions in Europe in 2022 (European
Commission, 2023)

« Legal tool used in Europe to transpose the requirements of the Kigali Amendment
« Published in the Official Journal on 20.02, enforceable as of 11.03
« More ambitious than current F-gas Regulation (adopted in 2014)

« Mandatory training and certification for natural refrigerants

« PFAS considered in legal text (Precautionary Principle)
 Mobile systems in the spotlight with report due by 2027

Source: https://eur-lex.europa.eu/eli/req/2024/573/0j



https://eur-lex.europa.eu/eli/reg/2024/573/oj
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First in the world phase out of HFC
consumption

200
180 ]
P B Current EU HFCs Consumption limits under MP KA
[MtCO2e]
160 .
i Current F-Gas Regulation [MtCO2e]
140 M F-gas version lIl - [MtCO2e]
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100 i il i
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AT MO EU F-gas v.3 -> New placing on the
Sp ere market provisions (bans) -

Application

Domestic refrigerators and freezers f-gases (HFCs and HFOs) 1 January 2026

Refrigerators and freezers for f-gases above 150 GWP 1 January 2025

commercial use (self- contained

equipment)

Any self-contained refrigeration f-gases above 150 GWP 1 January 2025

equipment

Refrigeration equipment - f-gases above 2500 GWP - 1 January 2025
- f-gases above 150 GWP - 1 January 2030

Servicing or maintenance on any f-gases above 2500 GWP 1 Janaury 2025

refrigeration equipment

Servicing or maintenance of stationary - HFC in Annex | above 750 GWP 1 January 2032
refrigeration equipment

Safety standards provisions and exclusions for particular applications are included in the Regulation. For a more complete
overview check Annex IV of the legal text: https.//eur-lex.europa.eu/legal-content/EN/TXT/?uri=0J:L 202400573



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L_202400573

AT MO EU F-gas v.3 -> new placing on the
Sp ere market provisions (bans) - Chillers

-

Application T e

Chillers (capacity up to 12 kW) f-gases above 150 GWP 1 January 2027
Chillers (capacity up to 12 kW) f-gases 1 January 2032
Chillers (capacity above 12 kW) f-gases above 750 GWP 1 January 2027

Safety standards provisions and exclusions for particular applications are included in the Regulation. For a

more complete overview check Annex 1V of the legal text: https.//eur-lex.europa.eu/legal-
content/EN/TXT/?uri=0OJ:L 202400573



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L_202400573
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L_202400573

r AT MO EU F-gas v.3 -> new placing on the
Sp ere market provisions (bans) - Split ACs and

Heat Pumps
__

Split air-to-water systems of a f-gases above 150 GWP 1 January 2027
rated capacity up to and including
12 kW

Split air-to-air systems of arated  f-gases above 150 GWP 1 January 2029
capacity up to and including 12
kW

Split systems of a rated capacity  f-gases 1 January 2035
up to and including 12 kW

Split systems of a rated capacity  f-gases above 750 GWP 1 January 2029
of more than 12 kW

Split systems of a rated capacity  f-gases above 150 GWP 1 January 2033
of more than 12 kW

Safety standards provisions and exclusions for particular applications are included in the Regulation. For a
more complete overview check Annex |V of the legal text: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=0J:L 202400573



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L_202400573
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L_202400573

r AT MO EU F-gas v.3 -> new placing on the
Sp ere market provisions (bans) - Heat

Pumps
Application E!'Jh_

Plug-in room, monoblock air- f-gases above 150 GWP 1 January 2027
conditioning and other self- contained

heat pump equipment, up to and

including 12 kW

Plug-in room, monoblock air- f-gases 1 January 2032
conditioning and other self- contained

heat pump equipment, up to and

including 12 kW

Monoblock and other self-contained f-gases above 150 GWP 1 January 2027
air-conditioning and heat pump

equipment, with a maximum rated

capacity of larger than 12kW but not

exceeding 50 kW

Other self-contained air-conditioning f-gases above 150 GWP 1 January 2030
and heat pump equipment

Safety standards provisions and exclusions for particular applications are included in the Regulation. For a
more complete overview check Annex IV of the legal text: https.//eur-lex.europa.eu/legal-
content/EN/TXT/?uri=0J:L. 202400573



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L_202400573
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L_202400573
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» Blanket ban proposed on fluorinated refrigerants that are per and polyfluoroalkyl
substances (PFAS)

»  Broad family of chemicals sharing persistence as a problem
« Derogations introduced where alternatives are not considered mature

* The proposal defines PFAS as “substances that contains at least one fully fluorinated
methyl (CF3-) or methylene (-CF2-) carbon atom (without any H/CI/Br/l attached to it).”

«  Some fluorinated gases controlled by the Kigali Amendment as well as their low GWP
halogenated replacements fall in the scope of the ban

Source: https://echa.europa.eu/es/reqgistry-of-restriction-intentions/-/dislist/details/0b0236e18663449b



https://echa.europa.eu/es/registry-of-restriction-intentions/-/dislist/details/0b0236e18663449b
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« Some of the
substances in scope

hexafluorobut-2-ene

Preferred IUPAC Brand name [F-name hemical Molar TFA yield
name (PIN) tructure
Genetron HFC
125, Khladon
Pentafluoroethane 125 Suva 125, HFC-125 CF3-CHF2 Not analysed
Freon 125
Freon 134a
1,1,1,2- Dymel 134a ) ) _20°
Tetrafluoroethane Forane 134a HFC-134a CF3-CH2F 7-20%
Genetron 134a
: Fluorocarbon o
1,1,1-Trifluoroethane FC143a HFC-143a CF3-CHS3 Up to 10%
1,1,1,3,3- Enovate 3000; i i i o
Pentafluoropropane |Genetron 245fa HFC-245fa CF3-CH2-CHF2  lpto 10%
1-Chloro-3,3,3- Solstice® zd  HFO-1233zd(E)  |CHCI=CH-CF3  p%
trifluoro-1-propene
.3,3,3- Opteon™ YF  [HFO-1234yf CH2=CF-CF3 100%
Tetrafluoropropene
Trans-1,3,3,3- : ) —CH- °
tetrafluoroprop-1-ene Solstice® ze  HFO-1234ze(E) CHF=CH-CF3 Up to 10%
frans-1,1,1,44.4- 50 0™ SF33HFO-1336mzz(E) [CF3-CH=CH-CF3 [Up to 20%

(Z)-1-Chloro-2,3,3,3-
tetrafluoropropene

AMOLEA™
1224yd

HCFO-1224yd

CHCI=CF-CF3

100% (estimated)

[Trans-1-chloro-3,3,3-

trifluoropropene

Solstice® zd

HCFO-1233zd(E)

CHCI=CH-CF3

2%
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Expected Entry
into Force (EiF)

2025-2026

refrigerants

13.5 years after EiF ban on PFAS used as:

18 months after EiF
(transition period) — ban

for non-exempted uses *Refrigerants in refrigerated centrifuges

HVACR equipment for which no drop-in alternative exist

*Refrigerants in laboratory test and measurement equipment

*Refrigerants used in maintenance and refilling of existing

Ban on
manufacturing,
importing and
placing on the
market of PFAS

6.5 years after EiF, ban on PFAS used as:
*Refrigerants in low-temperature refrigeration below -50°C (-58°F)

*Refrigerants in mobile air-conditioning (MAC) systems in combustion engine
vehicles with mechanical compressors

*Refrigerants in transport refrigeration other than in marine applications

Other measures:

EU PFAS — Measures on PFAS in HVAC as

Unlimited exemptions:

*Refrigerants in HVACR-
equipment in buildings where
national safety standards and
building codes prohibit the use of
alternatives

*Reporting obligation for manufacturers and importers for PFAS used in exemptions —> yearly reports on identity
and quantity of the substances placed on the market the previous year
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Market Trends: Europe, North America,
Japan

ATMO = /, 4 2023Edition
Mreport

Natural Refrigerants:
State of the Industry




AT MO Transcritical CO2 Installations
sphere  Growth in Major Regions

-

2018

@) Europe Japan ® us.



AT MO Europe - Transcritical CO2 in
sphere  commercial Refrigeration: State of

Play

-

Figure 7: Transcritical CO2 Figure 8: Transcritical CO2

Installations in Europe Commercial Refrigeration

(as of December 2023) Market Penetration in Europe
71,800 total stores

sites with
transcritical CO2

22.9% transcritical
CO, stores

Figure 9: Transcritical CO-z

) Installation Growth in Europe
(stores and industrial facilities)
P71 29,000 57,000
71800 I pens B EXZi] 40000 IR 71,800
tma,l sites ’— s Percentage growth in 2021 - 2023
00 Ko el

10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000
p= ATMO

sphere
ATMO
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AT MO Europe — Hydrocarbons-based
sphere systems: State of Play
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Figure 11: Self-Contained
Hydrocarbon Cabinets Installed

in Europe
(as of December 2023)
3:2
EETT M Million

Figure 12: Self-Contained
Hydrocarbon Cabinets, Historical
Installation Growth in Europe

2021 2.7M

P e
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Figure 14: Growth of Low-Charge
Ammonia in Europe

(industrial sites)

AT MO Europe — Ammonia and CO2
sphere Industrial Sites: State of Play

Figure 13: Growth of Transcritical
CO: Installations in Europe

(industrial sites)

2020
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Figure 18: Transcritical CO2 Figure 19: Transcritical CO2
Installations in North America Commercial Refrigeration Market
(as of December 2023) Penetration in North America

3,428 total stores*
wanscrtiosl €O I

1,080 Stores
290 Industrial Sites

S 70 Tokal Shas 1.27% transcritical CO, stores

supermarkets and
grocery stores™

4.09% transcritical CO, stores

*BISWorld and NACS r ATMO
*HBISWorld sphere

U.s.

1,850 Stores
208 Industrial Sites
2,058 Total Sites

ATMO
] sphere
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Sp are US - Transcritical CO2: Growth

Reported
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Figure 20: Transcritical CO2 Figure 21: Transcritical CO-
Installation Growth in North America Installation Growth in U.S.
(stores)

(stores and industrial sites)

Industrial sites

1600

U.S. Canada 2 4
S
B |
12020 [CIETNN 2020 2TV :
£ .
1,030 575 5
_g 400
PlrEl 1,850  [PIPE] 1,080 z . |
n Lo
2013 2014 2005 2006 200 20e z20m9 2020 2021 2022 2023
e
Note: Prior to 2020, most installations were at stores. r ATMO

sphere



AT MO US - Transcritical CO2: Growth
Sp €re Reported in Industrial Sites

r

Figure 23: Growth of Transcritical
COz in North America

(industrial sites)

290

Pkl 498

U.S. Canada
120 170

12023 2 N 2023 B2y

ATMO
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US — Hydrocarbons-based systems: State of
Play

Figure 22: Self-Contained
Hydrocarbon Commercial Cabinets
Installed in U.S.

(as of December 2023)

2021
2022
2023 928,000

875,000

ATMO
- sphere
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US — Ammonia in Industrial Sites: State of
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S ere
p Play
Figure 25: Growth of Low-Charge Figure 24: Installations of
Ammonia in U.S. Low-Charge Ammonia Systems
(industrlal sites) in North America

(industrizl sites as of December 2023}

—{ )—a

Packaged: 22
Central: 308

US. @ Canada @ Totalinstallations in the North America




SAT MO Japan - Transcritical CO2: State of
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Figure 27: Transcritical CO2
Installations in Japan

L)
(as of December 2023)
. ”~
) r

7,800 Convenience Stores
585 Supermarkets
400 Industrial Sites

:-I.__I Ll
' -0 2 I.l g {
¥ 4 i !
sites with
transcritical CO:
e
ATMO
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Japan - Transcritical CO2: Growth Reported

Figure 28: Transcritical CO:
Commercial Refrigeration
Market Penetration in Japan

10.9% transcritical COz stores (all)

1 4.0% transcritical CO2 convenience stores

2.8% transcritical CO2 supermarkets

*Japan Franchise Association r ATMO

*AJapan Supermarket Statistics Survey Office

sphere

Figure 29: Transcritical CO:
Installation Growth in Japan

(stores)

FIPil 5800 [ZIVE] 8,385

6,630

Figure 30: Transcritical CO:
Historical Installation Growth
in Japan

(stores and industrial sites)

9,000 — @ Stores
Industrial sites

« 7500

c

i)

=

B 6000 —

[l

S

17}

c

£ 50

-

(o]

—

7}

-g 3000 —

=

=z
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Note: Prior to 2020, most installations were at stores. r ATMO

sphere
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Europe — Hydrocarbons-based Chillers: State of
Play

Figure 15: Hydrocarbon Chiller
Installations in Europe

(as of December 2023)
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Europe - Domestic Heat Pumps - ATW

14000000
12000200
10 000 200
8.000.000
£ 000 000
4000000

2000000

|

2004 20016 206 2007 2018 2019 2020 2027 2022¢ 2023e 2024e 2026ec 202¢e 2027e 2028e 2025¢ 2030e

M Survey Results EC Proportionate Scenario EC Baseline Scenario
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Dedivering Togay on BU F-gas,
REPowerEU and PFAS Restriction
with Natural Refrigeram Heat Pumps

Delivering Today on EUF-gas,
REPowerEU and PFAS Restriction with
Natural Refrigerant Heat Pumps - FREE

And many more at:
atmosphere.cool/heat-pumps-report-2023/ i e swepen ok




Marc Chasserot - You
Founder & CEO @ ATMOsphere #CleanCooling #CleanHeating with
w #NaturalRefrigerants. Helping HVAC&R companies worldwide to clean u...

1w - Edited - ®

Will #mce2024 go down in the history books as the ‘Propane takeover of
commercial heatpumps' ?

| spent two days in #milan with Sabrina Munao and talked with a lot of people. |
started in the morning of day 1 taking pictures of every single new #R290
Heatpump i could see. | basically got overwhelmed very quickly and stopped. It
was nuts. Literally EVERYBODY had at least one R290 heatpump on display at
their booth.

Insight 1) this mega switch happened because of the #EUFGas bans coming. Two
years ago it was only talk and all the traditional players were saying ‘we’re not
ready’ ‘'we need more time' ‘jobs will be destroyed if we move too fast’ etc ....

Insight 2) is this for ‘real or for show’ ? Real means that the incumbents will
proactively sell these solutions to their customers over high gwp R32 and pfas
blend R454B alternatives. My suspicion is NO. They just want to have it in their
portfolio to not be caught out by the competition. And will still push the
#synthetics until the last day before they are banned. Unless an #enduser insists
on R290 of course.

Insight 3) the propane innovators / the ones that did not wait for #MCE24 to
#gonatrefs are happy. Because they know that they are ahead and will push for
more and more innovations to optimize R290 whilst the others have divided
loyalties.

Insight 4) so where does this leave #R744 heatpumps. | counted 2 players. There
are more. We talk to them. But it's a pretty safe bet to assume that #heatpumps
will be 80% Propane / 20% R744 going forward just like we have 80% CO2 in
#refrigeration [ 20% Propane today.

End users will have choice at different price points to meet their needs.
#naturalrefrigerants will take over heatpumps just like they did in refrigeration in

Europe. § §

See you at #Chillventa2024 :-)

ATMOsphere #cleancooling Michael Hines Jan Dusek

w e

REFRIGERANTS

Jan Dusek and 104 others 6 comments + 4 reposts
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for listening.
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