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HONEYWELL 7|2

NYSE: HON | 9707l X|Al | 22 = 110,000 | 2 At XX, B2|A S22 | Z3= 100CH 7|

Performance Materials Safety and Productivity
and Technologies Solution

Aerospace Building Technologies

e
Honeywell &2 57| =7 Honeywell HNE AZEQO Y Honeywell2 B¢t &%, S8 Honeywell2 XfAtS] A7H 81
718 ZSH MG, g S4, 7|22 1,0008 20| H= M 7%, RIS 22 M AAE DL HFE AZEQO, g0
Bx S AL S AEYH MA ASOAM A E[ B A ADEQOZ JjLsto] M AA  ASSEEM, WO ES HH|
MA 2E M8 3 85 &37)| DHSO| Aol OHH Y, OfHX]  Aroiof HAIS Qo7 s= &0l 7| Xt
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FP | H|=L|A 2f2l

= 7|9t M M|A| HFC / HCFC M

* 100X0| = ™ MA xSkt =&
ZEO| | THOY

+ HVAC/R OEM % Of ZE{Opzt
O Aol A oy
+ 2019 A Of|0]A A|ARS

?let XEMICh =g HFC CHA| M &
ZEAl

OO 2Z M ZAL CH2|™ L
HRALOf| A oy
2019 Solstice 2At =&

TAE 0 U XPS 28 20K
s

« 7bH717] OEM 3L A& YA,

X2k AH|A OjE{OF H|=L|A
0ol 2|1 &

« 27| |20 W OEM EHof

ZOFE LM =& et

Honeywell C2lH| - ©2019 by Honeywell Intemational Inc. All rights reserved.

IE_l:!DH, %"EX‘”: HFC/HCFC? HFC & HCFC I
examples

> HFC: Hydroflurocarbon (—?—i%ﬂ?i) o HCFC 141b: 2|5t = (AZ 0|, T 5)
> HCFC: Hydrochloroflurocarbons (=2 @2t 2%} £t ) > GWP 1980 = CO2 1.9MT 100 yrs remain in atmosphere
> ODP 0.11

HFC 410a: 0f|0{Z1 & 'Hojf

-> GWP 1,924 = CO2 1.9MT 100 yrs remain in atmosphere
L avad. o

-> GWP 3,943 = CO2 3.9MT 100 yrs remain in atmosphere

GWP: Global Warming Potential (X[ 7% 2528} X %)
ODP: Ozone Depletion Potential (2Z I}d] X[7)

HFC ,HCFCE LEZF | X| ¢ 2tts}o| FHH

Honeywell C2lH| - ©2019 by Honeywell Intemational Inc. All rights reserved. 6
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1987 Montreal Protocol
Ozone Depletion
Concerns

1996 Kyoto Protocol
Global Warming
Concerns

CFCs HCFCs HFCs

hlorofluorocarbons Hydrochlorofluorocarbons Hydrofluorocarbons

C_‘ _‘
cresens @ @ ®
ODP 1.0 ODP 0.1 ODP ~0
soavarns @ @ ®
GWP 8000 GWP 2000 GWP 1000

134a/410a/404a

Global regulation on HCFC and HFC

Kigali Amendment
(KR, needs ratification)

HFOs & Xt¢i 'Hoj
Hydrofluoroolefins

ODP ~0

EdE

— s

Honeywell C2lH| - ©2019 by Honeywell Intemational Inc. All rights reserved.

=EZ|2 o¥M H
120%

A
=2
Jok

Consumption Level Allowed

Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jam- Jan- Jan- Jan-
1388 1992 1996 2000 2004 2008 2012 2016 2020 2024 2028 2032 2036 2040

* Baseline calcutated as 1989 Month/Year
HCFC consumption + 28 per
centof 1989 CFC consumpton

2E2|2 JFH A [HE A5 20} (3= &) HCFC 2= H =
> 20138 S

> 201544 10% 2=

> 20201 35% 2= (00 6.34%)

> 20251 67.5% 2= (0= 13.09%)

> 20304 97.5% 2=

Honeywell Confidential - © 2018 by Honeywell International Inc. Al rights reserved.
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Y7tz oA

» Developed countries (O =): 0|=, S8, €2 S.2011-2013E B2 A
10%~2036ENHK| 85% & =.

ME= A5 Group 1: =, 8t=2 S. 2020~2022EC HZ AQHES J|E AXNOZ 2024 MAH £ FI| Mo MK
2K £ 20299 2H 10%~2045E TNHXl 80% 2=

IHE= A5 Group 2: 1%, Olgt, I3 AE SE5=2I1S. 2024-2026E &
MAR/ 2R F=IF MO X F 203282 H 10%~2047 3 DA 85% 2=,

JlE 4XHC0=2 20199 = FH

L]

0k

T ARES JIE AFCOZ 2028HRH

Developing Countries N T

Timeline

HFC baseline

HCFC baseline

Developed Countries

(0=, 783,48 9)

2011-2013 average
HFC consumption

15% of baseline

Group 1

(CHetel= 1352 §)

2020-2022 average
HFC consumption

65% of baseline

Group 2

SS= S)

65% of baseline

Freeze N/A 2024 2028
First Step 2019 -10% 2029 — 10% 2032 - 10%
Second Step 2024 - 40% 2035 - 30% 2037 - 20%
Third Step 2029 - 70% 2040 — 50% 2042 - 30%
Fourth Step 2034 — 80% 2045 - 80% 2047 — 85%
Fifth Step 2036 - 85% N/A N/A

8l &=, S

°f 12930t HIE St

(2=, MIIAE Ol 8

2024-2026 average
HFC consumption

24 E5H AIM (0= 4 HZH)

023878 Hrc 231 117 Hrcoll TSk 2o S AL ofl S Z2 Y3
Figure 1: 0| = HFC 25 A & ot
1. & W EONof ofo e S EE 2 Al
TUXSO Tt Mot el H LTl H& 100%
. NG = S 90% ro— Second decrease to
2. E A S UY SOl thst 2 g2 < so% 60% in 2024
©2% Eob 2ol 2% YN ufE - Final decrease o
= / 15% in 2036
3 U8 AIEOINE 22vo3uetel E0l 2EE :
s 50%
4. F2 =244k 0|2 B2 AEH 20f0| S 4
e 4 = o ™ol I 30% First decrease to
I- |- =< = 01'0 = ;0; 20% 90% in 2022 —\—|_

10%

0%
2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

*The average annual US HFC production/sales in 2011 — 2013 is used to establish a baseline
for the phase-down (100%)

Enables EPA implementation of Kigali — more rules to follow

10

6 oIAF-0l5zI(H) HEORIZY 3|0/, J|SHEME Z572| 25|12 Y
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Sore 7 29

238 R H2 amol| 27 20FE HIoFS Bolg

Figure 1: 21'3 42 AFS H|SH H 22| o A|

ot ol3|= 0|2ty B0 E2E X E 285= End-Use Substances Banned Effective Date
A KOS A0S HLE HESH A Ol A2 Bt
AA HAS SQASHAL HELE = = HoE 2o =85 125, 134a, 227ea and P
227ea/134a blends i
AN 2d B X2 M2l H4 = 1802 O|LHo| HRAEH o 134a, 245fa, 365mfc, and
2| RA|Z A 4+ QS (A 210] 48 JHs) XPS CHEH| blends thereof, Formacel TI,| January 1, 2023
Formacel B, Formacel Z-6
=g dsdE 717l 404A, 507A January 1, 2023
S AUE XSO0 7 AJAH .
(light duty) 134a, 406A, 414A, 414B... | January 1, 2023

The above examples were included in the NRDC/CDPHE/IGSD petition submitted to the EPA on April 13, 2021.
This petition largely requested the re-implementation of SNAP 20/21 rulings at a federal level.

The above are examples taken from the full list of petitioned bans submitted April

13,2021
O U NEZ=EHe &d E370| ZofE HEgS g s A= HBE &
*Except for exports to countries with limited servicing infrastructure until Model Year 2025 1
S PU/ XPS ZOF HCFC 25 A2

120%
100%

60% I

40%

20%

0%

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032

= == =PU Foam ——XPS

PU 49,020 | 40,451 9,804
(HCFC- -
141p) Z =2 (M) 8,596 | 6,137 17,157 | 6,804 | 3,000
XPS FE =2F (MT) | 43,025 | 38,745 | 35,339 13,252 | 3,000 =
(HCFC- Ziz=2k
22/142b) Z=2F(vT) 4,305 | 4,417 11,043 | 10,252 | 3,000

Zk

0| AH-0|42I(H]) HEORIZY 23|09, 7| SHEHIE 2572 2812y ]
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U2/ 7Y 828 gwP HEt

Regulated by “Act on Rational Use and Proper Management of Fluorocarbons”  [AEFNENTEL Date of prohibition
RACHP Fir protecton eqipment hatcontan HFC-23 Hlanuay 2016
sectors ; Target GWP
Designated Products ooy UL LIl Donesiorligors ez el conan G vt G of 80t moe 1 ey 20
Residential A/Cs (Mini-Split) 750 2018 ﬂ}azl%ﬁain HECs it P4 January 2020
; ; ’ af 2500 0rmore
Commercial A/Cs (Splt/ smaller than 6HP*) 750 2020 ;’sf"w%‘mam"*lﬂs (SIS e e
Larger Commercial A/Cs (Split / exclude VRF) 750 2023 mmmmmewp ey 222
Centrifugal (Turbo) Chillers 100 2025 Sclmayehigloneqpren il s, o il pon o S rcong HFCS Wi Pt 2500 oy
Mobile A/Cs 150 2023 Or more except equipment intended fo applicaton designed o cool productsto temperetures below-50°C
X ) - ) " Mutipack cenirased refigeraton systems for commercaluse wih acapacily of 40KW or more tht contan,
Condensing unit & refrigerating unit 1500 2025 ) oreupon v v e eGPl 0o, el 2
Cold storage warehouses 100 2019 primery refigerant crcuof cascade syslems where fuorinated greenhouse gases vith a GINP ofess than
1500maybe used
Urethane foam 100 2020 Movableroom air-conetoning appliancas (hermeticaly sealed equipment which s movable betwen rooms )
Ductblowers 10 2019 Dy the end user) hat contain HFCS with GWP of 150 or more
— Single spt ai-concitioning systems containing less than 3kg offuornated reenhouse gases, that contai, or iy 205
- B Two product categories will be {hatrly upon o theirfnctoning, Rurineted greenhouse gases with GP o 730 o more
o 2| YWEI|: 100 0|5k added in Anril 2019 - = : =
g Foams that contain HFC with GWP of 50 or o exoeptwhenrequiredfo  Exruded polytyrene (PS) - 1Januay 2020
o Oloi2d (VRF): 750 Ol ot et naonal sty Sandards Other foams vy 2003
o NS oflH2d 150 0l at Techricalacrosols tht contan HFCs wih GIWP of 50 or more, exceptwhen requied o meet naionl sefely iy
. WA AH|: 15000] 6} standards or when used for medical pplalors g
. OB ST 100 0|5 Note: HFCS refers to blends, notindiicuel components of blends
« XPS 2 150 0|3} noneywell

THE POWER OF CONNECTED
Honeywell Confidential - © 2018 by Honeywell International Inc. Al rights reserved.

HFCS UNDER PRESSURE FOR GLOBAL REDUCTION

EUROPE
CANADA F-Gas Regulation, GWP prohibitions:
Environment Canada prohibits use of HFCs: * GWP>150 in domestic refrig./freezers (2015)
+ GWP >150 used in foams (2021), aerosols. + GWP>2,500 in stationary refrig. equip. (2020)
(2018), and domestic appliances (2025), new + GWP>150 in moveable room a/c (2020)
vehicle AC (2021) + GWP>150 in XPS foam (2020)
* Various GWP limits for commercial refrigeration + GWP>150 in PU foam (2023)
g\?f? [/ vy, + GWP>150 in aerosols, including technical (2018)
>750 in chillers (2025) - Countries with HFC taxes in place: Denmark (2001), Norway (2003), Slovenia (2009), Spain (2014),

+ GWP>2200 in transport refrigeration (2025)
* Also adopted bulk HFC phasedown on Kigali
schedule, 2019 start

France (2021). Countries considering HFC taxes: Poland and Sweden
+ General phasedown of HFC consumption between 2015 and 2030. HFC quota scheme: 37% reduction

® in January 2018
esp—— ° UNITED KINGDOM - GWP>150 prohibited in new vehicle AC (2017)
« Voluntary G i
oluntary Green Guide SOUTH KOREA

+ CA, CO, DE, MA, ME, MD, NJ, NY, RI, @ (BRE), GV + 2016 implemented credit for
WA, VA & VT enacted HFC transition |_| CHINA T replaoe:mem of HFCs in MACs
dates based on US EPA SNAP 20/21 MEXIco

« CA finalized additional 2025 transition « Ratified Kigali Amendment—freeze on + China ratified Kigali Amendment. JAPAN
date (750 GWP limit) for new HFC consumption 1/1/24 *  Still focusing on HCFC phaseout, « HFC phaseout scheme by quota in 2019
residential & light comm. alc, 150 GWP - HCFC-141b banned 1/1/17 ahead of HFC phase down. « Target GWP limits:
limit for new commerecial refrig. (> + 750 in room a/c (2018)
50Ibs, 2022), and GWP limits (1400- LATIN AMERICA + 750 in commercial a/c (2020)
2500) for existing retail food facilities . HCFC-1a LTI . 1112020 « 1500 in condensing and refrig. unit

+ Federal HFC phase-down legislation (2025)
has been enacted + 100 in cold storage (2019)

« First EPA allocation rule finalized in + 150 in mobile a/c (MY2023)
September 2021, next rule likely to be AUSTRALIA + 100 in PU residential foam (2020)
proposed in 4Q22 « 2018, began phasedown of « 10in dust blowers (2019)

« First federal HFC sector-specific bulk HFC imports

rulemaking to likely be proposed by
EPA in late 2022 or early 2023

Kigali Amendment Ratified by 100+ Countries - Global Phasedown Began 1/1/19

ATasYzla{oelLoTL XYxLo.ndd 8 @ 2022. 4. 6. 9_—?—1:%50
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HMA S

F-gas revision promises steeper . .
phase down F-gas review considers ban on N NRDC

f— R410A India to Ratify the Kigali Amendment, Develop HFC
Strategy
In a big boost for climate friendly cooling, India will ratify the Kigali Amendment
to the Montreal Protocol, the global pact to phase down.
2021.8.18.

8 cooling Post

US EPA considers R410A ban from 2025 D
The petitions largely support the SNAP Rules 20 and 21, ... to prohibit the use -

White House sends Kigali . . "

amandrient ohclimates ; ‘ of certain higher GWP refrigerants in specific applications,...

warming gases to Senate N NRDC

S EEPE 3 EPA Kicks Off HFC Phasedown Under Brand New AIM Act

Today's proposal shows eye-popping environmental and social benefits from
replacing HFCs. EPA projects the HFC phasedown will avoid U.S. HFC...

2021.5.3
N NRDC )

China Accepts Kigali Amendment, Will Phase Down HFCs

China formally accepted the Kigali Amendment to the Montreal Protocol last
week, the final step in bringing the world's largest...

2021.6. 22.

Honeywell Confidential - © 2018 by Honeywell International Inc. Al rights reserved.

H A 2712 2 oS

2z 20201 HCFC / HFC & AL 8% 7|&

E 2 = = 2020 F = XFX|
20203 AL EH 7| & =3 ALR 2 7| = (MT) HIE (%)
R-22 11,337 26%
a2 410a 10,520 24%
= 4100 134a 4,997 12%
=134a 141b 3,526 8%
iy 142b 2,892 7%
— 152a 2,104 5%
. 245fa 2,104 5%
. 125 1,315 3%
s 404a 1,315 3%
o 23 789 2%
o 407c 789 2%
o 507a 526 1%
227ea 526 1%
= 507a prer

123 A 312 1%
- ZZ7Ea> 7| EI_ 1,374 3%

o =@ 43,052

Source: KSCIA 2020 1 L A S 31 ZF

el 2&0| 77% HI &S XX

16

20| AH-0|42I (H]) HEORIZY =5|o|g, 7| ZRistiE 2572 252y Q
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2Lz 20209 HCFC / HFC CO2 $H 7|&

202041 £ HFC/HCFC CO2 EHAHEE 7| & (M) g3 GWP | CO2BAE ngﬂﬁ)
4 By 410a 1924 20,240,480 24%
. R-22 1760 19,953,120 24%
om 23 12400 9,783,600 12%
s 134a 1300 6,496,100 8%
1342 142b 1980 5,726,160 7%
142b 404a 3943 5,185,045 6%
Ll 125 3170 4,168,550 5%
e 227ea 6450 3,392,700 4%
; jzb 141b 782 2,757,332 3%
e 507a 3985 2,096,110 3%
st 245fa 858 1,805,232 2%
 407¢ 407c 1624 1,281,336 2%
=152 152a 138 290,352 0%
L2 123 79 24,648 0%
HCFC/ HFC 4| 83,200,765

OF¥

co2 g kol 81% XLX|

[ ==

/P67l =F

17

Fo A RH Y BN ° B xps § WA 3z 4538 4
° o [s(e:) LHE Lcugé}l'/ CHOIR| AAF O
R2 | 1995310 o XPES,JEXH o 387 s | BEHOEYR ALY Xiﬁ;’jﬁ[%’;‘"’
(BHZ 306X | (% 20% KR ) (%505 XEX] Z44) 45 4B NS U
LERRESHET
IR L1 A|AH o oA =
40a | 20240480 F8/AlAg ooz OfZE| 014 A A A
u Xps 2 LEA
" T ” 1420 576160 XeS R XS HEH Sit 2
+ 340
EHgooiz/ A5 oEm/
e sAg oofd £
HFCI34a | 6,496,100 T ws)) X3 58] M|
%%gﬂ/ LY Z LY} K| o c
i 5,185,045 SCHOUEUR AA 454881/%8835
2—"McC ccoo
% | 57,600905| 11,712,09 30,727,204 15,161,605

+Z 5790t co2 E 2| 70%E AHX|SH= AFEXE 2
> XPS =0F: 142b/R-22 (30%) 28} A|AE 2F 11,7440 E (20% AHX])
> 0|0]74 / 2% 20} 410a / 134a 2 3072 0F £ (53% X} X])
> HSHT A|AE 20} 404a / R22 (70%) 2 15,18 2HE (26% K}HX])
37| M2 20k M Al coz2 7| & ET9| 70%S X X|&

18

10 oidg-olxzi@) HEoolzy 23/0/9, 7| 2572 25| 2Y
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Q F7t7|& EEY: A21(A71A) HO) AL T4

v LR IPHE 0o]7 / A 2% 3| ET I R-32 (GWP 675)
ek ukop
L8 2k0| Al AR 0] 0f 74 S 0fl LSt Guide £%|

410a GWP 1925

- 142b:0DP 0.065 / GWP 1980

- R-22: ODP 0.055 / GWP 1760

2: ODP 0.055 / GWP 1760 v R-22 GWP (1760) > 404a / 507 (GWP 3943) & &
v X EX: R-448a (GWP 1273) / X} 'HO{ (Amonia, CO2)
R-404A: GWP 3943 = 60~80% CO2 Zt4

19

A2 GWP(ARS i =X CO2 Tons co2
g% (ARS) HA HH %

7|1=

R-22 xps 3,401 1760 5,985,936 HFO /StO|E2 7t 1 3,401 |- 5,982,535 -100%
R22 ref 7936 1760 13.967.184 HFO / XE Q1 LDy 1273 10,102,401 |- 3,864,783 -28%
2103 10,520 1024 20,240,480 R32/HFO =3 HOH 700 7,364,000 |- 12,876,480 -64%
142b 2.892 1080 5.726,160 HFO /SIO|E2 7t 1 2,892 |- 5,723,268 -100%
HFC13%a 2,997 1300 6,496,100 1234yf (HFO) 1 4,997 |- 6,491,103 -100%
208 1315 5545 5.185.045 HFO =8t Aol / Kol oy 1230 1,617,450 |- 3,567,595 -69%
R125 1315 3170 2,168,550 HFE 22 XY 10 13,150 |- 4,155,400 -100%
1415 3526 282 2.757.332 HFO / BFO[E2FHE 1 3,526 |- 2,753,806 -100%
HFC 245fa 2,104 858 1,805,232 HFO/SIOIE27t2 £ 2,104 |- 1,803,128 |  -100%
207C 789 1624 1281336 HFO 23} A0 / X Hof 1230 970,470 |- 310,866 -24%
>3 789 12400 9,783,600 HFo 2ot A0l / XHe! o 1230 970,470 |- 8,813,130 -90%
5072 526 3985 5096110 HFO =2F o / Xl 'Aoj 1230] 646,980 |- 1,449,130 -69%
22703 =26 5450 3:392:700 HFE 22 OFY 1 526 |- 3,392,174 -100%)
123 312 79 24,648 HFO HOf 1 312 |- 24,336 -99%
152a 2104 138 290,352 HFO 28! OH / A1 S0 2,104 |- 288,248 ]

1
=7 43,052 1,933 83,200,765 S 504 21,704,783 -61,495,982 -74%
< 493 E HeFe/HFC AR 7| & E# Gwp 1933/ 83Tt co2 E
> °f 6142t co2 & BT HAH / 74% H A
> & GWP 1933-> 504

MEX A 610 co2 £

[}

A3 MA (BAU CHH| 11%)

20
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IlIIJ

AMAPE R EE

> HFC/HCFCE 24 7tA0| 5= 2RI StLIo|D 7| = Hstet X| 7 2 teto| A X Y

> Xps THEX| M=/ SSSZ0| AL El= 57H2| 2F HIFO| 70%E XX

M

> ASAHH0) et G52 AE| /o2 Atz S HIZ 2= X & FOoFE MES X M= 3 X 7HEo| 2R
> HCFC/HFCOf| CH3t 2 AIJIA = o 20| OlAl M3t Ol A7}M E| 43 /Mg 2cH g

> OiKl =222 HetS 2let F2 20FE rep A 3 X[ M HQ

> O =2 cwp ER 20| Mt &l = 5% 20f0f| Ci T HE 710[ = E 8 (0f: 45T 20F)

> S22 2|23 U2 E QS N 22 MZX/Se dHgrel geel ey

otherfactors

10-Kand

and Exchange Commission.

Honeywell
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EIASEl AlSE 8 | 712 #E -
dS3X1712| 'dujE S& 3L MY 'Sof

o 0§ BEA

Montreal Protocol/ Kyoto Protocol / KigaliAmendme
Ozone Depletion Concems ", Q

1 nt Global Warming Concemns
CFC HCFC
™ Hcresky Hres BN

% Ozone 1990s 3¢ Ozon 20008 00 2010s

+ Ozon
3¢ Global warming 3€Global warming 3€Global warming +¥ Global warming
Simple Enhanced New Molecule Advanced Molecules
Chemistry ) Chemistry Development . De;%gpc"";?:ﬁsw

R1234yf/
R1234ze

Resource : Honeywell International Inc., Additional Disclaimers As Needed
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o EEZS IZESE
- A5 3} (4B H &) HFCF 25
e 2013 DX S22
.« 20151 10% 2=
o 2020 35% 2= (0HE & 6.34%)
e 2025 67.5% 2= (00 6.34%)

- 20304 97.5% 2= EED|& o|™AM T Al

Basetine Haseline :
310056 B _"_1 ﬁ LR *_"? ..... e St T "L
Y S SN e S8 o B
5 0% §---— i Y. LW & R Y i
o B EEe
8 20% - safeoardio s A pTL7 B LM e RS B e
0%

e 3J|22l 82 (Kigali Amendment)
- HAAN=Z: 0= FE, 282 &5
o 20112013 HP AQBE J|E ANOR 2019 T 2E 10%, 2036 THX 85% 2=
- HEZA5Group 1: 53, 7 S
o 202002022E1E BT AQUE J|FE AFOET 20241 M A9 EJF MM M 2K = 20298 SE 10%,
20451 SIHK| 80% 2=
- HW==ZA5Group 2: O/, 0/2, DIIF|AE, &3 &
o 2024-2026H % R AQBS JIE AXOZ 2028H 2E MA/AY EJH B 2K = 20321 2E 10%,
20471 H K| 85% 2=

@ suen

ouwuaama

euwt—|ﬁ!mma AS5 Group 1 (1) : 20244 HFC S 7] A] 2020-2022 HFC W@ & AH|B + HCFC 7| E482] 65%

oy S——— 202914 10% 2, 20354 30% 21, 204014 50% 2, 20454 80% 2

T4 2%
EEEEN EEEE XN R
MUk D | ONDE R O%PE W BNUA
| ue I | one T | oNTE B O%e
UG O TRV R O%IE W %UR
| ek 6 | S%IE @ | E%VE X | SR

= 02 HCERSE | %W HCEREY 118 HCER S | 13 HCER A
AHRE+ HOC AHRS+ HIC AMRE+HOC AN +HOC

* 22198 SUOlC 7SS AAl
++ 28\ O ASS 182 3712] 28V S 2\ AWOIN) B NSAE YAl 2016 2018 2020 2024 20 2030 2034 2036 2038 2040 2042 2044 2046 2048
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X% st S

o X% 7hst Yoj
- BZ X (Environment) 242 A GWP, ODPZ} &2 HOfE 112e)of 8t
- 2 F(Safety) RLZA SHO ZH R} FtHE S FEE 123 0f &
- X & (Affordability) R4 ZA HEXS 2= U 25 YA FFH £E40/ Fa 8f8F o7
Zjofof & & ofL[ef, X Z 31 F50] &0/|0F BICf= & §2 153 0f B
o ME§O| 77}X] QIX}
- ZXZ|EX}H|(Investment cost)
- YOHFI|HIE(LCC Life cycle cost) : X2 FE & (affordability)0] £=+F LCCO} K&
- && % Eojo & & (Complexity)
— P/8/ 214/ (Risk awareness) : 052X 25+ SEI4E0] 448 B 50/ LOfoF H/E 214/0] =0t
— Al +&&|(Market readiness)
- 7| &= (Technical ability)
- ﬁ%’;ﬂé/ I F(Legislation and Standard) : 35 HOY2F 7|£=0] AIE AN RE F+5BHA] EIIFE
L

5
=0 al
Al Yl SE2S2 GWP X 238y
s4,000 [ Y YOre2s0 YOreosa Y Y  Legena
Ora3sa Oras2a —
<2,500 QOr22 Orai0a Fiamemable
ORe07AFMH [ el
A3 - ghly
Oraasa [ Lot
<1,500 ORri34a Orasse e
omu & Flammabie
Oprasoa / Orasea Ol Raasic
e Ors13a s e R
z Qrsise = | e
@ <750 Ors1sa < | Or3zrmaszs Olictytonthe
Orstss w——
f Qrases
Orsass Orasaa
Qri23 Orsi6a QOrasac Qrasac
@rs1aa @riz70 Oprassa
<150 | QR1336maz(z) | @R600a @r717/0H,
\Or1233d J@uzuwyr ' A@r200  fA@r20 ) A Orrarco.
Vacuum Low Medium thh Very High Other
fi |g-. ant D
Source : Danfoss white paper: Refrigerant optlons now and in the future, 2018
6
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Current Product

Non Flammable(ASHRAE A1) ”{f&:‘:ﬂ‘;&"’- Select Application Examples
HFC-134A 1234yf q " N
GWP=1300 GWP <1 Mobile A/C, Vending, Refrigerators
HFC-134A 1234ze
GWP=1300 GWP <1 Cascade — Med Temp Refrigerators
HFC-134A 1234ze q =
GWP=1300 GWP <1 Chillers — High Pressure
HCFC-123 1333zd
GWP=79, ODP=0.02 GWP<1

Chillers — Med Pressure

@rrel B Reduced GWP Option Non

Lowest GWP Option Mildly Select Application Examples
Flammable (ASHRAE A1) Flammable (ASHRAE A2L)
HFC-134a R-450a - . .
GWP=1300 GWP=547 Chillers, Med-temp Refrigeration
HCFC-22 R-448a
GWP=1760, ODP=0.05 GWP=1273 S Y R T
R-404A R-448a N
GWP=3943 GWP=1273 Low-Temp Refrigeration & Transport
R-410A Provisional ASHRAE R466a R-32 Heat pump
GWP=1924 GWP=733 GWP=677

Stationary A/C Appllaﬂons

HFC YO g

e The HFC Chemical

- HR"_ 2,.‘-3['0 AA A O

2Cc T4, Z24L = E/'_é—ql C/gté" _{g‘gf ‘?g
B GWPII 100 0/ 8o A1 712 15,0000/ 0/ EE& 19 JtA HFCIF ZAH
e E©XI 5J42 HFCEO| AIE S XItH

5342 HFCOt ® X2 90 % Ol &S XtX| : HFC-134a, HFC-125, HFC-143a, HFC-32 % HFC-152a
- HFC-134a, HFC-125 ' HFC-143a= GWP JtS X1 9 < 90 %E A/

o HFC-322t HFC-152a= 25 Jt& GWPJH &0, CO2 HIEE2 dUECz HS

Figure 1 : Split of global HFC consumption, metric tonnes 2012

Figure 2 : Split of global HFC consumption, tonnes C022012
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e HFC Market
— There are 5 main market sectors that use HFCs
o RACHP (refrigeration, air-conditioning and heat pumps)
* Foam insulation
* Aerosols
» Fire protection systems
* Solvents

Figure 4: HFC use in RACHP sectors (GWP-weighted), 2012

Figure3 Markets using HFCs, % of total metric tonnes, 2012

{Heating only heat:
pumps 43—

Alg 20

‘Applications SUD-SECHS // SYSES
Domestic refrigeration Refrigerators and freezers
Small stand-alone equipment
Commercial refrigeration (4 218 4&4% 7|7]) | Condensing units eadp
Large central pack systems
Refrigeration
Small / medium sized systems
Industrial refrigeration Large distributed systems
Large secondary chiller systems
. . Road vehicles(vans, trucks, trailers;
Transport refrigeration Intermodal ?o(nlainers; Ships )
Small self-contained air-conditioning B‘;E%%Sds’(mﬁémﬂﬂgw units, through-the-wall units,
Small split air-conditioning Single splits < 12kW
Stationary Air Larger split air-conditioning and other types of Larger single splits and multi-splits VRF systems
Conditioning air-to-air system Ducted and packaged roof-top systems
and Heat Pumps Chiller systems Small and medium sized chillers
Large space heating system
Space heating: domestic /commercial
Heating only heat pumps Water heatinﬁ: domestic /commercial
Large space heating systems
—— e Cars
MAC Mobile air-conditioning(MAC) Larger vehicles(bus, trains etc.)

e o
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a) 3h 29 AAHOZ dbtFoz SXF W2 AL, S5 W20 27

FE MY WA AELE LSAAE0/H, é;g/se 45439 U/—?—'.—:: a)
7 8l8 A&, ot HE L

S| SE AZH ALE
= 20l JPéDiI 2 xl8

D)8 1 X YO St AIABLE E AAHE ECIAE YSI, ZE s J| ¥ YT 22 A& 22

FE0IAH 2

POoIE H3AFIE G AISE. 14 Y= S A4 (L8 SIS &=50/8 £ 8)0IA oLt 0/142

Y420/ 2750/ F+° SEI|Z HZE. 17 HE FZ5 458 72 (+Y O/I6)ZE HES.
c) 82Xt i 22 A 11X dif= O 228 2270 &&= 2% 2 FHE 2A310] Adl

AEE

o AAH CIXtQ!
HRE9 AlA

g2 5

FEY & 13 L AL

BZEIE BN SLI|E ME

= o=

EH g=ZS ME

=
Fa4

50/ &5 NOISSE ME

CEF 329

HWAIAE £

T 2N SEIENE
T2 NAE (o :-20C 01619 HE 4 8

R EE 2F ALE (0 : -40°C 0|6 HIE)E HAH0IE A|ILEE

SZ=BAILE 0 &of

S 2SS £0/0 S8 EF/ Fof BFLZE 2

ME

11

Cold Storage and Refrigerated Warehouses R-407A 2107 1 R—-404A CHEI 0 (MIE-'— NAE L HEB)OZ STNA 20| AR
—, A A G
Size of Current higher | Alternative lower GWP Rl [E23 0 [ (RO RIS =45 S0 LB & 245
store  GWP refrigerants refrigerants Sag B8 1557 1__R-407A % R-407F% SAIE S JHE HjY SHEZ GWPIE RO
(GWP kg-C02) (GWP kg-C02) R-449A 1397 1 |o, oW RE=oz MeigOR AlRE.
Small store:  HFC-134a (1360), w::jﬁg%ebi.: ;I;O
lessthan  HFC404A(4200) | refrigerants, HC-290 (5) g FELE O J}% W2l ABEIE Bk, SN Be SHOZ T
100 m* ﬁéﬁ:;%i(zgz% HC-1270 (18) d (e 0 2L gé %%Ac}.ﬂol ZQFIEE SARZAAHN R-7178 SSEHOZE M
Large store: HFC407C (1920), "“"';";‘1';:04)4 U} HC-290 3 3 |BMYAAE(EN W Ba), S5 4QSBHS0 AR, BXE
Larger than HFC-507A(3990), A HC-1270 2 3 |OHEOIEXIIL QS HC2 SAMAAAEIC ALS HIES WS,
j00m®  HFC-422D(2470) | Secondary: Brine, glycols,
silicon oils e (G §) . | |R744s wmEE @ AT 2E UE M8 SBEOIA X
e 2017 = LH10EZH AIBE0| SIISIACD, Y2 SANARNAN DD US.
e HFC-134a0| [JOlO2 AQI8® H2{0| ALRE0, HQ W2HI|(HCFC-
HFO-1234; 7 2L (1239 CHOHOI E8t HFO-1283zd ¥ HFO-1336mzze 28 CIE
YSYIRD0 ABSE ORI Yoy *° el 8 mez
R-450A 1
R-513A | 601 631 1 |HFC-134a% SAE SHS JI& MZ H2E BEEZ 54720 U
R-451A | 140150 | 2L |AIAEMOl AIBE 2 US.
. - R-4518 2L
» F-gas regulation 0l & %2 RE2 e
= (=} ENS o 2= A o] A
AR AR USUWAD|D|Q s ASHRAE 1331;0 oL gF(%: ﬁ)z;i\g SAE SE8 O ASH SARFZS SSAAH A
CO2 A|IAEl HE number T RS
R-446A | 4o 0o | 2L |HFC-410A%t RASH SHE I N2 H2E 2822 54720 A
R-447A 2L |AHOIARE 4 US.
HFC—32 675 2L |SAADO ANAHOAS S & US.
12
(@] A = = 5 jo) = 5 i == 5
Q0|0 4:2I(H]) H20{012E 23|09 7|FeisHiE 2552 252y 10
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R-143a 52% 0% 0% _--

50%
nE7) o% 0% 2% P P Boiling point at 1 bar (°C/ °F) 465/517 -46/-508  -47/-526
M p— = o e = Critical temperature (°C/ °F) 721/1618 801/1762 749 /1668
R-134a 0% % 26% 21% 0% Critical pressure (bar abs / PSIG) 37.3/541 44.1/6396 40.0/580.2
Liquid density at 32°C / S0°F 1010 1061 1093
R1234yf 0% 0%  25%  20%  30% opid denshy ot 32°C/ M’"’)s)
Vapor density at -30°C / -22°F (kg/m 107 73 101
R-1234ze % P sl

MZ& HFO dol S4XI
MZ2 HFO YOl 28iHIs

GWP jsssscoz=

4500
200 = =
3500
3000
=m 2121
200
1500
1000
,, i

]

RS07 R404A R4524 RALEA R0

[ — .

A

L B
« M2 (49 kBTU/M) X B2 (128 kBTU/M) 23 E §57)
+ 31070 3RO RAAE ALBHE 2B (T X M)

=
I i B [ ‘ |« R44BACY POE 2% M8
-« HOjE $ief ojM 2Ho| B
T L T R e o2 o 7P 4X| Z0j w2t A3t L5 OF + U

Ambient Temperatuse Bins ['F]

= R448A7} 2E 27|20 M 2F 9~20% O X| S 21p7F /US.
= W3 56°FO| Al R448A7} Of 16% B 2H|TF 0| HA LS.

28 MEE H 45498 712/0f| R-404a2} R-448a AIE A] H|1

e w B G B R B R

I 14
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- R-7172 0/0/ Eel At &5 12
- MZS HFCZ HFO/HFC E81E 5 &

SMAILEHE ZEOIA &S

o 294

- R-717 A|280 €] 25

- RM4= &
e HIE

- R71720/0/ 2

o MUX &8

- R717 41282
- R744= W2 285 0/0/ 23/

° leI}’

R- 717
Ze

288 F 0#0///(7’ 22 S0/0f #HOIRE A7 dSLE I/ 0=

A 2+

- Y2084 HFC/ HFO : 215140/ ¥
Lol AELHA G201 W20 282 ""X/ 28
= R-744: J|£X= R-744 AI2E0IA & 617] 9o =If S0/ 2R,

- HC:RX 2+

£ ggols JlgXE

£ g8ols Jl2XE S0l S40/ =

2 I E AMEotE

=2 0548 o §3

o8 SHE & oloford US.
£ P20 25 HAYE JIX 280/ 2t

SEZ0HNA IS HEEH S48

MT Z LT X2 2F0H 2250 F &
E 78 FIII5EHE & + US
- ///E—v— HFC2 HFO / HFC E81=0} J| & HRCF 20 8 £5 0/ FRE 218

WA ZEIIE AEGHE HE

2 OFE #5022

220 AE &

£ YW A& ZE610] R-717 H5E OF

A2ES RA 2+E FloHAE 250/

= w20/ FHE

Z+5. oA 8t OFF

I s
Z = A
H2I1Z2E 24 0 HAIYH Jls
o 2T HHIE
- YS25, 2N oF B8 L 2L SEL0) Oof FE. O AMSE0 HHE WE
o ZFUE
- B Y XF ol 42 X7 28 BWE (GWP) HIHS] Al
aXIA S A EOI A &1
W d4s 2 =5 UE= sz | Has | UEs wiig | SN
(KWh-m?- =] (ko) (% 2= (% EE | oy
year" (kWh-rn)3~ BEo) |(H=ZE/A) B89
=]
ped JHEE YSYNHD | 0.05-05 1.0% 0.3% 80% 99.0%
YSWRHED & 167 262 =%
AeigI171 0.2-6 1.5% 2.0% 80% 94.5%
=A ke 55.7 71.5 saass, 50 - 2,000 2.0% 11.0% 100% 95.0%
Y A 4.4 6.0 458 YSUS 3-8 1.0% 8.0% 50% 94.0%
2B N MO8 WEYS
2| CH 250.4 391.6 (ME M2l % 10 - 10,000 1.0% 8.0% 100% 95.0%
YsUEED)
ZEEH i} 34.7 40.6 gy 10 - 2,000 1.0% 3.0% 100% 94.0%
ZEAE GSEFF 0 £33 oiU XAl HAB L AAG | 5 00 1.0% 8.5% 80% 95.0%
(2007, Y= Defra) oloji/emz
TS 0012 05-15 1.0% 7.5% 50% 88.0%
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=18 HFC YIS Xl M

e Jlcl dei2 B o 65J1=0| HIEE
- 20194 1826 250/ A& E

EU 012 EPA EYTEEIL = =2
2z Foass s | o OREPA e | 2ZoEe DyesATIY | SEsMSI
(EC842/EC517) (SB1383) EE N ey EEES
2006 88 1990(JH &)/ 2002 48
N 20141 42 1994(HIF) 20164 12 2015\ 48 (hE) 20104 62
HZ U HFC HFC HFC ODS & HFC OoDS
(a2 =) O @) SNAPZH 4 @) O
JIEX oI o 0 o 0 -
g”fﬁf o o o o o
aAE
(UHEE) o © © © ©
BIl-aE o 0O o o o
caael o O o o o
NED= o 0 o o o
) o o 0 o

F)1: 0= EPAZ RS JIS-FE : dli B, &2l IS 24,
XA #E, 2l £= HIIsHs JIEX= EPAS| QIF S BHOLOF 8

[ "

o ESMUEE A
- ZEECISYTHUNAM 785t LESIHISES FAHZEXC S 0/8= F/ot0 IE SESES 44, +2 & NS
WEHEE M=
- QEZESE F5t SFSHO HZE AH S0l 2 HE H9E S0l 27
o HFCF A8 25
- 20138 %7EH @FSE 1ot S8 SZ 0 HOFC AFE 2H50/ AIFE
- ZF9 J|F0 HE +8&: 2009~20105 B YA (3950DPE) & 4 b/ &(1,9080DPE)

23 7|12t 8k
HCFC(JSHESIEt L), ojoji Se| Yoj(51%), THEIRe] WEX|(44%),
HCFC-22, 141B, 1428, 2013~2040'd | HEEX|-FUI|H 2| MBH(3%),
123, 124, 225ca 23HdH|o] 23HH|(1%)00 AL

&5 Uy
83 Al0% | A20% | A30% | A35% | AS0% | A67.5% | A70% | A85% | A100%

99.1.1 05.1.1 07.1.1 10.1.1

02.1.1 05.1.1 05.1.1 10.1.1

10.1.1

03.1.1 05.1.1 10.1.1 15.11
1311 15.1.1 20.1.1 25.1.1 30.1.1 40.1.1
02.1.1 05.1.1 15.1.1

[ "

22 01015z HEORIZY 3]0/, 7| SHEIE 2572 25|12 Y

ATasYzla{oglLoTL X4YxLo,indd 22 @

2022. 4. 6. 2% 1 :%31



02 HSSETNIC| SiHEE S 2! ALMICH 'HoH
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- CISZ2REY o ZIIX80 Lo Bl e E& A (201215 58)
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- Hos
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el
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35 \ H|Z

w
2E2|2 Ao oA
CFCs 1/ 8500
, | | 20101 FE Y, AH| 3%
HCFCs | 0.055/1700  8,849% kg / 65%  2040'd%E| 44, 4| FX|
HFCs 0/ 1300 5,786 kg / 35% 24712 B3

o HFCs &2l= =& 013 : 232, MR

e s

SO 22 O &
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