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HFC PHASE DOWN ACTIVITIES SNAPSHOT-GLOBAL
ATRHFCSHIRATZ— W
~* European Union F-gas BKEBER&RSAER

e Reduction of HFCs quota by 79% by 2030 (CO2-eq)

“# MAC directive(2006/40/CE)-Start from 2017, all new cars in EU should comply with
refrigerants of GWP<150
2017 AEBFT IR EZ RS, ERKETH ERFHEER IR FIGWP/NT150

“# U.S. EPA SNAP Delisting Final Rule issued in Jul.2015 (SNAP1)
REFREBRTER BRI BREER

e Ban High GWPs refrigerants for selected applications
e SNAP 2.0 Final Rule issued December 1, 2016
* A/C-Ban R410A/R134a for Chillers from Jan.2024
» Refrigeration-Ban R404A/407 Series from Jan.2021/2023 by different applications

= Japan METI F-gas revised regulation HZA&HRSHEBER
e Ban High GWPs refrigerants for selected applications from 2018 onwards

~# Australia announced to reduce by 85% of HFCs quota by 2036
AR B A1 B 20364 HJR85%HFCHEL AR

Kigali,Rwanda agreement in Oct.2016 showed that the industry is ready to phase down

HFCs globally over a period of time sufficient to replace them with low GWP alternatives
2016410 H 78 5 A2 22 i AE 1E R R B A5 018 8 N AKRGWP ™ il YK HFCs




ARKEMA’S NEXT GENERATION REFRIGERANTS
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ARKEMA'’S SOLUTIONS FOR THE FUTURE IN REFRIGERATION
BT FH T8 R 1R JBSL B T — A%
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GWP<150 » R-457A / ARM-25

: Retrofit » R-427A
GWP<150 » R-457A

| R-22
( R-134a |
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VERY LOW-GWP REFRIGERANTS FOR REFRIGERATION
BRARGWP S FH T4 R 12 AT ML AT 7™

Stand-Alone

Low Temperature

N~
Centralized DX

Low and Medium
Temperature

TIS

e Il

Stand-Alone

Medium Temperature

Forane® 404A

Non-Flammable
ODP =0
GWP = 3943

Forane® 134a
Non-Flammable

ODP =0

GWP = 1300
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Forane® 457A
Mildly Flammable, A2L
ODP =0

GWP = 139

Forane® ARM-25
Midly Flammable, A2L*

ODP =0

GWP < 150

Forane® 516A
Mildly Flammable, A2L

ODP =0

GWP = 131

*Anticipated
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FORANE® 457A (ARM-20A) — R-404A/R-22 REPLACEMENT
FORANE® 457AF] T #{{R404A/R-22

A2L

ASHRAE Class

GWP100-yr, AR4/ARS 139/139

Molecular mass 87.6 g/mol

Burning Velocity

(at nominal) 5.8 cm/s
Bubble point at 101 kPa -42.9°C
Dew point at 101 kPa -35.7°C
40
- - ® %o ° ° . 1Y iy
35 Farang R-437A “* Stand-alone Refrigerationi 7.7
30 —R-404A Vet
8 25 n:=| ° ° \) Yy
T o * Supermarket Refrigerationi i %
8 15 “# Packaged, RTUETH#HL
a H o N —
5 10 “# Split Systems, Unitary3&H1, HITHL
S 5
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FORANE® 457A (ARM-20A) — R-404A/R-22 REPLACEMENT

FORANE® 457ARIFE=SH

R-404A Replacement Comparison'-

%t HLR-404A

¥ Efficiency consistently higherf2#%

*¥ Similar Discharge TemperatureHEE AR
“# Lower Capacity (15 - 20%)#i+ B /132

Discharge T° * (°C)

100
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920
8
8
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6

-10/45 -20/45 -30/45

o un

o

o

mR-404A m R-455A (HDR110) m R-454C (DR-3) W R-457A (ARM-20a)

R-22 Replacement Comparison2:

XTH:R 22

“* Higher Efficiency in RTU at Standard Rating

Conditions and High Ambient
PRIt B PR L A BE ST

“* Lower Capacity (3 - 10%)%I% 85 /71B4%

1. L.Abbas, The drive to lower GWP solutions in commercial refrigeration, Chillventa Forum, October 12t 2016

2. Abdelaziz et al. (2016) ORNL/TM-2016/513, Oak Ridge National Laboratory, Oak Ridge, TN.

REZWIRERLRE, RREREHTRELRE

ARKEMA'S SOLUTION FOR THE FUTURE

AHRI Standard Rating Conditions
Outdoor: 35.0°C (95°F)
Indoor: 26.7°C (80.0°F)
) Cooling Capacity,
cor KW,
R-22 (Baseline) 3.04 25.27
L-20A (R-444B) | 204 (:3.3%) 25.46 (+0.7%)
DR-7 (R-454A) 2.86 (-6.2%) 27.15 (+7.4%)
ARM-20a 3.21 (+5.5%) 24.58 (-2.8%)
FORANE
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ARKEMA’S SOLUTIONS FOR THE FUTURE IN A/C
WA T 22 A BLA I R — AP

( R-410A | R-459A

. Retrofit » R-427A

GWP 250 » ARM-20b

GWP <150 = ARM-457A

J | R-410A

[ R22

Split systems
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FORANE® 459A (ARM-71A) — R-410A REPLACEMENT
FORANE® 459AF F & 4{R-410A

“# Compatible with R-410A Equipment e LU AU RY
FHAR-410A KR [ R-459A
e Similar Capacity and Efficiencygt /1 #1§EXUHH T

* Low Glide (1.5K)EEEE Wz,

¥ Limited compressor discharge temperature
HSET/D (5R-410AHE)

“# Demonstrated more Efficient than 410A!

BALHLR-410AFE &

e At Standard Conditions and High Ambient

Number S Z-

PR R AR T
o Lowest GWP of Alternatives classified by ASHRAE
R —
. : APPLICATIONS :EH37&
* LowastRirect Gqroen Footrint Ml ves
Forane® 459A 80% Reductionin Carbon Footprint SPIH Sysiems, Uniiqry AC ﬁﬁiﬁﬁﬂﬁfnm
"¥ Ducted Splits XEHL
* Packaged, RTU R Tl
R-4528 (DR-55) =+ \/RF systems £ E:HL
et “* Water-cooled chillers 7K¥4¥7KHL4H

R-410A

0% 20% 40% 60% 80% 100%
1. Abdelaziz et al. (2016) ORNL/TM-2016/513, Oak Ridge National Laboratory, Oak Ridge, TN.
EEENIEERLRE, REEBEFET FELRE
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FORANE® ARM-20B — R-22 REPLACEMENT FOR HVAC & R
FORANE® ARM-20BR& 4T & RR-22/ % 7 &

" Demonstrated Close Capacity to R-22'2
e Standard Conditions and High Ambient ‘
ﬁﬁﬂlﬁ%ﬁliﬁ . Seleeni Class A2L*

e Mini-split: CAP within 3% of R-22
SHARNLINAR B #1466 /1 5 R- 228808

e RTU: CAP of 1 - 10% greater than R-22
BTN E R R-22%1 488 /1K 211-10%

* Anticipated
¥ Efficiency Close to R-22
R R 2B
e About 1 -12% lower than R-2212 “+ Packaged, RTURTH#L
. “* §plit Systems, UnitaryZ>-&#l, BTTHL
“# As a R-404A Replacement < VRFZ ELHL
> - [ . o . S A Ve Y
IR R 404AB{?§RF A . “* Stand-alone Refrigerationii>r R4 %
e Consistently Higher Efficiency #:2(% %
e Close Capacity Maich to R-404A wte . . YA
Sl B 7 2 * Supermarket RefrigerationfB i &%
1. Abdelaziz et al. (2016) ORNL/TM-2016/513, Oak Ridge National Laboratory, Oak Ridge, TN.
2. Abdelaziz et al. (2015) ORNL/TM-2015/536, Oak Ridge National Laboratory, Oak Ridge, TN.
-REBNERERLRE, £XERERTBILRE
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~#* FORANE® 516A (ARM-42) — R-134a REPLACEMENT
FORANE® 516AF T R-134a

"+ Compatible with 134a Equipment
oL :
%‘G’R'134qﬁ% Number

e No or Minimal Design Changes
¥ Performancet:gg

e Full load J# 17 ' B & 1340
» Efficiency close to R-134a (2-3% less)
* Nearly identical Capacity to R-134a

e Part load #4751 14

» Efficiency and Capacity almost identical to » _
R-1 340 * Anticipated. Submitted to ASHRAE

 Very:Low GWP (< 150) RIFGWP(R

"# Long term replacement to R-134a

" Azeotropic blend F£i #7451 “¥ Water-cooled Chillers 7K4#% K141

. “# Air-cooled Chillers R4 ¥ 7K HL4H
- - —Forane® R-516A MT Refrigeraﬁon EPZEI‘/'%#R

= 25 —R-154a “* Stand-alone RefrigerationZii>r =,

¢ o “* Cascade Refrigeration &X%4 %

2 15

< m

g s
0
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Temperature (°C)
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FORANE®516A: A CLOSE MATCH TO R-134a
FORANE® 516AK 451t 5R-134adE B2

Evaporation Temperature (° C) 4.4
Evaporator Superheat (° C) 1]
P |' Vv | Condensation Temperature (° C) 37.8
roper aljve
P Y 10 - I Condenser Subcooling (° C) 5.6
. B —D_Rl 3 4‘3 Compressor Efficiency 0.7
ASHRAE Class (anticipated) A2L ]
1+ == R-516A o

/A

Molecular mass 102.6 g/mol 1

Burning Velocity

(at nominal) 4.75cm/s

P (MPa)

Lower Flammability Limit

o 5.0 %Vv/v /

Bubble point at 101 kPa

GWP100-yr, AR4/AR5 142/131 ——R1234z¢e(E) /

~
—

Dew point at 101 kPa

0.01 A e e e e e e e e R L
~# Azeotropic composition FLiEIE &4 100 200 300 400 500
“# Very close match to R-134a properties h (kJ/kg)
5R-134afpt 80
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CHILLER TESTING
12 7K BLAH EL 1 B # 1) 4 T F UR RCR

Water-Cooled Screw Chiller 230 RT nominal - Drop-in tests

Efficiency and Capacity at full load *
120
100 101. 7 99.8
100 98 9
80
(48]
®
b
0 60
(%]
>
40
20
0
mR-134a WR-1234ze(E) ®R-513A ®ARM-42

* Schultz K. (2014). Performance of R134a Alternative Lower GWP Refrigerants in a Water-Cooled Screw Chiller,
Conference Paper NY-14-C065, ASHRAE Papers CD: 2014 ASHRAE Winter Conference, New York, NY

FORANE
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CHILLER TESTING
12 7K BLAH EL 1 B # 1) 4 T F UR RCR

Chiller performance of R-134a Replacements

E S Capacity and Efficiency (COP/EER)
ot I
z 3

o 100
O3
s T g0
Q = M
= @© iy
O & = a4
s E2 |3
% c % 40
o k= <
O K 20
P
<L -~ 0

cop CAP

x>

Cycle calculations
Drop-in tests, 175-RT air-cooled, dual-circuit screw chiller, operated with one circuit. ARHI Low-AREP, Report #14

1) Full load, AHRI 550-590 Standard Cond. 2) Partload, 75%. Note: issues with test points 3 & 4 prevented IPLV calculation

Noted by testing company that equal IPLV to R-134a is possible through optimization of controls

System drop-in tests, 230-RT water-cooled screw chiller. Full load, AHRI 550-590 Standard Cond. AHRI Low-AREP, Report #7
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ARKEMA’'S COMMITMENT TO A SUSTAINABLE FUTURE
BTREES B T AT R BT Rp 4 i R BIHI R TR R T R

T RAFAT LR Z T — AR R

e HFO and new generation molecules HFOFIE ¥ 5
e Lower-GWP HFO blends for HYAC-R {KGWPHHFOIR & il 71 i T 2 i ATk
e Different solutions based on GWP, performance, and flammability

R GWP TR, RS AFT RIIFBRT R

"+ Next generation solutions for all major applications

“# Active involvement in industry wide effort to replace current HFCs
Bk, 2257 ES)LLEIRHFCs K M
e Low GWP AREP First and Second Rounds 3£ [ AREPTi H 55 —# 155 —#%
e High Ambient Temperature Testing Initiatives (EGYPRA,PRAHA 2, HAT) = ¥ i3 (i F #5085 B

> : R-410A Replacement
E ! R-459A Solutions
& : O
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o i
=4 :
= ]
% ARM-25 E ARM-20b R-404A/R;i?uzzr;‘);acemem
2 o—©
] o!
L] ‘R-457A
R{1234 | .
o yf o : R-516A R lMthoR:j;:iI::semeni
R-1233zd i R-123 Replacement
? : Solutions
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QUESTIONS ?

Yongsong Yang
Yong-song.yang@arkema.com

Disclaimer

The statements, technical information and recommendations contained herein are believed to be accurate as of the date hereof. Since the conditions
and methods of use of the information referred to herein are beyond our control, Arkema expressly disclaims any and all liability as to any results
obtained or arising from any reliance on such information; NO WARRANTY OF FITNESS FOR ANY PARTICULAR PURPOSE, WARRANTY OF
MERCHANTABILITY, OR ANY OTHER WARRANTY, EXPRESS OR IMPLIED, IS MADE CONCERNING THE INFORMATION PROVIDED HEREIN. The user should
thoroughly test any application before commercialization. Nothing contained herein constitutes a license to practice under any patent and it should not

be construed as an inducement to infringe any patent, and the user is advised to take appropriate steps to be sure that any proposed action will not
result in patent infringement.

© 2016 Arkema Inc.
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