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European Heat Pump dynamics and challenges

 EU Green Deal drive CO2 reduction with F-Gas Il
regulation enforcement
* Heat pump sales are expected to grow strongly,
120 F-Gas Regulation HFC phase down supported by government subsidies and policies and/or
decreasing costs to install and run
* Interim trend for R32 as a replacement for R410A with
need to look long in the future
 Enable lower GWP alternative refrigerants to R410A and
R32 as drop in/near drop in solutions
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-69 %

Lower GWP

requirement for all member states to publish a long-term building renovation
strategy.

Boost to the European Commission’s “Renovation Wave” plans as part of
the Covid-18 recovery package, with action plan due in autumn 2020, and
-76 %

CO:Equivalent (2015; %)

20 - AR
ok Phase out of fossil heating. incent
phase out ol S gating, Incentives
Propased Clean Heat Grant 1o for HPs, continued realignment of energy
I | replace the Renewable Hoat )
0 T T T T T T T T T T T 1 prices (increased tax on gas / reduced fax
O o D P O S D> D - I SR Grean Homes Grant for hame on eleclriciy fof heating). CO, tax tbe in
autumn 2020. Qil boilers banned since
S S A S S R A S P M S R S renovalion. Net Zero economy 2046 if gas or district heating is available.
{including heating) by 2050 =
Year i Municipality-led “gas-free” targets,
Govemment goal for renovation national commitment to (fossil) gas-free by
of 500,000 homes by 2030 — | 2050 Incentives (ISDE). Continued
realignment of energy prices (increased
Strong incentives - 'HP for €17 fax on gas / reduced tax on electricity for
(2019}, then 'Ma Prime Renov’ n&mmg}. All socially rented properes (o
{funds increased, 2020), legal be minimum energy label band B by end
requiraments on some landlords 2021
from 2023
{ New Climate Action Programme - .
Strong incentives - Conto incentives & support (updatad MAP
Termico continues, EcoBonus levels for 2020, KIW ‘Efficienzhaus’
™ raised (now 110%) programme), CO2 tax (on fossil heating
e m o u rs fuels) from 2021, increasing regulation
Source: Delta Energy & Environment Ltd 2020 on oil boilers, draft renovation strategy.




Long term horizon refrigerant selection Opteon™ platform

Refrigerant Composition GWP | Temp. Glide (0C) Safety Class

R410A R32/R125 (50/50 %wit) 2088 0.1 Al / Fluid Group 2 (PED)
R32 R32 (100 %wt) 675 0 A2L / Fluid Group 1 (PED)
R452B - Opteon™ XL55 R1234yf/IR32/R125 (26/67/7 %wt) 676 1 A2L / Fluid Group 1 (PED)
R454B - Opteon™ XL41 R1234yf/R32 (68.9/31.1 %wt) 466 1.5 A2L / Fluid Group 1 (PED)
R454C - Opteon™ XL20 R1234yf/R32 (78.5/21.5 %wt) 146 6 A2L / Fluid Group 1 (PED)
R1234yf- Opteon™ XL10 R1234yf (100 %wt) <1 0 A2L / Fluid Group 1 (PED)

A Opteon™ refrigerants for heat pumps

« Air source HP (air-to-water): Opteon™ @

& 08 o GWP: 467 -76% vs R410A XL41 and Opteon™ XL20 for R410A
& : R -31% vs R32 and R407C replacement
s ? Ra10n - : e Water heater HP and mobile HP:
AR AN Opteon™ XL20 and XL10 for R134a
FATA= replacement. (*Opteon™ XP10 —
/ = GWP: 146 -91% vs R410A :
T : tt _I'l_ _ "lé -77% vs R32 R513A option)
- R454C R4548 f"f'
S g&""" > & b K "'5’:32 * Industrial tumble dryer HP: Opteon™

. XL20 and XL10 for R134a replacement
N where no flammable
Chemours




Heat Pump safety standards and requirements

@- European Safety standard EN378 (supports
flammable refrigerants)
« Safety standard EN60335-2-40 for Heat Pump
 |EC 60335-2-89 (Com. Ref.) since 2019
supports some flammable refrigerants A3

up to 0.5kg and A2L up to 1.2kg (LFL) PTAC: A2L vs A3 at m1 charge per UL-60335-2-40
« National and Regional building codes prevails . — ;

more stringent :

e Charge limits

» People skill to avoid hot surfaces / avoid
ignition sources

' Safety requirements to use A3 flammables are

Flame propagates at floor
level; two deflagration vents IH N
burst and one melted open

small blue flame extinguished right
away, no further propagation.

A2L refrigerants can reduce the flammability risks

compared to A3 (R290) given:

* AZ2Ls by volume is typically needed to form a
flammable mix with air

* AZ2Ls develop much lower combustion energy and

R452B, 1920 grams, 47.4 g/sec R290, 114 grams, 21 g/sec

would need more volume to form a flammable mix Nt i
. . . o mitigation No mitigation
with air compared with A3s. LFL=11.9% v/v LFL=2.1% v/v
Therefore A2Ls are less likely to form flammable ..Alwmlﬁl..k!!

concentrations, are harder to ignite making them safe
to use with many electric components

R1234yf

g Chemours-



Heat Pump safety standards and requirements

Charge size vs. heating capacity benchmark

Charge /kg
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Average Heat load < 35 W/m? incl. 1kW for SHW

-16-15-14-13-12-11-10 9 8 -7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 1011 12
—5 kW ca. 120m? ——6 kW ca. 150m? ——7 kW ca. 180m?
8 kW ca. 210m? ——9 kW ca. 240m? ——10 kW ca. 270m?

@ * Industry is moving to Support Larger sizes for A3
but with strong limitation on area (m2) indoor
 A2L and A3 are on 2 different markets
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—&— A3 Floor (7th-Ed.) —&— A3 Window (7th-Ed.) —e— A3 Wall (7th-Ed.)
A3 Ceiling (7th-Ed.) - @ — A2L Floor (7th-Ed.) - ® - A2L Window (7th-Ed.)
- @ - A2| Wall (7th-Ed.) ® A2l Ceiling (7th-Ed.)
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https://www.opteon.com/en/support/helpful-resources/charge-calculator
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https://www.opteon.com/en/support/helpful-resources/charge-calculator

Opteon XL41 (R454B) and Opteon XL20 (R454C) tests In

AWHP

Alternative of R410A into a 8 kW air-to-water HP in drop-in
performance with:

« 3 different refrigerants: R454B, R452B and R32

« 4 different conditions: A7/W55, A2/W55, A-7/W55 and A-15/W55

Alternatives of R407C with:
o 2 different refrigerants: R454B, R454C

Q Refrigerant charge sizes of -/ R452B, R454B and R454C
R452B, R454B, R32 and R454C = allow the use of same POE
are between 8% and 15% than lubricants as R410A
R410A, respectively. (Should

improve heat exchanger efficiency

with lower pressure drop)

g Chemours-



COP and Heating Capacity comparison

Heating and COP performance

0%  R-454B has a better efficiency than R410A that
- provide good alternative to OEMs for lower GHG
a% I I I I emissions

; B . | Il « R454C exhibit slightly higher COP than R410A

that make a good option for long term

B R410A mR452B mR454B mR454C mR32

Temperature discharge  The discharge temperature of R454B is approx.
30% 8% higher than R-410A that is lower than
20% I compressor discharge temperature limit. Save
10% replacement mitigation cost and should improve
allB -Ill all D ° P

o compressor longevity.

tHG_35 tHG_55 tHG_65
-10%

-20%

-30%

HMR410A mR452B W R454B MWR454C mR32



COP and Heating Capacity comparison

 R454B has a better efficiency than R407C that Heating and COP performance
provide good alternative to OEMs at minimum 1o
design changes o
» R454C exhibit slightly higher COP than R410A 6/
that make a good option for long term p I
o ——
 The discharge temperature of R454B is approx. Temperature discharge
12% lower than R407C. Will require design 0%

.. . tHG_65
optimization N I
-10%
-15%

-20%

25%

‘ Chemours- |



LCCP analysis

VDI 4650 Standard Outdoor XL20 XL41 "COLD" Helsinki
Temperature /°C  R410A R32 (R454C) (R454B) " AVERAGE" Strask
SCOP, -10 4,83 4,91 4,92 491 "WARM" Athens
SCOPy -12 4,70 4,78 4,79 4,78
SCOPy -14 4,55 4,62 4,62 4,62
SCOPy -16 4,44 4,52 4,52 4,52
SCOPy, 16 3,62 3,68 3,68 3,67
SCOP,; (Total) 4,25 4,32 4,33 4,32
_________ Outdoor Temp. (oC)  R410A . RS2 | XL20(RA54C) XL41(Rasas) |
-15 3,14 316 i 3,16 320 i
cop -7 3,65 3,71 3,69 3,71
2 4,45 4,52 4,52 4,52
_____________ LA O LT O C U - XN WS
12 5,86 5,95 6,00 5,95
Outdoor Temp. (0C)  Q, R41DA R32 XL20 (R454C) | XL41 (R454B)
Power -15 12 3,82 3,80 3,80 3,75
et T 732 | 200 197 198 o 197 .
S 2 T apa T 100 098 " ogs  ogs
7 2,88 0,57 0,56 0,56 0,56
12 1,32 0,23 0,22 0,22 0,22

The model outline the attractiveness with 3% reduction
of the operating life-cycle costs with R454B and

R454C vs. R410.

g Chemours-

COLD Outdoor Temp. (2C)  Hours/a RA10A R32 XL20 [RA54C) | XL41 [R454B)
-15 327,00 1.250 1.242 1242 | 1.226
Annual power consumption / 7 1260 2.527 2.486 2.500 2.486
- 2 2731 2.725 2.683 2.683 2.683
7 1240 706 695 632 695
12 888 200 197 185 197
Total ; 6.416 7.407 7.302 7.311 7.287
Costs /kwh 024€
Annual Operating costs 1.777,74€  1.75254€  175474€ 1.74882€
AVERAGE Outdoor Temp. (2C)  Hoyrs/a R410A R32 X120 [R454C) | XL41 [R454B)
-15 0,00 0 0 0 ! 0
Annual power consumption / . 348 oas Ll b Ll
Wh 2 1801 1.887 1.858 1.858 1.858
7 1642 935 920 916 920
12 1029 232 228 226 228
Total i 4.910 3.751 3.692 3.691 3.692
Costs /kwh 024¢€
Annual Operating costs 900,25 € 886,19 € 885,77 € 1886,19 €
WARM Outdoor Temp. {0C)  Hoursfa RA10A R32 X120 (R454C) | X141 [RA54B)
-15 0,00 0 0 0 ; 0
Annual power consumption / . 0a0 8 g g L
N 2 88 88 86 36 86
7 1019 580 571 569 571
12 2433 559 551 546 551
Total ; 3.590 1.227 1.208 1.201 1.208
Costs /kwh 024€
Annual Operating costs 294,50 € 1280,08 £ 28835 € 1280,08 €

Rem: Additional capital and maintenance cost to be added for the
full LCCP costs.

A2Ls lower flammability vs. R290 will benefit ease of installation
and maintenance



Summary

* AZ2L solutions for R410A replacement features good performance: selection is
based on GWP and performance

« Opteon ™ XL41 (R454B) showed the closest performances with R410A
with a GWP < 675.

 Opteon ™ XL20 (R454C) has the Lowest GWP between all A2Ls, whilst
enable the R410A replacement with some redesign (Internal HEX, EVI)

 Recent adoptions by some key OEMs are demonstration the A2Ls benefit in
Air Source HP and Chillers.

Thank you!
Loic.chereau@chemours.com

assume no liability in connection with any use of this information. Nothing herein is to be taken as a license to operate under, or a recommendation to

Disclaimer: The information set forth herein is furnished free of charge and based on technical data that Chemours believes to be reliable. It is intended for
use by persons having technical skill, at their own risk. Since conditions of use are outside our control, we make no warranties, expressed or implied and
Chemours infringe any patents or patent applications.
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