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Daikin’s core business: Airconditioning and Chemicals _

Who we are

The leading producer of air conditioning /
refrigeration equipment in the world

S

Many of the refrigerants used in air
conditioners are based on fluorine

% 7o support our airconditioning business, we have
# been involved in fluorine research since 1933

Today, we are one of the biggest manufacturers
of fluorochemical products in the world
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Daikin‘s Chemical Division

Our global sales and manufacturing network

Daikin America

Daikin America Decatur Plant
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Daikin Refrigerants Europe (Frankfurt, Germany) _

R-410A
A reliable partner for quota-relevant gas and next generation gas supply... ‘

...with a broad portfolio, serving various applications R-404A

R-407
series

Residential / Refrigeration Automotive AC Pharmaceutical g
Commercial AC propellants e
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The EU F-Gas Regulation




EU F-Gas Regulation: Phasedown
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Refrigerant contributors to EU F-Gas emissions (1/3)

Markets using F-Gases, % of CO2 tons (2014)!

Aerosols

4% Foams

4%

Fire Protection

2%
| ’ | 76% of released F-Gases are
E'ed"'caé'g;q“'p'etc' coming from the RACHP sector
(0]
Others
6%
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Refrigerant contributors to EU F-Gas emissions (2/3)

Global HFC use in RACHP sectors (GWP-weighted) 20122

Air-
conditioning

Refrigeration 35%
65% Highest priority for:
} - Refrigeration
- Air / Air AC + HP

Heating only

heat Air-to-air Industrial
4% 45% 20%
Transport
Chillers A 5%
15% o ——
Commercial _
73% Domestic
2%

'DA’K’N 2) Source: Gluckman Consulting, Bangkok 04/2015 10



Refrigerant contributors to EU F-Gas emissions (3/3)

Split of EU HFC consumption, CO2 tons (2014)

HFC-125
40%

HFC-143a | o
25% >90% of CO,-equivalent emissions
by R134a/R125/R143a

HFC-32 FC—1 34a

3% 32%

(0]

Other HFCs
0%
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Main use of R125 / R134a / R1433 _

Refrigerant : Component for : GWP  : Safety Class : NBP, °C : Remarks

pure refrigerant

R404A* (4%)

R407C (52%)

R404A* (52%)

* R507 is considered under R404A

P DAIKIN 12



Refrigerants and their replacements under EU F-Gas Regulation _

Service

Purpose: Service refrigerants, which are reducing the use of high GWP refrigerants in existing systems as a quick solution
for 2018-2024 phase down and which can be applied without major changes on the system

Requirement: Same pressure, same safety class, highest possible performance, lowest possible GWP, low cost.

Refrigerant . Replacement . Safety Class . Application
R134a R513B Al Chiller / MT applications
R404A / R507 R407H AT LT*/MT applications

Retrofit / New Systems

Purpose: Refrigerants for systems fitted to the new refrigerant and new systems for the same applications.

Requirement: Highest possible performance, lowest possible GWP, low cost

Refrigerant . Replacement : Safety Class . Application

R134a | R1234yf | A2L | MAC and other stat. applications
e T o T et
e Ok PER stationary A veat ums
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R407H performance comparison: COP% _
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Deviation COP (R404A = 100%)

Calculated values using Refprop 9.0 for a single stage cycle:
Q0= 10kW

tom = -30°C to 0°C

tcm = 40°C

tsuperheat= 10K, Tsubcooled=2K

W R407F 40°C
B R407H 40°C
B R448A 40°C
B R449A 40°C

nisv= f(pc/po) = 0.6488+0.0.0017*(pc/po)
-30°C -20°C -10°C

0°C
—

Comparison of different R404A replacements
R407H has the highest efficiency, HFO based blends fall behind...
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R407H performance comparison: Deviation gvol. _
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Deviation gvol. (R404A = 100%)

Calculated values using Refprop 9.0 for a
single stage cycle:

Q0= 10kW

tom =-30°C to 0°C

tcm = 40°C

tsuperheat= 10K, Tsubcooled=2K

nisv= f(pc/po) = 0.6488+0.0.0017*(pc/po)

W R407F 40°C

W R407H 40°C

B R448A 40°C

I I I B R449A 40°C
-30°C -20°C -10°C 0°C

o

R407H shows the lowest capacity, but still more then R404A. Since R407H is used as a replacement for
R404A in existing systems, it is ensured that the converted system delivers enough capacity.
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R407H performance comparison: Discharge temperature _
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R407H has the highest discharge temperatures but below 120° C, which is the typical limit in semi-hermetic
and open compressor systems.
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R407H vs R404A: practical MT test results

Experimental et up

Measurement system

cvele Cabinot Climatic chamb R404A R407H
ye ain matic cnamoer _ _ _ _ _ _
« 1 Coriolis mass flow meter « 1 Coriolis mass flow meter « 1 humidistat Tk=25°C Tk=3°C  Tk=45°C Tk=25°C | Tk=35°C | Tk=45°C
» 1 Magneticvehumetriciowmater  » 2 T-typa hemmacauplas » 1 tamparatura gauge Average condensing temperature (°C) 25.7 34.5 45.1 25.7 35.1 45.0
» 9 Tetype thermacouples » & M-mst packages with T-type Deviation during test 0.3 0.6 0.8 0.5 0.7 1.1
" Ipressuregauges emmecoples Average product temperature (°C) 1.9 2.0 2.0 2.1 2.0 20
+ 1 wattmeter * Twatimeter — .
« 1 humidistat Deviation during test 0.1 0.1 0.1 0.1 0.1 0.1
R Average climatic chamber temperature (°C) 25.0 25.0 251 249 249 249
A=t == Deviation during test 0.7 0.7 0.7 0.6 07 0.7
s : = | o :. = ﬁ__ _J Average climatic chamber RH (%) 58.9 58.7 58.4 57.5 57.5 57.3
' ] s o e Deviation during test 5.2 5.3 5.3 4.6 48 4.9
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e The EU F-Gas regulations forces a 79% reduction of CO, related consumption of F-Gases
 The RACHP sector is the biggest contributor with 75%

e More than 92% of the consumption comes from R125/R134a/R143a

e The main refrigerants from these components are R404A / R407C / R410A

A1 alternative R407H R513B -

......................................... S R GV oYe .
A2L alternative R454A R1234yf R32
GWP 239 GWP 4 GWP 675

Note: all GWP values acc. IPCC AR4
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Thank you for your attention!
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