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Kavoviopocg F-gas

O cUpwNAIKOC Kavoviopog F-gas €Xel wC OTOXO TEPLOPIOHO TWV EKTOUTIWYV AEPIWV
BeppoknTiou. Xe autd mepAapBavovtal Kat ta HFC wuktika peuotd. lMa va 1o meETUXEL a
akoAouBei dUo dladpopEc:

» [Meploplopog TnG cuvoAlkng moootntag HFC mou pmopouv va mwAnbouv otnv EE

» KaAutepn mpoAnywn Slappowyv amo tov EOMAIOHO TToU TEPLEXEL f-gases, HECW UTTOXPEWTIKNG
AVAKTNONG TWV PUKTIKWY PEUCTWY Kdl PE TNV EKTTAIOEUON KAl TILIOTOTOINGN TOU TTPOCWITIKOU
mou SlaxelpieTal autd ta agpla.



Diagram 1: HFC phase down schedule (CO,e basis, in %)
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Kavoviopocg F-gas

System charge Leak test frequency Leak test frequency
No fixed leak detection With fixed leak detection

5* to < 50 tonnes Co, equiv. Once per year Once every two years

e.g. 1.27 to < 12.7 kg R404A (every 12 months) (every 24 months)

e.g. 2.37 to < 23.7 kg R407A

e.g. 3.49to<34.9kg R134a

50 to < 500 tonnes CO, eq uiv. Twice per year Once per year

e.g. 12.7 to < 127 kg R404A (every 6 months) (every 12 months)

e.g. 23.7 to < 237 kg R407A

e.g. 34.9 to < 349 kg R134a

> 500 tonnes CO, equiv. Not applicable Twice per year

Fixed leak detection must be fitted (every 6 months)

e.g. > 127 kg R404A

e.g. > 237 kg R407A

e.g. > 349 kg R134a




Ban effective from 1st Jan...

Kavoviopocg F-gas

Application

Ban effective for
refrigerants with a

GWP greater than...

2015 Domestic fridges, freezers 150
2020 Commercial fridges, freezers 2500
2022 Commercial fridges, freezers 150
2020 Most stationary HFC equipment 2500
2022 Central plant greater than 40 kW cooling capacity 150

Except as the high stage of a cascade 1500
2020 Moveable room air conditioning 150

Single split air conditioning with less than 3kg charge

750



Kavoviopocg F-gas

R404A+R307A: 60% up in 2017
R448A+R449A: 20% up in 2017

—+— Gas producer
(selling price)

~— Gas distributor
(purchase price)

~#— OEM (purchase
price)

~Service company
(purchase price)



Priceindex

Kavoviopocg F-gas

Refrigerant price index
4,00

i

3,50

i

3,00

g

2,50

o

2,00

g

1,50

W

1,00 — . 2 ——

g

0,50

”

0,00
06-03-2017 25-04-2017 14-06-2017 03-08-2017 22-05-2017 11-11-2017 31-12-2017

Date

—a—R134a —a—RA04A —@—RADTF —a—R3I2Z R245fa —a—R1234f —a—R12347¢ —pp—R448A —p—R4494

-



Aladoon twv cuotnuatwy CO2

CO, transcritical stores in the world
October 2018

16,000+

EUROPE




lI6totnteg CO2




Refrigerant

R744

HFC

R404A R134a R407A

I0totnTteg CO2
[

HFC

HFC

HFC
R407F

R1234yf

. . . -41°C -43°C -41°C -30°C

Temperature at -78.5°C 46°C -26C (Mid point (Mid point Saturation | Saturation
atmospheric pressure (Temp. pf (Saturation | (Saturation Satiiation St (temp.) (temp.)

thedryice) | temp.) temp.) temp.) temp.) g :
Critical temperature 31°C 72°C 101°C 82°C 83°C 96°C 95°C
Critical pressure 73.8barg | 35.7barg 41.7 barg 45.2 barg 47.5barg 49.8 barg 33.8barg
Triple-point pressure 5.2 bar 0.03 bar 0.005 bar 0.013 bar TBC <0.005bar | tbc
P t a saturated
¢ ere;;z::&rz iaf ;5?Ce 57.2barg | 10.9barg 5.7 barg 10.2 barg 10.6 barg 9.1barg 5.9 barg
e bl 1 3922 1430 1990 1824 1700

potential




Pressure (kPa)

Pressure/Temperature curves for various refrigerants
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ldtotnteg CO2

* Heating up
30°C

§ 42.5 bar
[bsgr] /—34 8 bar /‘
of _—{CO,: AP/AT~026
/
30 AT
20
10
R717: AP /AT ~ 0.020
. R134a: AP /AT ~ 0.015
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Cooling Capacity [kW]

I0totnTteg CO2

20
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R134a R404A R744

B Capacity, kw, at-10/30
B Capacity, kW, at-10/40




lIdtotnteg CO2

R404A R744

Suction line
diameter

Liquid line .
diameter .

3mm bmm




I0totnTteg CO2

Density Density - CO, Liquid / Vapour
[Lb/ft] [kg/m’]
93.6 1500
— |

[

62.4 1000 — I d

- _Critical point.
~ 7 +31°C [87.%°F]

312 500 };:’ 73.6 bar [1067 psi]
i
vapour| —
0 0~
-40 -20 0 20 40 [°C]
-40 -4 32 68 104 °F]

Saturated temperature



lIdtotnteg CO2

» To CO, o€ UYPNAEG CUYKEVTPWOELG Eival EMKIVOUVO.

100.000
PPmM

30.000
Ppm

o AtmoBupia Katl 6avatog

« AuokoAila avamvong, {aAada

AV Kavéva TpOBANUaA yia PIKPO XPOVIKO dldoTtnpa

5.000
Ppm

370
PpPmMm

» To cUvnBeC avw Oplo cuvayepHou

e H KavoVviKn CUYKEVTIPWON oTNV atpoo@alpa




lIdtotnteg CO2

10 000
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fluid
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Maximum solubility [ppm] (mg/kg)

I0totnTteg CO2

Water solubility in various refrigerants in vapour phase
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« To avekto Oplo uypaociag
ouotnpa CO2 sival apketa
XAPNAOTEPO amo ta aAAd Yu
pEUOTd.



Maximum solubility [ppm]

(ma/ka)

lIdtotnteg CO2

Water solubilityin CO;

1000 | Liquid
100 E‘ﬁapﬂur
10
1
-50 -30 -10 10 [°d

2Tnv uypa ¢don n OlaAUTOTNn
TOAU PEYAAUTEPN ATTO TNV AEPL
‘Otav n cuykeEvIpwon eivat xay
amo autda ta opla 0V EXEL Kapia
EMIMTWON 0TO KUKAWUA
‘Otav n cuykevipwon EEmepvaAEl a
Ta opla, dnuloupyouvTdl CTAyovi
vepou.

MpokaAouvtal Tayoppay



JuoTnHata
transcritical

YikTng agpiou

Transcritical ovopalovtal ta

SuymeoTiic oUCTAHATA OTd OTola N ATmoppPIYn
OeppoTNTAC TPAYHATOTOLE(TAL TAVW
amo TO KPIoIHo onpeio Tou peuctou
(Beppokpacia mepiBaAAovtog 20 pe
25°C)

Efarpiorrg




Juotnpata transcritical

Pressure Transcritical refrigeration process

35°C : 95°C
44— Gas cooling »
100 1450 [95°F] g [203°F]

g & 8 83388
\
/

/ /
290 ~12°C [10°F]

10 145 /

Enthalpy




-

SOV

i N
40C |

Yuotnuata transcritical
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Juotnpuata transcritical

Emppon Tn¢ wicon¢ £€660u Tou gupmicoTr oto COP
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Juotnpata transcritical

-+ T,=32,5[°C]

<% T,=35[°C]
¢ T,=37,5[°C]
~+Ty=40 [°C] < T1=42,5[°C]
<+ Ty =45[°C]
— T1=47,5[C]

s v

2,5

~~Optimum pressure formula

0 o ., o o
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Discharge pressure [bar]




Juotnpa transcritical pe GBV
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Juotnpa transcritical pe GBV
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Juotnpa transcritical pe GBV

6-7 Ektovwon tou CO2 yla toug
eEATUIOTEC
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Pressure

©
Critical point
s
Y
< >
4]

Enthalpy ke




Juotnpa transcritical booster

2uotnMa Booster Suo otabiwy
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Juotnpata transcritical mapaAAnAng cupTie

Map&AAnAng
CUMTTIEONG

Booster

&.

To uypo CO, mou cuAAeyeTa
XaunAng Tmieong mepva o
UYNANG Tieong pEcw avtAiag
Xapn otnv EAAEwpn umepBEp
HETAWOPA OeppoTNTAC TPAYHAT
otnv  Oeppokpacia  e€artpion
OAOKANPO TOV £€ATHLOTNA
Me autd tov TpOmO n Oep
e€atplong pmopei va au&nOsi



Juotnpata transcritical liquid ejector

Booster
System

Liquid Ejector
in a booster
system

7

-

r—

!

I

To liquid ejector £xel (0
apxn Asttoupyiag Pe 1o
ejector.

Xpnolpyomoleital va oTEAVE
uUypO amo to accumulator o
receiver.
AoUAgUEL XwpIG uTTEPBEPUAVO
EMTPETOVTAG oTNV £€000 TO
eEatpiotn otayovidla
OUAAEYOVTAl GTO accum
Emtpenel avénon tng

avappoPnong.



Juotnpata transcritical liquid ejector

BOILING BUBBLY PLUG STRATIFIED SLUG ANNULAR FLOW MIST FLOW AREA

POINT FLOW FLOW WAVYFLOW FLOW i
% 1 ' ' |
1 '

DRY-OUT POINTS

ZERO SUPERHEAT ALC POINT MSS POINT STABLE SUPERHEAT

TIME

TEMP




Yuotnpata transcritical LP Multi ejectors

Booster
System

LP Multi
Ejector system

Y& Beppd KAlpata mapaAapBa
a€PLo ATTO TOUG EEATULOTEC Kal
aveBalovtag tnv mieon Tou To
OTEAVEL OTO receiver.
2toug 23°C lift 3 bar
2touc 36°C lift 7 bar
210 KAipa g ABnvag Ba Ae
10 71% TOU XpOVvou.



Juotnparta transcritical HP Multi ejectors

Map&AAnAng Map&AAnAng cupTrieong
CUNTTIEONG pe Multi Ejectors

=t

S A—é“‘

A€LTOUpPYEL PE cuoTNpA
TAapdAANANG cuptieong
Mépocg Tou agpiou amod to
eEATUIOTEC TTEPVAEL ATTO T
multi ejector aveBalovtag
TNV TiEon Tou.

O ocupmeotng MAapaAAnAng
oupTTieong OOUAEgUEL pE
HIKPOTEPO AOYO TTECEWY



AslToupyia tou ejector
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Parallel Multi Ejector
Booster compression Solution™

STORE 75 KW

+ 5 compressors

* Multi Ejector HP 1875

- 1 2

IT comp

MT comp 3 2 1 \ l

LT comp 2 2 2 |
e a ]

Multi Multi : L

Ejector - - Ejector ;

Solution HP 1875

LT/MT

Eallo 15% 15% 15%

Average load 50%, Energy cost 0,1€




Parallel Multi Ejector

Booster compression =
STORE 150 KW P Solution

« 7 compressors

* Multi Ejector HP 3875

- 1 2

IT comp

MT comp 3 3 2

LT comp 3 3 3
Multi Multi
Ejector = - Ejector
Solution HP 3875
LT/MT

ratio 15% 15% 15%

Average load 50%, Energy cost 0,1€




Paraliel Multi Ejector
Booster compression Solution™

STORE 300 KW

+ 7 compressors

+ 2 X Multi Ejector HP 3875

- 2 2

IT comp

MT comp 5 3 2

LT comp 3 3 3
Multi

’E‘j‘;'g'mr _ ) Ejector

Solution ;'; 3875

LT/MT 15% 15% 15%

ratio

Average load 50%, Energy cost 0,1€



Pay back time in years
Parallel compressors VS Standard Booster

25
20

15

10
D Il Il Il = ] O ]

Bangkok Kuala Lumpur Singapore Taipei Tokyo Ulsan Melbourne

W Parallel compression 75 KW H Parallel compression 150 kW W Parallel compression 300 kKW

>
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Pay back time in years
HP Multi Ejector VS Standard Booster

Bangkok Kuala Lumpur Singapore Taipei

®m Multi Ejector Solution 75kW

B Multi Ejector Solution 150kW

Tokyo Ulsan
m Multi Ejector Solution 300kW

>

Melbourne




H AUon Multi ejector HP dev sival evoedeilypevn. Ot AUoEIG
LP multi ejector kai liquid ejector eival mepicootepo
OUMPEPOUCEG

H AUon HP multi ejector ivat n mpotelvopevn. Xta Beppuotepa
KAipata o xpovog amooBeong sival PIKPOTEPOG amo 4 £1n

300 kW H AUon HP multi ejector eival n evoedetypévn yia 0Aa ta
KAipata




Pay Back Liquid ejector [years]

Pay Back HP ejector solution [years]

Pay Back LP ejector solution [years]

Average
annual
temperature

[oC]

Booster + Liq
S Booster

40 kW

Booster + Liq
VS Booster
75 kW

Booster + Liq
VS Booster

150 kW

Booster + Liq |[HP Ejector
VS Booster S parallel
300 kW 75 kW

HP Ejector
VS parallel
150 kW

HP ejector
VS parallel
300 kW

LP ejector
S Booster

LP ejector
VS Booster
75 kW

LP ejector
VS Booster
150 kW




IHP ejectors ]LP ejectors

Energy saving compared to Booster CO2 system

Flooded Operation

Average

Parallel Parallel comp. Booster sys

comression + HP ejectors |+ LP Ejector

with Liquid




E€oikovounon evepyelac o€ transcritical CO
ocuotnpata

: - A bt T’”c Space heating:

T B Controlled by
IZ@ Optimal COP system




E€oikovounon evepyelacg o transcritical CO2
ocuotnuatda

R134a R744

o0 . H Beppuok
% w0 " KATaoAwy
2% g :
E% - Eg . oUCTNUATW
70 & ~
N 5 UYnAGTERN
gg oL\ gg o0 WYUKTIKA PEU
g% ol < 2% | «  YmApxet peyah
%\é * | 55« = Suvatonta av
iE . g“ n BeppdTNTAC.
RN P R R T T h m b B & % % * H amoBoA
Temperature "C Temperature "C YlVETCIl (0}

e Refrlgerant Temperature
Medla (e.g. water] temperature




E€oikovounon evepyelac o€ transcritical CO
ocuotnpata

» AdlaBatiko gas cooler

» Mnxaviko subcooling peta to gas cooler



Standstill

[MPOXOXH: Na kabe 1°C mou
aveBaivel n Oeppokpacia oe
THNHa pe eykKAwBlopevo CO2 n
mieon aveBaivel kata 10 bar




2 WANVWOELC

Standard Wire
Gauge




TomoBeTnon atednTnplwyv

®

TI-1-622{A) and TI-1-623 on drain pipe




Man fram (Ginhaks awvil 1ina adn

e

CO, Booster solutions
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