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synthetic working fluids low efficiencies

GWP = 1000 + 50000

ecologic solutions,
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EU F-GAS REGULATION EU/517/2014

HFC cap and phase-down scheme

CO, equivalent phase-down

2015 2016-2017 2018-2020

2021-2023  2024-2026  2027-2029 2030
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Problems for working fluid selection: EU: Consumption/Use

» system efficiency

> safety

» operating parameters

» thermodynamic properties

» economics (price, availability)

» technical aspects (e.g. materia compatibility) 9%
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Most Current HFCs Some Future Alternatives
\/ Non-flammable X Flammable
/ Non-toxic X Toxic
‘/ Low operating pressure X High operating pressure
\/ Compatible with materials X Less compatible with materials
X Very high GWP V" Low GWP
HFC | Natural HFO
Refrigerant | HCs Ammonia Cco, 1234yf
GWP (100 years) XX ' v v v
R134a 1300 — R410A 3-5 (1] 1 4
1900
Toxicity vy | wv xXx v v
Flammability o | xXXx X o X
Materials o | o X o o
Pressure o > o xx o
Availability [ » » » XX
Familiarity g » » X X
Very panrxx Pnurx Good f Very Good f f Source: F-gas support Information Sheet - RAC7 olternatives
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HFO-1234yf R-134a alternative 4 2L
Ultra-low |0to 10 HFO-1234ze R-134a alternative 7 2E
HCFO-1233zd R-123 alternative 4 1
Low 10 to 150 None currently proposed
HFC-32 R-410A alternative 675 2L
L40, XP40 R-404A alternatives ~ 300 ZL
R-446A, R-447A  R-410A alternati 460, 582 2L
Moderate |150to 1500 ! e !
R-450A, R513A  R-134a alternatives 601, 631 1
R-448A, R-449A  R-404A alternatives 1387, 1397 1
High =20 R-452A R-404A al i 2141 1
18 2500 alternative
Very high |>2500 None being considered

Transition to lower GWP alternatives
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Market Sub-sector Current HFC Possible Future Options
Domestic HFC-134a HC-600a, HFO-1234ze
Commercial | Stand-alone HEC-404A HC-290, R-744, HFO-1234ze
Condensing unit HFC-134a ? 2L alternatives
Central pack HFC-410A R-744, alternative designs
Industrial Large HFC-404A R-717, R-744
HFC-134a
Small ? 2L alternatives
(HCFC-22)
Transport Road, containers HFC-404A R-744, R-452A, ? HCs / 2L alternatives
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b0 Fluid for ejection system...
5l 1x10°
£ s e.g. R600a, R601, R601a, R1234yf,
B earisa | R1234ze(Z),R1234ze(E), R290,
B-8 R123
sy R717,methan...
eee R1234ze(Z)
1x10° .
280 00 L e 3% R134a, R123 — reference fluids
Temperature [K]
3 v~ 2000r
e—& R600a & le—& R600a
= 0-0 R1234yf 5, N o-0 R1234yf
g #- 2 R134a 5] T 1500 !}: i
:.2 I || o=t GO@AEA gﬂ ﬂﬂ:l!:l:n::cu:=:u:=zﬂ:==n:|::n -3 R123
= e+ R1234z¢(E) St = S es e ey eeseq) ** R1234ze(E)
z eee R1234z¢(7) F o g 100 93’ esee R1234z¢(7)
32 ‘ 3 g, -
5 100 -/ I o— " —
g- I e G0000666006000600066606666066
60 280 300 320 340 360 380 260 280 300 320 340 360 380
Temperature [K] Temperature [K]
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e superheating of the primary fluid (motive vapor): ATg =4 K;
e the secondary vapor is at saturated state;
e isentropic overall efficiency of the ejector:n = 0.70;
e cvaporation temperature: variable;
e condensation temperature: variable;
100f Pg ' A/
]
g 50 °C —_ -
g P 5 Yasc = hl h2_1= Uﬂfid'hl th =]
il he; § hz h:is o h}
15°C 3 _'Qe_ e(h7_h5)_ (h’,_hs)
COP == : =U
200, %00 ‘ a00. e oy G g mg (h’l i hS ) (h'l i h& )
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©&—¢ R600a

04/ [0-© R1234yf | - | : = =
o & R134a oy Te=278K, Tc=301 K
0.35 |B-2 R123 arf

¢ R1234ze(E)

0.45 ‘

coefficient of performance

03 |@-@® R1234ze(Z)
0.25
0.2
0.15
330 340 350 360 370
vapour generator temperature [K] o—& R600a
3 G- R1234yf ‘
g 04 |4~ & R134a |
% B-3 R123
o o 5 +++ R1234ze(E)
= — Q.
Tg 333 K, Tc=301 K o 03 lese R1234ze(Z)
£
‘e.q:) 0.2
: 3
...recomendation:

R600a or HFO1234 %370 275 280 285 290

evaporation temperature [K]
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parameters R1234ze(E) / R600oa
0073
1.000
1.066
1.000
1.000
1.000
Parametry wydajnos$ciowe ukladu R1234ze(E)
Mass entrainment ratio U 0.307 0.294
Compression ratio IT 0.282 0.256
Calculated condensation (discharge)
pressure p,. [bar] =t 5-83
Temperature corresponding to condensation
31.7 30.3

pressure t.(p.) [°C]

(6(0) 0.272 0.258
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e Pg tgs Pe tes tes Pc-Pe
3000 1 v I RN (s e E (max) (max)  (min)  (min)  (variable)  (max)
% — -condenser
£ MPa °C MPa °C °C MPa
050 L 1.236 58.6 0.088 -22.7 10.1 - 28.1 0.45
S NN (PN AN SN N N A 1.190 57.1 0.095 -20.9 11.9-24.8 0.4C
N Era e - 1.189 570 0094 211  122-27.0 043
sl ,;"' 1.221 58.2 0.098 -20.2 12.8 — 29.7 0.47
0.00 ' I ' : ; “ ' 70.0 -
100 150 200 250 300 350 400 450 500 X
time [sec] Y 0o | | —senerator 0
g - —evaporator i
E‘.’ 500 + | — -condenser |-~ A,,,,,,,A,,,,,,,;,,,,,,,i, fffffff
5 | i
2 o0t oscssadueossednalodeacsmod oo Levcenace s
300 + i I =23
- oo 5 . 500 e ; 7777777777777777777777777777 e ,,,,,,,,‘_’,, 77777 :7 7777777
indentification the maximum ; |
10.0 ——ee T Lo
potential performance of the system ~ |
| e
004 Rt et b
200 | '
300 | :
100 150 200 250 300 350 400 450 500
time [sec]
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30
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COP up to 0.45
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The application of refrigerant R-1234ze requires similar ejector dimensions in

comparison of the geometry predicted for isobutane. Therefore this refrigerant
may be thought as an alternative for isobutane for safety reasons.

Since isobutane is flammable and explosive refrigerant its use in many cases it

might be difficult. Therefore, refrigerant R-1234ze might be real alternative, it is
gualified as non-explosive and non-flammable.

The achievable condensation temperature are higher for isobutane than for

refrigerant R-1234ze(E). This effect may be thought as a strong surplus of
iIsobutene as a working fluid.

COP achievable for the cycle operating with isobutane is higher which is related
with higher mass entrainment ratio for isobutane than for R-1234ze(E)



