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small-scale oil-free turbo compressors, ICR2023, 26th International Congress of Refrigeration, 21-25
August 2023, Paris, France, https://doi.org/10.18462/iir.icr.2023.0531

Brendel, LP.M,, Bernal, S.N,, Arpagaus, C,, Widmaier, Ph, Roskosch, D, Bardow, A, Bertsch, 5.5, :
Experimental investigation of high-glide refrigerant mixture R1233zd(E)/R1234yf in a high-temperature
heat pump, ICR2023, 26th Internaticnal Congress of Refrigeration, 21-25 August 2023, Paris, France,
https://doi.org/10.18462/iiricr.2023.0376

Arpagaus, C, Bless, F, Paranjape, S, Bertsch, 5. Integration of High-Temperature Heat Pumps in Swiss
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Ayou, D.S, Arpagaus, C, Bertsch, 5.5, Coronas, A: Performance anzlysis of add-on large-temperature-lift
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Cengress of Refrigeration, 21-25 August 2023, Paris, France, https://doi.arg/10.18462iiricr.2023.0505
Arpagaus, C, Paranjape, 5, Mertinger, S, Tietz, R., Bertsch, 5. Review of Business Models for Industrial
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Environmental Impact of Energy Systems (ECOS 2023), 25-30 June 2023, Las Palmas de Gran Canaria,
Spain, https://doi.org/10.52202/069564-0068

Arpagaus, C., Bever, P.-M., Brendel, L, Bertsch, 5: Kaltemittel heute und in der Zukunft: Neue Vorgaben,
neue Kaltemittel, 7. Internationaler Grosswarmepumpen Kongress, 24./25. Mai 2023, Zurich

Arpagaus, C., Bless, F., Bertsch, S., Krummggacher, P., Fldrez-Orrego, DuA., Pina, EA., Maréchal, F., Calame
Darbellay, M., Rognon, F., Vesin, 5, Achermann, P., Jansen, C.: Session Keynote: Integration of High-
Temperature Heat Pumps in Swiss Industrial Processes (HTHP-CH]) (494), 14th IEA Heat Pump
Conference, 15-18 May 2023, Chicago, Illinois, USA

Arpagaus, C, Berthold, M., Uhlmann, M., Kuster, R, Eschmann, M., Bertsch, S.: Figld Experience with
Residential Heat Pumps in Switzerland: Potential for Improvement and Future Developments (478), 14th
IEA Heat Pump Conference, 15-18 May 2023, Chicago, lllincis, USA

Ghasemi, M., Saini, P., Arpagaus, C., Bless, F,, Bertsch, S., Zhang, X.: Techno-economic comparative
analysis of solar thermal collectors and high-temperature heat pumps with PV for industrial steam
generztion (1166), 14th IEA Heat Pump Conference, 15-18 May 2023, Chicago, Illincis, USA

Henninger, 5., Arpagaus, C., Benkert, S, Teles de Cliveira, H, Schéttl, P, Kramer, W., Cherri, F., Bertsch, S.:
Integration of high-temperature heat pumps in Germany (478), 14th IEA Heat Pump Conference, 15-18
May 2023, Chicago, Illinois, USA

Pachai, A, Hafner, A, Arpagaus, C: High-temperature working fluids for heat pumps - A way fo select
the optimal fluid for a given application, 10th IR Conference: Ammonia and CO2 Refrigeration
Technolegies, 27-29 April 2023, Ohrid, North Macedonia

Brendel, LP.M.,, Bemal, S.N., Arpagaus, C., Paranjape, S., and Bertsch, $.5.: Mass fraction checks of an
R1233zd(E) and R1234yf mixture in 3 high-temperature heat pump, 3rd IR Confersnce an HFO
Refrigerants and Low GWP Blends, 5-7 April 2023, Shanghai, China.
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15.00 — 15.45 Uhr | Impuls-Referat / Forschung im Bereich Warmepumpen
- Hochtemperatur Warmepumpen

- Massgeschneiderte Kaltemittelmischungen

- Low charge Systeme
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J 1 5 8 7 % . Disifillation 100 - 300°C
« Drying processes 40 - 250°C
« Evaporation 40 - 170°C
J % +« Pasteurisation / Sterilisation 70-120°C
J N+ % Process heat §

(high temperature)

Primary ‘ H|A-||_ Egg t:ndtustri'al « Primary
energy oo ooo eat pump —
{Gas, oil, coal, Ejﬂﬂﬂ"“ I "

biomass)

Exhaust air from ovens 20 -100°C
Waste compressed air 30 - 70°C

Waste water 20 - 60°C
Cooling water 20 - 50°C Waste heat
(low temperature)
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Payback Period (PP) (years)

Sensitivity Analysis

T

1
Variation factor

-
(6}

., ( 4 'G HG6

/8

Electricity price
Temperature lift
Cost factor planning & integration
Efficiency of fuel boiler

CO2 emissions factor of electricity
Maintenance factor

PP A

Heating capacity

CO2 tax

CO2 emissions factor of fuel
Annual operating time

Fuel price (gas, oil)

PP W

0.05 0.15
35 105
1.0 3.0

0.85 0.95

0.064 Py 0.192

0.02 0.06

o500 vl 1'500
46 139

0.181 {1y} 0.302

3'600 gt 8'640
0.029 iY@ 0.086
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Reference Case (Ref)

EUR/KWh
K

kgCO2/kWh
kw
EURACO2
kgCO2/kWh
h/a
EUR/kWh

- Variation +

1'000 kW, 45 °C/115 °C (Heat source/sink), COP = 2.53

PP = 2.6 years, DPP = 3.2 years

OOST



(

Supply temperature [°C]

200

180

160

140 -
120 |
100 -
80 -

40

20

60

Spilling
. Steam
lCompressor
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= -« Spilling Steam Compressor {R718)
----- PILLER VYapoFan (R718 Water)

= Kobelco SGH165 (R245fa + RT18)
Kobelco SGH120 (R245fa)

= S5PH ThermBooster (R13368mzz{Z}))
— =— S5PH ThermBeoster (R1233zd{E))
=== 5PH ThermBooster [R1336mzz{E]}
----- SPH ThermBooster (R1234ze{E))

Johnson Controls CMO, SMC (R600)
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Propane/lsopentane (15%/85%)

Isobars linearized!

Isobar at T,4.,,=120 °C,
Glide=21 K

Isobar at 7,.,=60 °C,
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Isobar at P=1 bar,
Glide=32 K

Isobar at 7T,.,,=0 °C,
Glide=34 K
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