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Outline

1. Market overview of commercially available industrial HTHP systems 
• Cycles, refrigerants, application limits, efficiencies

2. Research status
• Screening of research activity
• Experimental and theoretical studies, cycles, refrigerants, supply 

temperatures, operating ranges 
3. Refrigerants

• Selection criteria, properties, GWP, price, efficiency, safety
4. Conclusions
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Classification of heat pumps (focus on compression heat pumps)
Development of temperature levels 

adapted from
Bobelin et al. (2012), IEA (2014), Jakobs and

Laue (2015), Peureux et al. (2012, 2014)

VHTHP: very high temperature heat pump
HTHP: high temperature heat pump

HP: conventional heat pump

adapted from Nellissen and Wolf (2015)

VHTHP
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Potential for high temperture heat pumps –
Process heat in industry

Data from BFE (2016), Pulfer and Spirig (2015) Based on Eurostat data from 2012 of 33 
countries, Nellissen and Wolf (2015)

Theoretical potential for HTHPs in 
Switzerland 

Technical potential of process heat 
in Europe  accessible with 

industrial heat pumps 
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Overview of processes in different industrial sectors
Temperature levels and technology readiness level 

Data sources: Brunner et al. (2007), Hartl et al. (2015), IEA (2014), Kalogirou (2003), 
Lambauer et al. (2012), Lauterbach et al. (2012), Noack (2016), Ochsner (2015), 
Rieberer et al. (2015), Watanabe (2013), Weiss (2007, 2005), Wolf et al. (2014)
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Selection of industrial HTHPs with supply temperatures > 90°C
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Industrial HTHPs –
Heating capacities vs. achievable supply temperatures
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Commercial HTHPs – cycles, COPs and pictures

transcritical
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Commercial HTHPs – cycles, COPs and pictures

COP vs. temperature lift
for various commercial HTWPs

Average values:
COP = 3.9 ± 0.8
∆TLift = 57 ± 15 K

∆TLift [°C]
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Research status on HTHPs –
Publications, projects, cycles, operating ranges

Publications Which 
laboratory 

setups 
already
exist?

Cycles

COP vs. supply temperatureResearch projects

Experimental setups
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Research activity on HTHPs –
Number of publications

Number of publications with search key word «high temperature heat pump» 
in databases SCOPUS (www.scopus.com) and Web of Science 

(www.webofknowledge.com)

# 
of

 p
ub

lic
at

io
ns

http://www.scopus.com/
http://www.webofknowledge.com/
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Experimental research projects on HTHPs
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Experimental setups

Helminger (2016), 
Fleckl (2015)
AIT, Vienna

1-stage cycle with
IHX, piston

(Bitzer 2CES), 
R1336mzz(Z)

160°C

140°C 140°C

Reißner (2015, 2013), Erlangen
1-stage with IHX, 

piston (GEA Bock E3), LG6

Noack (2016), ILK, Dresden
1-stage cycle, HT 125
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Cycles and achieved COPs of experimental research projects
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Achieved COPs of experimental research projects
vs. supply temperature at constant temperature lifts (∆Tlift) 

(∆Tlift), refrigerant
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Refrigerants for HTHPs

Selection criteria

Which 
refrigerants 
are suitable 
for HTHPs?

Price

Efficiency

Refrigerant properties

Safety

Critical temperature 
vs. GWP
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Refrigerants – selection criteria

Criteria Required properties
Thermal suitability High critical temperature, low critical pressure
Environmental ODP = 0, low GWP, short atmospheric life
Safety Non-toxic, non-combustible (safety group A1)
Efficiency High COP, low pressure ratio, minimal

overheat to prevent fluid compression, high
volumetric capacity

Availability Available on the market, low price
Other factors Good solubility in oil, thermal stability of the

refrigerant-oil mixture, lubricating properties
at high temperatures, material compatibility
with steel and copper
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Critical temperature vs. GWP

GWP <50 GWP >1‘00050 < GWP <1‘000
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Safety Group Classification

according to DIN EN 378-1 (2008) and ASHRAE 34
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Refrigerants – properties
Tcrit = critical temperature

pcrit = critical pressure

ODP = Ozone Depletion 
Potenial (R11=1.0) 

GWP = Global Warming 
Potential (CO2=1.0, 100 years 
EU F-Gas regulation 517/2014)

SG = Safety group (DIN EN 
378-1, 2008, ASHRAE 34)

Bp. = Boiling point at 1.013 bar

M = Molecular weight
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Theoretical studies – Efficiency range for 1-stage cycles 
with different refrigerants

∆Tlift: temperature lift
∆Tsh: superheating
∆Tsc: subcooling
ηcomp: isentropic compressor

efficiency

COP
2  3  4  5  6  7 8  9 10 11 
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Possible concept for a HTHP laboratory prototype

HFO refrigerants
Cycle

Discharge gas 
temperature control

Overhanging 
2-phase area

Minimal 
superheating

1-stage with IHX

Ethalpy [kJ/kg]

P
re

ss
ur

e 
[M

P
a]

Decition criteria: 
1) Thermodynamic suitability (Tcrit > 150°C, allows subcritical, good efficiency at high temperatures)
2) Environmental compatibility (GWP <10, ODP = 0, future-proof according to F-Gas regulation)
3) Safety (no or only low flammability)
4) Natural refrigerants R600 and R600a excluded due to flammability (A3), other refrigerants due to lack of 

information and availability
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Conclusions – Market overview

• More than 20 HTHP models identified with supply temperatures 
> 90°C from 13 manufacturers (e.g. Vicking HeatBooster with 
150°C, Ochsner IWWDS with 130°C, Kobelco SGH120, Mayekawa
Eco Sirocco, and Hybrid Energy Heat Pump with 120°C)

• Heat source: water, brine, waste heat (17 to 65°C)
• COP: 2.4 to 5.8 at a temperature lift of 40 to 95 K
• Heating capacity: from about 20 kW to 20 MW
• Refrigerants: R245fa, R717 (NH3), R744 (CO2), R134a, 

R1234ze(E)
• Compressors: 1- and 2-shaft screws, 2-stage turbo, pistons 

(parallel)
• Cycles: usually 1-stage, optimization by IHX, parallel 

compressors, economizer, intermediate injection, 2-stage 
cascade (R134a/R245fa) or with a flash economizer
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Conclusions – Research status

• Highest supply temperature of 160°C at AIT (Vienna), 1-stage 
cycle with IHX and R1336mzz(Z)

• At least 10 research projects reached > 100°C 
• Heating capacity: lab scale 12 kW, larger prototypes >100 kW 
• COPs (at 120°C supply temperature): 

5.7 to 6.5 (30 K temperature lift), 2.2 to 2.8 (70 K)
• Cycles all 1-stage: partly with IHX and/or economizer with 

intermediate injection 
• Refrigerants: R1336mzz(Z), R718 (H2O), R245fa, R1234ze (Z), 

R601, LG6 (Siemens), ÖKO1 (contains R245fa, Ochsner), ECO3 
(R245fa, Alter ECO), HT125 (ILK, Dresden)

• Compressors: piston in lab systems
• HFO refrigerants: thermodynamic suitable, good efficiency, 

GWP <10, ODP = 0, safe, future-proof according to F-Gas 
regulation
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Thank you for your attention!

NTB University of Applied Sciences of Technology Buchs, Switzerland
Campus Buchs Campus St. Gallen HTW Chur (Cooperation Partner)  
9471 Buchs 9013 St. Gallen 7004 Chur
office@ntb.ch www.ntb.ch www.htwchur.ch

Contact details: cordin.arpagaus@ntb.ch
+41 81 755 34 94

https://www.ntb.ch/projekt/hoch
temperatur-waermepumpe/

WEBLINK

http://www.ntb.ch/fue/institute/institut-fuer-energiesysteme-ies/projekte/
https://www.ntb.ch/projekt/hochtemperatur-waermepumpe/
https://www.ntb.ch/projekt/hochtemperatur-waermepumpe/
https://www.ntb.ch/projekt/hochtemperatur-waermepumpe/

	Foliennummer 1
	Outline
	Classification of heat pumps (focus on compression heat pumps)�Development of temperature levels �
	Potential for high temperture heat pumps – �Process heat in industry
	Overview of processes in different industrial sectors�Temperature levels and technology readiness level 
	Selection of industrial HTHPs with supply temperatures > 90°C�
	Industrial HTHPs – �Heating capacities vs. achievable supply temperatures
	Commercial HTHPs – cycles, COPs and pictures
	Commercial HTHPs – cycles, COPs and pictures
	Research status on HTHPs – �Publications, projects, cycles, operating ranges
	Research activity on HTHPs – �Number of publications
	Experimental research projects on HTHPs
	Experimental setups
	Cycles and achieved COPs of experimental research projects
	Achieved COPs of experimental research projects�vs. supply temperature at constant temperature lifts (Tlift) 
	Refrigerants for HTHPs
	Refrigerants – selection criteria�
	Critical temperature vs. GWP�
	Safety Group Classification�
	Refrigerants – properties�
	Theoretical studies – Efficiency range for 1-stage cycles with different refrigerants�
	Possible concept for a HTHP laboratory prototype�
	Conclusions – Market overview�
	Conclusions – Research status��
	Thank you for your attention!

