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Webinar Housekeeping
The webinar will be recorded
The video and the presentation slides will be 
available after the event and published in the coming 
week on the SWEET DeCarbCH Events Website

Participant microphones and cameras are switched off
Use the Q&A tab to ask questions (first type speaker name & insert question)
If time permits, we will answer questions live after each presentation, otherwise 
via the Q&A tab

https://www.sweet-decarb.ch/events/event/webinar-on-steam-generating-heat-pumps-2024
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Webinar Recordings will be available on

 https://www.sweet-decarb.ch/events/event/webinar-
on-steam-generating-heat-pumps-2024

 https://www.youtube.com/@sweetdecarbch

Mission Statement:

Decarbonisation of Cooling and Heating in Switzerland

Facilitate, speed up and 
de-risk decarbonization of 

heating and cooling

(SFOE funded project SI/502260) Follow-us on 
https://www.linkedin.com/company/74517939 

https://www.sweet-decarb.ch/events/event/webinar-on-steam-generating-heat-pumps-2024
https://www.sweet-decarb.ch/events/event/webinar-on-steam-generating-heat-pumps-2024
https://www.youtube.com/@sweetdecarbch
https://www.youtube.com/@sweetdecarbch
https://www.aramis.admin.ch/Grunddaten/?ProjectID=48859
https://www.linkedin.com/company/74517939
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Introduction – Where we are
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Heat pump test center (WPZ) at OST in Buchs, Switzerland

www.wpz.ch

OST Campus Buchs

www.ost.ch/ies

http://www.wpz.ch/
http://www.ost.ch/ies
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Residential

Industry

Energy Supply

Mobility
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Pumps
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Efficiency 
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Decentralized 
Energy Supply
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and Thermal)

Power 
Electronics

Thermal 
Management

Test Bench 
Development

«Engineering a Net Zero Future that Works»

Accredited
Heat Pump
Test Center

Heat Pump Field Tests

Heat Pump & 
HVAC Control

Heat Pump & Refrigeration 
Technology

Introduction – Our competences
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Introduction – Available webinar recordings

Steam generating heat pumps, OST Webinar, 18 March 2024

Videos on High-Temperature Heat Pumps

23 March 2023
(991 views)

19 November 2021
(1’446 views)

27 February 2023
(6’464 views)

28 October 2022
(481 views)

~ 70 participants
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Introduction – High international interest in the topic of Steam Generating Heat Pumps 

Steam generating heat pumps, OST Webinar, 18 March 2024

We have more than 540 webinar registrations from 42 countries 
with different backgrounds and functions
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Prototype for steam generation from waste heat
Preliminary work at

Steam generating heat pump 
with an open water circuit
34.2 kg/h steam at 115 °C
Proof of concept

Steam

Water

�̇�𝑸

Source: Bless, F., Arpagaus, C., Bertsch, S.S., Schiffmann, J.: Theoretical 
analysis of steam generation methods - Energy, CO2 emission, and cost analysis, 
Energy, 2017, 129, 114-121, https://doi.org/10.1016/j.energy.2017.04.088 

T <100 °C

2019

https://www.sciencedirect.com/science/article/pii/S0360544217306540
https://doi.org/10.1016/j.energy.2017.04.088
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Innovation project Efficient steam generation in industry, Innosuisse (42533.1 IP-EE)

R600/R718 (Butane/Water) Steam generating heat pump

Steam generating heat pumps, OST Webinar, 18 March 2024

Steam generator with 
integrated condenser

Source: Uhlmann, M., Olmedo, L.E., Arpagaus, C., Bless, F., Schiffmann, J., Bertsch, S.: Efficient steam generation in industry – Combined heat pump cycle with mechanical vapor 
recompression, 15th IIR-Gustav Lorentzen conference on Natural Refrigerants, June 13-15, 2022, Trondheim, Norway, http://dx.doi.org/10.18462/iir.gl2022.0049

Turbocompressor with gas bearings (oil-free)

Parameters Target value
Steam temperature turbo 148 °C (4.5 bar)
Steam temperature HP 111 °C (1.5 bar)

Heat sink water inlet 100 °C 
Heat source water 50 °C 
Heating capacity 115 kW

Mass flow 180 kg/h steam

Combined cycle

ongoing

Butane (R600) 
heat pump built from 
standard components 

https://www.aramis.admin.ch/Beteiligte/?ProjectID=46908
http://dx.doi.org/10.18462/iir.gl2022.0049
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SCCER EIP, Efficiency of Industrial Processes, 2013-2020, Final Report 2021

R1336mzz(Z) R1224yd(Z)R1233zd(E)

HFO: Hydrofluorolefine, HCFO: Hydrochlorfluorolefine

Properties:
Low GWP
Zero/near zero ODP 
Short atmospheric life
Not flammable
Not toxic

Refrigerant ODP GWP100 SG
R1336mzz(Z) 0 2 A1
R1233zd(E) 0.00034 1 A1
R1224yd(Z) 0.00023 0.88 A1
R245fa 0 858 B1

C

C

H

H

CF
F

F

H

F

F

R245fa

Testing synthetic HFO/HCFO refrigerants up to 150 °C

Source: Arpagaus, C.; Bertsch, S.: Experimental Comparison of HCFO and HFO R1224yd(Z), R1233zd(E), R1336mzz(Z), and HFC R245fa in a High Temperature Heat Pump up to 
150 °C Supply Temperature, 18th International Refrigeration and Air Conditioning Conference at Purdue, May 24-28, 2021, https://docs.lib.purdue.edu/iracc/2200

Laboratory HTHP (W/W)
1-stage cycle with IHX

piston compressor 
5 to 10 kW heating capacity

2017-2021

https://www.innosuisse.ch/dam/inno/en/dokumente/ueberuns/themenorientierte-programme/Energie/finalreportsccer.pdf.download.pdf/Energy%20Funding%20Programme_Final%20Report.pdf
https://docs.lib.purdue.edu/iracc/2200/
https://docs.lib.purdue.edu/iracc/2200/
https://docs.lib.purdue.edu/iracc/2200
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Bridge project (Grant No. 203645)

Steam generating heat pumps, OST Webinar, 18 March 2024

High-Efficiency HTHPs with Temperature Glide

Mixture A + B

One refrigerant mixture offers many options Adapted cycle for maximum efficiency
 Decrease of OPEX

Flexibility through mixture adjustment
• One heat pump for various applications
• Increase of standardization
 Decrease of CAPEX

Partners:

Funding:Project goals
• Experimental demonstration
• Clustering of promising applications
 Suitable refrigerant mixtures

• Guideline for handling mixtures in 
practice

Sources:
 Brendel, L.P.M., Bernal, S.N., Arpagaus, C., Paranjape, S., Bertsch, S.S.: Mass fraction checks of an R1233zd(E) and R1234yf mixture in a high-temperature heat pump, 3rd IIR Conference on HFO Refrigerants 

and Low GWP Blends, 5-7 April 2023, Shanghai, China, http://dx.doi.org/10.18462/iir.HFO2023.0024 
 Brendel, L.P.M., Bernal, S.N., Arpagaus, C., Widmaier, P., Roskosch, D., Bardow, A., Bertsch, S.S.: Experimental investigation of high-glide refrigerant mixture R1233zd(E)/R1234yf in a high-temperature heat 

pump, ICR 2023, The 26th IIR International Congress of Refrigeration, 21-25 August 2023, Paris, France, http://dx.doi.org/10.18462/iir.icr.2023.0376 
 Brendel, L.P.M., Bernal, S.N., Roskosch, D., Arpagaus, C., Bardow, A., Bertsch, S.S.: Compressor performance for varying compositions of high-glide mixtures R1233zd(E)/R1234yf and R1336mzz(Z)/R1234yf, 

13th International Conference on Compressors and their Systems, 11-13 September 2023, London, United Kingdom, https://doi.org/10.1007/978-3-031-42663-6_60 

ongoing

https://data.snf.ch/grants/grant/203645
http://dx.doi.org/10.18462/iir.HFO2023.0024
http://dx.doi.org/10.18462/iir.icr.2023.0376
https://doi.org/10.1007/978-3-031-42663-6_60
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IntSGHP (Project Nr. SI/502292)

Steam generating heat pumps, OST Webinar, 18 March 2024

Integration of Steam Generating Heat Pumps

Sources:
 Arpagaus, C., Bless, F., Bertsch, S.: Techno-economic analysis of steam generating heat pumps for integration into distillation processes, GL2022, 

15th IIR-Gustav Lorentzen conference on Natural Refrigerants, June 13-15, 2022, Trondheim, Norway, http://dx.doi.org/10.18462/iir.gl2022.0029
 Bless, F., Arpagaus, C., Prinzing, M., Bertsch, S.: IntSGHP: INTegration of Steam Generating Heat Pumps (SGHP) in industrial sites (retrofit), WP 

Tagung 2022, https://www.sweet-decarb.ch/news/article/intsghp-integration-of-steam-generating-heat-pumps-in-industrial-sites-retrofit 

2021-2023

https://www.aramis.admin.ch/Grunddaten/?ProjectID=49319&Sprache=en-US
https://www.sweet-decarb.ch/wiki-2105
http://dx.doi.org/10.18462/iir.gl2022.0029
https://www.sweet-decarb.ch/news/article/intsghp-integration-of-steam-generating-heat-pumps-in-industrial-sites-retrofit
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IEA HPT Annex 58 HTHP-CH (Project Nr. SI/502336)

Steam generating heat pumps, OST Webinar, 18 March 2024

lntegration of HTHPs in Swiss Industrial Processes
2021-2025

Industrial Partners
supporting with Case Studies 

Swiss Project Partners

National Coordinatorwww.heatpumpingtechnologies.org/annex58

https://www.aramis.admin.ch/Grunddaten/?ProjectID=49514
http://www.heatpumpingtechnologies.org/annex58
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Grant Agreement No. 
101069689

https://push2heat.eu

ongoing

Absorption Heat 
Transformer (H2O/LiBr)

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not 
necessarily reflect those of the European Union or the European Climate Infrastructure and Environment Executive 
Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.

2-stage cascade 
with piston and screw 

compressors

2-stage centrifugal 
compressor

Thermochemical 
Heat Transformer

https://push2heat.eu/
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Introduction – Importance of Steam Generating Heat Pumps
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Evolution of the HTHP market

25 HTHPs > 90 °C

50 HTHPs > 100 °C

2018

2024
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Suitable refrigerants for SGHPs
Introduction

Water

Natural
Refrigerants

Steam generating heat pumps, OST Webinar, 18 March 2024

HFO
HFC
HFO
HFO
HFC

HCFO
HFO
HFC

CO2 (transcritical)

2 bar(a) 4 bar(a) 6 bar(a)

STEAM
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Introduction

COP of Steam Generating Heat Pumps
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𝑪𝑪𝑪𝑪𝑪𝑪 = 𝟓𝟓𝟓𝟓.𝟗𝟗𝟗𝟗 � ∆𝑻𝑻𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍−𝟎𝟎.𝟕𝟕𝟕𝟕𝟕𝟕

STEAM

Source: Arpagaus, C., Bless, F., Bertsch, S.: Techno-economic analysis of steam generating heat pumps for integration into distillation processes, 
GL2022, 15th IIR-Gustav Lorentzen conference on Natural Refrigerants, 13-15 June 2022, Trondheim, Norway, http://dx.doi.org/10.18462/iir.gl2022.0029

http://dx.doi.org/10.18462/iir.gl2022.0029


20

The heat pump market potential to 200 °C is large … but still emerging
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Industrial process heat demand

Source: Marina et al. (2021): An estimation of the European industrial heat pump market potential, 
Renewable and Sustainable Energy Reviews, 139, 110545, https://doi.org/10.1016/j.rser.2020.110545

Highest potential in the food, paper, and 
chemical sectors
Available waste heat between  40 °C and 100 ºC 
is estimated to be 212 TWh/a (764 PJ/a) (EU28)

1’000 PJ/a = 278 TWh/a

Potential cumulative heat pump process 
heat coverage of 178 TWh/a up to 200 °C
Cumulative heating capacity: 23 GW

EU28 U.S.

Cumulative estimated U.S. 
industrial process demand 

by temperature in 2014

Source: McMillan et al. (2021): Opportunities for Solar Industrial Process Heat in the United 
States, Technical Report, NREL/TP-6A20-77760, https://www.nrel.gov/docs/fy21osti/77760.pdf

 4’174 Heat Pump Units (EU28)
(3 MW, median)

Almost half of all 
industrial process heat is 
< 200 °C and suitable for 
heat pumps 
73% < 300 °C

1’000 TBtu = 1’055 PJ

https://doi.org/10.1016/j.rser.2020.110545
https://www.nrel.gov/docs/fy21osti/77760.pdf
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Introduction – There is a lack of running industrial heat pumps (IHPs) in industry
Challenging economics identified as key market barrier

Steam generating heat pumps, OST Webinar, 18 March 2024

Survey among 27 experts 
on heat pumps and heat 

recovery

Scientists

Energy 
Service 

Companies 
(ESCOs)

Others

Industry

HP
Manu-

facturers

Planners/ 
Consultants

Source: Data adapted from Wolf  et al. (2017): Systematische Anwendung von Großwärmepumpen in der Schweizer Industrie, Endbericht, 10. Mai 2017 and Wolf (2020): 
Rahmenbedingungen und Märkte für Industriewärmepumpen, ETV Online Tagung 2020, Industrielle Gross- und Hochtemperaturwärmepumpen im Energiesystem, 22. Juli 2020
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https://www.bfe.admin.ch/bfe/de/home/news-und-medien/publikationen.exturl.html/aHR0cHM6Ly9wdWJkYi5iZmUuYWRtaW4uY2gvZGUvcHVibGljYX/Rpb24vZG93bmxvYWQvODY3Ng==.html
https://www.fz-juelich.de/iek/iek-3/DE/_Documents/Downloads/ETVOnlineTagungPublication.pdf.pdf?__blob=publicationFile
https://www.fz-juelich.de/iek/iek-3/DE/_Documents/Downloads/ETVOnlineTagungPublication.pdf.pdf?__blob=publicationFile
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Introduction – OST IES publications
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Literature on Steam Generating Heat Pumps
Arpagaus, C., Paranjape, S., Bless, F., Bertsch, S.S., Jansen, Ch.: Integration of a steam-generating HTHP in a Swiss meat factory, 4th HTHP 
Symposium, 23-24 January 2024, Copenhagen, Denmark https://www.hthp-symposium.org/hthp-symposium-2024 
Arpagaus, C.; Bless, F.; Bertsch, S.: Techno-Economic Analysis of Steam-Generating Heat Pumps in Distillation Processes, 3rd High-Temperature 
Heat Pump Symposium 2022, 29-30 March 2022, Copenhagen, Denmark, https://hthp-symposium.org
Arpagaus, C., Bless, F., Bertsch, S.: Techno-economic analysis of steam generating heat pumps for integration into distillation processes, GL2022, 
15th IIR-Gustav Lorentzen conference on Natural Refrigerants, June 13-15, 2022, Trondheim, Norway, http://dx.doi.org/10.18462/iir.gl2022.0029
Arpagaus, C.: High Temperature Heat Pumps – Market Overview, Refrigerants, Application Examples in Food Industry, and Steam Generation Heat 
Pumps, A2EP Briefing: Advances in industrial heat pumps, Australian Alliance for Energy Productivity, 3 September 2020 (Video Recording of Webinar)
Bless, F.; Arpagaus, C.; Bertsch, S.: Theoretical Investigation of High-Temperature Heat Pump Cycles for Steam Generation, 13th IEA Heat Pump 
Conference, Jeju, Korea, 26 -29 April 2021
Bless, F., Arpagaus, C., Bertsch, S.S., Schiffmann, J., Theoretical analysis of steam generation methods – the case of high temperature heat pump, 
The Seventh International Symposium on Energy (Energy7), Manchester, UK, 13-17 August 2017
Bless, F., Bertsch, S., Arpagaus, C., Schiffmann, J., 2016, Theoretical analysis of steam generation methods – Energy, CO2 emission and cost 
analysis, Industrial Efficiency ECEE Conference, Berlin, 12-15 September 2016
Bless, F., Arpagaus, C., Bertsch, S.S., Schiffmann, J.: Theoretical analysis of steam generation methods - Energy, CO2 emission, and cost analysis, 
Energy, 2017, 129, 114-121, https://doi.org/10.1016/j.energy.2017.04.088 
Paranjape, S., Arpagaus, C., Bless, F., Bertsch, S.: Steam Generating Heat Pumps for Process Heating in Agro Food Sector, Session IV, 
Application of Heat Pumps in Food Processing Industries, REFCOLD India, Chennai Trade Centre, 13 October 2023
Payá, J., Cazorla-Marín, A., Hassan, A.H., Arpagaus, C.: Techno-economic evaluation of different technologies to produce steam at 150 ºC in the 
Spanish industry, 12th CNIT, XII National and y III International Conference on Engineering Thermodynamics, June 29 - July 1, 2022, Madrid, Spain
Saini, P., Hedstrom, A., Arpagaus, C., Bless, F., Bertsch, S.: A hybrid system of steam generating heat pump and solar parabolic trough collectors 
for process heating: Techno-economic analysis for a brewery, 3rd High-Temperature Heat Pump Symposium 2022, 29-30 March 2022, Copenhagen, 
Denmark, https://hthp-symposium.org
Uhlmann, M., Olmedo, L.E., Arpagaus, C., Bless, F., Schiffmann, J., Bertsch, S.: Efficient steam generation in industry – Combined heat pump cycle 
with mechanical vapor recompression, 15th IIR-Gustav Lorentzen conference on Natural Refrigerants,  13-15 June 2022, Trondheim, 
Norway, http://dx.doi.org/10.18462/iir.gl2022.0049
Saini, P., Ghasemi, M., Arpagaus, C., Bless, F., Bertsch, S., Zhang, X.: Techno-economic comparative analysis of solar thermal collectors and high-
temperature heat pumps for industrial steam generation, Energy Conversion and Management, Volume 277, 1 February 2023, 
116623, https://doi.org/10.1016/j.enconman.2022.116623
Wördemann, M., Arpagaus, C., Bertsch, S.S., Thomas, Ch.: Design options of HTHP technology in comparison to existing industrial steam boiler 
systems, 4th HTHP Symposium, 23-24 January 2024, Copenhagen, Denmark, https://www.hthp-symposium.org/hthp-symposium-2024

STEAM

https://www.vde-verlag.de/buecher/494550/hochtemperatur-waermepumpen.html
https://www.ost.ch/fileadmin/dateiliste/3_forschung_dienstleistung/institute/ies/projekte/projekte_tes/91_sccer-eip/2020-07-10_whitepaper_ihp_-a4_small.pdf
https://www.hthp-symposium.org/hthp-symposium-2024/
http://hthp-symposium.org/
http://hthp-symposium.org/
https://hthp-symposium.org/
http://dx.doi.org/10.18462/iir.gl2022.0029
https://022fdef7-26ea-4db0-a396-ec438d3c7851.filesusr.com/ugd/c1ceb4_ad273e2acb6a425ca1b62fb1e02d84bd.pdf
https://022fdef7-26ea-4db0-a396-ec438d3c7851.filesusr.com/ugd/c1ceb4_ad273e2acb6a425ca1b62fb1e02d84bd.pdf
https://www.a2ep.org.au/post/3-september-advances-in-heat-pumps
https://heatpumpingtechnologies.org/publications/paper-no-062-theoretical-investigation-of-high-temperature-heat-pump-cyclesfor-steam-generation-13th-iea-heat-pump-conference-jeju-korea/
https://mail.energy-nscj.co.uk/abstract/files/7/abstract/en07_A0531.pdf
http://proceedings.eceee.org/visabstrakt.php?event=6&doc=3-093-16
https://www.sciencedirect.com/science/article/pii/S0360544217306540
https://doi.org/10.1016/j.energy.2017.04.088
https://refcold.in/wp-content/uploads/2023/10/REFCOLD-2023-conference_Rev-copy.pdf
https://www.ost.ch/fileadmin/dateiliste/3_forschung_dienstleistung/institute/ies/projekte/projekte_tes/publikationen/paya_et_al._2022_techno-economic_evaluation_of_different_technologies_to_produce_steam_at_150___c_in_the_spanish_industry.pdf
http://hthp-symposium.org/
http://hthp-symposium.org/
https://hthp-symposium.org/
http://dx.doi.org/10.18462/iir.gl2022.0049
https://doi.org/10.1016/j.enconman.2022.116623
https://www.hthp-symposium.org/hthp-symposium-2024/
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Wrap-up & Conclusions
Dennis Roskosch (ETHZ): Model-based analysis shows that highly efficient heat pumps cover the base load, various types of 
SGHP concepts are available (direct evaporation, flash evaporation, MVR)
Christian Schlemminger & Michael Bantle (Aneo Industry): Demonstrated the integration of a 1.6 MW SGHP into a feed 
production process with ammonia/water as refrigerant. The combined heat pump system generates 2 t/h of 2 bar(a)/140 °C steam
Conrad Latham & Manuel Vandervoorde (Atlas Copco): Atlas Copco is transforming air compressor technology to steam 
compression using existing technology, providing oil-free and air-free dry superheated steam using speed-controlled oil-free 
screw compression
Martin Pihl Andersen (DTU): Tests with the Japanese Kobelco SGH165 with flash tank and steam compressor showed that the 
new synthetic and hydrocarbon refrigerants can be used as by drop-in replacements. The tests at 135 °C to 175°C made it 
possible to create an accurate model of the compressor efficiencies. The temperature of the expansion vessel is an optimizing
variable.
Wouter de Vries (TNO): Demonstration of a full-scale industrial heat pump producing steam above 140 °C, Carnot lab, pentane 
HP from Mayekawa, economizer cycle, test results
Mogens Weel (Weel & Sandvig): Presented the challenges in the development of a compact, gearless turbo steam compressors 
with an isentropic efficiency of 73%, so far experience of 200 operating hours and 50 starts, in the future development of a new
compressor family with 1-, 2- and 3-stage compression up to 83 K temperature
Hans Madsbøll (DTI): Gave a nice overview of steam compressor types at a TRL 9 (centrifugal, piston, screw, roots, turbo fans), 
and new developemts TRL < 9 from direct drive turbo compressors, screw, rotary vane, to screw compressors
Arne Høeg (Enerin): Presented the HoegTemp Stirling steam generating heat pump for decarbonizing industry, it uses helium as 
refrigerant, provides high temperature lifts, and is adaptable to high source and sink temperature 
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Thank you

Contact:
cordin.arpagaus@ost.ch 
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