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Integration Concepts for HTHPs

ICR 2023 Workshop
24 August 2023

Terminology in IEA HPT Annex 58

cordin.arpagaus@ost.ch

Task 1 – Technology 
• Heat pump systems (e.g., cycles, 

component types, configurations, etc.)
• Supplier specific technologies (e.g., 

omponent technologies, protected 
solutions, etc.)

• Irrespective of specific applications

Task 2 – Integration Concepts
• Blueprint solution for reference 

processes (e.g. hot water production, 
steam production, spray drying, etc.) or 
systems (e.g., dairy, slaughterhouse, 
hospital, etc.)

• Can include several HP system types, 
irrespective of supplier

Task 3 – Application/Transition
• Addressing the conversion from existing 

systems towards concept solutions
• Focus on case specific characteristics and 

challenges
• Consideration of local boundary 

conditions
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Processes and Systems

Integration Concepts
(HP as black box, independent 
from HP solution)

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Reference process

T

Heat

Fl
ow

Time

Reference process or system defined by:
• Process layout
• Process characteristics (mass flows, 

heating and cooling demands, 
temperatures, …)

• Production patterns (batch, continuous, 
shift-based, …)

Integration 
Concept B

Processes
and Systems

Integration 
Concepts

Possible integration concepts described by:
• Process layout 
• Heat exchanger network, heat transfer 

media
• Buffer storages for dynamic demands
• Heat supply technologies as black-boxes
• Combinations of various technologies
• Specifications for each HP application

Integration 
Concept A

Integration 
Concept …

Simple 
Flow 
Sheet

Simple 
Flow 
Sheet

Simple 
Flow 
Sheet

Specific HP Applications can be found in 
many integration concepts

For each process, different 
integration concepts can be defined

Specific HP Applications (steam 
production, hot water production, 

…)

Heat Pump 
Concepts

HP Concept II

Possible HP technologies characterized by:
• Manufacturer
• Working fluid and system layout
• Compressor type
• Part-load and off-design behavior
• Investment
• Physical foot-print
• Overview defined by Task 1

HP Concept I HP Concept …

For each heat pump application, there can be 
multiple suitable heat pump concepts.

Picture of 
HP 

Technology

Picture of 
HP 

Technology

Heat Pump 
Technologies

Technology YTechnology X Technology Z

Picture of 
HP 

Technology

Picture of 
HP 

Technology

Picture of 
HP 

Technology

HP Technologies are supplier specific but can be classified/grouped 
according to their underlying principles to HP concepts. There can be 
multiple suppliers providing technologies based on the same concept.

HP Concept characterized by:
• Main functioning principle
• System layout, working fluids, 

compressor types 
• Typical behavior in off-design and part 

load
45 °C 40 °C

Water

115 °C

Steam

<1 atm 2-stage SGHP 
with water
and MVR

R600a
or R601

40 °C 45 °C

Water 115 °C

Steam

2-stage SGHP 
with closed-cycle 

and MVR

R1233zd

R1234ze

22 °C 27 °C

115 °C105 °C

Heat Pump Concepts

Heat Pump Technologies
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Integration Concepts for HTHPs
Integration levels

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Petersen and Zühlsdorf, 2022)



5

Integration Concepts for HTHPs
Literature review

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Collection of publications from journals and conference papers
Search keywords: integration, heat pump, high-temperature
Description: by schematic figure and literature reference
Status/quality of integration concept: concepts, planning phase, realized
List of examples

6

Integration Concepts for HTHPs
Template for examples characterization

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Process

Process 
description
(temp, 
capacity, 
media, …)

Integration
Concept

Level of 
integration 
(process, unit, 
utility, sector)

Combination 
with other 
heating 
technologies

Combination 
with thermal 
energy 
storage (TES)

Literature 
Reference

Process 1 
(e.g., spray drying)

Concept A
Concept B
Concept C

Process 2 
(e.g., pasteurization)

Concept A
Concept B
Concept C
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Integration Concepts for HTHPs
Examples: Distillation, drying, steam generation

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Process / Example Reference
Distillation processes bioethanol (Arpagaus  et al., 2022)
Schnapps distillation case study (Arpagaus et al., 2023)
Whisky destillation (Längauer et al., 2022)
Heat pump-assisted distillation (Yang et al., 2016)
5-stage MVR-HP with water in a closed loop in two distillation columns (Gotaas et al., 2022) 
MVR-HP system with several-stage compressions (Gotaas et al., 2022)
Spray dryer for protein-rich fish food production (Andersen et al., 2023)
Spray drying process with HTHP, recuperator and electric heater (Arpagaus, Bless, et al., 2023)
Integration of CO2 HTHPs and conventional heaters for spray dryers (Bellemo and Bergamini, 2022)
Tixotherm Process for drying milk permeate powder (Arpagaus et al., 2023)
Drying of fish food pellets at BioMar (Petersen and Zühlsdorf, 2022)
Industrial dryer (Holder, 2022)
Brick drying (Wilk et al., 2023)
Starch drying (Wilk et al., 2022, 2023, (Schlosser, 2022)
Electronic coil drying (Schlosser, 2022)
Steam generation by ammonia bottom cycle and MVR-HP top cycle (Gotaas et al., 2022) 
Steam generation via MVR and flash tank (Schlosser, 2022), (Schneeberger et al., 2021)
Steam generation via MVR and flash tank (Schlosser, 2022)
Steam generation via MVR and heat exchanger (Schlosser, 2022)
Steam production with Rotation Heat Pump (Längauer et al., 2022)
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Integration Concepts for HTHPs
Examples: Dairy, food, paper, district heating, others

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Process / Example Reference
Cheese factory hot water generation in combination with a storage tank (Arpagaus, 2019)
Dairy culture production from district heating with natural refrigerants (Andersen et al., 2023)
Dairy steam generation for the CIP process (Arpagaus et al., 2023)
Upgrading exhaust gas and process waste heat streams in the dairy industry (Corrales Ciganda et al. 2022)
HTHP integration in a dairy TINE Bergen (Ahrens et al., 2021) (Brækken et al., 2022)
Milk sterilization with steam (Corrales Ciganda et al. 2022)
Brewery hot water (Andersen et al., 2023)
Sausage cooking (Arpagaus et al., 2023)
Pasteurizaiton (Längauer et al., 2022)
Electrolysis (Längauer et al., 2022)
Extrusion process (Wilk et al., 2023)
CO2 HTHP for wellness sauna applications (Seitz et al., 2028)
Upgrading exhausted air waste heat in the paper industry (Corrales Ciganda et al. 2022)
Upgrading cogeneration waste heat streams in the paper industry (Corrales Ciganda et al. 2022)
Heat recovery and process cooling (Kukkola, 2022)
Solarthermal and Rotation Heat Pump (Ecop, 2023)
Upgrading district heating at DIN Forsyning (Petersen and Zühlsdorf, 2022)
Heat from the cooling of the steelmaking process for district heating (Barbon, 2022)
District heating and booster (Längauer et al., 2022)
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Integration Concepts for HTHPs

Literature References

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Ahrens, M. U., Foslie, S. S., Moen, O. M., Bantle, M., & Eikevik, T. M. (2021). Integrated high temperature heat pumps and thermal storage tanks for combined heating and cooling in the
industry. Applied Thermal Engineering, 189(November 2020), 116731. https://doi.org/10.1016/j.applthermaleng.2021.116731
Andersen, M. P., Poulsen, J. L., Elmegaard, B., & Zühlsdorf, B. (2023). Developing a high-temperature heat pump technology concept using natural refrigerants. HPT Magazine, 41(1), 21–24.
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Bellemo, L., & Bergamini, R. (2022). Integration of high temperature CO2 heat pumps and conventional heaters for spray dryers. High-Temperature Heat Pump Symposium, 29 March 2022, 
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Bergamini, R., Moussavi, A., Shahhosseini, H. R., Nguyen, T.-V., Bellemo, L., Elmegaard, B., & Stuart, P. (2021). Analysis of energy integration opportunities in the retrofit of a milk powder
production plant using the Bridge framework. Journal of Cleaner Production, 328(October), 129402. https://doi.org/10.1016/j.jclepro.2021.129402
Klemeš, J. J., Varbanov, P. S., Wan Alwi, S. R., & Manan, Z. A. (2014). Process Integration and Intensification: Saving Energy, Water and Resources. De Gruyter.
Seitz, C. K., Liebold, A., Schönfeld, H., Weber, R., & Bertsch, S. (2018). High-Temperature Heat Pump for Wellness Applications Using CO2 as a Refrigerant. In International Refrigeration 
and Air Conditioning Conference, Purdue, July 9-12, 2018.
Wilk et al. (2023): High temperature heat pumps for industry: Demonstration experience, ICR 2023, 21-26 August 2023, Paris
Yang, M., Feng, X., & Liu, G. (2016). Heat integration of heat pump assisted distillation into the overall process. Applied Energy, 162, 1–10. https://doi.org/10.1016/j.apenergy.2015.10.044
Zühlsdorf, B., Bantle, M., & Elemegaard, B. (2022). 3rd High-Temperature Heat Pump Symposium 2022: Book of Presentations, Technical University of Denmark (DTU)
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Summary

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Heat pumps as a blackbox (different optimal HP technologies)

Different examples

Industries Processes Applications Integration Concepts

Next steps:

Continue literature review and collect references from recent conferences: IEA HPT 2023 
Chicago, IIR GL2022, ICR2023 Paris, IEA HPT Magazine, HTHP Symposium 2017, 2019, 
2022, Demo Cases IEA Annex 58, etc.

Define ways of visualization of integration concepts:
Simplified drawings and schematics (standardization of symbols for drawing)

Temperature profiles

Heating and cooling demand profiles (batch, continuous) 

Pinch curves

…

STEAM

HOT AIR

HOT WATER
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Integration Concepts for HTHPs

Collection of 
Examples

(preliminary)
ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch
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Integration Concepts for HTHPs

Distillation processes

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Distillation processes bioethanol (Arpagaus, Bless, & Bertsch, 2022), (Arpagaus, Bless, & Bertsch, 
2022) (Schlosser et al. 2022)

Schnapps distillation case study (Arpagaus, Bless, et al., 2023)

Whisky destillation (Längauer et al., 2022)

Heat pump-assisted distillation (Yang et al., 2016)

5-stage MVR-HP with water in a closed loop in two distillation columns (Gotaas et al., 2022) 
(Zühlsdorf et al., 2022)

MVR-HP system, utilizing the several-stage compressions to optimize process integration, and 
water steam supplied to distillation- and boiler processes (Gotaas et al., 2022) (Zühlsdorf et al., 
2022)
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Integration Concepts for HTHPs

Distillation processes bioethanol (steam generation with flash tank)

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Arpagaus, Bless, & Bertsch, 2022), (Arpagaus, Bless, & Bertsch, 2022) (Schlosser et al. 2022)
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Integration Concepts for HTHPs

Schnapps distillation case study 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Arpagaus, Bless, et al., 2023)

Steam boiler
Liquid 
mesh

(alcoholic
mixture) Oil

9 bar(a)
175 °C

Distillate

Steam114 °C (1.6 bar(a))

37 °C

Cooling 
water tank

Electric
power

Products

Dephlegmator

73 to 87 °C

78 to 98 °C

HTHP

23 °C

Water-
glycol
circuit

Chiller

10 to 22 °C

10 to
37 °C

Cooling water
7 to 9 °C

99 °C (condensate)

99 °C118 °C
1.8 bar(a)

Still

Condenser

Electric
power

2-stage
cascade
HTHP

R1233zd

R1234ze

23 °C 37 °C

118 °C99 °C

Electric

C

R600
(n-butane)

23 °C 37 °C

Condensate

118 °C

Steam

2-stage HTHP 
with closed-cycle 

and MVR

99 °C
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Whisky distillation

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Längauer et al., 2022)
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Integration Concepts for HTHPs

Heat pump-assisted distillation 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Yang et al., 2016)
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5-stage MVR-HP with water in closed loop in two distillation columns 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Gotaas et al., 2022) (Zühlsdorf et al., 2022)
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Integration Concepts for HTHPs
MVR-HP system, utilizing the several-stage compressions to 
optimize process integration, and water steam supplied to 
distillation- and boiler processes 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Gotaas et al., 2022) (Zühlsdorf et al., 2022)
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Integration Concepts for HTHPs

Spray drying

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Spray dryer for protein-rich fish food production (Andersen et al., 2023)

Spray drying process with integration concept of a HTHP with recuperator and electric heater 
(Arpagaus, Bless, et al., 2023)

Integration of high temperature CO2 heat pumps and conventional heaters for spray dryers 
(Bellemo and Bergamini, 2022)
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Integration Concepts for HTHPs

Spray dryer for protein-rich fish food production 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Andersen et al., 2023)
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Integration Concepts for HTHPs
Spray drying process with integration concept of a HTHP with 
recuperator and electric heater 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Arpagaus, Bless, et al., 2023)

Electrical 
Heater

Spray 
drying

process+

-

337 kW

-10 °C 70 °C 140 °C 200 °C 80 °C

26 °C
23°C

COPH = 1.77

Electrical power 
saved = 52%

597 kW 529 kW694 kW

259 kW

Recuperator

R245fa

Standard R245fa heat pump
with recuperator

-50

0

50

100

150

200

250

0 200 400 600 800 1000 1200

T* in 

C

Thermal load H in kW

Net heating demand

Net cooling demand

.

Condenser

Evaporator

Compressor

Pinch
75 C

Electrical 
Heater

Spray 
drying

process+

-

249 kW

-10 °C 70 °C 133 °C 200 °C 80 °C

26 °C
22 °C

COPH = 2.18

Electrical power 
saved = 54%

542 kW 583 kW694 kW

293 kW

Recuperator

R290

Transcritical R290 heat pump
with recuperator

-50

0

50

100

150

200

250

0 200 400 600 800 1000 1200

T* in 

C

Thermal load H in kW

Net heating demand

Net cooling demand

.

Evaporator
Compressor

HTHP

Electric
power

Steam
(15 bar)

Recuperator

Recuperator

Spray
Dryer

Dehumidifier

82 to 97 °C

200 to 207 °C

34 to 41 °C

19 to 27 °C

Air

Air

Cold water

Dehumidifier

Hot water/ 
steam

Feed

Powder
Product

250 to 300 kW540 to 600 kW

-10 °C

200 °C

Exhaust air
about 20 °C

80 °C
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Integration Concepts for HTHPs
Integration of high temperature CO2 heat pumps and 
conventional heaters for spray dryers 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Bellemo and Bergamini, 2022)



23

Integration Concepts for HTHPs

Drying processes (others)

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Tixotherm Process for drying milk permeate powder (Arpagaus, Bertsch, et al., 2023)

Drying of fish food pellets at BioMar (Petersen and Zühlsdorf, 2022)

Industrial dryer (Holder, 2022)

Brick drying (Wilk et al., 2023)

Starch drying (Wilk et al., 2022, 2023) (Schlosser, 2022)

Electronic coil drying (Schlosser, 2022)
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Integration Concepts for HTHPs

Tixotherm Process for drying milk permeate powder

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Arpagaus, Bertsch, et al., 2023)
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Drying of fish food pellets at BioMar

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Petersen and Zühlsdorf, 2022)
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Industrial dryer 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Holder, 2022)
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Brick drying

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Wilk et al., 2022)

rying

Workshop

t al., 2022)
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Starch drying 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Wilk et al., 2022, 2023), (Schlosser, 2022)
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Electronic coil drying

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Schlosser, 2022) in (Zühlsdorf et al., 2022)
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Integration Concepts for HTHPs

Steam generation

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Steam generation by ammonia bottom cycle combined with MVR-HP top cycle supplying HP 
steam directly (Gotaas et al., 2022) 

Steam generation via MVR and flash tank (Schlosser, 2022), (Schneeberger et al., 2021)

Steam generation via MVR and flash tank (Schlosser, 2022)

Steam generation via MVR and heat exchanger (Schlosser, 2022)

Steam production with Rotation Heat Pump (Längauer et al., 2022)
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Steam generation by ammonia bottom cycle combined with 
MVR-HP top cycle supplying HP steam directly

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Gotaas et al., 2022) in (Zühlsdorf et al., 2022)
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Steam generation via MVR and flash tank

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Alcoholic distillation, pulp drying, chemical (Schlosser, 2022)

MVR sludge drying (Schneeberger et al., 2021)
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Steam generation via MVR and flash tank

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Sludge drying, thermal separation (Schlosser, 2022)
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Steam generation via MVR and heat exchanger

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Pharma recooling (Schlosser, 2022)
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Steam production with Rotation Heat Pump

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Längauer et al., 2022)
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Milk industry

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Cheese factory hot water generation in combination with a storage tank (Arpagaus, 2019)

Dairy culture production from district heating with natural refrigerants (Andersen et al., 2023)

Dairy steam generation for the CIP process (Arpagaus et al., 2023)

Upgrading cogeneration exhaust gas and process waste heat streams in the dairy industry 
(Corrales Ciganda et al. 2022)

HTHP integration in a dairy TINE Bergen (Ahrens et al., 2021) (Brækken et al., 2022)

Milk sterilization with steam (Corrales Ciganda et al. 2022)
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Cheese factory hot water generation with a storage tank 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Arpagaus, 2019)
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Dairy culture production from district heating with natural refrigerants

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Andersen et al., 2023)
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Dairy steam generation for the CIP process 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Arpagaus et al., 2023)
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Upgrading cogeneration exhaust gas and process waste heat 
streams in the dairy industry 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Corrales Ciganda et al. 2022)
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Milk sterilization with steam

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Corrales Ciganda et al. 2022)
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HTHP integration in a dairy TINE Bergen 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Combined cold and heat supply (Schlosser, 2022), (Ahrens et al., 2021), (Schlemminger et al. 2022), 
(Brækken et al., 2022)
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Electrolysis

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Längauer et al., 2022)

44

Integration Concepts for HTHPs

Extrusion process

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Wilk et al., 2023)

44 ICR 2023 Workshop

at Geba Kunststofftechnik (Austria)

50 kW Butane (R600) HTHP
Source: 50-80 °C
Sink: hot water up to ca. 130 °C
Water bath: 48 °C 
T_cond max: 125 °C
ROI < 3 years



45 ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

Integration of a CO2 HTHP for Wellness Applications (Seitz et al., 2018)

Wellness Sauna
Integration Concepts for HTHPs
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Food & Beverage

ICR 2023 Workshop
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Brewery hot water (Andersen et al., 2023)

Sausage cooking (Arpagaus et al., 2023)

Pasteurizaiton (Längauer et al., 2022)
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Brewery hot water 
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(Andersen et al., 2023)
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Sausage cooking 
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(Arpagaus et al., 2023)
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Pasteurization
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(Längauer et al., 2023)
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Paper industry
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Upgrading exhausted air waste heat in the paper industry (Corrales Ciganda et al. 2022) 
(Zühlsdorf et al., 2022)

Upgrading cogeneration waste heat streams in the paper industry (Corrales Ciganda et al. 2022) 
(Zühlsdorf et al., 2022)
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Upgrading exhausted air waste heat in the paper industry 
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(Corrales Ciganda et al. 2022), (Zühlsdorf et al., 2022)
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Upgrading cogeneration waste heat streams in the paper industry 
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(Corrales Ciganda et al. 2022), (Zühlsdorf et al., 2022)
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General processes (heating and cooling)
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Heat recovery and process cooling (Kukkola, 2022)

Solarthermal and Rotation Heat Pump (Ecop, 2023)
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Heat recovery and process cooling
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(Kukkola, 2022)
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Solarthermal and Rotation Heat Pump 
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(Ecop, 2023)
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District heating
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Upgrading district heating at DIN Forsyning (Petersen and Zühlsdorf, 2022)

Heat from the cooling of the steelmaking process for district heating (Barbon, 2022)

District heating and booster (Längauer et al., 2022)
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Upgrading district heating at DIN Forsyning

ICR 2023 Workshop
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(Petersen and Zühlsdorf, 2022) Danish district heat utility (Din Forsyning, Esbjerg)
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Heat from the cooling of the steelmaking process for district heating 

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch

(Barbon, 2022)

23 Workshop
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District heating and booster

ICR 2023 Workshop
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(Längauer et al., 2022)
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