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IEA HPT ANNEX 58 ABOUT HTHP

• Heat pump technologies with supply temperatures 
above 100 °C

• Participants: Denmark (Operating Agent), Austria, 
Belgium, Canada, China, France, Japan, Germany, 
Netherlands, Norway, South Korea, Switzerland, US

• 01/2021 – 12/2023

• https://heatpumpingtechnologies.org/annex58/ 

Integration 
ConceptsTechnologies

Applications & 
Transition

Specifications

Dissemination

https://heatpumpingtechnologies.org/annex58/


AGENDA
General Introduction and Keynotes

• 09:00 – 09:10: General Introduction, Benjamin Zühlsdorf, DTI
• 09:10 – 09:25: Application potential of HTHPs in industry, Steven Lecompte, Ghent University
• 09:25 – 09:40: Technology status and perspectives, Jonas Lundsted Poulsen

Group sessions

Summary & plenary discussion
• 11:25 – 11:40: Wrap-up of the group sessions
• 11:40 – 12:00: Plenary discussion

To discuss:
• Potentials
• Challenges
• Actions

Technology 
Providers

End-users Policy Makers
Research 

Organizations

09:40 – 10:05 Group Session – 1  

10:05 – 10:30 Group Session – 2 

10:30 – 10:45 Break

10:45 – 11:05 Group Session – 3 

11:05 – 11:25 Group Session – 4 



HTHP 
APPLICATION 
POTENTIAL 

Steven Lecompte, Elias Vieren



INDUSTRIAL ENERGY DEMAND IN EUROPE

7

De Boer et al. (2020)

HeatRoadMap (EU 2015)



MATCHING COOLING (RESIDUAL HEAT) AND HEATING

8

Heat pump technologies

Marina et al. (2021)
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HEAT PUMP TECHNOLOGIES POTENTIAL

9

Vapour compression heat pump (CAPEX: $$$) Heat transformer (CAPEX: $$$$)

Electric boiler (CAPEX: $) Hydrogen boiler (CAPEX: $$)



POSSIBLE SCENARIO (IEA)

Additional 500 MW installed capacity each month 

over the next 30 years!

Net Zero By 2050, 

IEA



SALE STATISTICS
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Marina et al. (2021)



WHAT'S THE MARKET POTENTIAL?

The Next Half-Trillion-Dollar Market

  Electrification of Heat 
[BloombergNEF]
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2030



ZOOMING IN ON APPLICATIONS

13

Deep Dive Application Potential by C. Arpagaus 



RECENT REPORTS
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RECENT REPORTS
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WHAT’S THE CATCH?

• Unfavorable electricity / fossil-fuel price ratio
• To be competitive: US: $10/MWhe, EU: $24/MWhe [BloombergNEF]

• Large variability!

• Insufficient grid capacity
• Storage solutions

• Projected growth similar as between 1990 and 2007 [Transformation of Europe’s power system until 2050, 

McKinsey]

• Low technology readiness
• Technology status and perspectives, Jonas Lundstedt Poulsen

• Insubstantial policy incentives 

16



ELECTRICITY / FOSSIL-FUEL PRICE RATIO

17

Deep Dive Application Potential by C. Arpagaus 



ELECTRICITY / FOSSIL-FUEL PRICE RATIO

18

HTF: Heat transformer

VCHP: Vapour compression heat pump

NGB: Natural gas boiler

EGPR: Electricity to gas price ratio = 
𝑐𝑒𝑙

𝑐𝑛𝑔

WHR: Waste heat ratio =
ሶ𝑄𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙
ሶ𝑄𝑝𝑟𝑜𝑐𝑒𝑠𝑠

Study considers electric heater when not sufficient 

waste heat available

Vieren et al. (2023), accepted for International Congress of Refrigeration



GRID CAPACITY AND RE AVAILABILITY

19

Installed grid-scale battery storage capacity in the Net Zero Scenario

IEA

GW

Powerbarometer 2022 



TECHNOLOGY READINESS

20

IEA



OTHER MARKET BARRIERS

21

Wolf et al (2017, 2020), Deep Dive Application Potential by C. Arpagaus 



CONCLUSION

‘There is a huge potential, but that it requires an 

immediate, common and interdisciplinary effort to 

exploit the full potential’

22



Steven Lecompte

DEPARTMENT OF ELECTROMECHANICAL, 

SYSTEMS AND METAL ENGINEERING

E steven.lecompte@ugent.be

T +32 9 264 33 55

M +32 470 04 55 24

www.ugent.be

Ghent University

@ugent

Ghent University



HIGH-TEMPERATURE HEAT PUMPs

Technology Status and Perspectives

Jonas Lundsted Poulsen, Senior Specialist, DTI



ANNEX 58 - TECHNOLOGY REVIEW

• 34 HTHP technology two-
page descriptions

• Includes key information on:
• Performance data
• Capacity range
• Max. temperatures
• Working fluid
• Compressor type
• Spec. investment cost
• TRL
• Expected lifetime
• Size & footprint
• Project examples



ANNEX 58 – TECHNOLOGY REVIEW



ANNEX 58 – TECHNOLOGY REVIEW



MAX. TEMPERATURE AS A 
FUNCTION OF CAPACITY

• Higher maximum supply
temperatures for higher
capacities.



OVERVIEW HTHP TECHNOLGY REVIEW (1/2)
Supplier Compressor type Working fluid Capacity [MW] Tmax,supply [°C] TRL indication Spec. invest.

cost [€/kW]

Fuji Electric Reciprocating R-245fa 0.03 120 9 n/a

Emerson Scroll and EVI scroll R-245fa, R410a, R-718 0.03 120 6 n/a

Mayekawa (EcoSirocco) Reciprocating R-744 0.1 100 8-9 n/a

Mayekawa (EcoCircuit) Reciprocating R-1234ze(Z) 0.1 120 9 n/a

Skala Fabrikk Piston (semihermetic) R-290+R-600 0.3 115 7 (proto. demo) 500-700

Kobelco Compressors 
Corp. (SGH120)

Two stage twin -screw R-245fa 0.37 120 9 n/a

Mitsubishi Heavy Ind. Two-stage centrifugal R-134a 0.6 130 9 n/a

Kobelco Compressors 
Corp. (SGH165)

Twin-screw R-245fa+R-134a (mixture), 
R-718 for steam comp.

0.62 175 9 n/a

ecop Centrifugal compression ecop fluid 1 0.7 150 6-7 700

Mayekawa Europe
(HS comp.)

Piston R-600 0.75 120 7 450

Kobelco Compressors 
Corp. (MSRC160)

Twin -screw R-718 0.8 175 9 n/a

Mayekawa Europe 
(FC comp.)

Screw R-601 1.0 145 5 720

GEA Refrigeration 
Netherlands

Semi-hermetic piston R-744 0.1-1.2 130 8 200-300

Fenagy Reciprocating R-744 0.3-1.8 120 5-6 (concept study) 250-425

Rank Screw R-245fa, R-1336mzz(Z),
R-1233zd(E)

0.12-2.0 160 7 (prototype demo.) 200-400

SRM Screw R-718 0.25-2.0 165 5 n/a

COMBITHERM GmbH Screw HFOs 0.3-3.3 120 9 200-400

Sustainable 
Process Heat

Piston HFOs 0.3-5.0 165 6-8 150-1000

Johnson Controls Reciprocating R-717+R-600 (cascade) 0.5-5.0 120 7-8 (for hydrocarbon 
top cycle)

n/a



OVERVIEW HTHP TECHNOLGY REVIEW (2/2)
Supplier Compressor type Working fluid Capacity [MW] Tmax,supply [°C] TRL indication Spec. invest.

cost [€/kW]

Hybrid Energy Piston, screw R-717 and R-718 0.5-5.0 120 9 200-600

ToCircle Rotary vane R-717+R-718 1.0-5.0 188 6-7 250-430

Weel & Sandvig Turbo R-718 1.0-5.0 160 4-9 150-250

Olvondo Piston (double acting) R-704 5.0 200 9 1200

Heaten Reciprocating, custom design HFO and HC 1.0-6.0 200 7-9 250-350

Enerin Piston R-704 0.3-10.0 250 6 (prototype testing) 600-800

Aneo Industry Centrifugal fan and piston 
comp.

R-717, R-718 1.2-10.0 150 7-8 n/a

Enertime 1 or 2 stage
centrifugal hermetic 
compressor

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

2.0-10.0 160 4-8 (depending on 
concept)

300-400

Spilling Piston R-718 1.0-15.0 280 9 100-400

Epcon High-pressure centrifugal fan; 
positive displacement blower

R-718 0.5-30.0 150 9 200-400

Turboden Turbo Application specific 3.0-30.0 200 7-9 300-700

MAN Energy 
Solutions

Centrifugal turbo-compressor 
(hermetically sealed) with 
integrated expander

R-744 10.0-50.0 150 7-8 300-500

Piller Turbo R-718 1.0-70.0 212 8-9 850

Siemens
Energy

Turbo (geared-type or single-
shaft)

R-1233zd(E), R-1234ze(E) 8.0-70.0 160 9 (up to 90 °C), pilot plant 
at 120 °C being built

250-800

Qpinch Chemical adsorption heat 
transformer (no compressor)

Water, H3PO4 and derivatives > 2.0 230 9 1000-2000



SPECIFIC INVESTMENT COST

• Trend with higher cost for 
higher temperature lift.

• Minor trend with lower cost for 
lower supply temperatures, 
except steam compression



COP AND LORENZ EFFICIENCY AS A 
FUNCTION OF MEAN TEMPERATURE LIFT

• Higher COPheating at low mean
temperature lifts.

• Depends on application type.

• Higher Lorenz efficiency for
higher temperature lifts. 

• Depends on application type. 



ANNEX 58 – DEMONSTRATION CASES

• 16 two-page descriptions of HTHP 
demonstration cases

• Includes key information on:
• Performance in design point
• Operating hours
• System manufacturer
• Installation year
• Working fluid
• Compressor technology
• Investment cost
• Energy savings
• Estimated annual CO2 savings



No. Supplier Industry Process HP Type Refrigerant Compressor Capacity COPH

Op. 

hours
Ref.

Unit 

Operation

Tout 

[°C]

Tin 

[°C]

Unit 

Operation

Tout 

[°C]

Tin 

[°C]
[kW] [h/a]

1 n. a. beverage
alcoholic 

distillation

product 

cooling
75 78.3 distillation 140 n. a. MVR n. a. n. a. 350 5.2 n. a. [1]

2 Mayekawa electronic coil drying

electro-

painting 

cooling

25 30 drying 120 20 CCHP R744 piston 89 3.1 n. a. [1]

3 AMT/AIT food starch drying waste heat 72 76 drying 138 96 CCHP R-1336mzz(Z) screw 374 3.2 4,000 [2]

4 Olvondo
pharma-

ceutical
recooling

recooling 

heat
34 36

steam 

generation
183 178 Stirling HP R704 piston 2,250 1.7 6,100 [2]

5 Kobelco sewage sludge drying
exhaust 

drying air
93 93

steam 

generation
160 160 MVR R718

twin-screw, 

roots blower
675 2.9 n. a. [2]

6 Kobelco refinery
bioethanol 

distillation

process 

cooling
60 65 distillation 115 110

CCHP + 

Flash Tank
R245fa twin-screw 1,850 3.5 n. a. [2]

7 MHI electronic coil drying waste heat 50 55 drying 130 70 CCHP R134a centrifugal 627 3.0 n. a. [2]

8 Piller plastics
thermal 

seperation

exhaust 

vapour
60 60

steam 

generation
131 126 MVR R718

turbo                  

(8 blowers)
10,000 4.4 8,000 [2]

9 AMT/AIT minerals brick drying
exhaust 

drying air
80 84 drying 121 96 CCHP R-1336mzz(Z)

piston                 

(8 compr.)
296 5 4,000 [2]

10 Spilling
pulp and 

paper
pulp drying

exhaust 

vapour
105 133

steam 

generation
201 n. a. MVR R718

piston                 

(4 LT-, 2 HT- 

cylinders)

11,200 4.2 7,500 [2]

11 Spilling chemical chemical
exhaust 

vapour
105 152

steam 

generation
211 n. a. MVR R718

piston                 

(4 LT-, 2 HT- 

cylinders)

12,000 5.3 7,500 [2]

12
Rotrex, 

Epcon
sewage sludge drying

surplus 

steam
100 n. a.

steam 

generation
146 n. a. MVR R718

turbo                   

(2 stages)
500 4.5 n. a. [2]

13 SkaleUP dairy
process hot 

water
(re)cooling

12,     

0

20,   

5

process hot 

water
115 95 CCHP

LT-C: R290, 

HT-C: R600
piston 300

2.5,  

2.3    
6,500 [2]

14 QPinch chemical
steam 

production

exhaust 

vapour

steam 

generation

heat trans-

former
H2PO4 heat-driven 2,900 0.45 2,500 [2]

15
Huayuan 

Taimeng
refinery

ethyl-

benzene
waste heat 95 120

steam 

generation
152 n. a.

heat trans-

former
LiBr-H2O heat-driven 7,553 0.48 n. a. [2]

16
Shanghai 

Nuotong
beverage

alcoholic 

distillation
air n. a. 18.9

steam 

generation
120 90

CCHP + 

Flash Tank + 

MVR

LT-C:R410a, 

HT-C:R245fa
screw 180 1.85 n. a. [2]

17
Huayuan 

Taimeng
refinery

alkyl-

benzene
waste heat 86 127

steam 

generation
150 n. a.

heat trans-

former
LiBr-H2O heat-driven 5,100 0.48 n. a. [2]

18

Shandong 

Zhangqiu 

Blower

refinery
ethanol 

distillation

exhaust 

vapour
76 n. a.

steam 

generation
116 n. a. MVR R718 centrifugal n. a. 7.68 7,000 [2]

Heat source Heat sink

120 - 145 140 - 185

DEMONSTRATION 
CASES OVERVIEW
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DEMONSTRATION CASES –
TEMPERATURE AND PERFORMANCE

• Max. temperatures in demo. 
cases:
• Conventional closed-cycle heat 

pump: 138 °C
• MVR: 211 °C (sat. temp.) 
• Stirling heat pump: 183 °C

• Higher COPheating at low mean
temperature lifts.



SUMMARY AND PERSPECTIVES

3 examples of dependencies
for HTHP technologies.

TRL level 4-9

Average specific cost 200 €/kW - 1500 €/kW

Capacity 0.03 MW - 70 MW

Max. supply temperature 100 °C - 280 °C

Availability Geographical dependent, e.g.
between Europe and Japan 

Number of technologies 34 different technologies

• HTHP technology continuosly being developed, 
hence increasing potential for further
demonstration and application cases.

• Task 1 report on HTHP technologies to be
published on Annex 58 homepage.

Industries 9
Processes Drying, hot water, steam, 

thermal seperation

Number of demo. cases Information about 16 cases 
descriptions collected

HTHP supplier technology review.

HTHP demo. case review.

All information in review were provided by the suppliers

without third-party validation. The infomation was provided

as an indicative basis and may be different in final 

installations depending on application specific parameters.

https://heatpumpingtechnologies.org/annex58/task1/


GROUP SESSION

How to exploit the potential?

Benjamin Zühlsdorf, PhD, Center Project Manager, DTI



HOW TO EXPLOIT THE POTENTIAL OF HTHPs?

• Component and 
system 
development 
and optimization

• Testing function 
& performance

Technology 
Development

• Collecting long-
term 
experiences

• Increasing 
technology 
acceptance

Demonstration

• Energy 
integration 
methods

• Decarbonization 
strategies

• Process 
equipment 
integration

Process 
Integration

• Exploiting 
synergies 
through cross-
sectoral design 
and operation

• Testing of 
system behavior

Sector 
Integration

• Cross-sectoral 
collaboration

• Heat as a service

• Contracting

Business Models

• Increasing the 
awareness for 
the technology 
and its 
potentials

• Education of 
skilled labor

Dissemination & 
Education

Multi-disciplinary and cross sectoral RD&D effort required 



AGENDA – 8 GROUPS
General Introduction and Keynotes

• 09:00 – 09:10: General Introduction, Benjamin Zühlsdorf, DTI
• 09:10 – 09:25: Application potential of HTHPs in industry, Steven Lecompte, Ghent University
• 09:25 – 09:40: Technology status and perspectives, Jonas Lundsted Poulsen

Group sessions

Summary & plenary discussion
• 11:25 – 11:40: Wrap-up of the group sessions
• 11:40 – 12:00: Plenary discussion

To discuss:
• Potentials
• Challenges
• Actions

Technology 
Providers

End-users Policy Makers
Research 

Organizations
Jonas L. 
Poulsen

Martin P. 
Andersen

Svend V. 
Pedersen

Paul 
Scheihing

Sabrina 
Dusek

Michael 
Lauerm.

Steven 
Lecompte

Ghent
University

09:40 – 10:05 Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8

10:05 – 10:30 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 1 Group 2

10:30 – 10:45 Break

10:45 – 11:05 Group 5 Group 6 Group 7 Group 8 Group 1 Group 2 Group 3 Group 4

11:05 – 11:25 Group 7 Group 8 Group 1 Group 2 Group 3 Group 4 Group 5 Group 6



4th HTHP SYMPOSIUM  

• Focus on:

• Potential and demand

• Successful case studies

• Available technologies

• Developments and trends

• Applied RD&D and industry focus

• Save the date: 

23rd & 24th of January 2024

• http://hthp-symposium.org/ 

http://hthp-symposium.org/
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