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Institute of Thermal Engineering – Profile

Bachelor & Master Programme Mechanical Engineering & Economics

- Thermal Engineering

- Heating, Ventilation, Air-conditioning

- Energy related Measuring and Testing

- Informatics for Energy and Environment

- Solar Energy Use

- Heat Pumping Technologies

- Energetic Biomass Utilisation

Doctoral School Mechanical Engineering

Sustainable Systems

Mobility & Production

Thermal Energy Systems

Heating, Refrigeration 

& Air-conditioning

Energy-Efficient 

Buildings

- Combustion and gasification of biomass

- Fuel cells

- Modelling and simulation of 

high temperature processes

- Heat pumping systems

- Development of energy-related components

- Thermal simulation of buildings & energy systems 

- Urban energy supply concepts

CFD Simulation  

Fuel Cell Laboratory

R600-High Temperature

Heat Pump

Energy-
efficiency

Alternative 
Concepts

Components
& 

Systems

Experiment 
&

Simulation

Multifunctional „Plug & Play“-
Facade [FIBAG/Stallhofen]

Head: Univ.-Prof. Dr. Christoph Hochenauer

Dep. Head: Ao.Univ.-Prof. Dr. René Rieberer

Ass.Prof. Dr. Vanja Subotić

Staff: ca. 45 full-time employees

+ ext. lecturers, students

Research:

Teaching

:

FoE:

TU Graz:

7 Faculties

5 Fields of Expertise (FoE)

12 000 Bachelor- & Master-Students

1 200 PhD-Students

1 200 Scientific employees

mailto:rene.rieberer@tugraz.at
http://www.iwt.tugraz.at/
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Thermal Energy Systems

• Combustion and gasification of 

biomass

• Fuel cell research

• Modelling and simulation of high 

temperature processes

Heating, Refrigeration & Air -

Conditioning

• Heat pumping systems

• Compression & absorption systems

• Stationary & mobile applications

• Alternative refrigerants & processes

Research Areas

Energy-Efficient Buildings

• Development of energy-related

components

• Thermal simulation of buildings

and energy systems

• Urban decentralized and central

energy supply concepts

NH3/H2O-
Absorption Heat 
Pumping System

„HPC“: Heat Pumping 

systems Control – Model 

based control of Absorption 

chillers and heat pumps

“Monitoring Ennstal Milch”: R717 chiller 

and high temperature heat pump

+ ...

+ several IEA HPT collaboration projects

„eco2jet“: R744 a/c & heat pumps for 

trains

www.v2c2.at

mailto:rene.rieberer@tugraz.at
http://www.iwt.tugraz.at/
http://www.v2c2.at/
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AUSTRIAN HEAT PUMP INDUSTRIE

https://ochsner-energietechnik.com/

• Max. 130°C

• 170 – 750 kW

• Twin-Unit: 1,5 MW

• Screw compressors

https://www.ecop.at/de/home/

• Rotation heat pump (Joule cycle)

• Max. 150°C

• 700 kW

• Temperature lift: up to 55 K

https://ochsner-energietechnik.com/
https://www.ecop.at/de/home/
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space heating and hot water process heat <200°C process heat >200°C

APPLICATION POTENTIAL AUSTRIA

References:

Statistics Austria, “Useful energy analysis 1993-2020, Prepared on behalf of the Federal Ministry for Climate Protection, Environment, Energy, Mobility, Innovation and 

Technology,” Dec. 10, 2021. http://www.statistik.at/web_de/statistiken/energie_umwelt_innovation_mobilitaet/energie_und_umwelt/energie/nutzenergieanalyse/index.html 

• 42% process heat < 200°C

• Up to 94% natural gas for process 

heat < 200°C

• Using heat pump instead of natural 

gas:

→ 11 TWh provided by heat pumps 



905.05.2023

APPLICATION POTENTIAL AUSTRIA

References:

Statistics Austria, “Useful energy analysis 1993-2020, Prepared on behalf of the Federal Ministry for Climate Protection, Environment, Energy, Mobility, Innovation and 

Technology,” Dec. 10, 2021. http://www.statistik.at/web_de/statistiken/energie_umwelt_innovation_mobilitaet/energie_und_umwelt/energie/nutzenergieanalyse/index.html 

Umweltbundesamt, “Berechnung von Treibhausgas (THG)-Emissionen verschiedener Energieträger (Calculation of greenhouse gas (GHG) emissions from various energy 

sources),” Nov. 2021. https://secure.umweltbundesamt.at/co2mon/co2mon.html (accessed Apr. 13, 2022).

Assumptions: 

• Emission factors gas/electrical energy: 268/219 g/kWh

• COP = 2.76

• burner efficiency 95% 

72% CO2 emission reduction

66% final energy savings
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Natural gas burning Heat pump
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DECARBONISATION SCENARIOS
FEW DIFFERENCES BETWEEN POI AND ZEM INDICATE ROBUST RESULTS

Pathway of Industry decarbonisation is driven by a 

combination of technology levers

• CO2-neutral gases for high temperature applications and 

feedstock

• CCUS especially for mitigation of geogenous emissions

• Electrification through heat pumps for low temperature 

applications

• Circular economy can reduce energy demand additionally

Zero Emission transformation needs

• Further pilot plants needed

• Scale-up of existing prototypes to industrial solutions

• Accompanying development of necessary infrastructure

• Further research (especially regarding integration of future 

industrial systems into the overall energy system)

NEFI is an Energy Model Region funded by the Austrian Climate and Energy Fund

https://www.nefi.at/en/decarbonisation-scenarios
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DEVELOPMENT PERSPECTIVES FOR HTHP

References:

Hartl et al. Österreichische Technologie- und Umsetzungsroadmap für Wärmepumpen (Austrian Technology and Implementation Roadmap for 

Heat Pumps), Reports from Energy and Environmental Research No. 8/2016, commissioned by BMVIT, June 2016

Biermayr et al. Innovative Energietechnologien in Österreich Marktentwicklung 2021 (Innovative Energy Technologies in Austria Market 

Development 2021), Reports from Energy and Environmental Research No. 21b/2022, commissioned by BMK, May 2022
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Project “Hot Cycle” – High Temperature Heat Pump with small/medium capacity

Aim:

• Development of a high-temperature heat pump (ca. 110°C)

• Capacity up to 50 kW

Contents:

• Simulation of different cycles

• Identification of a suitable refrigerant (R600)

• Design of components & control strategies

• Modification of a separating hood compressor 

(suction gas cooled motor … SHX)

• Experimental analysis of a prototype

• Economic analysis

Results:

• Experimental setup with variable cycle layout
− Subcooler (SUB)

− Superheater (SUP)

− Internal heat exchanger (IHX)

• 110°C supply temperature at a COP of 5.6

(SO80/75, SI80/110, SHX + SUP)

Source: 

Frigopol

mailto:rene.rieberer@tugraz.at
http://www.iwt.tugraz.at/
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Project “TransCrit” – Trans-critical high temperature heat pump for waste heat recovery

Aim:

• Development of a high-temp. 

heat pump (ca. 160°C)

• Capacity up to 50 kW

• Trans-critical cycle with a natural refrigerant

Contents:

• Investigation of suitable cycle configurations

• Identification of suitable refrigerants (R600)

• Design of components & control strategies

• Experimental analysis of a prototype

• Economic analysis

Results:

• One-stage cycle with low-pressure accumulator and IHX

• 160°C supply temperature at a COP of 3.1 

(trans-critical operation, SO60/55, SI80/160)

• 110°C at a COP of 4.4 (sub-critical, SO60/55, SI80/110)

• Control strategy for high pressure and suction gas superheat deducted

from experimental and simulation-based investigation
Accu Ventilation Gas Detect Oil Sep.

Comp.

mailto:rene.rieberer@tugraz.at
http://www.iwt.tugraz.at/
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Principle

ROHAN – ROTATION HEAT DIGITAL TWIN

Joule cycle

Challenge 1: Physical relationships

Challenge 2: Robust and flexible operation

Challenge 3: Controls

This work is funded by the Austrians Climate and Energy Fund and is being carried out as part of the Energy Research Program 2020. 
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Method

ROHAN – ROTATION HEAT DIGITAL TWIN

CFD modelling of individual components →

parameter studies for meta models

Meta models as FMUs → Modelica/Dymola

→ parameter studies

Compression PipeExpansion Pipe

Expansion Pipe
Fan

High Pressure Heat Exchanger

-

Low Pressure Heat Exchanger
Axis of Rotation

This work is funded by the Austrians Climate and Energy Fund and is being carried out as part of the Energy Research Program 2020. 
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DRYFICIENCY: INDUSTRIAL DEMONSTRATION

AGRANA Stärke GmbH

Pischelsdorf (AT)

Wienerberger AG

Uttendorf (AT)

Starch dryingBrick drying Bio sludge drying

Scanship A/S

Drammen (NO)

Closed loop heat pump Open loop heat pump

The project has received funding from the European Union’s Horizon 2020 programme for 

energy efficiency and innovation action under grant agreement No. 723576.

High temperature heat pumps up to 160ºC
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DRYFICIENCY: INDUSTRIAL DEMONSTRATION

• Successful component 

development for high-

temperature applications: 

Compressors, lubricants and 

refrigerants 

• Successful demonstration of 

heat pumps with more than 

8000 operating hours for both 

demonstrators

• Final energy reduction and CO2

emission reduction up to 80% 

compared to natural gas

High temperature heat pumps up to 160ºC

other IHP from Arpagaus et al. High temperature 

heat pumps: Market overview, state of the art, 

research status, refrigerants, and application 

potentials, Energy (152), p.985-1010, 2018.each data point represents > 10 h of stationary operation
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DRYFICIENCY: INDUSTRIAL DEMONSTRATION

COP = 2.2 @ 160ºC

Heating capacity = 190 kW

CO2 reduction =  281 t/a (62%)

Final energy reduction = 1006 MWh/a (60%)

COP = 5.0 @ 120ºC 

heating capacity = 297 kW

CO2 reduction = 592 t/a CO2 (83%)

Final energy reduction = 2163 MWh/a (82%)

COP = 3.2 @ 138ºC

Heating capacity = 374 kW

CO2 reduction =  660 t/a (73%)

Final energy reduction = 2388 MWh/a (72%)
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• High temperature heat pump:

• Up to 5 bara saturated steam

• Saturated steam mass flow up to 200 kg/h

• Refrigerant R1336mzz(Z)

• Flash tank unit especially designed and

crafted for HTHP

• Test operation in laboratory of

EDF LAB Les Renardières

• Further tests in a semi-industrial laboratory

environment

STEAM GENERATION WITH FLASH TANK

Heat pump

Flash tank unit for steam generation

J. Riedl et al., Messergebnisse einer dampferzeugenden Wärmepumpe mit Flash Tank, DKV-Tagung 2022, 16.-18.11.2022, Magdeburg, DE

The project is funded by the European Union under the H2020 programme (No. 820771).
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PROJECT BAMBOO: STEAM GENERATING HEAT 

PUMP SYSTEM – MEASUREMENT RESULTS

J. Riedl et al., Messergebnisse einer dampferzeugenden Wärmepumpe mit Flash Tank, DKV-Tagung 2022, 16.-18.11.2022, Magdeburg, Deutschland

The project is funded by the European Union under the H2020 programme (No. 820771).

https://bambooproject.eu/
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• steam production at 11 bar (184 °C) 

based on heat pumps  

• integrated at a production site of Takeda 

in Vienna

• reduction of CO2 emissions by 90% 

• CO2 free production for >7 months a year

• scientific monitoring and optimisation for 

more than 4000 h planned 

AHEAD: ADVANCED HEAT PUMP DEMONSTRATOR

This project is supported with the funds from the Climate and Energy Fund and 

implemented in the framework of the RTI-initiative “Flagship region Energy”.

https://www.nefi.at/de/projekt/ahead
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AHEAD: ADVANCED HEAT PUMP DEMONSTRATOR

This project is supported with the funds from the Climate and Energy Fund and 

implemented in the framework of the RTI-initiative “Flagship region Energy”.

• steam generating heat pump by SPH using butane as refrigerant

• combined with MVR to supply steam at 11 bar (184 °C) with 1.7 MW heating capacity

• heat and cold supply based on natural refrigerants only
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Conventional vs. Heat pump

ANNEX 59 – HEAT PUMPS FOR DRYING

Scope

• Heat pumps in dryers integrated in industrial,

commercial and household applications (white

goods).

Target audience and benefits

• Heat pump manufacturers of industrial heat pumps

and small scale heat pumps as well as component

manufacturers

• Manufacturer of white goods

• Plant engineers and dryer manufacturers

• End users in the industrial branches addressed

• Policy makers

Why?

• Better energy efficiency

• Better controllability

• Higher product quality

High level key message: 

“Heat pumps are relevant for 

drying” in addition to heating, 

cooling and hot water 

preparation”.



THANK YOU!

AIT Austrian Institute of Technology – Center for Energy

Sabrina Dusek

Sabrina.Dusek@ait.ac.at

www.ait.ac.at/energy

mailto:Vorname.nachname@ait.ac.at
http://www.ait.ac.at/energy

