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1. Foreword 

The aim of this technical report is to give an overview of the performance of different heating and cooling 
caloric systems: magnetocaloric, elastocaloric, electrocaloric and barocaloric heat pumps. The performance 
of these innovative caloric heat pump systems is compared with that of conventional vapour-compression 
heat pumps. This overview is built upon experimental and numerical data collected from 140 scientific 
publications. This technical report serves as supplementary materials for the article “Innovative heating and 
cooling systems based on caloric effects: A review” presented at the CLIMA 2022 conference (REHVA 14th 
HVAC World Congress. 22-25 May 2022, Rotterdam, The Netherlands) [1]. 

  



2. Abstract 

Heat pumps are an excellent solution to supply heating and cooling for indoor space conditioning and 
domestic hot water production. Conventional heat pumps are typically electrically driven and operate with a 
vapour-compression thermodynamic cycle of refrigerant fluid to transfer heat from a cold source to a warmer 
sink. This mature technology is cost-effective and achieves appreciable coefficients of performance (COP). 
The heat pump market demand is driven up by the urge to improve the energy efficiency of building heating 
systems coupled with the increase of global cooling needs for air-conditioning. Unfortunately, the 
refrigerants used in current conventional heat pumps can have a large greenhouse or ozone-depletion effect. 
Alternative gaseous refrigerants have been identified but they present some issues regarding toxicity, 
flammability, explosivity, low energy efficiency or high cost. However, several non-vapour-compression heat 
pump technologies have been invented and could be promising alternatives to conventional systems, with 
potential for higher COP and without the aforementioned refrigerant drawbacks. Among those, the systems 
based on the so-called “caloric effects” of solid-state refrigerants are gaining large attention. These caloric 
effects are characterized by a phase transition varying entropy in the material, resulting in a large adiabatic 
temperature change. This phase transition is induced by a variation of a specific external field applied to the 
solid refrigerant. Therefore, the magnetocaloric, elastocaloric, electrocaloric and barocaloric effects are 
adiabatic temperature changes in specific materials when varying the magnetic field, uniaxial mechanical 
stress, electrical field or hydrostatic pressure, respectively. Heat pump cycle can be built from these caloric 
effects and several heating/cooling prototypes were developed and tested over the last few decades. 
Although not a mature technology yet, some of these caloric systems are well suited to become new efficient 
and sustainable solutions for indoor space conditioning and domestic hot water production. This technical 
report (and the paper to which this report is supplementary materials) aims to raise awareness in the building 
community about these innovative caloric systems. It sheds some light on the recent progress in that field 
and compares the performance of caloric systems with that of conventional vapour-compression heat pumps 
for building applications. 

  



3. Scientific publications on caloric effects and caloric systems over time 

One can see in Figure 1 the evolution of the number of new scientific publications (scientific papers in peer-
reviewed journals, conference proceedings, books and theses: search in titles, abstract and keywords with 
“Magnetocaloric”, “Elastocaloric”, “Electrocaloric” and “Barocaloric” as search keywords) as a function of 
time. One can observe that the topic of magnetocaloric systems and materials took off after the years 2000s 
while the topics on elastocaloric, electocaloric and barocaloric systems and materials is only slowly gaining 
popularity since the years 2010s. However, the magnetocaloric topic seems to plateau since 2015. 

 

Figure 1: Number of new scientific publications per year as a function of the year of publication for the 
keywords “Magnetocaloric”, “Elastocaloric”, “Electrocaloric” and “Barocaloric” in the Scopus and 

Dimensions databases. 

  



4. Operation principle of the caloric heating and cooling systems 

The caloric effect is large entropy and adiabatic temperature variations generated by the application or 
removal of an external field in certain specific solid materials: the caloric materials. When the external field 
is increased in the material, its entropy decreases and its temperature increases. Conversely, when the 
external field in the material is reduced, the entropy increases and its temperature decreases. There are 4 
main caloric effects: 

• Magnetocaloric effect: Adiabatic temperature change induced by a variation of the magnetic field 
(magnetization/demagnetization). 

• Elastocaloric effect (a.k.a. thermoelastic): Adiabatic temperature change induced by a variation of 
the uniaxial mechanical stress (stretching/squeezing). 

• Electrocaloric effect: Adiabatic temperature change induced by a variation of the electrical field 
(polarization/depolarization). 

• Barocaloric effect: Adiabatic temperature change induced by a variation of the hydrostatic pressure 
(compression/decompression). 

These caloric effects can be used to create a heat pump cooling/heating thermodynamic cycle. The caloric 
material is used as a solid refrigerant. It is contained as a porous media inside a regenerator casing that allows 
bi-directional circulation of the heat-carrier fluid through the porous caloric material to transfer (by 
convection) the thermal energy from the cold side (heat source) to the warm side (heat sink) of the device 
[2]. Figure 2 details the 4processes that form the active caloric regenerative thermodynamic cycle of a caloric 
heat pump. Figure 2 (a): The regenerator has an initial temperature gradient over its length and zero external 
field is applied to the caloric material. Figure 2 (b): The cycle starts with the application of a large external 
field to the caloric material (e.g., magnetization, stretching, polarization or compression) leading to a 
temperature increase over the length of the regenerator. Figure 2 (c): The coolant fluid is then pushed from 
the cold side (heat source) to the hot side (heat sink) of the regenerator (cold-to-hot blow). The warmer fluid 
rejects the heat into the heat sink and the regenerator is cooled down under a constant large external field. 
Figure 2 (d): The external field is removed (e.g., demagnetization, squeezing, depolarization or 
decompression) leading to a temperature decrease over the length of the regenerator. Figure 2 (e): The 
coolant fluid is pushed back from the hot side to the cold side of the regenerator (hot-to-cold blow) under a 
zero external field, which re-heats the bulk of the regenerator caloric material (heat regeneration process 
and heat extraction from the cold source). Figure 2 (f): The coolant fluid and the caloric material reach local 
thermal equilibrium and the temperature distribution across the regenerator length is the same as at the 
initial stage of the cycle [2]. 



 

Figure 2: The different phases of the active caloric regenerative cycle for the operation of a generic caloric 
heat pump system (adapted from [2]).  



5. Performances overview of caloric heating and cooling systems 

Figure 3 and Figure 4 give an overview of the COP of caloric heating/cooling systems as a function of their 
temperature span (temperature lift between the heat source and the heat sink). The performance of 
magnetocaloric, elastocaloric, electrocaloric and barocaloric heat pumps is put in perspectives with that of 
conventional vapour-compression heat pumps. One can observe that conventional vapour-compression heat 
pumps typically have a Carnot efficiency between 40% and 60% for temperature spans compatible with 
building applications. Current caloric heat pump prototypes typically have a maximum Carnot efficiency 
around 20%, however, some recent prototypes have much better performance with COPs comparable or 
higher than conventional vapour-compression heat pumps. Simulation results suggest that caloric systems 
could also be employed for higher temperature lift (necessary for domestic hot water production and high-
temperature heating systems) with very good COPs. 

 

Figure 3: Performance overview of different heat pump systems: COP as a function of temperature span for 
magnetocaloric, elastocaloric, electrocaloric, barocaloric and conventional vapour-compression heat pumps 

(simulation and measurement data). 



 

Figure 4: Performance overview of different heat pump systems: COP as a function of temperature span for 
magnetocaloric, elastocaloric, electrocaloric, and conventional vapour-compression heat pumps 

(measurement data only). 

  



Figure 5 and Figure 6 give an overview of the heating/cooling power output of caloric heat pump systems as 
a function of their temperature span. One can observe that, currently, apart from one elastocaloric device, 
only magnetocaloric prototypes can reach a heating/cooling power output coupled to a temperature span 
that is sufficient for building applications. Apart from one device, all existing elastocaloric and electrocaloric 
prototypes are limited to a power output lower than 10 W. However, simulation studies indicate a possibility 
for significant increase of the heating/cooling power output and temperature span of all caloric systems. 

 

Figure 5: Performance overview of different caloric heat pump systems: heating/cooling power output as a 
function of temperature span for magnetocaloric, elastocaloric, electrocaloric, and barocaloric heat pumps 

(simulation and measurement data). 



 

Figure 6: Performance overview of different caloric heat pump systems: heating/cooling power output as a 
function of temperature span for magnetocaloric, elastocaloric and electrocaloric heat pumps 

(measurement data only). 

  



Figure 7 and Figure 8 give an overview of COP of caloric heat pump systems as a function of their 
heating/cooling power output. One can observe that, currently, apart from one elastocaloric device, only 
magnetocaloric prototypes can reach a heating/cooling power output with an appreciable COP that is 
sufficient for building applications. Apart from one device, all existing elastocaloric and electrocaloric 
prototypes are limited to a power output lower than 10 W. However, the latter prototypes present very 
promising COPs. Nevertheless, simulation studies indicate a possibility for significant increase of the 
heating/cooling power output of all caloric systems while maintaining very high COPs. 

 

Figure 7: Performance overview of different caloric heat pump systems: COP as a function of 
heating/cooling power output for magnetocaloric, elastocaloric, electrocaloric, and barocaloric heat pumps 

(simulation and measurement data). 



 

Figure 8: Performance overview of different caloric heat pump systems: COP as a function of 
heating/cooling power output for magnetocaloric, elastocaloric and electrocaloric heat pumps 

(measurement data only). 

  



6. Historical evolution of the performances of caloric heating and cooling 
system prototypes 

Figure 9, Figure 10 and Figure 11 give an overview of the historical evolution of the temperature span, COP 
and heating/cooling power output achieved by the different magnetocaloric, elastocaloric and electrocaloric 
heat pump prototypes over the years. It should be noted that some of the early magnetocaloric heat pump 
prototypes with very large COPs and temperature spans are using superconductor magnets. It is only within 
the last 10 years that magnetocaloric heat pump prototypes with permanent magnet assemblies have 
reached heating/cooling power outputs with significant temperature spans and appreciable COPs that are 
suitable for building applications. 

 

Figure 9: Evolution of the temperature span (temperature lift between heat source and heat sink) achieved 
by the different magnetocaloric, elastocaloric and electrocaloric heat pump prototypes over the years. 



 

Figure 10: Evolution of the COP achieved by the different magnetocaloric, elastocaloric and electrocaloric 
heat pump prototypes over the years. 



 

Figure 11: Evolution of the heating/cooling power output achieved by the different magnetocaloric, 
elastocaloric and electrocaloric heat pump prototypes over the years. 

  



7. Data collection and references 

All the simulation and measurement data collected for this report is originating from peer-reviewed scientific 
articles of international journals and conferences (except for a few exceptions in the data for conventional 
vapour-compression heat pumps that is originating from manufacturer’s technical reports or a Master 
thesis). The following information was systematically researched in these publications: coefficients of 
performance (COP), heating/cooling power output, temperature span between the heat source and the heat 
sink. This information was extracted from text, tables, figures or derived from adequate auxiliary information. 
A distinction is always made between the data originating from experimental studies (measurements in 
laboratory or monitoring of existing systems in operation) and the data originating from numerical 
(simulation-based and theoretical) studies. 

The data for conventional vapour-compression heat pumps has been collected from 22 publications: 
• Aguilar et al., 2016 [3] 
• Meggers et al., 2012 [4] 
• Mohanraj et al., 2018 [5] 
• Kuang & Wang, 2006 [6] 
• Ito et al., 1999 [7] 
• Torres-Reyes & Cervantes de Gortari, 2001 [8] 
• Gorozabel et al., 2005 [9] 
• Izquierdo & de Agustín-Camacho, 2015 [10] 
• Moreno-Rodríguez et al., 2012 [11] 
• Li et al., 2007 [12] 
• Gasser et al. 2017 [13] 
• Zhang et al., 2007 [14] 
• Trillat-Berdal et al., 2006 [15] 
• Sarbu & Sebarchievici, 2014 [16] 
• Sanner et al., 2003 [17] 
• Sanaye & Niroomand, 2010 [18] 
• sparenergi.dk, 2013 [19] 
• DVI VV [20] 
• Gillan, 2016 [21] 
• Haller et al., 2014 [22] 
• Pospisil et al., 2019 [23] 
• Ruhnau et al., 2019 [24] 

The data for magnetocaloric heat pumps has been collected from 80 publications: 
• Aprea et al., 2014 [25] 
• Aprea et al., 2015a [26] 
• Aprea et al., 2015b [27] 
• Aprea et al., 2016 [28] 
• Aprea et al., 2018 [29] 
• Arnold et al., 2011 [30] 



• Arnold et al., 2014 [31] 
• Bahl et al., 2008 [32] 
• Bahl et al., 2014 [33] 
• Balli et al., 2012 [34] 
• Baser et al., 2018 [35] 
• Blumenfeld et al., 2002 [36] 
• Bohigas et al., 2000 [37] 
• Bour et al., 2009 [38] 
• Brown, 1976 [39] 
• Chaudron et al., 2018 [40] 
• Chen et al., 2007 [41] 
• Cheng et al., 2013 [42] 
• Clot et al., 2003 [43] 
• Coelho et al., 2009 [44] 
• Czernuszewicz et al., 2014 [45] 
• Dall'Olio et al., 2021 [46] 
• Dikeos & Rowe, 2013 [47] 
• Dupuis et al., 2009 [48] 
• Engelbrecht et al., 2009 [49] 
• Engelbrecht et al., 2011 [50] 
• Engelbrecht et al., 2012 [51] 
• Eriksen et al., 2015 [52] 
• Eriksen et al., 2016 [53] 
• Gao et al., 2006 [54] 
• Green & Chafe, 1990 [55] 
• Gómez et al., 2013 [56] 
• He et al., 2013 [57] 
• Hirano et al., 2002 [58] 
• Hirano et al., 2009 [59] 
• Hirano et al., 2014 [60] 
• Huang et al., 2006 [61] 
• Huang et al., 2018 [62] 
• Jacobs et al., 2013 [63] 
• Jacobs et al., 2014 [64] 
• Johra et al., 2018 [65] 
• Johra et al., 2019 [66] 
• Kawanami, 2007 [67] 
• Kim & Jeong, 2009 [68] 
• Kitanovski et al., 2012 [69] 
• Kitanovski et al., 2015 [70] 
• Legait et al., 2014 [71] 
• Lozano et al., 2013 [72] 



• Lozano et al., 2014 [73] 
• Lozano et al., 2016 [74] 
• Lu et al., 2005 [75] 
• Masche et al., 2022 [76] 
• Monfared & Palm, 2016 [77] 
• Nakamura et al., 2008 [78] 
• Okamura et al., 2005 [79] 
• Okamura et al., 2007 [80] 
• Okamura & Hirano, 2013 [81] 
• Qian et al., 2018 [82] 
• Richard et al., 2004 [83] 
• Rowe & Barclay, 2002 [84] 
• Rowe & Tura, 2006 [85] 
• Russek et al., 2010 [86] 
• Shassere et al., 2012 [87] 
• Shir et al., 2005 [88] 
• Tagliafico et al., 2013 [89] 
• Trevizoli et al., 2011 [90] 
• Trevizoli et al., 2015 [91] 
• Trevizoli et al., 2017 [92] 
• Tura & Rowe, 2011 [93] 
• Tušek et al., 2013 [94] 
• Tušek et al., 2014 [95] 
• Tomc et al., 2018 [96] 
• Vasile & Muller, 2006 [97] 
• Velázquez et al., 2016 [98] 
• Yao et al., 2006 [99] 
• You et al., 2016 [100] 
• Zhang et al., 2016 [101] 
• Zhang et al., 2017 [102] 
• Zimm et al., 1998 [103] 
• Zimm et al., 2006 [104] 
• Zimm et al., 2007 [105] 

The data for elastocaloric heat pumps has been collected from 13 publications: 
• Cui et al., 2012 [106] 
• Engelbrecht et al., 2017 [107] 
• Kirsch et al., 2018 [108] 
• Ossmer et al., 2014 [109] 
• Ossmer et al., 2016 [110] 
• Qian et al., 2015a [111] 
• Qian et al., 2015b [112] 



• Qian et al., 2016 [113] 
• Schmidt et al., 2015 [114] 
• Snodgrass & Erickson, 2019 [115] 
• Tušek et al., 2015 [116] 
• Tušek et al., 2016 [117] 
• Ulpiani et al., 2020 [118] 

The data for electrocaloric heat pumps has been collected from 16 publications: 
• Aprea et al., 2016 [119] 
• Blumenthal et al., 2016 [120] 
• Chen et al., 2013 [121] 
• Defay et al., 2018 [122] 
• Feng et al., 2016 [123] 
• Gu et al., 2013a [124] 
• Gu et al., 2013b [125] 
• Guo et al., 2014 [126] 
• Jia & Sungtaek Ju, 2012 [127] 
• Ma et al., 2017 [128] 
• Meng et al., 2020 [129] 
• Plaznik et al., 2019 [130] 
• Radebaugh et al., 1979 [131] 
• Shi et al., 2020 [132] 
• Sinyavsky et al., 1989 [133] 
• Sinyavsky et al., 1992 [134] 
• Sinyavsky & Brodyansky, 1992 [135] 
• Sinyavsky, 1995 [136] 
• Torelló et al., 2020 [137] 
• Wang et al., 2018 [138] 
• Wang et al., 2020 [139] 
• Zhang et al., 2017 [140] 

The data for barocaloric heat pumps has been collected from 2 publications: 
• Aprea et al., 2018 [141] 
• Aprea et al., 2020 [142] 

  



References 

[1] Hicham Johra, Christian Bahl (2022). Innovative heating and cooling systems based on caloric effects: A 
review. In Proceedings of CLIMA 2022 – REHVA 14th HVAC World Congress. 22-25 May 2022, Rotterdam, 
The Netherlands. 

[2] H. Johra, K. Filonenko, P. Heiselberg, C. Veje, T. Lei, S. Dall’Olio, K. Engelbrecht, C. Bahl (2018). Integration 
of a magnetocaloric heat pump in a low-energy residential building. Building Simulation 11(4), 753-763. 
https://doi.org/10.1007/s12273-018-0428-x. 

[3] Aguilar FJ, Aledo S, Quiles PV. Experimental study of the solar photovoltaic contribution for the domestic 
hot water production with heat pumps in dwellings. Appl Therm Eng 2016;101:379–89. 
https://doi.org/10.1016/j.applthermaleng.2016.01.127. 

[4] Meggers F, Ritter V, Goffin P, Baetschmann M, Leibundgut H. Low exergy building systems 
implementation. Energy 2012;41:48–55. https://doi.org/10.1016/j.energy.2011.07.031. 

[5] Mohanraj M, Belyayev Y, Jayaraj S, Kaltayev A. Research and developments on solar assisted compression 
heat pump systems – a comprehensive review (Part-B:applications). Renew Sustain Energy Rev 
2018;83:124–55. https://doi.org/10.1016/j.rser.2017.08.086. 

[6] Y.H. Kuang, R.Z. Wang (2006). Performance of a multi-functional direct-expansion solar assisted heat 
pump system. Solar Energy 80(7), 795-803. https://doi.org/10.1016/j.solener.2005.06.003. 

[7] S. Ito, N. Miura, K. Wang (1999). Performance of a heat pump using direct expansion solar collectors. 
Solar Energy 65(3), 189-196. 

[8] E. Torres-Reyes, J. Cervantes de Gortari (2001). Optimal performance of an irreversible solar-assisted 
heat pump. Exergy Int. J. 1(2), 107-111. 

[9] F.B. Gorozabel Chata, S.K. Chaturvedi, A. Almogbel (2005). Analysis of a direct expansion solar assisted 
heat pump using different refrigerants. Energy Conversion and Management 46, 2614-2624. 

[10] M. Izquierdo, P. de Agustín-Camacho (2015). Solar heating by radiant floor: Experimental results and 
emission reduction obtained with a micro photovoltaic-heat pump system. Applied Energy 147, 297-307. 
http://dx.doi.org/10.1016/j.apenergy.2015.03.007. 

[11] A. Moreno-Rodríguez, A. González-Gil, M. Izquierdo, N. Garcia-Hernando (2012). Theoretical model and 
experimental validation of a direct-expansion solar assisted heat pump for domestic hot water 
applications. Energy 45, 704-715. http://dx.doi.org/10.1016/j.energy.2012.07.021. 

[12] Y.W. Li, R.Z. Wang, J.Y. Wu, Y.X. Xu (2007). Experimental performance analysis and optimization of a 
direct expansion solar-assisted heat pump water heater. Energy 32, 1361-1374. 
https://doi.org/10.1016/j.energy.2006.11.003. 

[13] L. Gasser, S. Flück, M. Kleingries, C. Meier, M. Bätschmann, B. Wellig (2017). High efficiency heat pumps 
for low temperature lift applications. Proceedings of the 12th IEA Heat Pump Conference 2017. 

[14] J. Zhang, R.Z. Wang, J.Y. Wu (2007). System optimization and experimental research on air source heat 
pump water heater. Applied Thermal Engineering 27, 1029-1035. 
https://doi.org/10.1016/j.applthermaleng.2006.07.031. 

[15] V. Trillat-Berdal, B. Souyri, G. Fraisse (2006). Experimental study of a ground-coupled heat pump 
combined with thermal solar collectors. Energy and Buildings 38, 1477-1484. 
http://dx.doi.org/10.1016/j.enbuild.2006.04.005. 

[16] I. Sarbu, C. Sebarchievici (2014). General review of ground-source heat pump systems for heating and 
cooling of buildings. Energy and Buildings 70, 441-454. http://dx.doi.org/10.1016/j.enbuild.2013.11.068. 

https://doi.org/10.1007/s12273-018-0428-x
https://doi.org/10.1016/j.applthermaleng.2016.01.127
https://doi.org/10.1016/j.energy.2011.07.031
https://doi.org/10.1016/j.rser.2017.08.086
https://doi.org/10.1016/j.solener.2005.06.003
http://dx.doi.org/10.1016/j.apenergy.2015.03.007
http://dx.doi.org/10.1016/j.energy.2012.07.021
https://doi.org/10.1016/j.energy.2006.11.003
https://doi.org/10.1016/j.applthermaleng.2006.07.031
http://dx.doi.org/10.1016/j.enbuild.2006.04.005
http://dx.doi.org/10.1016/j.enbuild.2013.11.068


[17] B. Sanner, C. Karytsas, D. Mendrinos, L. Rybach (2003). Current status of ground source heat pumps and 
undersground thermal energy storage in Europe. Geothermics 32, 579-588. 
http://dx.doi.org/10.1016/S0375-6505(03)00060-9. 

[18] S. Sanaye, B. Niroomand (2010). Horizontal ground coupled heat pump: Thermal-economic modeling and 
optimization. Energy Conversion and Management 51, 2600-2612. 
https://doi.org/10.1016/j.enconman.2010.05.026. 

[19] https://sparenergi.dk/, 2013. 
[20]  DVI VV Combi & Single Manufacturer data. 
[21] B. Gillan (2016). Investigating the potential of low exergy thermal sources to improve the COP of heat 

pumps. Master Thesis Report. University of Strathclyde. 
[22] Haller, Michel & Haberl, R. & Carbonell, Daniel & Philippen, Daniel & Frank, Elimar. (2014). SOL-HEAP. 

Solar and Heat Pump Combisystems. 
[23] J. Pospisil, M. Spilacek, P. Charvat (2019). Seasonal COP of an air-to-water heat pump when using 

predictive control preferring power production from renewable sources in the Czech Republic. Energies 
12, 3236. https://doi.org/10.3390/en12173236. 

[24] O. Ruhnau, L. Hirth, A. Praktiknjo (2019). Time series of heat demand and heat pump efficiency for energy 
system modeling. Scientific Data 6:189. https://doi.org/10.1038/s41597-019-0199-y. 

[25] C. Aprea, A. Greco, A. Maiorino, R. Mastrullo, A. Tura (2014). Initial experimental results from a rotary 
permanent magnet magnetic refrigerator. International Journal of Refrigeration, 43, 111-122. 
https://doi.org/10.1016/j.ijrefrig.2014.03.014. 

[26] C. Aprea, A. Greco, A. Maiorino, C. Masselli (2015). Magnetic refrigeration: an eco-friendly technology 
for the refrigeration at room temperature. Journal of Physics: Conference Series 655, 012026. 
https://doi.org/10.1088/1742-6596/655/1/012026. 

[27] C. Aprea, A. Greco, A. Maiorino (2015). GeoThermag: A geothermal magnetic refrigerator. International 
Journal of Refrigeration 59, 75-83. http://dx.doi.org/10.1016/j.ijrefrig.2015.07.014. 

[28] C. Aprea, A. Greco, A. Maiorino, C. Masselli (2016). The energy performances of a rotary permanent 
magnet magnetic refrigerator.  International Journal of Refrigeration 61, 1-11. 
https://doi.org/10.1016/j.ijrefrig.2015.09.005. 

[29] C. Aprea, A. Greco, A. Maiorino, C. Masselli (2018). Energy performances and numerical investigation of 
solid-state magnetocaloric materials used as refrigerant in an active magnetic regenerator. Thermal 
Science and Engineering Progress 6, 370-379. https://doi.org/10.1016/j.tsep.2018.01.006. 

[30] D.S. Arnold, A. Tura and A. Rowe (2011). Experimental analysis of two-material active magnetic 
regenerator. Int. J. Refrigeration 34, 178-191. 

[31] D.S. Arnold, A. Tura, A. Ruebsaat-Trott, A. Rowe (2014). Design improvements of a permanent magnet 
magnetic refrigerator. Int. J. Refrigeration 37, 99-105. http://dx.doi.org/10.1016/j.ijrefrig.2013.09.024. 

[32] Bahl C.R.H., Petersen T.F., Pryds N., Smith A. (2008). A versatile magnetic refrigeration test device. Review 
of Scientific Instruments 79, 093906. https://doi.org/10.1063/1.2981692. 

[33] C.R.H. Bahl, K. Engelbrecht, D. Eriksen, J.A. Lozano, R. Bjørk, J. Geyti, K.K. Nielsen, A. Smith, N. Pryds 
(2014). Development and experimental results from a 1 kW prototype AMR. International Journal of 
Refrigeration 37, 78-83. https://doi.org/10.1016/j.ijrefrig.2013.09.001. 

[34] M. Balli, O. Sari, C. Mahmed, Ch. Besson, Ph. Bonhote, D. Duc, J. Forchelet (2012). A pre-industrial 
magnetic cooling system for room temperature application. Applied Energy 98, 556-561. 
https://doi.org/10.1016/j.apenergy.2012.04.034. 

http://dx.doi.org/10.1016/S0375-6505(03)00060-9
https://doi.org/10.1016/j.enconman.2010.05.026
https://sparenergi.dk/
https://doi.org/10.3390/en12173236
https://doi.org/10.1038/s41597-019-0199-y
https://doi.org/10.1016/j.ijrefrig.2014.03.014
https://doi.org/10.1088/1742-6596/655/1/012026
http://dx.doi.org/10.1016/j.ijrefrig.2015.07.014
https://doi.org/10.1016/j.ijrefrig.2015.09.005
https://doi.org/10.1016/j.tsep.2018.01.006
http://dx.doi.org/10.1016/j.ijrefrig.2013.09.024
https://doi.org/10.1063/1.2981692
https://doi.org/10.1016/j.ijrefrig.2013.09.001
https://doi.org/10.1016/j.apenergy.2012.04.034


[35] Baser O., Akbostanci M., Etiz U., Elerman Y., Dincer I. (2018). The experimental results of reciprocating 
magnetic Refrigerator-MAGICE-1. In Book of Abstracts of Thermag VIII, 8th IIR/IIF International 
Conference on Caloric Cooling. International Institute of Refrigeration. 

[36] Blumenfeld PE, Prenger FC, Sternberg A (2002) High temperature superconducting magnetic 
refrigeration. In: Advances in cryogenic engineering: proceedings of the cryogenic engineering 
conference, vol 4. 

[37] Bohigas X., Molins E., Roig A., Tejada J., Zhang X. (2000). Room-temperature magnetic refrigerator using 
permanent magnets. IEEE Transactions on Magnetics 36(3), 538-544. 
http://dx.doi.org/10.1109/20.846216. 

[38] Bour S., Hamm J.L., Michot H. et al. (2009). Experimental and numerical analysis of a recirpocating room 
temperature active magnetic regenerator. In: Third IIF-IIR international conference on magnetic 
refrigeration at room temperature, Thermag I, Des Moines, Iowa, USA, 2009, pp 415–424. 

[39] Brown G.V. (1976). Magnetic heat pumping near room temperature. J. Appl. Phys 47(8), 3673–3680. 
[40] J.B. Chaudron, C. Muller, M. Hittinger, M. Risser, S. Lionte (2018). Performance measurements on a large-

scale magnetocaloric cooling application at room temperature. Proceedings of Thermag VIII conference. 
Darmstadt, Germany. 16-20 September 2018. 

[41] Chen Y.G., Tang Y.B., Wang B.M. et al. (2007). A permanent magnet rotary magnetic refrigeration. In: 
Second IIF-IIR international conference on magnetic refrigeration at room temperature, Thermag II, 
Portoroz, Slovenia, pp 309–313. 

[42] Cheng J., Liu G., Huang J., Liu C., Jin P., Yan H. (2013). Refrigeration effect of La(FeCoSi)13B0.25 
compounds and gadolinium metal in reciprocating magnetic refrigerator. J Rare Earths 31(12), 1163. 
https://doi.org/10.1016/S1002-0721(12)60421-9. 

[43] Clot P., Viallet D., Allab F., Kedous-Lebouc A., Fournier J.M., Yonnet, J. (2003). A magnet-based device for 
active magnetic regenerative refrigeration. IEEE Transactions on Magnetics, 39, 3349-3351. 
https://doi.org/10.1109/TMAG.2003.816253. 

[44] Coelho A.A., Gama S., Magnus A. et al. (2009). Prototype of a Gd-based rotating magnetic refrigerator for 
work around room temperature. In: Third IIF-IIR international conference on magnetic refrigeration at 
room temperature, Thermag III, Des Moines, Iowa, USA, 2009, pp 381–386. 

[45] A. Czernuszewicz, J. Kaleta, M. Królewicz, D. Lewandowski, R. Mech, P. Wiewiórski (2014). A test stand to 
study the possibility of using magnetocaloric materials for refrigerators. International Journal of 
Refrigeration 37, 72-77. https://doi.org/10.1016/j.ijrefrig.2013.09.017. 

[46] S. Dall'Olio, M. Masche, J. Liang, A.R. Insinga, D. Eriksen, R. Bjørk, K.K. Nielsen, A. Barcza, H.A. Vieyra, 
Niels v. Beek, H. Neves Bez, K. Engelbrecht, C.R.H. Bahl (2021). Novel design of a high efficiency multi-
bed active magnetic regenerator heat pump. International Journal of Refrigeration (In Press) 
https://doi.org/10.1016/j.ijrefrig.2021.09.007. 

[47] J. Dikeos, A. Rowe (2013). Validation of an active magnetic regenerator test apparatus model. 
International Journal of Refrigeration 36(3), 921-931. https://doi.org/10.1016/j.ijrefrig.2012.12.003. 

[48] Dupuis C., Vialle A.J., Legait U. et al. (2009). New investigations in magnetic refrigeration device, AMR 
cycle and refrigerant bed performance evaluation. In: Third IIF-IIR international conference on magnetic 
refrigeration at room temperature, Thermag I, Des Moines, Iowa, USA, pp 437–442. 

[49] Engelbrecht K., Jensen J.B., Bahl C.R.H. et al. (2009). Experiments on a modular magnetic refrigeration 
device. In: Third IIF-IIR international conference on magnetic refrigeration at room temperature, 
Thermag I, Des Moines, Iowa, USA, pp 431–436. 

http://dx.doi.org/10.1109/20.846216
https://doi.org/10.1016/S1002-0721(12)60421-9
https://doi.org/10.1109/TMAG.2003.816253
https://doi.org/10.1016/j.ijrefrig.2013.09.017
https://doi.org/10.1016/j.ijrefrig.2021.09.007
https://doi.org/10.1016/j.ijrefrig.2012.12.003


[50] K. Engelbrecht, C.R.H. Bahl, K.K. Nielsen (2011). Experimental results for a magnetic refrigerator using 
three different types of magnetocaloric material regenerators. International Journal of Refrigeration, 
34(4), 1132-1140. https://doi.org/10.1016/j.ijrefrig.2010.11.014. 

[51] K. Engelbrecht, D. Eriksen, C.R.H. Bahl, R. Bjørk, J. Geyti, J.A. Lozano, K.K. Nielsen, F. Saxild, A. Smith, N. 
Pryds (2012). Experimental results for a novel rotary active magnetic regenerator. International Journal 
of Refrigeration. 35(6), 1498-1505. https://doi.org/10.1016/j.ijrefrig.2012.05.003. 

[52] D. Eriksen, K. Engelbrecht, C.R.H. Bahl, R. Bjørk, K.K. Nielsen, A.R. Insinga, N. Pryds (2015). Design and 
experimental tests of a rotary active magnetic regenerator prototype. International Journal of 
Refrigeration 58, 14-21. https://doi.org/10.1016/j.ijrefrig.2015.05.004. 

[53] D. Eriksen, K. Engelbrecht, C.R.H. Bahl, R. Bjørk (2016). Exploring the efficiency potential for an active 
magnetic regenerator. Science and Technology for the Built Environment 22(5), 527-533. 
http://dx.doi.org/10.1080/23744731.2016.1173495. 

[54] Gao Q., Yu B.F., Wang C.F., Zhang B., Yang D.X., Zhang Y. (2006). Experimental investigation on 
refrigeration performance of a reciprocating active magnetic regenerator of room temperature magnetic 
refrigeration. International Journal of Refrigeration 29(8), 1274-1285. 
http://dx.doi.org/10.1016%2Fj.ijrefrig.2005.12.015. 

[55] Green G., Chafe J. (1990) A gadolinium-terbium active regenerator. Adv. Cryog. Eng. 35, 1165−1174. 
[56] J.R. Gómez, R.F. Garcia, J.C. Carril, M.R. Gómez (2013). Experimental analysis of a reciprocating magnetic 

refrigeration prototype. International Journal of Refrigeration 36(4), 1388-1398. 
[57] X.N. He, M.Q. Gong, H. Zhang, W. Dai, J. Shen, J.F. Wu (2013). Design and performance of a room-

temperature hybrid magnetic refrigerator combined with Stirling gas refrigeration effect. International 
Journal of Refrigeration 36(5), 1465-1471. https://doi.org/10.1016/j.ijrefrig.2013.03.014. 

[58] Hirano N., Nagaya S., Takahashi M., Kuriyama T., Ito K., Nomura S. (2002). Development of magnetic 
refrigerator for room temperature application. Advances in cryogenic engineering, 613, 1027-1034. 

[59] Hirano S, Kawanami T, Nakamura K et al (2009) A development of spherical-shaped magnetocaloric 
materials using power coating method. In: Third IIF-IIR international conference on magnetic 
refrigeration at room temperature, Thermag I, Des Moines, Iowa, USA, pp 457–464. 

[60] N. Hirano, Y. Miyazaki, S. Bae, H. Takata, T. Kawanami, F. Xiao, T. Okamura, H. Wada (2014). Development 
of room temperature magnetic heat pump technologies as a national project in Japan. 6th IIR/IIF 
International Conference on Magnetic Refrigeration at Room Temperature, THERMAG 2014. 

[61] Huang J., Liu J., Jin P. et al. (2006). Development of permanent magnetic refrigerator at room 
temperature. Rare Metals 25(Spec Issue), 641. 

[62] Huang B., Zeng D., Brück E. (2018). Magnetic heating air-conditioning & refrigeration (HACR) prototype 
for experimental purpose. In Book of Abstract of Thermag VIII, 8th IIR/IIF International Conference on 
Caloric Cooling. International Institute of Refrigeration. 

[63] S. Jacobs, S. Russek, J. Auringer, A. Boeder, J. Chell, L. Komorowski, J. Leonard, C. Zimm (2013). The 
performance of rotary magnetic refrigerator with layered beds of LaFeSiH. Journal of the Japan Society 
of Applied Electromagnetics and Mechanics 21(1), 21-27. https://doi.org/10.14243/jsaem.21.21. 

[64] S. Jacobs, J. Auringer, A. Boeder, J. Chell, L. Komorowski, J. Leonard, S. Russek, C. Zimm (2014). The 
performance of a large-scale rotary magnetic refrigerator. Int. J. Refrig. 37, 84-91. 

[65] H. Johra, K. Filonenko, P. Heiselberg, C. Veje, T. Lei, S. Dall’Olio, K. Engelbrecht, C. Bahl (2018). Integration 
of a magnetocaloric heat pump in a low-energy residential building. Building Simulation 11, 753-763. 
https://doi.org/10.1007/s12273-018-0428-x. 

https://doi.org/10.1016/j.ijrefrig.2010.11.014
https://doi.org/10.1016/j.ijrefrig.2012.05.003
https://doi.org/10.1016/j.ijrefrig.2015.05.004
http://dx.doi.org/10.1080/23744731.2016.1173495
http://dx.doi.org/10.1016%2Fj.ijrefrig.2005.12.015
https://doi.org/10.1016/j.ijrefrig.2013.03.014
https://doi.org/10.14243/jsaem.21.21
https://doi.org/10.1007/s12273-018-0428-x


[66] H. Johra, K. Filonenko, A. Marszal-Pomianowska, P. Heiselberg, C. Veje, S. Dall'Olio, K. Engelbrecht, C. 
Bahl (2019). Numerical simulation of a magnetocaloric heat pump for domestic hot water production in 
residential buildings. Proceedings of the 16th International Conference of the International Building 
Performance Simulation Association: Building Simulation 2019. September 2019. Rome, Italy. 
http://www.ibpsa.org/proceedings/BS2019/BS2019_210828.pdf. 

[67] Kawanami T. (2007). Heat transfer characteristics and cooling performance of an active magnetic 
regenerator. In: Second IIF-IIR international conference on magnetic refrigeration at room temperature, 
Thermag II, Portoroz, Slovenia, pp 23–34. 

[68] Kim Y., Jeong S. (2009). Investigation on the room temperature active magnetic regenerative refrigerator 
with permanent magnet array. In: Third IIF-IIR international conference on magnetic refrigeration at 
room temperature, Thermag I, Des Moines, Iowa, USA, pp 393–400. 

[69] A. Kitanovski, P.W. Egolf, A. Poredos (2012). Rotary magnetic chillers with permanent magnets. 
International Journal of Refrigeration 35(4), 1055-1066. https://doi.org/10.1016/j.ijrefrig.2012.02.005. 

[70] Kitanovski A., Tušek J., Tomc U., Plaznik U., Ožbolt M., Poredoš A. (2015) Overview of Existing 
Magnetocaloric Prototype Devices. In: Magnetocaloric Energy Conversion. Green Energy and 
Technology. Springer, Cham. https://doi.org/10.1007/978-3-319-08741-2_7. 

[71] Legait U., Guillou F., Kedous-Lebouc A. et al. (2014). An experimental comparison of four magnetocaloric 
regenrators using three different materials. Int J Refrig 37, 147–155. 

[72] J.A. Lozano, K. Engelbrecht, C.R.H. Bahl, K.K. Nielsen, D. Eriksen, U.L. Olsen, J.R. Barbosa, A. Smith, A.T. 
Prata, N. Pryds (2013). Performance analysis of a rotary active magnetic refrigerator. Applied Energy 111, 
669-680. https://doi.org/10.1016/j.apenergy.2013.05.039. 

[73] J.A. Lozano, K. Engelbrecht, C.R.H. Bahl, K.K. Nielsen, J.R. Barbosa, A.T. Prata, N. Pryds (2014). 
Experimental and numerical results of a high frequency rotating active magnetic refrigerator. 
International Journal of Refrigeration 37, 92-98. https://doi.org/10.1016/j.ijrefrig.2013.09.002. 

[74] J.A. Lozano, M.S. Capovilla, P.V. Trevizoli, K. Engelbrecht, C.R.H. Bahl, J.R. Barbosa Jr. (2016). 
Development of a novel rotary magnetic regrigerator. International Journal of Refrigeration 68, 187-197. 
http://dx.doi.org/10.1016/j.ijrefrig.2016.04.005. 

[75] Lu D.W., Xu X.N., Wu H.B. et al. (2005). A permanent magnet magneto-refrigerator study using Gd/Gd-
Si-Ge/Gd-Si-Ge-Ga alloys. In: First IIF-IIR international conference on magnetic refrigeration at room 
temperature, Thermag I, Montreux, Switzerland, pp 291–296. 

[76] M. Masche, J. Liang, K. Engelbrecht, C.R.H. Bahl (2022). Performance assessment of a rotary active 
magnetic regenerator prototype using gadolinium. Applied Thermal Engineering 204, 117947. 
https://doi.org/10.1016/j.applthermaleng.2021.117947. 

[77] Monfared, B., Palm, B. (2016). New magnetic refrigeration prototype with application in household and 
professional refrigerators. Refrigeration Science and Technology Proceedings. Presented at the 7th 
International Conference on Magnetic Refrigeration at Room Temperature. 
https://doi.org/10.18462/iir.thermag.2016.0142. 

[78] Nakamura K., Kawanami T., Hirano S., Ikegawa M., Fumoto K. (2008). Improvement of room temperature 
magnetic refrigerator using air as heat transfer fluid. 2008 Second International Conference on Thermal 
Issues in Emerging Technologies, 381-390. 

[79] Okamura T., Yamada K., Hirano N. et al. (2005). Performance of a room-temperature rotary magnetic 
refrigerator. In: First IIF-IIR international conference on magnetic refrigeration at room temperature, 
Thermag I, Montreaux, Switzerland, pp 319–324. 

http://www.ibpsa.org/proceedings/BS2019/BS2019_210828.pdf
https://doi.org/10.1016/j.ijrefrig.2012.02.005
https://doi.org/10.1007/978-3-319-08741-2_7
https://doi.org/10.1016/j.apenergy.2013.05.039
https://doi.org/10.1016/j.ijrefrig.2013.09.002
http://dx.doi.org/10.1016/j.ijrefrig.2016.04.005
https://doi.org/10.1016/j.applthermaleng.2021.117947
https://doi.org/10.18462/iir.thermag.2016.0142


[80] Okamura T., Rachi R., Hirano N. et al. (2007). Improvement of 100 W class room temperature magnetic 
refrigerator. In: Second IIF-IIR international conference on magnetic refrigeration at room temperature, 
Thermag II, Portoroz, Slovenia, pp 377–382. 

[81] Okamura T, Hirano N (2013). Improvement of the performance of room temperature magnetic 
refrigerator using Gd-alloy. Journal of the Japan Society of Applied Electromagnetics and Mechanics 21, 
10–14. 

[82] S. Qian, L. Yuan, J. Yu, G. Yan (2018). Variable load control strategy for room-temperature magnetocaloric 
cooling applications. Energy 153, 763-775. https://doi.org/10.1016/j.energy.2018.04.104. 

[83] Richard MA, Rowe AM, Chahine R (2004) Magnetic refrigeration: single and multimaterial active 
magnetic regenerator experiments. J. Appl. Phys. 95(4), 2146–2150. 

[84] Rowe AM, Barclay JA (2002) Design of an active magnetic regenerator test apparatus. In: Advances in 
cryogenic engineering: proceedings of the cryogenic engineering conference, vol 47. 

[85] A. Rowe, A. Tura (2006). Experimental investigation of a three-material layeredactive magnetic 
regenerator. International Journal of Refrigeration 29, 1286-1293. 
https://doi.org/10.1016/j.ijrefrig.2006.07.012. 

[86] S. Russek, J. Auringer, A. Boeder, J. Chell, S. Jacobs, C. Zimm (2010). The performance of a rotary magnet 
magnetic refrigerator with layered beds. Proceedings of the 4th international conference on magnetic 
refrigeration at room temperature, 2010. 

[87] Shassere, B., West, D.L., Abdelaziz, O., Evans, B. (2012). Thermal imaging of active magnetic regenerator 
MCE materials during operation. Fifth IIF-IIR international conference on magnetic refrigeration at room 
temperature, Thermag, 5, pp. 565-572. 

[88] Shir F., Bennett L.H., Mavriplis C. (2005). Transient response in magnetocaloric regeneration. IEEE Trans 
Magn 41(6), 2129−2133. 

[89] L.A. Tagliafico, F. Scarpa, F. Valsuani, G. Tagliafico (2013). Preliminary experimental results from a linear 
reciprocating magnetic refrigerator prototype. Applied Thermal Engineering, 52(2), 492-497. 
https://doi.org/10.1016/j.applthermaleng.2012.12.022. 

[90] P.V. Trevizoli, J.R. Barbosa, R.T.S. Ferreira (2011). Experimental evaluation of a Gd-based linear 
reciprocating active magnetic regenerator test apparatus. International Journal of Refrigeration 34(6), 
1518-1526. https://doi.org/10.1016/j.ijrefrig.2011.05.005. 

[91] P.V. Trevizoli, J.A. Lozano, G.F. Peixer, J.R. Barbosa Jr. (2015). Design of nested Halbach cylinder arrays 
for magnetic refrigeration applications. J. Magn. Magn. Mater. 395, 109-122. 

[92] P.V. Trevizoli, A.T. Nakashima, G.F. Peixer, J.R. Barbosa Jr. (2017). Performance assessment of different 
porous matrix geometries for active magnetic regenerators. Applied Energy 187, 847-861. 
http://dx.doi.org/10.1016/j.apenergy.2016.11.031. 

[93] A. Tura, A. Rowe (2011). Permanent magnet magnetic refrigerator design and experimental 
characterization. International Journal of Refrigeration 34, 628-639. 
http://dx.doi.org/10.1016/j.ijrefrig.2010.12.009. 

[94] J.Tušek, A. Kitanovski, S. Zupan, I. Prebil, A. Poredoš (2013). A comprehensive experimental analysis of 
gadolinium active magnetic regenerators. Applied Thermal Engineering 53(1), 57-66. 
https://doi.org/10.1016/j.applthermaleng.2013.01.015. 

[95] Tušek J., Kitanovski A., Tomc U. et al. (2014). Experimental comparison of multi-layered La-fe-Co-Si and 
single-layered Gd active magnetic regenerators for use in a room-temperature magnetic refrigerator. Int 
J Refrig 37, 117–126. 

https://doi.org/10.1016/j.energy.2018.04.104
https://doi.org/10.1016/j.ijrefrig.2006.07.012
https://doi.org/10.1016/j.applthermaleng.2012.12.022
https://doi.org/10.1016/j.ijrefrig.2011.05.005
http://dx.doi.org/10.1016/j.apenergy.2016.11.031
http://dx.doi.org/10.1016/j.ijrefrig.2010.12.009
https://doi.org/10.1016/j.applthermaleng.2013.01.015


[96] U. Tomc, K. Klinar, S. Nosan, F. Majdic, J. Valentincic, A. Ljubenko, J. Mencinger, D. Dren, A. Kitanovski 
(2018). Magnetocaloric wine cooler with rare-earth-free magnet assembly. In Book of Abstract of 
Thermag VIII, 8th IIR/IIF International Conference on Caloric Cooling. International Institute of 
Refrigeration. 

[97] Vasile C., Muller C. (2006). Innovative design of a magnetocaloric system. International Journal of 
Refrigeration 29(8), 1318-1326. https://doi.org/10.1016/j.ijrefrig.2006.07.016. 

[98] D. Velázquez, C. Estepa, E. Palacios, R. Burriel (2016). A comprehensive study of a versatile magnetic 
refrigeration demonstrator. International Journal of Refrigeration 63, 14-24. 
https://doi.org/10.1016/j.ijrefrig.2015.10.006. 

[99] Yao G.H., Gong M.Q., Wu J.F. (2006). Experimental study on the performance of a room temperature 
magnetic refrigerator using permanent magnets. Int J Refrig 29, 1267–1273. 
https://doi.org/10.1016/j.ijrefrig.2006.07.010. 

[100] Y. You, S. Yu, Y. Tian, X. Luo, S. Huang (2016). A numerical study on the unsteady heat transfer 
in active regenerator with multi-layer refrigerants of rotary magnetic refrigerator near room 
temperature. International Journal of Refrigeration 65, 238-249. 
https://doi.org/10.1016/j.ijrefrig.2016.02.002. 

[101] C. Zhang, J. Huang, H. Yan, P. Jin, J. Cheng, C. Lui, Z. Li, Y. Zhang (2016). Design and research of 
the room temperature magnetic wine cabinet. In Proceedings of the Seventh International Conference 
on Magnetic Refrigeration at Room Temperature, Torino, Italy (pp. 63-66). 

[102] Zhang M., O. Abdelaziz, A.M. Momen, A. Abu-Heiba (2017). A numerical analysis of a 
magnetocaloric refrigerator with a 16-layer regenerator. Sci. Rep., 7 (1). https://doi.org/10.1038/s41598-
017-14406-9. 

[103] C. Zimm, A. Jastrab, A. Sternberg, V. Pecharsky, K. Gschneidner Jr., M. Osborne, I. Anderson 
(1998). Description and Performance of a Near-Room Temperature Magnetic Refrigerator. Advances in 
Cryogenic Engineering 43, 1759-1766. https://doi.org/10.1007/978-1-4757-9047-4_222. 

[104] C. Zimm, A. Boeder, J. Chell, A. Sternberg, A. Fujita, S. Fujieda, K. Fukamichi (2006). Design and 
performance of a permanent-magnet rotary refrigerator. International Journal of Refrigeration 29(8), 
1302-1306. https://doi.org/10.1016/j.ijrefrig.2006.07.014. 

[105] Zimm C., Auringer J., Boeder A. et al. (2007). Design and initial perfomance of a magnetic 
refrigerator with rotating permanent magnet. In: Second IIF-IIR international conference on magnetic 
refrigeration at room temperature, Thermag II, Portoroz, Slovenia, pp 341–347. 

[106] J. Cui, Y. Wu, J. Muehlbauer, Y. Hwang, R. Radermacher, S. Fackler, M. Wuttig, I. Takeuchi 
(2012). Demonstration of high efficiency elastocaloric cooling with large ΔT using NiTi wires. Appl. Phys. 
Lett. 101, 073904. https://doi.org/10.1063/1.4746257. 

[107] Engelbrecht K., Tušek J., Eriksen D., Lei T., Lee C.Y., Tušek J., Pryds N., (2017). A regenerative 
elastocaloric device: experimental results. Journal of Physics D: Applied Physics 50, 424006. 
http://dx.doi.org/10.1088/1361-6463/aa8656. 

[108] Kirsch S.M., Welsch F., Michaelis N., Schmidt M., Wieczorek A., Frenzel J., Eggeler G., Schütze 
A., Seelecke S. (2018). NiTi-Based elastocaloric cooling on the Macroscale: from basic concepts to 
realization. Energy Technol., 6, 1567-1587. 

[109] H. Ossmer, F. Lambrecht, M. Gultig, C. Chluba, E. Quandt, M. Kohl (2014). Evolution of 
temperature profiles in TiNi films for elastocaloric cooling. Acta Mater 81, 9-20. 

https://doi.org/10.1016/j.ijrefrig.2006.07.016
https://doi.org/10.1016/j.ijrefrig.2015.10.006
https://doi.org/10.1016/j.ijrefrig.2006.07.010
https://doi.org/10.1016/j.ijrefrig.2016.02.002
https://doi.org/10.1038/s41598-017-14406-9
https://doi.org/10.1038/s41598-017-14406-9
https://doi.org/10.1007/978-1-4757-9047-4_222
https://doi.org/10.1016/j.ijrefrig.2006.07.014
https://doi.org/10.1063/1.4746257
http://dx.doi.org/10.1088/1361-6463/aa8656


[110] H. Ossmer, F. Wendler, M. Gueltig, F. Lambrecht, S. Miyazaki, M. Kohl (2016). Energy-efficient 
miniature-scale heat pumping based on shape memory alloys. Smart Mater. Struct. 25(8), 085037. 

[111] Qian S., Wu Y., Ling J., J. Muehlbauer, Hwang Y., I. Takeuchi, R. Radermacher (2015). Design, 
development and testing of a compressive thermoelastic cooling prototype. Proceedings of 24th IIR 
International Congress of Refrigeration, ICR 2015. 

[112] Qian S., Alabdulkarem A., Ling J., Muehlbauer J., Hwang Y., Radermacher R., Takeuchi I. (2015). 
Performance enhancement of a compressive thermoelastic cooling system using multi-objective 
optimization and novel designs. International Journal of Refrigeration 57, 62-76. 
https://doi.org/10.1016/j.ijrefrig.2015.04.012. 

[113] Qian S., Geng Y., Wang Y., J. Muehlbauer, Ling J., Hwang Y., R. Radermacher, I. Takeuchi (2016). 
Design of a hydraulically driven compressive elastocaloric cooling system. Science and Technology for the 
Built Environment 22 (5), 500-506. https://doi.org/10.1080/23744731.2016.1171630. 

[114] M. Schmidt, A. Schütze, S. Seelecke (2015). Scientific test setup for investigation of shape 
memory alloy based elastocaloric cooling processes. International Journal of Refrigeration 54, 88-97. 
https://doi.org/10.1016/j.ijrefrig.2015.03.001. 

[115] Snodgrass, R., Erickson, D. (2019). A multistage elastocaloric refrigerator and heat pump with 
28 K temperature span. Sci Rep 9, 18532. https://doi.org/10.1038/s41598-019-54411-8. 

[116] Tušek J., Engelbrecht K., Millán-Solsona R., Mañosa L., Vives E., Mikkelsen L.P., Pryds N. The 
Elastocaloric Effect: A Way to Cool Efficiently. Advanced Energy Materials 2015;5:1500361. 
https://doi.org/10.1002/aenm.201500361. 

[117] J. Tušek, K. Engelbrecht, D. Eriksen, S. Dall'Olio, J. Tušek, N. Pryds (2016). A regenerative 
elastocaloric heat pump. Nature Energy 1(10), 16134. https://doi.org/10.1038/nenergy.2016.134. 

[118] G. Ulpiani, F. Bruederlin, R. Weidemann, G. Ranzi, M. Santamouris, M. Kohl (2020). Upscaling 
of SMA film-based elastocaloric cooling. Applied Thermal Engineering 180, 115867. 
https://doi.org/10.1016/j.applthermaleng.2020.115867. 

[119] Aprea C., Greco A., Maiorino A., Masselli C. (2016). A comparison between different materials 
in an active electrocaloric regenerative cycle with a 2D numerical model. Int. J. Refrig. 69, 369–382. 
https://doi.org/10.1016/J.IJREFRIG.2016.06.016. 

[120] P. Blumenthal, C. Molin, S. Gebhardt, A. Raatz (2016). Active electrocaloric demonstrator for 
direct comparison of PMN-PT bulk and multilayer samples. Ferroelectrics 497(1), 1-8. 
https://doi.org/10.1080/00150193.2016.1160466. 

[121] X. Z. Chen, X. Li, X.S. Qian, S. Wu, S. Lu, H. Gu, M. Lin, Q. Shen, Q.M. Zhang (2013). A polymer 
blend approach to tailor the ferroelectric responses in P(VDF-TrFE) based copolymers. Polymer 54(9), 
2373-2381. https://doi.org/10.1016/j.polymer.2013.02.041. 

[122] Defay E., Faye R., Despesse G., Strozyk H., Sette D., Crossley S., Moya X., Mathur N.D. (2018). 
Enhanced electrocaloric efficiency via energy recovery. Nature Communications 9, 1827. 
https://doi.org/10.1038/s41467-018-04027-9. 

[123] Feng D., Yao S., Zhang T., Zhang, Q. (2016). Modeling of a Smart Heat Pump Made of Laminated 
Thermoelectric and Electrocaloric Materials. ASME. Journal of Electronic Packaging 138(4), 041004. 
https://doi.org/10.1115/1.4034751. 

[124] H. Gu, B. Craven, X. Qian, X. Li, A. Cheng, Q. Zhang. Simulation of chip-size electrocaloric 
refrigerator with high cooling-power density. Appl. Phys. Lett., 102 (11) (2013), Article 112901 

https://doi.org/10.1016/j.ijrefrig.2015.04.012
https://doi.org/10.1080/23744731.2016.1171630
https://doi.org/10.1016/j.ijrefrig.2015.03.001
https://doi.org/10.1038/s41598-019-54411-8
https://doi.org/10.1002/aenm.201500361
https://doi.org/10.1038/nenergy.2016.134
https://doi.org/10.1016/j.applthermaleng.2020.115867
https://doi.org/10.1016/J.IJREFRIG.2016.06.016
https://doi.org/10.1080/00150193.2016.1160466
https://doi.org/10.1016/j.polymer.2013.02.041
https://doi.org/10.1038/s41467-018-04027-9
https://doi.org/10.1115/1.4034751


[125] H. Gu, X. Qian, X. Li, B. Craven, W. Zhu, A. Cheng, S.C. Yao, Q.M. Zhang (2013). A chip scale 
electrocaloric effect based cooling device. Appl. Phys. Lett. 102, 122904. 
https://doi.org/10.1063/1.4799283. 

[126] D. Guo, J. Gao, Y. Yu, S. Santhanam, A. Slippey, G. Fedder, A. McGaughey, S. Yao (2014). Design 
and modeling of a fluid-based micro-scale electrocaloric refrigeration system. International Journal of 
Heat and Mass Transfer 72, 559-564. http://dx.doi.org/10.1016/j.ijheatmasstransfer.2014.01.043. 

[127] Y. Jia, Y. Sungtaek Ju (2012). A solid-state refrigerator based on the electrocaloric effect. 
Applied Physics Letters 100, 242901. https://doi.org/10.1063/1.4729038. 

[128] R. Ma, Z. Zhang, K. Tong, D. Huber, R. Kornbluh, Y. Ju, Q. Pei (2017). Highly efficient 
electrocaloric cooling with electrostatic actuation. Science 357(6356), 1130-1134. 
https://doi.org/10.1126/science.aan5980. 

[129] Meng Y., Zhang Z., Wu H., Wu R., Wu J., Wang H., Pei Q. (2020). A cascade electrocaloric cooling 
device for large temperature lift. Nature Energy 5, 996-1002. https://doi.org/10.1038/s41560-020-
00715-3. 

[130] U. Plaznik, M. Vrabelj, Z. Kutnjak, B. Malič, B. Rožič, A. Poredoš, A. Kitanovski (2019). Numerical 
modelling and experimental validation of a regenerative electrocaloric cooler. International Journal of 
Refrigeration 98, 139-149. https://doi.org/10.1016/j.ijrefrig.2018.10.029. 

[131] R. Radebaugh, W.N. Lawless, J.D. Siegwarth, A.J. Morrow (1979). Feasibility of electrocaloric 
refrigeration for the 4–15 K temperature range. Cryogenics 19(4), 187-208. 
https://doi.org/10.1016/0011-2275(79)90019-5. 

[132] Shi J., Li Q., Gao T., Han D., Li Y., Chen J., Qian X. (2020). Numerical evaluation of a kilowatt-
level rotary electrocaloric refrigeration system. Int. J. Refrig. 

[133] Y. V. Sinyavsky, N. D. Pashkov, Y. M. Gorovoy, G. E. Lugansky, L. Shebanov (1989). The optical 
ferroelectric ceramic as working body for electrocaloric refrigeration. Ferroelectrics 90(1), 213-217. 
https://doi.org/10.1080/00150198908211296. 

[134] Y.V. Sinyavsky, G.E. Lugansky, N.D. Pashkov (1992). Electrocaloric refrigeration: Investigation 
of a model and prognosis of mass and efficiency indexes. Cryogenics 32, 28-31. 
https://doi.org/10.1016/0011-2275(92)90102-G. 

[135] Y. V. Sinyavsky, V. M. Brodyansky (1992). Experimental testing of electrocaloric cooling with 
transparent ferroelectric ceramic as a working body. Ferroelectrics 131(1), 321-325. 
https://doi.org/10.1080/00150199208223433. 

[136] Y. V. Sinyavsky (1995). Electrocaloric refrigerators: A promising alternative to current low-
temperature apparatus. Chemical and Petroleum Engineering 31, 295-306. 
https://doi.org/10.1007/BF01148217. 

[137] A. Torelló, P. Lheritier, T. Usui, Y. Nouchokgwe, M. Gérard, O. Bouton, S. Hirose, E. Defay 
(2020). Giant temperature span in electrocaloric regenerator. Science 370, 125-129. 
https://doi.org/10.1126/science.abb8045. 

[138] Wang Y., Schwartz D., Kalb J., Lee J. (2018). A self-regenerating electrocaloric cooler. In 
Proceedings of the Thermag VIII, 8th IIR/IIF International Conference on Caloric Cooling, Darmstadt, 
Germany (pp. 16-20). 

[139] Y. Wang, Z. Zhang, T. Usui, M. Benedict, S. Hirose, J. Lee, J. Kalb, D. Schwartz (2020). A high-
performance solid-state electrocaloric cooling system. Science 370(6512), 129-133. 
https://doi.org/10.1126/science.aba2648. 

https://doi.org/10.1063/1.4799283
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2014.01.043
https://doi.org/10.1063/1.4729038
https://doi.org/10.1126/science.aan5980
https://doi.org/10.1038/s41560-020-00715-3
https://doi.org/10.1038/s41560-020-00715-3
https://doi.org/10.1016/j.ijrefrig.2018.10.029
https://doi.org/10.1016/0011-2275(79)90019-5
https://doi.org/10.1080/00150198908211296
https://doi.org/10.1016/0011-2275(92)90102-G
https://doi.org/10.1080/00150199208223433
https://doi.org/10.1007/BF01148217
https://doi.org/10.1126/science.abb8045
https://doi.org/10.1126/science.aba2648


[140] T. Zhang, X.S. Qian, H. Gu, Y. Hou, Q.M. Zhang (2017). An electrocaloric refrigerator with direct 
solid to solid regeneration. Appl. Phys. Lett. 110, 243503. https://doi.org/10.1063/1.4986508. 

[141] C. Aprea, A. Greco, A. Maiorino, C. Masselli (2018). Solid-state refrigeration: A comparison of 
the energy performances of caloric materials operating in an active caloric regenerator. Energy 165, 439-
455. https://doi.org/10.1016/j.energy.2018.09.114. 

[142] C. Aprea, A. Greco, A. Maiorino, C. Masselli (2020). The use of barocaloric effect for energy 
saving in a domestic refrigerator with ethylene-glycol based nanofluids: A numerical analysis and a 
comparison with a vapor compression cooler. Energy 190, 116404. 
https://doi.org/10.1016/j.energy.2019.116404. 

  

https://doi.org/10.1063/1.4986508
https://doi.org/10.1016/j.energy.2018.09.114
https://doi.org/10.1016/j.energy.2019.116404


 

 

 

 

  

Recent publications in the Technical Report Series 

Hicham Johra. Thermal properties of common building materials. DCE Technical Reports No. 216. 
Department of Civil Engineering, Aalborg University, 2019. 

Hicham Johra. Project CleanTechBlock 2: Thermal conductivity measurement of cellular glass samples. DCE 
Technical Reports No. 263. Department of Civil Engineering, Aalborg University, 2019. 

Hicham Johra. Cleaning Procedure for the Guarded Hot Plate Apparatus EP500. DCE Technical Reports No. 
265. Department of Civil Engineering, Aalborg University, 2019. 

Hicham Johra. Long-Term Stability and Calibration of the Reference Thermometer ASL F200. DCE Technical 
Reports No. 266. Department of Civil Engineering, Aalborg University, 2019. 

Hicham Johra, Olena K. Larsen, Chen Zhang, Ivan T. Nikolaisson, Simon P. Melgaard. Description of the 
Double Skin Façade Full-Scale Test Facilities of Aalborg University. DCE Technical Reports No. 287. 
Department of Civil Engineering, Aalborg University, 2019. 

Hicham Johra. Overview of the Typical Domestic Hot Water Production Systems and Energy Sources in the 
Different Countries of the World. DCE Technical Report No. 288. Department of Civil Engineering, Aalborg 
University, 2019. 

Hicham Johra. Thermal Properties of Building Materials - Review and Database. DCE Technical Report No. 
289. Department of the Built Environment, Aalborg University, 2021. 



 

ISSN 1901-726X 
Technical Report No. 301 


	Table of Contents
	1. Foreword
	2. Abstract
	3. Scientific publications on caloric effects and caloric systems over time
	4. Operation principle of the caloric heating and cooling systems
	5. Performances overview of caloric heating and cooling systems
	6. Historical evolution of the performances of caloric heating and cooling system prototypes
	7. Data collection and references
	References

