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Abstract: 

In recent years, several emerging technologies in a domain of solid state physics are being 

investigated as a serious alternative for future refrigeration, heat pumping, air conditioning, or even 

the power generation. These technologies regard barocalorics, electrocalorics, magnetocalorics, 

elastocalorics and recently discovered spin-caloritronics (spin-Seebeck effect). Among the 

alternatives, the most advanced developments have been performed in the domain magnetic 

refrigeration. Because of the fact, that many of these technologies represent a potential for 

improvements in energy efficiency, compactness, sound level, as well as the reduction of the 

environmental impacts, it is obvious, that they will fulfil certain future market niches as the 

replacement of the vapour compression principle.  The aim of this article is to present and discuss the 

characteristics of the above mentioned solid state energy conversion technologies, which could serve 

for further exploitation and future engineering. These regard material requirements and their 

availability, thermodynamics and energy efficiency, applications or market niches, as well as the 

foresight of their future developments. 
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1. Introduction 
One of the major cooling technologies is based on the vapour-compression of a gas refrigerant, and 

despite of its maturity, it is characterized by the rather low exergy efficiency [1]. In most the cases 

this technology applies environmentally harmful refrigerants. Despite of the fact that other substances 

are used as the substitute for existing refrigerants, many of these are also the subject of future 

prohibition. Several alternatives as the potential replacement of existing refrigerants in the vapour 

compression, lead to lower energy efficiency [2] and problems related to very high pressures, 

flammability, explosion hazards, etc. A good alternative to vapour compression are sorption 

technologies, but their use must be restricted to applications of waste heat utilization, cogeneration 

(polygeneration) [3], or direct use of heat from renewable energy sources[4]. Other alternative 

technology is the thermoacoustics [5]. The technology is less efficient than vapour-compression and 

suffers from relatively low power density [6]. The Peltier cooling is the only solid state refrigeration 

technology, available on the market. Despite of its advantages that regard miniaturization, no moving 

parts and silent operation, the technology suffers from the lowest exergy efficiency below 15% [7-9]. 

A parallel technology to this is the thermionic refrigeration [10]. The problem of thermionics is in its 

high-temperature operating range (above 230 °C [11]). However thermionic devices show higher 

efficiencies than thermoelectric devices (above 30 %) [12, 13].Because of the above listed drawbacks 



of the existing technologies, a new alternative energy efficient and environmentally friendly 

refrigeration technology is required. Authors of this article believe that future refrigerators and heat 

pumps will comprise no moving parts, and will operate at high energy efficiency and high power 

density. This statement is based on the exponential growth of research activities in the domain of 

solid state energy conversion (Fig. 1). Four of these new technologies, namely the magnetocaloric, 

electrocaloric, barocaloric, and elastocaloric energy conversion regard the group of the so called 

caloric materials. Two technologies, the magnetocaloric energy conversion and the electrocaloric 

energy conversion have already been presented at previous ECOS conferences [14-16]. The aim of 

this article is therefore not to repeat existing information, but a continuation of a series of articles, 

which we dedicate to new solid state energy conversion technologies.  

 

Fig. 1.  The number of yearly published articles per domain (by use of the Web of Science and key 

words “magnetocaloric”, “electrocaloric”, “elastocaloric” and “barocaloric”). 

 

2. Caloric solid state refrigeration or heat pump technologies 
The operation of a thermodynamic refrigeration cycle in all the caloric technologies is analogue. 

When the caloric material is exposed to a change of an external field, i.e. by magnetization (magnetic 

refrigeration), polarization (electocaloric refrigeration), stretching (elastocaloric refrigeration), and 

(com)pression (barocaloric refrigeration), the caloric material heats up. This process in analogue to 

the compression of a gas refrigerant. The generated heat due to the caloric effect is rejected out of the 

system (analogue to condensation). For this purpose heat transfer process is established. In the third 

process, which is analogue to the expansion of gas refrigerant, the caloric material is again exposed 

to the change of an external field (its decrease), i.e. the demagnetization (magnetic refrigeration), 

depolarization (electocaloric refrigeration), release (elastocaloric refrigeration), and expansion 

(barocaloric refrigeration) of the caloric material decreases its temperature. The next process is related 

to the heat transfer in which the caloric material accepts heat from the cooled environment (heat 

transfer from the heat source to the caloric material (Fig. 2). Caloric materials will exhibit larger 

temperature changes if the applied or released field change is higher. However large changes in 

applied fields (magnetic, electric, stress or pressure fields) are related to the energy input, weight or 

volume of the field source (especially in magnetocaloric energy conversion), and finally the costs. In 

magnetocaloric, elastocaloric (especially thick and bulk ceramics), and barocaloric refrigeration or 

heat pumping, the applied fields are mostly related to small field changes, therefore small temperature 

changes of caloric materials (e.g. 0.5 to 4 K). For a realistic refrigeration or heat pump cycle, this 

temperature span is of course far then sufficient. One way to increase such a temperature span is the 
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use of cascade devices. However, the overlapping of thermodynamic cycles in this case will not lead 

to a very efficient solutions. More efficient process is the active caloric regenerative process [17]. 

 

Fig. 2.  (a) Schematic presentation of the energy conversion cycle (refrigeration or heat pumping) 

with a caloric material. The caloric material can be considered magnetocaloric, electrocaloric, 

elastrocaloric or barocaloric. Correspondingly the material is subjected to the magnetic, electric, 

stress or pressure field change (b) A classical vapour-compression energy conversion cycle. 

More information on active regenerative process can be found in our previous contributions to ECOS 

[14-16]. The active caloric regenerative process is one best known solutions, however this principle 

is strongly restricted by the efficiency of the convective heat transfer in the regenerator. Since the 

fluid flow through the regenerator made of caloric material is oscillatory, this somehow also restricts 

the efficiency of an active heat regeneration process, especially at high power density. Presently 

known alternative to active heat regeneration is the application of thermal diode mechanism. More 

on this principle can be again found in the series of our ECOS articles [14-16]. Note that the most 

comprehensive information on application of the active regeneration as well as thermal diode 

mechanisms can be found in our latest book on magnetocaloric energy conversion [18]. 

2.1. Magnetocaloric energy conversion 

Magnetocaloric energy conversion at or near room temperature is a relatively new and still developing 

technology, which applies materials with the magnetocaloric (MC) effect. The technology represents 

a potential to be more efficient than comparable conventional vapour-compression refrigeration or 

heat pumping [19-20]. Since Brown [21] designed the world’s first magnetic refrigerator operating at 

room temperature in 1976, more than 60 different prototypes were built up to today [18]. However, 

scientific research hasn’t been able to bring the technology to the point of commercialization so far. 

One of the key issues is certainly inefficient heat transfer between the MC material and the working 

fluid, which influences two main working parameters of MC devices: the temperature span and the 

operating frequency (a number of thermodynamic cycles per unit of time). The later affects the 

specific cooling power (cooling power per mass of the MC material). The magnetocaloric effect is 

not sufficiently large for the operating temperature span of the realistic magnetic refrigerator. 

Application of the Active Magnetic Regeneration (AMR) concept overcomes this problem to some 

extent in a manner that the MC material may now exploit not only the MC effect, but also the process 

of the heat regeneration. The most representative MC material is gadolinium (Gd), which reaches its 

highest MC effect at 20°C. Experimental analyses done on Gd showed the highest temperature spans 

of 25-30 K [22-26]. These could be improved with better AMR’s geometry. Since MC materials are 

limited by their temperature operating range, the introduction of layered AMR with several different 

MC materials along the regenerator can solve this problem. In this manner the ability to achieve 

higher temperature spans can be strongly improved, what has been already experimentally proven 
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[27]. The most prospective groups of MC materials are Gd and its alloys [18], La-Fe-Si based 

materials [28], Mn based materials [29], manganites [30, 31] and Hausler compounds [32, 33]. 

Selected magnetocaloric materials are presented in Table 1. 

Table 1: Some of the selected, promising magnetocaloric materials 

Material TC (K) -ΔsM (Jkg-1K-1) ΔTad (K) ΔB (T) Ref. 

Gd ~293 3.1 3.3 1 [34] 

Gd0.9Tb0.1 ~286 2.3 1.9 1 [35] 

Gd5Si2Ge2 ~278 14 7.3 2 [36] 

LaFe11.06Co0.86Si1.08 ~276 6.1 2.3 1 [34] 

LaFe10.96 Co0.97Si1.07 ~289 5.3 2.2 1 [34] 

La(Fe0.88Si0.12)13H ~274 19 6.2 2 [37] 

La(Fe0.89Si0.11)13H1.3 ~291 24 6.9 2 [37] 

MnFeP0.45As0.55 ~306 12.5 2.8 1  [     [38] 

Mn1.1Fe0.9P0.47As0.53 ~292 11 2.8 1 [38] 

Ni45.2Mn36.7In13Co5.1 ~317 18 6.2 2 [39] 

La0.67Ca0.33MnO3 ~267 5.9 2.0 1.2 [40] 

La0.67Ca0.275Sr0.055MnO3 ~285 2.8 1 1.2 [40] 

 

In the Table 2, some of the most important characteristics of the present stage of magnetocaloric 

refrigeration technology are presented. Despite of the fact that a relatively large number of prototypes 

have been built worldwide, these are still limited in the efficiency to the operating frequencies up to 

5 Hz, to temperature spans of 15 to 20 K, and to specific cooling powers up to 200 W/kg [26,42-45]. 

These limitations are mostly affected by the heat transfer. However the operating characteristics, 

especially the cooling power and the temperature span, are gradually improving.  

Table 2: Some characteristics of magnetocaloric refrigeration and heat pumping technology 

Advantages Drawbacks Future R&D 

- no hysteresis of 

certain materials 

- cyclic stability 

- no Joule heating 

with permanent 

magnets 

- very high potential 

exergy efficiency 

- silent operation, no 

vibration 

- moving parts with permanent 

magnets 

- Joule heating with electric 

resistive magnets 

- rare-earth materials in 

permanent magnets 

- expensive rare-earth magnets 

- manufacturability of 

regenerators 

- moderate magnetocaloric effect 

- improve and implement new manufacturing 

and processing methods for regenerators 

- apply thermal diodes for particular solutions 

with high power density 

- use solutions for higher magnetocaloric effect  

ΔT>4–5 K 

- apply good working fluids 

- avoid use of rare earths  

- search for solutions without moving parts 

 

The economic aspects of the magnetic refrigeration at room temperature have been addressed in 

several economic analyses [46-48]. On the other hand, Kitanovski and Egolf [19] have shown that 

present concepts of devices (AMR) will not be able to efficiently operate above operating frequencies 

of 5 to 10 Hz. Due to all the described issues, an alternative research approach, proposed by 

Kitanovski and Egolf [49] is emerging in the field of the magnetic refrigeration at room temperature. 

It involves a whole new concept of the AMR, which would apply so called thermal diodes. Generally 

one can distinguish between solid state thermal diodes and microfluidic thermal diodes [18]. Several 

theoretical studies regarding the new concept of the AMR with thermal diodes have been presented 

in the past few years [50-53]. Their common conclusion is that thermal diodes could indeed 

drastically increase operating characteristics, especially operating frequencies (even above 100 Hz) 

and consequently specific cooling powers (even above 10 kW/kg).  However the experimental proof-

of-the-concept is still required. 

2.2. Electrocaloric energy conversion  



The electrocaloric energy conversion is an alternative heat pumping technology based on materials 

with the electrocaloric effect (ECE). This effect is analogous to the magnetocaloric effect, however 

instead of the magnetic field change an electric field change is required to induce the temperature or 

entropy change of the material [54-56]. The electrocaloric energy conversion can be advantageous 

over the magnetocaloric energy conversion. The reason lies mainly in the way how the electric field 

change can be generated in comparison with the magnetic field change. Instead of using permanent, 

rare-earth magnets, the electric filed change can be generated using simple voltage generators or 

electric power convertors plugged into electric grid. Therefore, the mass, the size and the cost of an 

electrocaloric energy conversion device can be substantially decreased in a comparison with a 

magnetocaloric energy conversion device [57]. Recent research activities show [55, 58-60] that the 

magnitude of the electrocaloric effect can be of an order higher than the magnitude of the 

magnetocaloric effect (achievable with permanent magnets), what is also related to the achievable 

power density of an electrocaloric device [57,18]. There are two main groups of electrocaloric 

materials: ceramics and polymers. Usually these are in a form of thin plates, with their thickness 

ranging from a few tens of nanometers (thin film materials) to a few hundreds of microns (bulk 

materials). When choosing the best electrocaloric material for an energy conversion device, the same 

set of criteria as in the case of magnetocaloric energy conversion [18] can be used: suitable 

temperature of the phase transition (near the phase transition the ECE is usually the largest), the 

intensity of the ECE, the wide temperature range of the ECE, near-zero hysteresis of the ECE, high 

thermal conductivity and diffusivity, good manufacturing properties and high electrical resistivity. 

There are several review articles [55, 61-62] in which electrocaloric materials are reviewed and their 

properties listed. The materials exhibiting the largest values of the ECE, in a range up to few tens of 

degrees kelvin, are usually in form of thin films (thickness < 1 µm) or thick films (thickness > few 

tens of µm) and possess relatively poor mechanical properties. In order to apply these materials in an 

electrocaloric energy conversion device, they should be further processed into a sort of a multilayer 

structure made of electrocaloric material with electrodes to enhance their mechanical properties [61]. 

Based on the available information we have selected some of the most perspective electrocaloric 

materials. Their characteristics are presented in the Table 3. 

Table 3: Some of the selected, promising electrocaloric materials 

Material Form ΔTad (K) ΔE (MVm-1) d (µm) T* (K) Ref. 

P(VDF-TrFE-

FCE)/BNNSs/BST67 

Thick film polymer 

with nanocomposite 

50.5 250 6 Troom [63] 

PLZT 8/65/35 Thin film ceramic 40 120 0.4 318 [58] 

PMN Bulk ceramic 2.6 8.8 80 340 [64] 

 

A property of some thick and thin films is that they can withstand high electric field changes, leading 

to high ECE. The reason why the PMN bulk ceramic material was included in the selection, though 

it exhibits ECE almost 20 times smaller than P(VDF-TrFE-FCE)/ /BNNSs/BST67 and PLZT 8/65/35, 

is that in contrast to P(VDF-TrFE-FCE)/BST67 and PLZT 8/65/35, the PMN bulk ceramic does not 

need to be further processed into the so called multilayer structure. Parallel to discovering new 

materials with the ECE, different concepts of electrocaloric energy conversion devices have been 

proposed [61, 65-69]. In general, these concepts can be divided into devices based on the use of 

thermal diode mechanisms [65], and devices based on the active heat regeneration [61, 67, 68], 

respectively. However, just few of the concepts were experimentally tested [67, 68, 70], and all of 
them apply active heat regeneration. Their characteristics are presented in Table 4. As can be seen 

from the Table 4, the ECE materials used in the first experimental devices exhibit much lower 

adiabatic temperature changes than the adiabatic temperature changes of the materials listed in the 

Table 3. Therefore, by developing processing technique for the best electrocaloric materials and 

implementing these materials into cooling devices their performance can be substantially improved. 

Furthermore, the characteristic of devices can be further enhanced by optimizing their geometrical 



properties and operating conditions, which influence the heat transfer between the electrocaloric 

material and the heat sink and heat source of the device. 

Table 4: Characteristics of experimental electrocaloric cooling devices 

Author Year Short description ΔTad
a) ΔTexp

b) Cooling 

power 

Ref. 

Sinyavsky and 

Brodyansky 

1991 Device with internal 

heat regeneration 

1.3 K at 

3 MVm-1 

5 K at 

6 MVm-1 

No load [67] 

Gu et al. 2013 Device with solid 

state regenerator 

2.25 K at 

80 MVm-1 

6.6 K at 

100 MVm-1 

No load [68] 

Plaznik et al. 2014 Device with active 

heat regenerator 

0.89 K at 

5 MVm-1 

3.3 K at 

5 MVm-1 

No load [70] 

a)Adiabatic temperature change of the electrocaloric material used in the device 
b)Temperature diference between the hot and the cold end of the electrocaloric device 

In the Table 5, we show some of the most important features and guidelines for the electrocaloric 

refrigeration and heat pumping. 

Table 5: Some characteristics of the electrocaloric refrigeration and heat pumping technology 

Advantages Drawbacks Future R&D 

- cyclic stability in some cases 

- no Joule heating in some materials 

- can be designed for micro-scale 

appl. 

- no moving parts 

- moderate or large electrocaloric 

effect 

- silent operation, no vibration 

- large electrocaloric effect in 

polymers and thin film ceramics 

- manufacturability of 

regenerator 

- need to regenerate electric 

energy input for better 

efficiency 

- similar potential exergy 

efficiency than 

magnetocaloric 

- moderate electrocaloric 

effect in bulk and thick film 

ceramics 

- improve and implement new 

manufacturing and processing 

methods for materials and 

regenerators 

- regenerate electricity 

- apply thermal diodes for particular 

solutions with high power density 

- use solutions for higher 

electrocaloric effect T>4–5 K 

- apply good working fluids 

 
2.3. Barocaloric energy conversion 

The barocaloric energy conversion is based on the property of some materials whose temperature 

changes upon varying the pressure [62]. Similar to the electrocaloric or magnetocaloric effect a 

barocaloric material heats up as the pressure is increased and cools down as the pressure is decreased. 

Properties of some barocaloric materials are presented in Table 6.  

Table 6: Properties of some barocaloric materials 

Material ΔTad (K) Applied pressure field Δp (GPa) Ta) (K) Ref. 

NiMnIn 4.5 0.26 273 [72] 

Ce3Pd20Ge6 0.75 0.3 4.4 [73] 

Pr0.66La0.34NiO3 0.1 0.5 350 [74] 
a)Temperature at which ΔTad was measured 

In comparison with the recent intensive research of the magnetocaloric and electrocaloric materials, 

the materials with the barocaloric effect attained considerably less attention from the research 

community [18]. Furthermore, to the best knowledge of the authors, only one conceptual design of a 

barocaloric energy conversion device has been proposed [75] and even in this case, the authors stated, 

that the concept was only used to demonstrate the barocaloric refrigeration process. In the future, 

new, improved materials with the barocaloric effect should be developed together with new prototype 

devices. 

2.4. Elastocaloric energy conversion 



The elastocaloric effect is related to the temperature increase of a material because of the applied 

stress (strain) or temperature decrease after releasing the stress. This effect was first observed in the 

Indian rubber (shape memory polymer) in the early 19th century (Moya et al [42]). About 50 years 

later Joule reported on the elastocaloric effect in some metals and dry woods. The first analyses of 

the elastocaloric effect came much later in 1980s, and were performed for superelastic, shape-memory 

materials, based on Cu and Ni-Ti alloys [76-79]. The first study which proposed the elastocaloric 

effect to be applied in cooling applications was published in 1992 by Nikitin et al. [80]. They 

measured a negative adiabatic temperature change of 5.2 K in a polycrystalline Fe49Rh51 alloy, under 

the stress removal.  In 2013 the group from the University of Barcelona reported on the elastocaloric 

effect with the negative adiabatic temperature change of 6 K (range between 200 and 350 K) for a 

single-crystalline Cu68Zn16Al16, [81]. Their earlier theoretical work, based on the Clausius-Clapeyron 

relation, estimated the adiabatic temperature change to be 15 K [82]. In 2012, Cui et al. [83] reported 

on analyses of the elastocaloric effect in polycrystalline Ni-Ti wires. A positive adiabatic temperature 

change of 25.5 K was measured during the mechanical loading and a negative adiabatic temperature 

change of 17 K for unloading. Additional work on these kinds of alloys has been performed by Ossmar 

et al. [84] on Ni50.4Ti49.6 thin films. They reported on the 16 K of negative adiabatic temperature 

change under stress removal (unloading).  Another experimental and theoretical work on the Ni-Ti 

wire has been reported by Tušek et al [85].  They measured the largest adiabatic temperature change 

during loading of 25 K. During unloading process at 322 K, they measure the negative temperature 

change of 21 K. In 2012, Bechtold et al. [86] published results of their analyses on the electrocaloric 

effect and the functional stability of the Ti54.9Ni32.5Cu12.6 thin film, and performed a comparison of 

characteristics with the Ni50.4Ti49.6 alloy. Their results reveal, that by adding the Cu to the Ni-Ti alloy, 

the stability of the superelastic behaviour is strongly increased. However it also reduces the 

electrocaloric effect (negative adiabatic change of 6 K). All the above-presented elastocaloric 

materials exhibit the first-order phase transition, which is related to the hysteresis behaviour and 

irreversibilities. However, in 2013 Xiao et al. [87] reported on the elastocaloric effect of the single-

crystalline Fe68.8Pd31.2, which represents the second-order material, with the continuous structural 

phase transition and near-zero hysteresis. The adiabatic temperature change of about 2.5 K was 

measured, which is rather small effect, however without the hysteresis. In the same year Guyomar et 

al. [88] analysed the elatocaloric effect of the shape-memory polymer natural rubber and measured 

an adiabatic temperature change of 10 K.  In the Table 7 we show a list of some of the most interesting 

and experimentally validated elastocaloric materials. With regard to conceptual elastocaloric 

prototype devices, the first such device has been developed in 1994 by DeGregoria [89]. This device 

applied a shape-memory polymer (natural rubber) in the form of thin layers (foils). These were then 

constructed into a porous regenerator with thin voids for the air as the heat transfer fluid. The 

operation of a device was based on the active regenerative process. Four such regenerators were 

applied into the eccentric rotary system (in order to balance forces). During the operation two 

regenerators where loaded (stretched) and the other two regenerators were unloaded (unstretched). 

The authors reported on the 19 K of temperature span. In 2012, a group from the University of 

Maryland [90] patented various ideas for applications of the elastocaloric effect. In 2014, the same 

group reported on the numerical investigation of dynamic performances of the elastocaloric air-

conditioner [91]. By following different news on the web it seems that the group had also realized the 

real prototype device. In 2014 and 2015, Schmidt et al (reported by Moya et al [92]) have developed 

an experimental elastocaloric heat pump device, based on a ribbon of the superelastic shape memory 

alloy NiTi. Other elastocaloric devices, which have been developed in this particular domain, serve 

mostly for the evaluation of the elastocaloric effect of different shape memory materials or alloys and 

do not represent a refrigeration or a heat pump. One of the main limits of elastocaloric matierals or 

refrigeration technology is related to a rather large mechanical-thermal hysteresis of the elastocaloric 

materials (first order materials, which also exhibit the largets elastocaloric effect). Another problem 

is related to the cycling stability of elastocaloric materials. 
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Table 7: Properties of some elastocaloric materials [18, 77] 

Material 
Austenitic transition 

temperature T [K] 

Measured adiabatic 

temperature change  

ΔTad [K] 

Estimateda) 

ΔTad [K] 

Estimated* isothermal 

entropy change 

Δsis [Jkg-1K-1] 

Applied field 

Δσ [Mpa] or 

Elongation Δε [%] 

Ref. 

Fe49Rh51 305 5.2 K (unloading) 8.7 K (unloading) 13 Jkg-1K-1 

(unloading) 

529 MPa [80] 

Cu68Zn16Al16 200 – 350 5 K (at 225 K) and 7 K 

(at 325 K) both for 

unloading 

15 K (at 300 K) for 

loading 

16 Jkg-1K-1 (between 225 

and 325 K) for loading 

275 MPa [81,82] 

 

Ni-Ti 295 25.5 K (loading), 

17 K (unloading) 

N.A. N.A. 650 MPa [83] 

Ni50.4Ti49.6 near room temp. 16 K (unloading) N.A. N.A. 5 % [84] 

Ni48.9Ti51.1 312-342 25 K (loading), 

21 K (unloading) at 322 

K 

N.A. 35.1 Jkg-1K-1 for loading 

33.9 Jkg-1K-1 for unloading 

800 Mpa 

6% 

[85] 

Ti54.9Ni32.5Cu12.6 346 5 K (loading) 

6 K (unloading) 

N.A. N.A. 2 % [86] 

Fe68.8Pd31.2 260 2.5 K (loading and 

unloading) 

3.5 K (loading and 

unloading) 

N.A. 100 MPa [87] 

Natural rubber 297 10 K (loading) N.A. N.A. 70 % [88] 
a)using Clausius-Clapeyron relation 

Table 8: Some characteristics of the elastocaloric refrigeration or heat pump technology 

Advantages Drawbacks Future R&D 

- large elastocaloric effect influences high exergy 

efficiency of a potential device (especially if hysteresis 

problem will be solved) 

- cheap materials 

- cyclic instability 

- moving parts 

- manufacturability of regenerator 

- hysteresis of materials influences the 

decrease in energy efficiency 

- remove (reduce)  hysteresis 

- increase cyclic stability 

- design and develop appropriate regenerator’s 

structure 

- search for solutions without moving parts 

- apply thermal diodes for particular solutions with 

high power density 
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3. Conclusion 
In this article we have briefly presented four different caloric technologies, the magnetocaloric, 

electrocaloric, elastocaloric and barocaloric refrigeration and heat pumping, respectively. Because of 

their large potential, we can name them as the future solid state energy conversion technologies. 

Therefore, for the most of these technologies we predict, that they will play an important role as the 

replacement of future small vapor compression based refrigerators, small heat pumps, small vehicle 

air conditioners, replacement of Peltier cooling, and other potential thermal management 

technologies, as well as some small energy harvesters. Strong research efforts are still required, as 

well as the strong and interdisciplinary collaboration on the international level, supported with the 

involvement of strategic industrial partners. 
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