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Caloric refrigeration is an emerging class of cooling technologies based on caloric effects 
detected in ferro-caloric solid-state materials. Depending of the nature of the driving field, it 
is possible distinguishing four main caloric refrigerations: magnetocaloric, electrocaloric, 
elastocaloric and barocaloric. Therefore, caloric refrigeration is based on solid-state 
materials, unlike vapor compression, nowadays still the most diffused cooling technique, 
whom employs fluids as refrigerants. Solid-state materials do not provide a direct 
contribution in global warming, since they do not disperse in the atmosphere, but only an 
indirect impact is registered when they are employed as refrigerants in cooling systems. On 
the other side, a vapor compression plant is characterized by both direct and indirect 
contributions to global warming. The main parameter to evaluate global warming impact and 
carbon-dioxide emissions coming out from a cooler is the Total Environmental Warming 
Impact (TEWI) index, which accounts both the direct and indirect contributions produced. In 
this paper a numerical ∆TEWI analysis is presented, comparing the environmental impact of 
a caloric refrigerator, operating with different caloric materials, with the one of a vapor 
compression cooler working with HFC134a. 
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1. INTRODUCTION

Caloric refrigeration is a novel emerging class of cooling
techniques based on solid-state materials [1]. It is founded 
upon caloric effect, detected in ferro-caloric materials [2] 
manifesting itself as a temperature change as a consequence 
of a variation of an applied driving field in an adiabatic 
process. Dually, the same field variation happening in 
isothermal process determines an entropy variation, as 
described respectively as follows: 
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The nature of the driving field particularizes the caloric 
effect [3]. Magnetic fields applied to a magnetocaloric 
materials give rise to magnetocaloric effect (MCE)[4] where 
Y = H and X = M, electric fields to electrocaloric effect (ECE) 
[5] where Y = E and X = P, mechanical stress to elastocaloric
effect (eCE) [6], where Y = σ and X = ε, pressure field to
barocaloric effect (BCE) [7] where Y = - p and X = V.

Caloric effects are exploited in a Brayton based 
thermodynamical cycle [8] (Figure 1 (a)) applied to an Active 
Caloric Regenerator (ACR), made of the solid-state caloric 
refrigerant and acting both as refrigerant and regenerative 
medium to recover heat fluxes. ACR counts four processes, 
reported in Figure 1 (b), executed sequentially and cyclically, 
applied to a regenerator. The latter is placed between a cold 
and a hot reservoir (CHEX and HHEX), subjected to a 

variable flied and free to be crossed by a thermo-vector fluid. 
The four processes are: 

a) adiabatic field increasing;
b) fluid flows from cold to hot side;
c) adiabatic field decreasing;
d) fluid flows from hot to cold side.
During the field increasing process (A), the external field

applied to the caloric material, is increased until reaching the 
maximum value (F1) while the fluid is not flowing, causing 
the increasing of the material temperature, due to caloric 
effect. In the second stage (B), the field remains constant and 
the cold fluid crosses the ACR from the cold to the hot side, 
thus cooling the regenerator and rejecting heat in the external 
environment through the hot heat exchanger. When in the 
third stage (C) the field is reduced until reaching the 
minimum value (F0), while the fluid hasn’t any motion, the 
regenerator sees another decrement in its temperature, thanks 
to caloric effect. As a final stage (D), while the field is absent, 
the fluid flows across the regenerator from the hot to cold 
side, cooling itself and then reaching the cold heat exchanger, 
where it absorbs heat from the latter, producing a cooling 
load. The strongpoint of caloric refrigeration is the 
employment of solid state materials that do not provide a 
direct contribution in global warming [9], since they do not 
disperse in the atmosphere. Only an indirect impact is 
registered when they are employed as refrigerants in cooling 
systems. On the contrary, vapor compression, the main actual 
cooling technique, employs fluid-state refrigerants which 
carry on both direct and indirect [10-11] contribution in 
global warming. 

International Journal of Heat and Technology 
Vol. 36, No. 4, December, 2018, pp. 1155-1162 

Journal homepage: http://iieta.org/Journals/IJHT 
 

1155



Figure 1. (a) Brayton cycle; (b) ACR cycle 

More than 20% of energy consumption is due to vapor 
compression [12], since human activities increase 
continuously despite of the recent prescription of national 
laws coming out from the indication and the measures given 
by Montreal [13], Kyoto Protocol [14] and, more recently, 
Kigali amendment [15] to the Montreal protocol. Therefore, 
actually most of the refrigerant fluids working in vapour 
compression plants are environmentally harmful. Near all the 
efforts done [16-19] in the identification of new refrigerant 
fluids, environmentally friendly, to be employed in VCP, in 
the last decades the interest of scientific community has 
oriented itself in studying and developing new refrigeration 
technologies of low impact in our ecosystem [20-21]. As a 
matter of fact, the evaluation of the environmental impact is a 
deeply felt issue [22-24]. The main parameter to evaluate 
global warming impact and carbon-dioxide emissions coming 
out from a cooler is the Total Environmental Warming 
Impact (TEWI) index, which accounts both the direct and 
indirect contributions produced. In this paper a ∆TEWI 
analysis is presented, comparing numerically the 
environmental impact of a caloric refrigerator, operating with 
different caloric materials, with the one of a vapor 
compression cooler working with HFC134a. As a matter of 
fact, numerical modeling ensures good predictions of 
energetic results [25-29]. By means of a two-dimensional 
mathematical model the analysis is performed with the most 
performing magnetocaloric, electrocaloric, elastocaloric and 
barocaloric materials in order to provide a general framework 
of caloric cooling technique.   

2. 2-D MODEL

The model employed for the presented investigation is a
two-dimensional numerical model of an ACR operating at 
room temperature. The regenerator has a rectangular shape 
(20x45mm). The area is filled with 54 parallel plates of 
caloric material; every plate has a thickness of 0.25mm. The 
solid-state material occupies globally 60% of the total area of 
the regenerator. The interstitial spaces stacked by each two 
plates are channels where an auxiliary fluid flows with the 
purpose of heat transferring. Different sets of equations, 
describing the ACR cycle in the four phases, are applied to 
the model. The equations that rule the regenerative fluid flow 
processes, in both directions, are: the Navier-Stokes for the 
fluid flow and the energy equations for both the fluid and the 
solid particles. With the assumptions that the fluid is 
incompressible, laminar and the viscous dissipation neglected, 
the equations are: 
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The equations that model the field increasing and 
decreasing processes are: 
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They must include caloric effect which increases or 
decreases the temperature of the solid by the variation of the 
external driving field applied to the regenerator. Hence, the 
adiabatic temperature variation ΔTad is converted into a heat 
source Q as: 

𝑄𝑄 = 𝑄𝑄(𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑑𝑑,𝑇𝑇𝑆𝑆) = 𝜌𝜌𝑠𝑠𝐶𝐶𝑠𝑠𝑓𝑓(𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑎𝑎,𝜕𝜕𝑠𝑠)𝛥𝛥𝜕𝜕𝑎𝑎𝑎𝑎(𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑎𝑎,𝜕𝜕𝑠𝑠)

𝛥𝛥𝜕𝜕
         (5) 

Q has the dimensions of a power density and it is included 
in the solid energy equation, only for field increasing and 
decreasing phases [30]. It is positive during the former, 
negative during the latter. Δt is the period of the field 
increasing/decreasing process. The coupled equations that 
govern the ACR cycle, imposed on this model, are solved 
using Finite Element Method. The ACR cycle is modeled as 
four sequential steps. The same time step Δt has been chosen 
for the resolution during all the four periods of the cycle. The 
cycle is repeated several times with constant operating 
frequency until the regenerator reaches steady state operation. 

The strongpoint of the model is the possibility to model 
every particular caloric material and, therefore, to consider 
all the four-principal caloric effects. As a matter of fact, in 
this paper is reported an investigation which treats MCE, 
ECE, eCE and BCE materials. Therefore, the model, time 
after time, assumes the role of Active Magnetic Regenerator 
(AMR), Active Electrocaloric Regenerator (AER), Active 
elastocaloric Regenerator (AeR) and Active Barocaloric 
Regenerator (ABR). The model has been validated 
experimentally with a rotary magnetic refrigerator developed 
at University of Salerno [31-36].  

3. SOLID-STATE REFRIGERANTS

In the general framework of caloric materials possible
candidates to solid state refrigeration, in this paper, four 
subgroups have been considered: magnetocaloric, 
electrocaloric, elastocaloric and barocaloric materials with 
the common characteristic to exhibit a pronounced caloric 
effect in room temperature range when the field reaches not 
so elevated maximum intensities.  
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3.1 Magnetocaloric materials 
 
In the former subgroup, gadolinium (Gd) has for sure to be 

taken in consideration since, starting from the beginning of 
the diffusion of magnetic refrigeration, it has been always 
considered the benchmark material of such technique. 
Belonging to the lanthanide group, gadolinium is a rare-earth 
element which exhibits a second order paramagnetic to 
ferromagnetic transition at its Curie temperature (TCurie=294K) 
[37]. Other interesting materials are Gd5(Si1-xGex)4 
compounds (where 0 < x < 0.5), they are alloys of 
gadolinium, silicon and germanium. In particular, Gd5Si2Ge2 
[38] exhibits the larger MCE among them, presenting two 
different phase transitions: at 276 K where the highest peak is 
located, and at 299K where, according to it, the material 
orders paramagnetically. Also, the rare-earth transition-
metals La(FexSi1-x)13 have been considered because of the 
large MCE exhibiting around room temperature. The main 
advantages of employing La(FexSi1-x)13 alloys are the 
cheapness, readily availability and easiness of preparing. 
They present a first-order itinerant electron metamagnetic 
transition which produces a giant magnetocaloric effect. 
Among them LaFe11.384Mn0.356Si1.26H1.52 [39] and 
LaFe11.05Co0.94Si1.10 [40] have been selected. Both 
compounds have a first order transition at 290 and 287 K, 
respectively. Table 1 summarizes the characteristics of the 
presented magnetic materials in the room temperature range. 
The ΔTad reported is the peak value with a magnetic field 
variation ΔH in [0; 1.5] T. 

 
Table 1. Features of the selected magnetocaloric materials 

 
Material Tpeak 

[K] 
ΔTad 

[K] 
ρ 

[kg/m3] 
k 

[W/mK] 
Gd 294 6 7900 10.9 

Gd5(SixGe1-x)4 276 14 7205 5.8 
LaFe11.384Mn0.356 Si1.26H1.52 290 5 7100 9 

LaFe11.05Co0.94Si1.10 287 5.5 7290 8.9 
 

3.2 Electrocaloric materials 
 
The subgroup of materials selected in such study for 

electrocaloric refrigeration embraces both bulk (single-
crystals and ceramics) and films (polymers and ceramics) 
materials. P(VDF-TrFE-CFE)/BSTs polymer 
nanocomposities [41] have been selected, for their high ECE, 
since they are made up of a polymer matrix of P(VDF-TrFE-
CFE) 62.3/29.9/7.8 mol% doped with (BaxSr1-xTiO3), to 
reduce the ferroelectric domain size and the energy bandgap 
to phase transition. Thus, doping with Ba0.67Sr0.33TiO3 
(BST67), Ba0.71Sr0.29TiO3 (BST71), Ba0.74Sr0.26TiO3 (BST74), 
Ba0.77Sr0.23TiO3 (BST77) increases the intensity of the 
electrical field induction which carries to enhanced ECE with 
quite low electric field applied. Another material chosen is 
0.93PMN-0.07PT thin film [42] because of its giant ECE at 
300 K. It is made up of the PbMg2/3Nb1/3O3 relaxor ceramic, 
filled with PbTiO3 (PT), to achieve a wide-range of dipolar 
ordering. PLZT Pb1-3x/2LaxZr0.85Ti0.15O3 [43] thick films have 
been considered: worthy of consideration are the “up-graded” 
and the “down-graded” antiferroelectric compositions 
obtained, respectively, by increasing the La content from 8 to 
14 mol% and vice-versa, to improve many dielectric 
characteristics. Also, PLZT 11/85/15 in single composition 
has been tested. Moreover the giant ECE (ΔTad = 45.3 K at 
59.8 MVm-1) in relaxor ferroelectric Pb0.8Ba0.2ZrO3 (PBZ) 

[44] thin film fabricated on Pt(111)/TiOx/SiO2/Si substrate by 
a sol-gel method, in which nano-scaled antiferroelectric 
(AFE) and ferroelectric (FE) phases coexist, at room 
temperature (290 K) rather than at its Curie temperature (408 
K). Lastly, a 2 mm-Pb0.97La0.02 (Zr0.75Sn0.18Ti0.07)O3 (PLZST) 
antiferroelectric (AFE) thick film with tetragonal structure 
deposited on LaNiO3/Si (100) substrates via a sol–gel 
technique [45], has been considered because of its giant ECE 
shown in the range 5°C to 25°C. In Table 2 all the EC 
materials are summarized thus a comparison could be done 
[46]. 

 
Table 2. Features of the selected electrocaloric materials 

 
Material Tpea

k 
[K] 

ΔE 
[MV/

m] 

ΔTa

d 
[K] 

ρ 
[kg/m

3] 

k 
[W/m

K] 
P(VDF-TrFE-
CFE)/BST67 

311 75 9.2 2060 1 

P(VDF-TrFE-
CFE)/BST71 

322 75 9.4 2060 1 

P(VDF-TrFE-
CFE)/BST74 

331 75 9.7 2030 1 

P(VDF-TrFE-
CFE)/BST77 

337 75 9.9 2060 1 

0.93PMN-0.07PT 298 50.9 9 8300 1.4 
0.93PMN-0.07PT 298 72.3 13 8300 1.4 
PLTZ upgraded / 90 28 7900 1.9 

PLTZ downgraded / 90 20 7900 1.9 
PLZT11/85/15 111 90 12 7900 1.9 
Pb0.8Ba0.2ZrO3 290 59.8 45 7700 1 
Pb0.8Ba0.2ZrO3 290 40.8 36 7700 1 
Pb0.8Ba0.2ZrO3 290 21 20 7700 1 

Pb0.97La0.02 

(Zr0.75Sn0.18Ti0.07)O3 
278 90 54 8300 1 

Pb0.97La0.02 
(Zr0.75Sn0.18Ti0.07)O3 

278 70 43 8300 1 

Pb0.97La0.02 
(Zr0.75Sn0.18Ti0.07)O3 

278 60 33 8300 1 

 
3.3 Elastocaloric materials 

 
Since giant elastocaloric effect was reported at room 

temperature for a Cu-Zn-Al single crystal and for Ni-Ti 
polycrystals, among elastocaloric materials two candidates 
have been considered: 

a) Cu68.13Zn15.74Al16.13 [47] which, for a stress varying in 
[0;140] MPa range, exhibits constant values of ∆s (21 
J/kgK) and ∆Tad (16 K) at room temperature. 

b) Ni-Ti [48] stressed under ∆σ = 900 MPa, which shows 
a maximum ∆Tad of about 25 K at 350 K. 

Table 3 lists in detail the features of the above-mentioned 
materials. 

 
Table 3. Features of the selected elastocaloric materials 

 
Material Tpeak 

[K] 
Δσ 

[MPa] 
ΔTad 

[K] 
ρ 

[kg/m3] 
k 

[W/mK] 
Cu68.13Zn15.74Al16.13 - 140 16 7700 179 

NiTi 350 900 26 6450 15 
 

3.4 Barocaloric materials 
 
In the number of barocaloric candidates for room 

temperature refrigeration, an interesting comparison has been 
done. As a matter of fact, the investigation has focused upon 
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two distinct materials: the (NH4)2MoO2F4 oxyfluorides [49], 
direct BCE material, whose Tpeak is about located around 272 
K considered for three different pressure fields applied; the 
hexagonal Ni2In-type MnCoGe0.99In0.01 [50] exhibiting an 
inverse barocaloric effect due to a pressure-driven 
orthorhombic-hexagonal magneto structural transition. The 
transition for MnCoGe0.99In0.01 occurs around 298 K with a 
∆Tad of -18.3 K. Table 4 contains details about the two 
barocaloric materials. 

 
Table 4. Features of the selected barocaloric materials 

 
Material  Tpeak 

[K] 
Δp 

[MPa] 
ΔTad 
[K] 

  ρ 
[kg/m3] 

 k 
[W/mK] 

(NH4)2MoO2F4 272 900  18 2200 1 
(NH4)2MoO2F4 272 700  15 2200 1 
(NH4)2MoO2F4 272 500  12 2200 1 

MnCoGe0.99In0.01 298 300 -18.3 7900 65 
 
 

4. THE TEWI CONCEPT  
 

GWP is the acronym of global warming potential and it is 
an index employed for quantifying the impact of greenhouse 
gases on global warming. It counts the mass of CO2 that 
would result in the same net impact on global warming as the 
release of a single unit (kg) of the atmospheric component in 
question. A vapor compression plants is equipped of both a 
direct and an indirect contribution to global warming. Direct 
contribution depends on the GWP of refrigerant fluids 
employed and on the fraction of refrigerant charge released in 
the atmosphere. The indirect contribution is due to the 
energy-related contribution. In detail, a vapor compression 
(VC) system requires electrical energy, coming from a power 
plant that typically burns a fossil fuel, issuing CO2 to the 
atmosphere. Therefore, the indirect contribution in global 
warming is a strong function the Coefficient of Performance 
(COP) of the VC system, of the power plant efficiency and of 
the fuel used in the conversion plant that affects the 
emissions per unit energy converted. The Total Equivalent 
Warming Impact (TEWI) index accounts both contributions 
to global warming of the refrigeration system. The concept of 
TEWI was developed to combine the effect of direct 
refrigerant emission with the energy consumption and to the 
related combustion of fossil fuels for the electric energy 
production. The TEWI is calculated as: 

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐶𝐶𝐶𝐶2,𝑎𝑎𝑓𝑓𝑑𝑑 + 𝐶𝐶𝐶𝐶2,𝑓𝑓𝑖𝑖𝑎𝑎𝑓𝑓𝑑𝑑  [kg CO2]  (6) 
 
𝐶𝐶𝐶𝐶2,𝑎𝑎𝑓𝑓𝑑𝑑 = 𝑅𝑅𝐶𝐶 �𝑃𝑃𝐿𝐿 + �1−𝑃𝑃𝑅𝑅

𝑉𝑉
�� 𝑉𝑉 ∙ 𝐺𝐺𝑇𝑇𝑃𝑃 (7) 

 
𝐶𝐶𝐶𝐶2,𝑓𝑓𝑖𝑖𝑎𝑎𝑓𝑓𝑑𝑑 = 𝛼𝛼 ∙ �̇�𝑄𝑟𝑟𝑟𝑟𝑓𝑓

𝐶𝐶𝐶𝐶𝑃𝑃
∙ 𝐻𝐻 ∙ 𝑉𝑉 (8) 

 
The direct global warming effect of refrigerant fluids, 

stemming from the absorption they produce of long-wave 
radiations, depends on their GWP and on the fraction of 
refrigerant charge released in the atmosphere [51]. The last is 
mainly due to leakage during the operational plant life time 
(PL) and to the residual amounts which, according to the 
current state of technology, are not recyclable and thus are 
released to the atmosphere when taking the plant out of 
operation (1-PR). In the simulation PL is assumed as 5%, 
whereas PR has not been considered. The literature provides 

some indicative, average levels of CO2 release per kWh of 
electrical energy for various countries. For Italy, the value is 
0.6 kg CO2/kWhe. The annual power consumption assumed 
is 290 kWh per year that corresponds to a commercial 
medium size wine cooler. R134a is an HFC with zero ODP 
and a GWP of 1430. 

 
 

5. NUMERICAL SIMULATIONS 
 

The investigation has been performed simulating several 
ACR cycles for the caloric materials listed and described in 
section 3. The ranges where external applied fields vary are 
related to the particular caloric material under test and they 
are explicated in Tables 1-4; whereas the thermodynamical 
working conditions under which the simulations have been 
done are common for all the four classes of materials. Fixed 
are active caloric cycle frequency (1.25 Hz), cold and hot 
heat exchanger temperatures (TC=287 K, TH=295 K) while 
fluid flow rate was varied in the range 0.034÷0.057 kg*s-1.  

 
 

6. RESULTS 
 

The results of the presented investigation are reported in 
terms of Coefficient of Performance and relative percentage 
∆TEWI index. In detail, COP and the relative percentage 
∆TEWI have been considered as: 

 
𝐶𝐶𝐶𝐶𝑃𝑃 = �̇�𝑄𝑟𝑟𝑟𝑟𝑓𝑓

�̇�𝑄𝐻𝐻−�̇�𝑄𝑟𝑟𝑟𝑟𝑓𝑓+�̇�𝑊𝑓𝑓
 (9) 

 
𝛥𝛥𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = (𝜕𝜕𝑇𝑇𝑊𝑊𝑇𝑇𝐴𝐴𝐴𝐴𝑅𝑅−𝜕𝜕𝑇𝑇𝑊𝑊𝑇𝑇𝑉𝑉𝐴𝐴)

𝜕𝜕𝑇𝑇𝑊𝑊𝑇𝑇𝑉𝑉𝐴𝐴
 (10) 

 
The TEWI direct contribution of an ACR cycle is zero 

because the refrigerant is solid-state and it has no GWP. 
Direct contribution of the vapor compression plant accounts 
about 10% of the whole value. COP of the plant is the 
parameter that mostly affects the TEWI indirect contribution.  

Figure 2 shows COP as a function of fluid flow rate for the 
(a) magnetocaloric, (b)(c) electrocaloric, (d) elastocaloric, (e) 
barocaloric materials tested. Every class contains its best 
materials: as a matter of fact, among magnetocaloric 
materials GdSi2Ge2 stands out, whose COPs under ∆H=1.5T 
are comparable with the electrocaloric Pb0.97La0.02 
(Zr0.75Sn0.18Ti0.07)O3, the elastocaloric Cu68.13Zn15.74 Al16.13 
and the barocaloric (NH4)2MoO2F4, under external field 
changes of ΔE=90 MV/m, ∆σ=140 MPa and ∆p=900 MPa, 
respectively. Best COPs are proper of the electrocaloric 
Pb0.97La0.02(Zr0.75Sn0.18Ti0.07)O3, with a maximum of 16.8 
under ΔE=90 MV/m. 

Figure 3 exhibits the relative percentage ∆TEWI indexes 
for the (a) magnetocaloric, (b)(c) electrocaloric, (d) 
elastocaloric, (e) barocaloric materials tested and evaluated 
with respect to a vapor compression plant working under the 
same operating conditions. The VCP used in the simulation is 
a commercial, small size, wine cooler working with R134 
with a semi-hermetic compressor, air cooled condenser, 
forced air circulating evaporator.  

Figure 3 clearly shows that the ACR cycle working with 
these materials has almost always a lower greenhouse effect 
with respect to a VCP. In the group of magnetocaloric 
materials the lowest ΔTEWI belongs to GdSi2Ge2 with values 
belonging to [-60; -70] %. Among electrocaloric materials, 
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with Pb0.97La0.02 (Zr0.75Sn0.18Ti0.07)O3 ΔTEWI varies between 
a minimum of -50% to a maximum of -82%. The 
elastocaloric Cu68.13Zn15.74 Al16.13 ensures an environmental 
impact from -49% to -72% smaller than the VCP one. Also 
the barocaloric (NH4)2MoO2F4 shows a promising behavior 
with a ΔTEWI around -70%. 

 

 
 

 
 

 
 

 
 

 
 

Figure 2. COP vs fluid flow rate for: (a) magnetocaloric 
materials under a magnetic field variation ΔH in [0; 1.5] T; (b) 
the first and (c) the second group of electrocaloric materials; 

(d) elastocaloric materials; (e) barocaloric materials 
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Figure 3. ∆TEWI vs fluid flow rate for: (a) magnetocaloric 

materials under a magnetic field variation ΔH in [0; 1.5] T; (b) 
the first and (c) the second group of electrocaloric materials; 

(d) elastocaloric materials; (e) barocaloric materials, 
compared with a VC plant in the same working conditions 

 
 

7. CONCLUSIONS 
 

In this paper, the environmental impact of an active solid-
state refrigerator has been evaluated by means of a numerical 
TEWI analysis carried out through a 2D model. A number of 
caloric materials exhibiting one of the four main caloric 
effect (MCE, ECE, eCE, BE), has been tested as refrigerant 
of the modeled solid-state refrigerator to provide a general 
framework of the technique. The refrigerator has been tested 
working in the same operative conditions of a commercial 
medium size wine cooler based on vapor compression and 
employing R134a. The results, presented in terms of COP 
and ΔTEWI, demonstrates, for almost all the materials tested, 
that solid-state refrigeration is a cooling technique which 
ensures a reduction of the environmental impact belonging to 
[-30; -80] % with respect to a commercial VC wine cooler 
employing R134a. Caloric refrigeration seems to be a 
promising cooling technique which hopefully in a not so long 
future can be commercialized. First, however, some critical 
points that currently constitute the bottleneck of the 
technique must be resolved, like the possibility of employing 
the refrigerator in wider TC÷TH ranges, that actually it is 
limited due to the material temperature ranges where caloric 
effect is pronounced. 
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NOMENCLATURE 
 
B magnetic field induction, T 
C specific heat, J. kg-1. K-1 
E electric field, V.m-1 
H magnetic field, A. m-1 
K thermal conductivity, W.m-1. K-1 
M 
P 

magnetization, A. m-1 
polarization C.m−2 

P pressure, Pa 
s 
T 
t 
u 
v 
X 
Y 
    

entropy, J. kg-1. K-1 
temperature, K 
time, s 
longitudinal fluid velocity, m.s-1 
orthogonal fluid velocity, m.s-1 
conjugate field 
applied driving field 
 

Greek symbols 
 

 

Δ finite difference 
ε strain 
µ 
ν 
ρ 
σ 
τ 

dynamic viscosity, kg. m-1. s-1 
cinematic viscosity, m2. s-1 
density, kg. m-3 
stress, Pa 
time period of the cycle, s 
 

Subscripts 
 

 

0 
1 
Ad 
C 

minimum 
maximum 
Adiabatic 
cold heat exchanger 

F 
H 

fluid  
hot heat exchanger 

p 
s 

constant pressure 
solid 
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