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ABSTRACT This paper discusses the production of power from low-grade thermal energy using materials with a magnetocaloric
effect, such as gadolinium. Gadolinium generally retains its ferromagnetic property at temperatures below 20°C, but becomes strongly
paramagnetic above this temperature. Taking advantage of this magnetocaloric effect, the present research seeks various ways to
develop power from low-grade waste heat, which are yet to be explored. This technology, if applied appropriately, will generate
electric energy from the waste heat discarded by HVAC systems (of large buildings) and power plants. A series of experiments were
carried out by designing and fabricating a prototype system using gadolinium to elicit the optimal conditions in utilizing waste heat
below 80°C. As a result, the maximum mechanical power of the gadolinium generator was 29.4 mW when the temperature difference
was approximately 45°C and the weight was 50 g, and the maximum electric power was calculated to be 0.0085 mW.
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Table 1. Specifications of gadolinium generator

Contents Specification
Height 21 cm
Width 30 * 30 cm
Weight 2.3 kg
Temperature differential 20C )
Gadolinium lem *1cem * 1 cm x16
Neodymium Magnet 10ecm *25cm *1cm

3.2 Electric power
T 7HA] HA o] AP A| AT O]
Z8S =24 9 A5t A HRle ACKE[S guisht
AN 2ETE st Wy AMEtdon Mk
A|2H] 9] Zof A7 P130mm o] B HAFslal ACKHE 2
of 27 @7.5mmo] T FAEIet, o, 7|ojul= oF
1:17 A& AAE AC REE 47 ZeUbd7) kit

ofl A gt Ao &2 AARE ABl(EA 4= 5)-2 §lth Fig.
3o AC HEE 83t S8 A Uel

5 WA WA Generator coils -85t RS
TAJBH S, Generator coil®] PA = 2F 750 Flo]H]
% 6 7= ARESIGIT oluf], &FAo] Atte] 2

P 7IAA Hrek ool FHSPAIARS A7)}

HA|Z Ax Apge] gror 522 FHkes Atk
Fig. 4] Generator coil & -3t &8 A3 Yehich

A B VA SEARA] 7

Electric power+

Ay

2i

=o
SEA OF AT=45T AololAe] AT ThE A, A
W EeS SYS Fig, 5o A R AT 54 hEL

Fig. 1. Position of hot water and cold water in gadolinium
generator

Fig. 2. System for mechanical power calculation in gadolinium
generator
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Table 2. Torque by mass

Gd generator

Z2Kg) | BHIBE(m/s2) | HHKIE(mm) | E3(N*mm)
5 0.245
10 0.49
_— 9.8 5 —_—
20 0,98
50 2.45
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Fig. 4. Experiment of output using generator coil T=20C, 30C, 40T, 45CelA & HF= 5g, 10g,

Table 3. Performance measurement of gadolinium generator
(AT=20C, 30°C, 40°C, 45C)

viEd
L A

Vi5d
LA

Gd generator

Gdgenerator AC-DC converter Z;SKEIF—g E éé:! _E_I:orilﬁ_)'\_
(o) - R (9) (N—mm) (mw) (r/mim)
5 0.245 2.94 114.6
r . 10 0.49 5.39 105.1
] AT =20C
2 20 0,98 0 0
J 50 2.45 0 0
Fig. 5. Schematic of gadolinium electric generator 5 0.245 3.136 107.0
. 10 0.49 5.586 108.9
AT =80C 20 0,98 9.8 95.5
LEHRIEE 9714 Voem 7HERIRZOIH Vi, Vo, Ve 2t = )15 o .
#]8lo] oJtto A =43k Zlo .
J&-e] oA S7g3t grolct, 5 0,945 518 919
. 10 0.49 6.664 129.9
AT =40C 20 0,98 12,25 119.4
4, iz} | ' '
= 50 2.45 20,09 108.9
4.1 Mechanical power > 0.245 4.067 158.5
AT = 45C 10 0.49 6.86 133.7
O SR A | AE] =
411 SHSUTALAE ES 20 0,98 12,93 126.1
71AA &8 AXBPIHE] r=Fxr=mxgxr A 50 2.45 29.4 114.6
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Fig. 6. RPM and mechanical power vs mass (AT=20°C)
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Fig. 7. RPM and mechanical power vs mass (AT=307C)
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Fig. 8. RPM and mechanical power vs mass (AT=40°C)
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Fig. 9. RPM and mechanical power vs mass (AT=457C)

4.2 Electric power
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Fig. 10. Electric power change over time (AC motor)

Table 4, Performance measurement of gadolinium electric
generator (AT=45°C) ; AC motor

Gadolinium electric generator

Z[CiVoc = 1,58V, Xgt = 100kQ
TRHV) HF(mA) ZH(mW)
1 0.44 0.0044 0,0019
2 0,41 0.0041 0,0017
3 0.36 0,0035 0,0013
Total 1,21 0.0049
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Table 5. Performance measurement of gadolinium electric
generator (AT=457C) ; Generator coil

Gadolinium electric generator
Z|cHVoc = 1,848V, K&t = 100kQ

HRHV) FF(mA) E3H(mW)
1 0,51 0.0051 0.,0026
2 0.54 0.,0054 0.0029
3 0,546 0.00546 0,003
Total 1,596 0,0085
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Fig. 11. Electric power change over time (Generator coil)
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