THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2025 September; 36(9), 829~835.

http://dx.doi.org/10.5515/KJKIEES.2025.36.9.829
ISSN 1226-3133 (Print) - ISSN 2288-226X (Online)

Adaptive Power Control Based on Reflected Strength for a Microwave
Melting Furnace Used to Recover Silicon from Waste Photovoltaic Modules
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Abstract

With the expansion of photovoltaic (PV) deployment in Korea, the number of end-of-life solar modules is rapidly increasing. These
modules require efficient treatment technologies for environmental safety and resource recovery. In this study, a microwave-based
melting furnace with adaptive power control was developed based on reflected wave strength to recover silicon and improve energy
efficiency. Eight magnetrons in a three-axis orthogonal configuration ensured uniform heating, and the real-time reflected wave system
enabled dynamic feedback control. Two series of experiments were used to evaluate the temperature increase characteristics and effect
of the reflected wave control. The results show that stable heating at temperatures up to 1,400°C was achieved with optimal efficiency
during operation at 80 % power with reflected power below 0.4 kW. Therefore, this study offers a practical solution for eco-friendly
and resource-efficient disposal of waste PV modules.
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I . Introduction
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Fig. 1. Projected generation of waste solar modules.
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Fig. 2. Overview of waste solar module treatment methods.
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[l. System Configuration and Experimental Methodology
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Fig. 3. Three-axis orthogonal arrangement of magnetrons.

<8 29 A &

(@) (b)

O™ 4. (a) A7) A BE 1A A3k, (b) Dt A2
7Y 2%

Fig. 4. (a) Results of electromagnetic wave simulation,
(b) Results of infrared thermography.

HRom A9} XS 9l ¥
Ha) E 1Y 4b)ol A AT

¥4 e 14

33 A 5 & MO ALE

nlo]Ag2 0t A2 & A 28 A g
sl AAIZE WAbe SAAAE IV EE S AR A2
g glolB 7Fo] E(WR-340 F2)ell gAlstT) 7 w1
UER g Fui715 ddsty, daad AZ
AME o] &af A 3wkt

jg

(directional coupler) 2 3}
HEke] mlo] AR 3 HES :
2 A2EE ZA3 “LV‘}TL} H3s}E  PID(proportional

(0, "IED) 222 At

o 24t o8 ol WAt
stol FAE 2748 AL, A2H9 B4 24 9

R o2 §ASAE 24 22019 WA} a8
of UA}t BRA O F
M EEAE BHY 5 Ak AUE BT A5
2E 19 59 tolo1d e B4 FA 9ok
B ATAME AAF A2FY HEso) 74 F o
Wil BAZ sl DER AZH 2% 149 v
EZOT 4750} glof $79) U EE Z7ke) i
At ABE FA S0 Aol Ugith. ch,
A3t B2 B4 I3 981 WAt e X
2 s} 9Eobke Ao ohe B EER 22

Hr
i)
rir
o
fu)

2
i
v
l-«O
oXx
oXx.

o ¥

ks
E
LI
-

831



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 9, September. 2025.

PID
Controller

a8 6. AA A2d &5

thojof 13
Fig. 5. System block diagram.

AR HAHOR FE WA} ek 497} ¢
of, Wl tgHd AZY 715k 3 A2eo] 25w}
5 S4E tiEss Ro] Bgsiks AR ERadr

35 2Ites

1. S ERY WAl Y 243
Table 1. Reflected power measurements for individual ma-

gnetrons.
(unit: kW)
Channel Reflected wave Channel Reflected wave
1 X 0.013 5X) 0.013
2 (Z) 0.015 6 (2 0.008
3(Y) 0.008 7 (Y) 0.008
4 (2 0.008 8 (2) 0.015
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Fig. 6. Microwave-heated melting furnace.
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IV. Experimental Results and Analysis
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Fig. 7. Temperature variation at different output levels.
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Table 2. Temperature values at different output levels.

(unit: min)
Power (%)| 800C 900C 1,000C | 1,100C | 1,200C
70 14 21 30 42 56
80 10 14 2 32 39
90 8 13 19 28 36
100 6 10 14 21 30
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Fig. 8. Damage to insulation structure caused by local over-

heating,
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V. Conclusion
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