Recovery of Plant Waste Heat by a Thermoelectric Generating System
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From October 2009, KELK started verification tests of a thermoelectric generating system using a carburizing furnace at
the Awazu Plant of Komatsu. [1] This furnace introduces a carburizing gas, which comprises carbon monoxide, hydrogen and
nitrogen, into the furnace and surplus gas having traversed a carburizing process unit is fed to an afterburner for combustion
and decontamination, to be released outside the furnace. The lower combustion heat of flames in the afterburner is estimated
to be 20 to 30 kW and this waste heat is converted into electricity by the thermoelectric generating system. The thermoelectric
generator consists of sixteen thermoelectric generating modules made of a Bi-Te thermoelectric material. Each thermoelectric
generating module is 50mm wide and deep and 4.2mm high. Each module is specified to generate an output of 24 W when the
hot-side temperature is 280 and the cold-side temperature is 30 <C. The sixteen modules are categorized into four groups, each
of four modules. The electrical connections of the modules are roughly divided into parallel and serial connections. When
robustness and reliability are paramount, a parallel connection is used and when the wiring is simple and the impedance is
high, a serial connection. At present (as of October 2011), four modules are connected serially in a four-line configuration.

The durability and reliability of the thermoelectric generating modules were verified by a heat cycle, continuous generation
tests and various high-temperature exposure tests on a device level. Improvements in durability and reliability are repeated.
For example, in heat cycle tests, output degradation is controlled to several percent or lower after 10,000 cycles under
constant cycle conditions of 30 < on the low temperature side and between 250 and 50 < on the high-temperature side.

A maximum power point tracking (MPPT) system uses a simple control circuit embedded with an 8-bit one-chip
microcomputer to generate power under optimum conditions, despite the flame conditions varying from time to time. The
output of sixteen thermoelectric generating modules is used to charge four lead storage batteries and supply power to light up
LED lamps in the Awazu Plant of Komatsu through an inverter. The modules output 240 W when the temperature of the heat
collection plate is 240 C and the cooling water temperature is 20 <C.

Key Words:

2011 VOL. 57 NO.164



. : 280 250 /

150
KELK 2009 NEDO * _i 7.2%
2002 2006 : - BiTe
Bi-Te
[1] NEDO 28
Bi-Te 2 (1P) (a)
12 NG (2P) {20
550
30 15 10 | (3 1 s
21[3 o8 ) =
4 (SF
[2][3] = X i ﬁ
4
2 (4P) 18
0 0
] 1 2 3 4 5 B 7
= A
8% <= 25
L | oEBME  WIWem' "L
T eh®A | 58
6%
% 5% 15 =
I , )
ssiiiieii " 8
B 4 10
ERRRNRRNRNN| 3%
T KOMATSU
T 2%
T 415
JIHy 1% (b)
iy L AT 0% & . L L i 0
w2, ® w4 50 @ % _m w |00 w 0 50 100 150 200 250 300
; BERMEE C
BiT. (a)
o ® @ WP):
BiTe T,=280  (2)(2P):T,=250  (3)(3P): T,=200  (4)(4P):
T,=150 T.=30
[1] n c
[ 1] T,
) \Y P |
( : 280
30 2 T. 30 1=0
Wiem Y v, T, 250
280 12V 14V
. 3A-8V Ly v
Ri Ri Ty
[ ] o P
. :50mm x  50mm x 4.2mm  ( ) ;
) 470 P=VxlI P R&=r
. : 24W( 280 30

2011 VOL. 57 NO.164

— 27 —



(©)  Pmax Th Th DC/DC
=250 280 20W  24W

(Maximum Power Point Tracking,
MPPT)

MPPT

#BETS1—MN

(16#%)
200
(b)
(a)
(b)
(@) (b) (b)
RX H,
Co
RX 10m¥h
20KW (b) 1MPa 10-128/min
400mmx 280mm 40
Th
120 250
20 20KW KW

16

2011 VOL. 57 NO.164

— 28 —



[ != (e puT=4) T=5, KGARENN)
[ as=] i
'_'_|! —— =%, ER(AERTAN)
AC100V
=4 KR
= - = s LI LY
= r—
Ian
e 1]
Ao 1 =R
- -
[E i
4 7
[s5o70 | MPPTERN T AR H
|- sinmR e
EeP Qi
MPPT 16
AC100V
LED MPPT
85
KELK
16
250
- — 250 240W
4 20KW
= 150 / KW
5100 / 20
a0
. e 40
0 50 100 150 200 250 300
T, (C) KW
500W
T,- P
10
I, b 10KW
_ 80
T,=250 240W
12
15W
[6]
T=250 T =30 2O 2009 10 (011 11 ) , 10,000
2,000
24

2011 VOL. 57 NO.164

— 29 —



WN P

10KW

NEDO
2002 2006

http://www.kelk.co.jp/english/news/090128.html
http://lwww.nedo.go.jp/activities/portal/p02022.html
H.T.Kaibe, L.Rauscher, S.Fujimoto, T.Kurosawa, T.Kanda,
M.Mukoujima, lL.Aoyama, H.Ishimabushi, K.Ishida, S.Sano,
“Developement of thermoelectric generating cascade modules using
silicide and Bi-Te”, Proc 23rd International Conference on
Thermoelectrics (ICT2004), Adelaid, Australia, June. 2994.
H. Kaibe, S.Fujimoto, H.Mizukami, S. Morimoto, “Field Test of
Thermoelectric Generating System at Komatsu Plant”, Proc of 2™
Conference Thermoelectric Goes Automotives, Berlin, Germany,
December 2010, p.234.
H. Kaibe, S.Fujimoto, T.Kajihara, K.Makino, H.Hachiuma
“Thermoelectric Generating System attached to a Carburizing Furnace
at Komatsu Ltd., Awazu Plant”, Proc of 9™ European Conference on
Thermoelectrics, Thessaloniki, Greece, September 2011, 201E_10_O.
http://staff.aist.go.jp/toshi-tosha/geothermal/gate_day/
presentation/METI1-1to.pdf.

Hiromasa Kaibe

KELK

Takeshi Kajihara

KELK

Shinichi Fujimoto

KELK

Kazuya Makino

KELK

Hirokuni Hachiuma

KELK

2011 VOL. 57 NO.164



