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Evaluation of Energy Consumption in Heat Treatment of Pine Log*'
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ABSTRACT

The required energy for the heat treatment of pine log was evaluated in this study. A proper
heat treatment of pine log infected by pinewood nematode (Bursaphelenchus xylophilus) can
prevent spreading of the infection by pinewood nematode and make the infected pinewood
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valuable again. The FAO (Food and Agriculture Organization of the United Nations) heat
treatment standard for various types of infected wood for which a heat treatment of the core part
of the wood is necessary is 30 minutes at 56°C, taking into account the international standards for
phytosanitary measures (ISPM No. 15). In this study, the energy consumption during the heat
treatment was separated into two kinds of energy, initial energy for heating kiln drier and to
reach set point temperature and relative humidity and the required energy supplementing heat
loss. The initial required energy per unit time is greater than that during the treatment. The energy
consumption per unit time varied little during the heat treatment. As a result, the set point relative
humidity with set dry bulb temperature and density of wood dependent on moisture content are
very important factors to change energy consumption in the experiment. The heat treatment at
higher temperature and higher humidity levels requires more energy consumption but less
treatment time. It is expected that a more effective energy program could be planed for the heat
treatment of pine log through this study.

Keywords: heat treatment, pinewood nematode, pine log, energy consumption, phytosanitary
measures
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Table 1. Moisture content and density of pine logs and heat treatment conditions

@ 40 em® # 3% cm @ 25 cm
Temperature  Relative

C) humidity (%) Average MC Densxty Average MC Densny Average MC Density
(%) (kg/m) (%) (kg/n0’) (%) (kg/m’)

20 333 615 380 508 154 479

90 50 601 738 648 607 380 650

70 514 698 557 573 427 592

6 636 755 687 621 64.1 681

120 10 369 724 596 587 512 627

30 524 703 545 569 451 602

*1: top diameter of log
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Table 2. Heat treatment time in each heat treatment condition

Heat treatment time (minutes)*

Temperature Relative

Energy consumption

- Wh
0 humidity (%) 2 40 cm @ 33 cm @ 25 cm (kWh)
20 745 710 410 350
0 50 778 640 390 501
70 T4 620 390 512
6 619 600 420 345
120 10 617 520 350 437
30 545 470 300 580
*1: Time required to reach target core temperature of 56°C in a log
90°C 50%RH 120C 10%RH
“E 80 - E 80 -
2 60 2 60
E - - - -@35c Ew - - - -@25cm
E 0 —@33cm § —— 133cm
" 20 @ 400 F 20 240cm
0 N . \ A 0 s i
0 100 200 300 400 500 600 700 o 100 200 300 400 500 600 700
Time (min.) Time (min.)

Fig. 1. Core temperature of pine log during the heat treatment.
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Table 3. Energy consumption (kWh) during the idle operation of vacant kiln

Temperature (°C)

Relative humidity (%)

20 50 70 6 10 30

Initial required energy
for first 1 hour after start (kWh)

Average energy consumption per hour during
idle operation (kWh/h)

500 522 545 420 590 610

214 338 338 265 298 474

=+—90°C 70%RH
~#-90'C 50%RH
=+—90°C 20%RH

Energy consumption
per hour(kWh/h)
O = kWA WO 3 ®

1 2 3 4 5§ 6 7 8 9 10
Time({hour)

=+=120C 30%RH
~8—120C 10%RH
—4—120C 6%RH

Energy consumption
per hour{(kWh/h)
O = N W e OO N ®

12 3 45 6 7 8 9 10
Time{hour)

Fig. 2. Energy consumption per hour during idle operation of vacant kiln.
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Table 4. Energy consumption (kWh) during the heat treatment

Temperature (°C)

Relative humidity (%)

20 50 70 6 10 30

Initial required energy

for first 1 hour after start (kWh) A 320 650 670 430 670 740
Average energy consumption per hour P
during heat treatment (kWh/h) B 255 364 408 2 39 626
Real time required to reach target core
temperature of 56°C (hour) C 1242 1297 119 1032 1028 908
Total energy consumption (kWh) B A(g D 350 501 512 345 437 580
Energy consumption per ;
8 8 4
7 7 1
e € 6
E’ 4 —+—90'C 70%RH E 47 —+—120'C 30%RH
3 ~8-90'C S0%RH 3 | —8-120'C 10%RH
sl T ~4—90C 20%RH EE f —a=120C 6%RH
0 I TS O T - S 0

1 2 3 4 5 6 7 8 9 10
Time(hour)

1.2 3 45 6 7 8 9 10
Time(hour)

Fig. 3. Energy consumption per hour during pine log heat treatment.

kWh/h, 10%RHIA 3.99 kWh/h, 30%RHIA
6.26 kWh/hE }eERH It (Table 4, Fig. 3).
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Table 5. Difference of energy consumption between idle operation of vacant kiln and heat treat-

ment of pine log

Temperature (°C)

90 120

Relative humidity (%)

20 50 70 6 10 30

Difference of initial required
energy for first 1 hour after start (kWh)

Difference of average energy consumption per hour

during treatment (kWh/h)

084 128 125 030 080 130

041 026 030 057 101 152

Table 6. Weight loss and moisture content decrement during heat treatment

Heat treatment condition Weight loss (kg) MC decrement
Temp. (°C) RH (%) % 40 cm @ 33 cm % 25 cm (%)
20 076 049 049 208
90 50 030 005 025 074
70 055 060 090 046
6 2% 198 196 828
120 10 260 262 224 936
30 150 002 001 110
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