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Abstract

This study was conducted to develop an optimization model using Box’s Complex Algorithm, and to determine optimum
operating conditions to minimize costs for the drying and storage system using the grain cooler. To minimize the system
operation cost, the optimum moisture contents after the first drying were found to be from 17.2 to 19.8 %. And optimum
drying and cooling capacities were obtained. The combination of the dryer and grain cooler was found to be economical,
showing enhancement of the drying capacity over 50%, and decrease of drying cost over 10%. When the circulating grain
dryers of 6 and 20 ton/batch were used in conjunction with the grain cooler, the cost required for drying and storage system
for paddy were 28,464~33,317wonjton and 20,588~26,511 wonfton, respectively, which was from 2.6 to 27.3% lower than

that of conventional drying and storage system.
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Table 1. Required maximum and minimum numbers of
dryer for different annual drying capacities of drying
facility in Rice Processing Complex

Holding capacity of dryer(ton)

Annual drying capacity A )
(ton/ year) Minimum Meimum Minimim Maximam
1200 3 ] 1 2
2100 5 15 2 4
3000 8 2 2 5
450 1 B 3 8
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Subroutine CENT1
for step 2
Main

l Subroutine CENT2

for step 4

Subroutine BOX
to optimization using
Complex algorithm

Subroutine CENT3
for step 5

Subroutine EXPL

for explicit constraints

Subroutine  IMPL
for implicit constraints
Subroutine OBJECT 3
—™ to calcutating minimum
required cost

Subroutine CROSS
for cross flow drying

Subroutine XTIME
for calculating
treatment time

Subroutine COOL

for cooling simulation

Fig. 1 Diagram of program structure for optimization of
drying and storage system using the grain cooler for paddy.
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Table 2. Estimated numbers of dryer and capacity for

paddy drying according to final moisture contents.

. Annual drying capacity
Dyer P peid __ (onfyem P enC¥on
fon o drying 1200 2400 3000 4500
/batch) 9 time(tr)  Required numbers of  total fuel electricity
dryer(set)
27 31 3 5 7 10 422 19 225
04 46 4 7 10 4 63B 2% 338
192 61 5 9 13 19 854 39 4510
6 B0 76 7 M 16 B 106049 5638
69 92 8 1B 18 B 1659 6%
B8 107 9 15 2 B 14882 6%9 78
48 122 10 18 B 37 17009 7988 90
26 28 1 2 2 3 294 15t 130
01 43 1 2 3 4 4402 231 207
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Table 3. Estimated drying cost of paddy
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Dryer  Annual drying Total drying Fixed cost Variable cost

{ton/batch) capacity(ton/year) cost(¥/ton) (¥/ton)  (¥/ton)
1,200 38928 2,08 16,910
6 2400 37,526 20374 17,152
3,000 752 2062 16,8%
4500 36,950 20418 16,532
1,200 25,018 14,264 10,754
0 2400 26433 15409 1,004
3,000 24,07 13326 10745
4500 24,354 13,964 10390
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Table 4. Estimated cooling cost and required cooling time of
paddy wusing a grain cooler under different moisture
contents before cooling

Annual drying _ Moisture content(%, w.b) _Cooling Cooling cost
capacity(ton/year) Before cooling After cooling time(hr) ~ (¥/ton)

200 188 71 9888
190 78 65 9608
180 169 64 9568
120 170 159 66 9688
160 150 66 9688
150 141 71 9848
200 188 15 6636
190 178 6 6659
180 69 113 6590
2400 170 B9 109 649
160 550 108 64%
150 141 17 668
200 187 166 544
190 178 166 554
180 169 162 550
300 170 59 159 53
160 50 156 538
150 141 169 5512
200 87 22 477
190 178 w2 4T
180 168 57 4616
450 170 559 262 4670
160 B0 56 4606
150 141 77 480
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Table 5. Summary of optimization results of the drying and
cooling system using the grain cooler for paddy

PV e 1
batch) 1,200 2100 3000 4500
Moisture content after 1st drying(%) 194 184 191 198
6 Required numbers of dryer(set) 3 6 9 1
Required numbers of cooler(set) 1 1 1 2
Minimum drying and cooling cost(¥%/ton) 30,102 27,658 26,415 25249
Moisture content after st drying(%) 181 172 194 192
» Required numbers of dryer(set) 1 2 2 3
Required numbers of cooler(set) 1 1 1 2

Minimum drying and cooling cost(¥#/ton) 2329 20284 17373 17825
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Table 6. Composition of minimum cooling and drying cost

Annual L m  Drying cost(¥/ton)  Cooling cost(¥#/ton)
I()rye/r A8 drying and
ton/ capacity 4
batch) o fxclly Ct‘:;“‘g Total Fixed Variable Total Fixed Veriable
{ton/year) (#)or)

1,20 0102 0474 8381 12093 9628 700 2628
2100 7658 1,009 8685 1234 6649 4000 2649

6 3,000 2645 082 8807 1205 5553 280 2733
4,500 249 18769 7084 11685 6480 3733 2747
1,200 229 1367 484 8874 9618 7,000 2618
2 2,100 20284 13697 4597 9100 6587 4000 2587

3,000 17373 12034 3218 8816 5339 2800 2539
4,500 1785 11472 3010 8462 6353 373 260

FEYZANNE o83 ¥ Ax & AFA 2" A 23 vHF
g AZ7 B "= 300 E AZNIeZ olfso] Fr|A%
< 938 WgHEe Aeg JMRSAT o o, ¥ 300 & ¥
Ztoll AQ5E AR oF 50147, B9 WZhu8-2 3215
HolAct.

WA, #APAQ AZPHAAM e AFRIeR oldd He
F2& 37 93 5Fo] AAHe Aoz AT
W, $%% 70 m/ming) $¥7137 kW $38 o F
Bl 0.135 mYmin - m’0] T, $Fo) AQ5E A|7H11.798/
Zu)e 873A1%0] A} welA 37 kW §3Fe] £Z7)
Ko wE AU(FLY 2160809 WEH9 3} B
EZn|g.2 2199902 elsic)

Table 72 X 2 AZFFTHZANN FEFZA7E o] &3 A
2& vy Az 2 AP 2HY B 2848, ARV|E
Ax T ARRA B3 AAste #RH) dx
AZA|2E el B Agu]8-8 Ueld AozA, FEYZH
7NE o] 43 AR 2 AFA2HM 6 E L 20 E 1z
E A48 b BY md 49888 28464~333179 H
20,588~26,511 Yooy, #PHI Ax B HFA| 2
AN EY g A0HEL 39,149~41,127 9 L 26270~
28,632 Yolict. ulelA FEYAIIE o83 MERE AE
2 ARA2Ee B AF B AFA| A" vl <f
26~213%AEY ¥4 ARAH/} Y= Aoz eyt

uelr, FEYAVE o83 ¥ Ax L AZA2HL
#A Az 9 AFA2H blE) AZF HAFER, F
Zo] Zvte WE olgg AYslnx AXFYY W, E
9 Az 9 APu g A7 59 RS ¥ F Yo A

rr

oft mx ol o O



FgUANNE olgd W Az

Table 7. Comparison of average managing costs(¥/ton) in
drying and storage process for paddy between conventional
system and new drying and storage system using the grain
cooler

Conventional system New system using the grain cooler

Annual
Dryer  drying Cofoolmg Cooling
H i T
é;:}f) ocfaglaalggy Total Drying long- Acration Total Drying fo:elomngv Aeration
(ton/year) S:gg“ g storage
1200 41127 3898 - 21% 33317 30102 325
6 2100 39725 375% - 219 30873 27658 3215
3000 39721 3752 - 219 2630 26415 3215
4500 39149 36%0 - 219 8464 549 32015
1200 27217 508 - 219 26511 82% 3215
% 2100 28632 26438 - 219 2B49 0284 3215
3000 26270 #01 - 219 2058 17373 3215
4500 26553 434 - 219 21,40 1785 325
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