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Development of an Energy Model of Rice Processing Complex(1I)

— Simulation Model Development and Analysis of Energy Requirement—

458" 45’ A
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H. H. Chang D. L. Chang M. S. Kim
ABSTRACT

The rice processing complex(RPC) consisted of the rice handling, drying, storage, and milling proce-
sses. It has been established at 83 locations domestically by April 1994, and 200 of RPC will be built
more throughout the country.

Therefore, this study has been performed to achieve two objectives as the followings -

1) Development of mathematical models which can assess the requirement of electricity, fuel, and

labor for four model systems of rice processing complex.

2) Development of a computer simulation model which produce the improved designs of RPC by the
evaluation results of energy requirements of four RPC models.

The results from this study are summarized as follows :

1) Mathematical models were developed on the basis of result of mass balance analysis and required
power of machines for each process.

2) A computer simulation model was developed, which can produce the improved designs of RPC
by the evaluation results of energy requirements. The computer simulation model language was
BORLAND C*".

3) The results of simulation showed that total energy requirements were ranged from 75.94kWh/t
to 124.30kWh/t.

4) From the results of computer analysis of energy requirement classified by drying type, it was
found that energy requirement of the drying type A{paddy rice(PR) for storage-natural air dry-
ing(15%), PR for milling-heated air drying(16% )} were less than that of the drying type B{1
step-natural air drying(PR for storage : 18%, PR for milling : 20% ), 2 step-heated air drying(PR
for storage : 15%, PR for milling : 16%)}.

5) The energy efficient drying method is that all the incoming rough rice to RPC should be dried
by national air drying systems. If it is more than the capacity of national air drying system, the
amount of surplus rough rice is recommended to be dried by the heated air drying method.

%8 2o](Key Words) : "I1538483(RPC), %3 =< (Mathematical model), HA =2
(Energy model)
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Fig3.1 Process flow diagram of Model H1I000A RPC with variables of mass balance analysis.
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Table 3.1 Mathematical model of Model H1000 RPC

Item

Required time
(T)

Sum of power for
involved machines
(PM

Unloading system

(bag/man)*(1/unloading rate)

Receiving system

(harvested rate)/(average
receiving amount)

[

++¢?
&
>

ZESE +
P
ol
-3 "33]
3

I

37773

Heated
air

drying

Unloading

{W(6)+W(9)}/average receiving
amount

¥

W(7)/average receiving amount
+{W(8)+W(10)}/(15%0.7)

Discharging

{W(7)+W(11)}/discharging rate

Pw_B3 + Pw_B4

{Ww(9)+W(11)+W(12)+¥(13)}
/discharging rate

Electricity.

¥(6)/drying rate for milling
after in-bin drying + W(9)/
drying rate for storage in bins

Pw_B2

W(8)/drying rate for milling
after in-bin drying + W(10)/
drying rate for storage after
in-bin drying + W(12)/drying
rate for milling + W(13)/
drying rate for storage

Drying
&

storage

system

Fuel

W(6)/drying rate for milling
after in-bin drying + ¥W(9)/
drying rate for storage in bins

¥(8)/drying rate for milling
after in-bin drying + W(10)/
drying rate for storage after
in-bin drying + W(12)/drying
rate for milling + W(13)/
drying rate for storage

Natural
air
drying

Unloading

¥(10)/average received amount

Pw_Cl + Pw_C2
+ Pw C3 + C7

¥(6)/average received amount

L4

Discharging

c7

{W(8)+W(10)}/(15%0.7)

Pw_C5 + Pw_C6 +
”

Drying for
milling

> ||| >

{(%(8)70.975)/dried amount per
day for milling}®(drying time
per day for milling)

Pw_C8

Drying for
storage

{(W(13)/0.951)/dried amount per
day for storage}#(drying time
per day for storage)

{(W(10)/0.951)/dried amount per
day for storagel#(drying time
per day for storage)

Conveying to

different bin

after
drying

(Conveyed amount)/(15%0.7)

x ex) Power of A2 :
Power of A9 :

Pw_A2
Pw_A9
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Table 3.1 (Continued-1)

, Sum of power for
Item Requu(‘;c;l tize involved machines
(PM)
(Ventxlétlon times per day) 2%Pw_C8
Ventilation * (ventilated number)
» ”
i
Dry&ng W(11)/(15%0.7) PrCl + PuC2
Storage + PW_C3 + Pw_C7
storage Unloading & Pw C5 + Pw C6
system discharging W(14)/(15%0.7) e PnCT
in bins Pw_Cl + Pw_C2
W(14/(15%0.7) + Pw_C3 + Pw_C5
‘ + Pw_C6 + 2#%Pw_C7
Pw_D2 + Pw_D3
W(7)/3.415+W(14)/3.375 + Pw_DS + Pw_D6
Unloading oo + Pw_D7
%(15)/3.375+¥(14)/3.415 4
Pw_D8 + Pw_D9
+ Pw_D10 + Pw_Dl11
¥{20)(brown rice milling + Pw_D12 + Pw.DI3
capacity per hour + Pw_D14 + Pw_D15
Brown rice milling + Pw_D16 + Pw_D17
) + Pw_D18
W(21)/brown rice milling R
capacity per hour
Milling Pw_D20 + Pw_D21
+ Pw_D22 + Pw_D23
zifB})“/J;i.ce milling capacity : :::g:; : g::gzz:
Rice milling + Pw_D28 + Pw_D29
+ Pw_D30 + Pw_D31
+ Pw_D32 + Pw_D33
W(29)/rice milling capacity ,
per hour
:é:g)/mcking capacity per fw;fga; Sw;wnfgas
Scale & packing + Pw_D39 + Pw_D40
W(41)/packing capacity per ,
hour
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Table 3.1 (Continued-2)

. . Sum of power for
Item Requu;z)i time involved machines
(PM)
Unloading pit & . .
Handling system unloading time Pw_El
unloading and dhscharging

Dryers time in dryers Pv_E2
Milling system Brown rice milling time Pw_E3

Dust Husk handling /) Pw_E4
system

collection Milli

‘ng rice milling time Pw_E5
The Rice machine
others milling| Wet
systen | milling // Pw_E6
machine

Rxce.bran /7 P¥_E7
sorting system
In-bin drying & | unloading and discharging Pv Fl
storage system time in bins ¢ -

Air mover | ui|ling system | Brown rice milling time Pw_F2
Color sorter rice milling time Pw_F3
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Table 3.2 Results of mass balance analysis of Model H1000A RPC

Unit : ton
Harvested paddy rice(22%, w.b.) ¥ 1] 1096. 000
Paddy rice(PR) after screening W[ 2] 1088. 328
Foreign materials from separator W[ 3] 7.672
PR after scaling Wl 4] 1087.240
Sample PR W[ 5] 1.088
PR from scalel to dryers for milling W[ 6] 362. 051
PR from dryers to grain tank W[ 71 336.190
Total PR for storage W[ 8] 725.189
PR from scalel to dryers for storage W[ 9] 200. 000
PR from scalel to bins for natural air drying ¥[10] 525.189
PR from dryers to bins after heated air drying Wl11] 183. 529
PR from bins to grain tank after heated air drying W[12] 183. 529
PR from bins to grain tank after natural air drylng w(13] 481.938
Sum of total PR from bins to grain tank w[14] 665. 467
Total PR from dryers and bins to grain tank w(15] 1001. 657
PR from grain tank to cleaner w[16] 1001. 657
PR after cleaning W(17] 1000. 656
Foreign materials from cleaner w[18] 1.002
PR from scale2 to grain tank w[19] 1000. 656
PR from grain tank to husker w(20] 1000. 656
Brown rice after husking W[21] 800. 525
Husks from husker wi22] 200.131
Brown rice after sorting paddy w[23] 800. 525
Brown rice after sorting green grains W(24] 768. 504
Green grains from separator Ww[25] 32.021
Brown rice after sorting stones Ww[26] 767.735
Foreign materials from brown rice stoner w271 0.769
Brown rice from brown rice tank to milling machine W[28] 767.735
Rice after milling W[29] 729. 348
Rice bran from milling machine w(30] 38. 387
Rice from wet milling machine w(31] 696. 528
Rice bran from wet milling machine %{32] 32.821
Total rice bran W(33] 71.207
Rice after sorting broken kernels W[34] 689. 562
Broken rice from broken kernel sorter Ww(3s5] 6.965
Rice from color sorter w[36] 686. 804
Colored rice from color sorter W[37] 2.758
Sum of green grains, broken kernels and colored rice W[38] 41.745
Rice from rice tank to scale3 ¥[39] 686. 804
Rice from rice tank w[40] 686. 804
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Table 3.3 Comparison of required power between the actual and simulation results

of Model H1000 RPC #x : High
Symbol Size Distance Actual power Simulation Remark
(mm) (m) (kW) (kW)
A2 400. 000 10. 000 1.500 0. 560 -
A3 305x178 12. 000 2.240 2.240
A6 305x178 4.500 2.240 0. 560 o
A7 305x178 12. 000 2.240 2.240
A9 305x178 12. 000 2. 240 2.240
A10 305x178 12. 000 2.240 2.240
B1 0.165(n%) 12.000 2.240 1.490 o
B3 400. 000 10. 000 1.500 0.560 -
B 4 305x178 12.000 2. 240 2.240
c1 0.165(n’) 7.700 2.240 1.120 o
c2 0.165(n’) 23. 000 3.750 3.730 -
C5 350. 000 24.200 2.240 0.560 -
C6 305x178 14. 500 2.240 2.240
D2 300. 000 5. 000 1.510 0.370 %
D3 300. 000 10. 000 1.500 " 0.370 *»
D5 203x127 7.500 0.750 0. 560 2
D7 203x127 5.100 0. 750 0. 370 e
D10 250. 000 5. 000 0.750 0.370 0
D11 203x127 8. 300 0. 750 0. 560 -
D14 203x127 5.100 0.750 0.370 2
D17 203x127 7.200 0. 750 0. 560 *
DI8 250. 000 6. 000 0.750 0.370 **
D20 300. 000 6. 000 0.750 0.370 %
p21 203x127 5.100 0. 750 0.370 %
D23 203x127 4.500 0.750 0.370 o
D25 203x127 4.500 0. 750 0.370 2
D27 203x127 6.000 0.750 0. 560 -
D30 203x127 5.100 0.750 0.370 -
D32 203x127 4.500 0.750 0.370 -
D33 203x127 7.200 0.750 0. 560 o
D35 300. 000 4. 000 0. 750 0.370 *»
D36 203x127 7.200 0.750 0.560 -
D38 203x127 7.200 0.750 0. 560 -
st et, MEct ol 59 A7} 29 Bol ul3te} o] %
o HFE Al Bdol& Ao 93l 49 g sl dx o] Juldoez Hr g 2
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Tabie 3.4 Simulation

results of total energy requirement of each model

Time Mechanical Fuel Manual Total
Model required energy energy energy energy
(h) (k¥h) (kWh) (man-h/kWh) (k¥h)
Sum 6072.54 61583. 48 20971.81 |3612.34/673.34 | 83228.63
A
Ave(per ton) 5.54 56.19 .19.13 3.27/0.61 75.94
H 1000
Sum 7141.17 | 64457.23 33462.34 | 4494.69/837.81 | 98757.38
B
Ave(per ton) 6.52 58.81 30.53 4.08/0.76 90.11
Sum 5720.57 | 87959.87 22369.93 |3697.10/689.14 1 111018.95
A
Ave(per ton) 5.22 80.26 20.41 3.38/0.63 101.29
G 1000
Sum 6913. 06 94720.40 | 35693.16 |4631.81/863.37 | 131276.94
B ‘ -
Ave(per ton) © 6,31 86.42 32.57 4.24/0.79 119.78
Sum ~10'616. 53 | 138231.97 37685.49 [6322.05/1178. 43| 177095. 89
A
Ave(per ton) 5.41 70. 45 19.21 3.22/0.60 90.26
H 1800 .
Sum 13485.55 | 140901. 25 77615.27 |8893.45/1657.74] 220174.27
B
Ave(per ton) 6.87 71.82 39.56 4.51/0.84 112.22
Sum , 10937.37 | 158972. 22 46923.56 [6853.22/1277. 44| 207173.22
A
Ave(per ton) 5.57 81.03 23.92 3.49/0.65 105. 59
G 1800
Sum 13879.66 | 164867.72 77274.44 |9268.29/1727.61| 243869. 77
B
Ave(per ton) 7.07 84.03 39.39 4.72/0.88 124. 30
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Table 3.5 Comparison of energy requirement of each process to

v|FEFH et oz v (1)

total energy requirement

of each model Unit @ %
. Drying S Dust .
Model Receiving % storage Milling collection Air mover
A 2.5 47.1 31.3 11.7 7.3
H 1000
B 2.1 54.0 26.4 10.8 6.7
A 1.5 37.5 32.8 19.7 8.4
G 1000
B 1.3 43.7 27.7 19.9 7.4
A 2.4 36.9 45.2 9.6 6.0
H 1800
B 1.9 48.8 36.2 8.2 4.9
A 1.8 35.8 40.3 19.1 2.9
G 1800
B 1.6 43.5 33.5 18.8 2.6
7 AEY, B2, YH 1987, 0] F 2 A g A.
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8) &Y. 1992. ¥ 9 £=83% #Ar&y 1D $FAFNLATY. 1992, v]FZF 3 2] 7]
o A% ATAG BE =2 uDEE so) AR wARY,
A2 7]&9 fd%ﬂr WE e pe—19. § 12) 434, 1994. 0] FE A A
Bk iy 13) Bowers, W., BA. Jones, Jr. and E.F. Olver.
9) 454, 1993 “]‘3%?‘43*&94 AT 1980. Engineering Applications in Agricul-
Y 7 FFNLATY drEn ture. Stipes Publishing Co. Champain, IL.
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