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Abstract — Recently the increased attention pays on the processing of multiple, relatively low quantity, high value-
added products resulted in adoption of batch process in the chemical process industry such as pharmaceuticals, poly-
mers, bio-chemicals and foods. As there are more possibilities of the improvement of operations in batch process than
continuous processes, a lot of effort has been made to enhance the productivity and operability of batch processes. But
the chemical process industry faces a range of uncertainties factors such as demands for products, prices of product, lead
time for the supply of raw materials and in the production, and the distribution of product. And global competition has
made it imperative for the process industries to manage their supply chains optimally. Supply chain management aims to
integrate plants with their supplier and customers so that they can be managed as a single entity and coordinate all input/
output flows (of materials, information) so that products are produced and distributed in the right quantities, to the right
locations, and at the right time.The objective of this study is to solve the purchase, distribution, production planning and
scheduling problem, which minimizes the total costs of production, inventory, and transportation under uncertainty. And
development of SCM model in chemical industry including batch mode operations. Through that, the enterprise can
respond to uncertainty. Also integrated process optimal planning and scheduling model for manufacturing supply chain.
The result shows that, the advantage of supply chain integration are quality matters seen by customers and suppliers,
order schedules, flexibility, cost reduction, and increase in sales and profits. Also, an integration of supply chain (pro-
duction and distribution system) generates significant savings by trading off the costs associated with the whole, rather
than minimizing supply chain costs separately.
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Fig. 1. Definition of supply chain management.

Aol FAtell A Alaksto] o, Az, w2, 2 A ARt
oAl olZ= R sk 9l Aulx A Tl EEel] k=
7HA ] B35S FRekaL skl AAAQL AR O R ofsfistaL
ek = 7Hd e Agolnh. Al el sCM FEAell A 1A
kA0 FEARE ] AR, EAL dael sEel sl FAA 23
ol AlIZEe] QIEjHlo| S St delfo v a8Ade =

3} E_)‘]”E‘ ;ﬁ%‘ﬁﬂ] 7]‘:;]0]]:]'[19]'

2-2. SCM Q! ZHeM

2:2-1. =2 B

TeAkEeA &% V8 AT vg T Alx T -2 v
o] B9 60~70%= XFX|ET},

2-2:2005¢] w3

AA & (bullwhip effect)ell &3l 35ARES] 71 wiA ek Al
WAQ] =23 1A oA gk Oist JRI Eed 2 fF
AE] 52 3 AR AgEE FgollA] Aoy shatEo] A
*, 4 A3 TE] EATE LAY

>

2-2-3. A|AE}

7191 EFo] SF=3} B At Bl=ERe] dojx]ar
B3 sigleh gk §F 2 Al 1], 28 01, A,
3 HE 52 w7PE Ao Hxl, A 2 sk et P &)
o], Ao AIF Al xjo] 52 A<t shal 1o W B
PH = E38HA =30k

2-2-4. TEE %A

712 BEslE AlES Uig Aakste] 1AelA dojulel w4
S gujste] mAe] tekst Qe Yo Az, GEshe U
2T ARA7E HESkE T Qle). i F55o] WobR WA AjaL
9 EF7 AEE vRE = 3, AR AIE, YR A 9 54 3@
Y= BN FaAke el F8730] FE

2-2-5. 7190 272 A%k

719 2k Aol A gsidel wet v]g- 9 gr]2] siado] Algst
A EAck. 53] 1 A&, 12 95, A 2ol tigt 485 9]
gl FerkEY YAl @77 SuiEa glok 7y LG AV, Bl
AR, AEFE A, ASAEGA, A Al SelA el &

Korean Chem. Eng. Res., Vol. 46, No. 2, April, 2008




T

318 gl .

[SREY

TARs ] 4 AllEo] BEERIo] o] 7]l B 2k 9lr.

3. 3|2A ™M ScMm 1=

3-1. SCM 7= M=

U 312 374X 38AkE Fule A2k A7) 7l
el wpet kA ek 71901
e ShuEA FQoSol JEsH=
R Ag bl 23 A Al Wislehe a8} AR Thekslel
t-83kA] k= whilo] glom gt =oof tiu|shk= A1
Zo] soluhdA E7112 348 S7HE 7K Sl ARt
Ak FAIR] A9 dAl JRZRe] AT 3o ® ThsstA =
St B e-business®. T3E% &= W] O 2 AH|R}S] ol 1.} A
ol tigte] S44<1 thg 3 ks 7hsshA gttt o5 Sl Al
a7 H)E-e] E7|AQ1 TAE THA A HAUI fredAlelA T
Ash= vl A ZAAIZAT s Ao Aol gl
NI FASHA WHeks FQel Aol mep b ekas Ak F
= AMEE 7Rt mEbd 23 S E]lsisit) 27 CF
of oJal] BARS A7gskal AF2] 8AAIE (planning)? L7 A1
(scheduling)o] A7 =3 T2l 23t Q&7 AR gk 4=
Q& I A FFE FAEH A9 R RE At
AFHE AZS S e En 5ol ARl Tus

7Fs Al dt

3-2. 3|24 30| == sem 2 1Y
3|52 FAoA SCM T Fig, 29} o] A ETt. 312 4
o} AR APEERS 1T Fed5S Bl UEE Akl
et 3 TS sk 7R JRE A "ot o F
FTEHR AatAFlo] o]FoKt), o] FRi= PEE Atk 7}
S ¥t AAeE T Eks TRl ot SR 9
wpehr] 2R AAkEA7E A st S oS5 A
AP AR E ZolM A9 oS 13 A Fo)] WXt} o]
A Ad=SHolW YRS 7RO 7 YAAFo] FAHY A ]
ZnlAbel| 23t =erh WAshE HHlAIE, AgAE, A El R
AR} ol FslAA A t-grieks Bt sl dstA Hct. &
3 o] AHi= T 0007 D/BE} Ho] Al AYAAIE 7 %
2474 FAE ARt st olF B8l 7199 AniRke] g
U5 183 UEF 352 T seM BEo] wHEo 7t}

3-3. A SHHAM SCM =2
o

54 B @ A o] ) AES el 5L
AT Q) W] BRASAR o gk, mebq ojZE

demand factory
forecasting foundation
. |
'
s ISR SR
H ) production

; 1 il
; i i
Y — ! planning !
| purchasing ¥ T ? \ distribution
[P—
t
'
]

[ planning (-..-‘I A J
i
i
P
L

customer

scheduling

Fig. 2. SCM model framework in batch processes.
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Fig. 9. Integration of SCM information transfer including batch pro-
cesses.
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c} ZF Algell dialAl 2001 A5E] 20053704 9] R3S FaiA
10 2, Ag e, veke A a8, 8 dEl A o o

O

A

l

3kl 2006 =] AA|gh Hlwsto] AlEel| Bh= S-S
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(unit : kg/month)

month
2 3 4 5 6 7 8 9 10 11 12

year

2001 25,000 29,000 27,500 26,000 25,500 24,500 24,000 26,000 25,500 24,500 22,500 21,500

2002 28,000 30,500 29,500 28,500 27,500 26,500 26,000 27,000 26,500 24,000 23,500 22,000

2003 29,100 32,000 31,400 31,500 29,100 26,500 27,500 28,000 27,500 26,000 25,500 23,500

2004 30,500 33,500 31,000 29,000 27,500 24,500 25,500 27,500 26,000 25,500 24,500 23,000

2005 32,500 35,000 33,000 31,500 28,000 25,500 26,500 29,500 28,000 27,500 26,500 26,000

2006 34,000 36,000 34,500 32,500 29,000 26,000 27,000 31,500 29,000 28,500 28,000 27,000
Table 3. Demand amount of product B

(unit : kg/month)
month
2 3 4 5 6 7 8 9 10 11 12

year

2001 15,000 19,000 17,500 16,000 15,500 14,500 14,000 16,000 15,500 14,500 12,500 11,500

2002 14,000 20,000 18,500 18,000 15,600 14,700 14,300 21,000 15,600 14,500 13,000 12,000

2003 16,000 21,000 18,000 17,500 15,900 15,000 14,700 23,000 16,000 16,000 13,500 12,100

2004 14,000 22,000 17,800 18,500 16,000 15,500 14,900 25,000 17,500 17,100 14,000 12,500

2005 17,500 22,500 18,600 19,000 16,500 16,500 14,800 24,000 18,000 18,500 13,900 13,000

2006 17,900 23,000 18,700 20,000 17,500 17,500 15,000 24,300 18,900 18,700 14,500 13,300
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Table 4. Demand amount of product C

(unit : kg/month)

month
2 3 4 5 6 7 8 9 10 11 12
year
2001 10,000 15,000 10,000 5,000 2,500 5,000 7,000 12,000 7,000 6,000 3,000 6,000
2002 12,000 17,000 12,000 6,000 3,500 5,500 7,300 13,000 8,500 6,700 3,500 6,300
2003 13,000 18,000 13,500 7,500 5,900 6,500 8,500 14,500 9,500 6,800 4,500 7,500
2004 15,000 19,000 15,000 8,300 6,500 9,000 9,500 15,500 10,000 7,500 5,600 7,900
2005 16,000 21,000 16,000 9,000 7,000 10,000 10,000 16,500 12,000 8,500 7,000 8,500
2006 17,500 24,000 17,500 9,500 7,200 11,000 15,000 19,500 12,500 9,500 7,500 9,800
Table 5. Demand amount of product D
(unit : kg/month)
month
2 3 4 5 6 7 8 9 10 11 12
year
2001 10,000 12,000 11,000 10,000 9,000 10,000 11,000 10,000 9,500 10,500 10,000 11,000
2002 12,000 14,000 13,000 12,000 10,000 11,000 12,000 12,000 10,000 11,000 12,000 13,000
2003 14,000 15,800 14,500 13,500 12,500 13,500 14,000 13,000 12,000 11,500 13,000 14,500
2004 15,000 17,500 16,800 14,500 13,500 14,000 14,500 14,500 14,000 13,500 14,000 15,000
2005 17,000 18,500 17,500 17,500 15,500 17,000 18,000 17,000 16,500 15,000 15,500 17,000
2006 18,000 19,500 18,500 18,500 17,000 18,000 20,000 18,000 17,500 16,000 18,000 19,000
38,000 30,000
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Fig. 10. Demand forecasting of product A.
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Fig. 12. Demand forecasting of product C.
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Fig. 13. Demand forecasting of product D.
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Table 6. Absolute average error of products

ol

RS - olok

Table 10. Equipment cost for example

product
A B C D
MSE

Moving average 249,423 8,216,203 30,002,395 15,166,170
Exponential smoothing 698,535 17,700,864 784,954,140 218,792,920
Brown’s method 561,313 10,188,333 796,983,413 214,154,489
Winter’smethod 1,710,445 6,068,442 17,206,397 7,831,228

Table 7. Decision coefficient of products

product
. A B C D
decision coeff.
decision coeff. (R) 0.9986 0.9541 0.9733 0.9825

AL, A R A (9)lM e} 2o AAlgkat AISHte] AlolE
AR} A= s ZlolH

Equipment cost

Unit 1
Unit 2
Unit 3
Unit 4

250,000 (V°9)
350,000 (V*6)
400,000 (V°9)
600,000 (V*9)

AEE A5} AR 2fol= Fig. 10~133} 2t}

7} Aol 08 A BEeds T

M ARt o] S
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D= 74 YEIAES Agsto]
A 752 Table 78 2}, 18]a1 o5

Table 62} 211 |5 &

A A olFEE, Al B, C,

FoE A5 10
Z4l 70%e) EAE Fa

e A%
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# Table 82} 2t}
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Table 13. Batch size and confidence interval of products

ZT:(e,)z Batch size Confidence interval
MSE = =1 s o= AAZE - A=k (38) Product A 1,592 kg 1,454 < m < 1,731
T Product B 1,418 kg 1424 < m < 1,582
R=1- ?/ISE s a= ARk — ATk (39) Product C 1,194 kg 1,090 < m < 1,299
2 Product D 1,503 kg 1424< m < 1582
Zl(a,) d :
Table 8. Fi;ml demand forecasting amount of products
(unit : kg/month)
month
2 3 4 5 6 7 8 9 10 11 12
product
A 36,029 37,654 36,149 34,080 29,985 26,632 27,883 32,846 29,983 29,560 29,316 28,309
B 17,875 23,994 20,060 20,662 18,101 17,731 16,121 25,765 19,216 18,954 15,211 13,904
C 19,289 26,162 19,393 10,524 7,841 11,197 14,002 20,952 13,769 10,309 7,519 10,575
D 19,738 21,997 20,731 19,857 17,963 19,213 20,744 19,438 18,353 17,442 19,097 20,543
Table 9. Processing time and equipment size factor of products
Processing time Size factor
Unit 1 Unit 2 Unit 3 Unit 4 Unit 1 Unit 2 Unit 3 Unit 4
A 13 8 4 4 3 3 3
B 5 6 12 7 3 4 3 3
C 5 4 9 2 3 3 3 4
D 6 15 12 8 3 3 4 3
Table 11. Equipment size for example
(unit : L)
month
. 2 3 4 5 6 7 8 9 10 11 12
unit
Ul 7,324 8,492 7,452 6,263 5,430 5,522 5,953 7,351 6,049 5,593 5,380 5,635
U2 5,655 7,229 6,168 6,023 5,263 5,217 5,008 7,272 5,648 5,472 4,661 4,450
U3 6,363 7,241 6,659 3,213 5,430 5,522 5,953 6,449 5,804 5,494 5,380 5,635
U 4 5,493 6,369 5,589 4,697 4,072 4,141 4,465 5,513 4,536 4,194 4,035 4,226
Table 12. Batch size of products
(unit : kg)
month
. 1 2 3 4 5 6 7 8 9 10 11 12
unit
A 1,831 2,123 1,863 1,565 1,357 1,380 1,488 1,837 1,512 1,398 1,345 1,408
B 1,413 1,807 1,542 1,505 1,315 1,304 1,252 1,818 1,412 1,368 1,165 1,112
C 1,373 1,592 1,397 1,174 1,018 1,035 1,116 1,378 1,134 1,048 1,008 1,045
D 1,590 1,810 1,664 1,553 1,357 1,380 1,488 1,612 1,451 1,373 1,345 1,408

3|55t H46H H|2S 20084 48



P2 3] 23k sshiglelke] Furke ] el 327
Table 14. Product price for example
(unit : W/kg)
Month
Product 1 2 3 4 5 6 7 8 9 10 11 12
A 1,354 1,263 1,347 1,470 1,745 2,012 1,907 1,547 1,745 1,777 1,796 1,874
B 2,169 1,459 1,879 1,811 1,239 2,188 2,434 1,300 1,990 2,025 2,577 2,812
C 1,404 761 1,390 3,066 3,891 2,894 2,252 1,211 2,300 3,121 3,994 3,053
D 921 712 825 907 1,132 983 824 957 1,085 1,196 997 842
Table 15. An output of products
(unit : kg/month)
Month
Product 1 2 3 4 5 6 7 8 9 10 11 12
A 38,190 39,246 37,855 37,511 36,524 32,944 33,759 33,832 33,850 33,445 38,300 32,574
B 20,944 25,000 21,134 24,021 24989 22982 21,850 26,771 24910 25,041 20,445 19,786
C 21,407 26,887 20,772 12,514 12,959 16,300 17,570 21,748 18,105 15,739 11,855 17,583
D 21,615 23248 21,890 23,998 24,441 24972 25,050 20,009 23,524 23,7790 26,218 27,407
Table 16. Batches of products
(unit : Batches)
Month
Product 1 2 3 4 5 6 7 8 9 10 11 12
A 20 21 20 20 19 17 18 18 18 18 20 17
B 12 19 12 14 15 13 13 16 15 15 12 12
C 15 13 15 9 9 11 12 15 13 11 8 12
D 12 13 12 13 13 14 14 11 13 13 14 15
99 AF7H2 Table 149} 2t} 3t AlF BaaE 50 Ykg, $
st
customer O_']:_E[L 200 ol/kg ﬂtﬂ _L]_UH 7],4 o 130%0 ]U;‘1 7]— Ag}\]-/\]ﬂ—__
raw distribution
material |~ center N 720}\] Z_}O]E]'
/\l storage H factory [\ /\‘ customerl o])\ol—g] FQE 3]—0% 74]/\]—01-11] Table 15, 16—L} 71—0] Jlﬂeﬂ ;ﬂl%
raw /

material

distribution
center

Ak A Al 3ETE T

tﬂ— = Oh;].

customer

Fig. 14. The SCM model for example.
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Table 18. Management cost of warehouses
(unit : W/kg)
Supply center B

Supply center A

719} AT Table 139 7}, Product A 50 30
oA ool tigt H2e) FFRS AP Slaid AFH Product B i %
AFR, SlokE, W] 715 Sl 97E RS Eal 7] procuet - i i
At} o714 ARE7H S BaE Fall ARteil o, 7 AlEe]
Table 17. Actual demand amount for example
(unit : kg)
Customer A Customer B Customer C
Product A 12,000 10,000 10,000
Product B 7,000 5,000 5,000
Product C 6,000 4,000 4,000
Product D 6,000 4,000 4,000
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Table 19. Raw material price by a supplier

(unit : W/kg)
Supply center A Supply center B
Product A 500 600
Product B 700 800
Product C 700 800
Product D 300 400

Table 20. Charge cost of central distributions center
(unit : W/kg)
Supply center B

Supply center A

Product A 50 70
Product B 70 50
Product C 50 50
Product D 50 50

Table 21. Transportation cost from distribution center to a consumer
(unit : W/kg)
Distribution center B

Distribution center A

Customer A 30 40

Customer B 40 40

Customer C 50 30
Product A B.543
Product ©: 5,108

Product C:4a514
Product © - 3.830

Product A :B,152
Product 8 ¢ 4861

Product A : 37,040 Product A : 2,700 Product C:4.522

Product @ : 19,956 - 1.498 Product 0" 3.702
Product ¢ 18,124

Product © © 14,244 Product A:7.141

Product 8 : 3.854

Product C:3.514

Product © : 2.699

storage H factory customer Product A: 7,152

raw Product A:3.623  Product A : 50.058 Product @ : 3.861

material Product C - 3.522

Product & : 2,089 Product 6 : 26,083
Product A : 16641 Product ¢ :1.985  Product ¢: 26,813  Product A:1.92¢
Product 8: 11,225 Product © - 1.658 Product n:21.415  Product A : 2,085
Product C @ 10,644 Product C - 1,659
Product D : 8.730 Product D : 1,516

Product D : 2.702

Product A : 6,738
Product & : 3,599
Product ¢ : 3229
Product 1 2 547
Product A : 7.702
Product 8 :4.208
Product G: 2811
Product © : 2882

Fig. 15. SCM production planning including batch processes with
UIS.
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Fig. 16. Production scheduling in multiproduct batch processes with
UIS (complete time : 721 hours).
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: total demand of product i in period t
: alteration coefficient

: total amount of forecast product i in period t

factory to
warehouse k in period t

: end time of i th sequence in unit j

: penalty coefficient

: forecast demand of real time

: forecast demand of calculation

: cost of transportation of product i in period t

: transportation quantity of product i from warehouse k to

customer c in period t

: planning horizon
: start inventory of product i in period t
: end inventory of product i in period t

: transportation quantity of material k from supplies to factory

in period t

: management cost of warehouse of product i in period t
: average demand in period t

: number of period

: number of batch of product i in period t

: cost of product i in period t

: average of past cost of product i in period t

: purchasing cost of material k

: penalty of product i

: total amount of real time product i in period t

: average of past total amount product i in period t
: sales volume of product i in period t

: minimum sales volume of product i in period t

: maximum sales volume of product i in period t

: inventory holding cost of product i in period t

: inventory of product i in period t

: delay of the time limit at product i in period t

: start time of I th sequence in unit j

: cycle time of product i

: point of forecast time

: processing time of product i in unit j

: size of unit j

: X,= 1 if the is in the range and otherwise, X;,= 0

: X, =1 if supply product k selects consumer ¢ and otherwise,

Xu=0

: X4= 1 if supply product k selects warehouse d and otherwise,

X4=0

: if select of warehouse k of product i in period t otherwise,

Xi=0

: tendency line value in forecast time
: cost of purchasing
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10.

11.

12.

13.

14.

: exponent of smooth coefficient

: maximum cost of purchasing coefficient

: minimum inventory cost

: maximum inventory cost

: inventory holding quantity

: space time in batch of product i in period t
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