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Wanvipa Seraneevijaikitkhan 2007: Production Efficiency Improvement by Using Computer
Simulation Models: A Case Study in Roasted and Ground Coffee Plant. Master of Science (Agro-
Industry Technology Management), Major Field: Agro-Industry Technology Management,
Department of Agro-Industry Technology. Thesis Advisor: Mrs. Parthana Parthanadee, Ph.D.

106 pages.

Roasted and ground coffee industry has grown very rapidly during the past decade and become one
of the highly competitive businesses in Thailand. Despite numerous coffee importers and international
franchises, the number of domestic coffee plants has increased to sixty in 2006. To be viable in this business,

the domestic manufacturers need to reduce costs and improve their production efficiency.

In this study, the production system of a small roasted and ground coffee plant was investigated
using computer simulation technique. Computer simulation model served as a decision support tool for
comparing the current production system to three alternatives for capacity planning, which were 1)
determining optimal workforce levels for various future demand scenarios, 2) increasing the workforce level
and changing the working schedules of the workers at some operations, and 3) replacing bottleneck manual
operations with a small-scale automatic machine that could significantly improve both the productivity and
quality of the produced coffee beans. The cost and performance measures of all the three alternatives were

analyzed and compared.

The comparisons of model output between three alternatives showed that investing in the automatic
sorting machine to replace sorting workers at the bottleneck operation was the best choice. It could
completely eliminate the number of overtime hours, and the average number of working hours per day at the
sorting operation was reduced to 3.36 hours. For the economic analysis, when the annual demands had
continuous increasing pattern at 20% per year with a discounted rate of 8%, the discounted payback periods
for capital investment on the automatic sorting machine were 23 months if compared with increasing
workforce at the sorting operation, and 29 months if compared with changing the working schedules of the

workers at sorting and packing operation.

Student’s signature Thesis Advisor’s signature
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Distribution Summary

Distribution: Empirical

Expression: CONT or DISC (0.000,
.027,
054,
.081, 0.937,
.216, . 186,

0.130,
1}
i}
i}
1
432, 1.435,
1
1
&
&
2

.439,
.688E,

L676, 1.684,
784, 1.933,
.919, z.18z,
946, 2.431,
946, Z2.680)
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0
0
0
0
0
0
0
0
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nanilFlumsusy Soazad Soyazadaz ey
(u1ﬁ@]‘ﬂﬁiaﬂ§l§\l) Probability Distribution Function (PDF)  Cumulative Distribution Function (CDF)
x <0.190 0.0 0.0
0.190 <x<0.439 2.7 2.7
0.439 <x<0.688 2.7 54
0.688 <x<0.937 2.7 8.1

0.937<x<1.186 13.5 21.6
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il lumsussy Sovazaui ZovazANuddzey
(mﬁ@iaﬁiaﬂi"n) Probability Distribution Function (PDF)  Cumulative Distribution Function (CDF)
1.186 <x<1.435 21.6 43.2
1.435 <x<1.684 24.4 67.6
1.684 <x<1.933 10.8 78.4
1.933 <x<2.182 13.5 91.9
2.182 <x <2431 2.7 94.6

2431 <x<2.680 5.4 100.0
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- fiufesim CONT (0.000, 60.000, 0.014, 87.500, 0.014, 115.000, 0.041, 142.500, 0.055, Alansudenss
170.000, 0.096, 197.500, 0.397, 225.000, 0.452, 252.500, 0.479, 280.000, 0.726,
307.500, 0.740, 335.000, 0.740, 362.500, 0.740, 390.000, 0.753, 417.500, 0.781,
445.000, 0.808, 472.500, 0.808, 500.000, 0.863, 527.500, 0.863, 555.000, 0.877,
582.500, 1, 610.000)

- g Istfad CONT (0.000, 67.000, 0.028, 101.100, 0.028, 135.200, 0.028, 169.300, 0.028, Alansudenss
203.400, 0.028, 237.500, 0.056, 271.600, 0.139, 305.700, 0.514, 339.800, 0.569,
373.900, 0.569, 408.000, 0.569, 442.100, 0.583, 476.200, 0.653, 510.300, 0.764,
544.400, 0.931, 578.500, 0.972, 612.600, 0.972, 646.700, 0.972, 680.800, 0.972,
714.900, 1, 749.000)

a1 lumsfavna

- fugesiim CONT (0.000, 0.002, 0.082, 0.013, 0.753, 0.024, 0.945, 0.035, 0.959, 0.046, 0.959,  W1NavN lansy
0.057, 0.973, 0.068, 0.986, 0.079, 1, 0.09)

- Wug Isifad CONT (0.000, 0.004, 0.042, 0.009, 0.486, 0.015, 0.708, 0.020, 0.889, 0.026, 0.931, UGN Iansy

0.031, 0.972, 0.037, 0.986, 0.042, 1, 0.048)
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ﬂ”li?éll’J 13U Batch ﬁlumsﬁawﬁmﬁwﬁ CONT (0.000, 7.500, 0.024, 8.500, 0.024, 9.500, 0.049, 10.500, 0.049, 11.500, 0.073,  Batches )

¥ia Z 12.500, 0.122, 13.500, 0.171, 14.500, 0.220, 15.500, 0.244, 16.500, 0.244, 17.500, ﬁ”ﬂmﬁ

0.317, 18.500, 0.317, 19.500, 0.415, 20.500, 0.463, 21.500, 0.512, 22.500, 0.561,
23.500, 0.634, 24.500, 0.634, 25.500, 0.707, 26.500, 0.732, 27.500, 0.780, 28.500,
0.829, 29.500, 0.854, 30.500, 0.878, 31.500, 0.878, 32.500, 0.878, 33.500, 0.878,
34.500, 0.878, 35.500, 0.878, 36.500, 0.878, 37.500, 0.902, 38.500, 0.902, 39.500,
0.902, 40.500, 0.902, 41.500, 0.902, 42.500, 0.902, 43.500, 0.902, 44.500, 0.902,
45.500, 0.902, 46.500, 0.902, 47.500, 0.902, 48.500, 0.902, 49.500, 0.902, 50.500,
0.902, 51.500, 0.902, 52.500, 0.902, 53.500, 0.902, 54.500, 0.902, 55.500, 0.902,
56.500, 0.902, 57.500, 0.902, 58.500, 0.902, 59.500, 0.902, 60.500, 0.902, 61.500,
0.902, 62.500, 0.902, 63.500, 0.902, 64.500, 0.927, 65.500, 0.927, 66.500, 0.927,
67.500, 0.927, 68.500, 0.927, 69.500, 0.927, 70.500, 0.927, 71.500, 0.951, 72.500,
0.951, 73.500, 0.951, 74.500, 0.951, 75.500, 0.951, 76.500, 0.951, 77.500, 0.951,
78.500, 0.951, 79.500, 0.951, 80.500, 0.951, 81.500, 0.951, 82.500, 0.951, 83.500,
0.951, 84.500, 0.951, 85.500, 0.951, 86.500, 0.951, 87.500, 0.976, 88.500, 0.976,
89.500, 1, 90.500)

9L



MS1INUINT N2 (AD)

S
I1YaTIoYn

o : Iz
ANHULMTUINLAIANNUIITTY

1e

msAauendantasu

TasA31INOUVIIY

3 Y
MIVIIYPAFIINID

Ry
naaIeanuniean 1 1¥lums
Ananf N

a I ) o a
Usamaanuldmsunan

a o d a o o
NAANUNYHA Z HaINI5A7

9 S o
$osazvonimiinmwananium
dmsunaaraasuTwia T 1l

HAINITA (% Yield)

a1 lumsdauends
wilanilaenlasns1neussy

H " v
nalFlumsussquazsaimiin
nanfuAsie T

g 9 g d o
a1y lumsvssquazaingin

a o Jd a

WAANUNTUA Z

< @

- HUVNAAUUIAUTIY 250 NT

CONT (0.000, 0.750, 0.001, 0.774, 0.011, 0.798, 0.186, 0.822, 0.245, 0.846, 0.671,
0.870, 0.748, 0.894, 0.937, 0.918, 0.989, 0.942, 0.998, 0.966, 1, 0.990)

CONT (0.000, 15.000, 0.011, 15.339, 0.040, 15.678, 0.212, 16.017, 0.925, 16.356,
0.988, 16.695, 0.999, 17.034, 0.999, 17.373, 0.999, 17.712, 0.999, 18.051, 1, 18.390)
CONT (0.000, 75.000, 0.001, 75.800, 0.010, 76.600, 0.034, 77.400, 0.039, 78.200,
0.047, 79.000, 0.096, 79.800, 0.599, 80.600, 0.908, 81.400, 0.940, 82.200, 0.976,
83.000, 0.996, 83.800, 0.999, 84.600, 0.999, 85.400, 0.999, 86.200, 0.999, 87.000,
0.999, 87.800, 0.999, 88.600, 0.999, 89.400, 0.999, 90.200, 1, 91.000)

CONT (0.000, 0.000, 0.643, 0.364, 0.912, 0.728, 0.953, 1.092, 0.980, 1.456, 0.986,
1.820, 0.988, 2.184, 0.994, 2.548, 0.998, 2.912, 0.999, 3.276, 1, 3.640)

CONT (0.000, 0.080, 0.022, 0.631, 0.065, 1.182, 0.843, 1.733, 0.880, 2.284, 0.946,
2.835, 0.967, 3.386, 0.978, 3.937, 0.989, 4.488, 0.989, 5.039, 1, 5.590)

CONT (0.000, 0.190, 0.027, 0.439, 0.054, 0.688, 0.081, 0.937, 0.216, 1.186, 0.432,
1.435,0.676, 1.684, 0.784, 1.933, 0.919, 2.182, 0.946, 2.431, 1, 2.680)
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- LUINAAVUIATITTY 400 DT CONT (0.000, 0.120, 0.000, 0.264, 0.006, 0.408, 0.018, 0.552, 0.136, 0.696, 0.367,  w1fiApN lansu
0.840, 0.663, 0.984, 0.799, 1.128, 0.905, 1.272, 0.935, 1.416, 0.941, 1.560, 0.970,
1.704, 0.970, 1.848, 0.976, 1.992, 0.976, 2.136, 0.988, 2.280, 0.988, 2.424, 0.994,
2.568,0.994, 2.712, 0.994, 2.856, 1, 3.000)

- LUNAAVUIATTTY 500 T CONT (0.000, 0.000, 0.000, 0.183, 0.028, 0.365, 0.310, 0.547, 0.677, 0.730,0.872,  W1iiAen laniy
0.912,0.951, 1.095, 0.971, 1.277, 0.981, 1.460, 0.987, 1.643, 0.992, 1.825, 0.997,
2.008, 0.997, 2.190, 0.997, 2.373, 0.999, 2.555, 0.999, 2.738, 0.999, 2.920, 0.999,

3.103, 0.999, 3.285, 1.000, 3.468, 1.000, 3.650)

- HUUUAYUIADITTY T DTN CONT (0.000, 6.110, 0.071, 6.678, 0.071, 7.246, 0.143, 7.814, 0.286, 8.382,0.429,  w1fisionlansu
8.950, 0.643, 9.518, 0.714, 10.086, 0.857, 10.654, 0.929, 11.222, 1, 11.790)

- LUVUAVUIAYITY 14 NN CONT (0.000, 2.000, 0.037, 3.400, 0.370, 4.800, 0.667, 6.200, 0.815, 7.600, 0.926,  WN¢on lansy
9.000, 0.963, 10.400, 0.963, 11.800, 0.963, 13.200, 0.963, 14.600, 1, 16.000)

- UVVAVUIAVITY 100 DT 1.47 +2.53 * BETA (0.233, 0.0594) winaenlansy

- HDVUAYUIAVTT] 250 N5 CONT (0.000, 0.080, 0.022, 0.631, 0.065, 1.182, 0.843, 1.733, 0.880, 2.284,0.946,  w1iiAon laniu

2.835,0.967, 3.386, 0.978, 3.937, 0.989, 4.488, 0.989, 5.039, 1, 5.590)
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Hansuaiwtia Z

- YUIAUTIY 7 NS CONT (0.000, 2.000, 0.143, 2.714, 0.214, 3.429, 0.286, 4.143, 0.429, 4.857, 0.429, Wi lansu
5.571, 0.643, 6.286, 0.643, 7.000, 0.643, 7.714, 0.786, 8.429, 0.786, 9.143, 0.857,
9.857,0.857, 10.571,0.929, 11.286, 1, 12.000)

- YUIAVITY 14 NN 1+ WEIB (3.22, 1.3) winaen lansu

- YUIAVTIY 100 NTY 0.02 + LOGN (2.56, 2.55) winaen lansu

- YUINUTIY 250 nsu CONT (0.000, 0.000, 0.033, 0.225, 0.537, 0.450, 0.837, 0.675, 0.943, 0.900, 0.976, WA lansu
1.125,0.976, 1.350,0.976, 1.575, 0.984, 1.800, 0.992, 2.025, 1, 2.250)

- VUIAUTIY 400 nsu CONT (0.000, 0.040, 0.006, 0.201, 0.432, 0.362, 0.805, 0.523, 0.876, 0.684, 0.935, wiaen lansu
0.845,0.953, 1.005, 0.976, 1.166, 0.982, 1.327, 0.988, 1.488, 0.994, 1.649, 1, 1.810)

- YUIAUTTY 500 nsu CONT (0.000, 0.000, 0.112, 0.214, 0.749, 0.429, 0.918, 0.643, 0.962, 0.857, 0.981, winaen lansu

1.071, 0.990, 1.286, 0.991, 1.500, 0.992, 1.714, 0.994, 1.929, 0.999, 2.143, 0.999,

2.357,0.999, 2.571, 0.999, 2.786, 1, 3.000)
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1.1 MynadeumsanyuzmstanuawuUlnavesyadiodian lannmsiauves

P FATRINER!

AVUATIY H,: #198191191n52mnsnumMsunuauulnd
v 1 " v § a
H : #0619 i Idunaniszmnshlimsuanuauuilng

o

HAYINMINATOUANNATIUAIIT Kolmogorov-Smirnov Test Nszautivdsiay 0.05

] Y { 1 Y ] A
TagTilsunsuduiagal SPSS 12.0 aenmmuand al aansaazyd1dn gadaedrdoyan lanin

MIMINUVDITZVVITININYTLHINTNUMTUINLILUVLNA (P-Value = 0.066)

Tests of Normality

Kolmogorov—Smirnova Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Result from real system .254 10 .066 .894 10 .189

a. Lilliefors Significance Correction

Normal Q-Q Plot of Result from real system
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LUV

AUUAFIY H,: 179819119101 525n3nimsuanuauulng
H : a10619 1 1duandszmnshiimsunusanuilng
HAIINNINATOUANNATINAI83T Kolmogorov-Smirnov Test Nszaviod Ay 0.05
o < [ : 1 o 1 {
TaoTsunsudu5egal SPSS 12.0 danmwwuani a2 aunsaagl1an gadrededoyain lden

M3szulanaveuUIIanININlsENINUMILINLIUVLNA (P-Value = 0.200)

Tests of Normality

Kolmogorov-Smirnova Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Result from model 192 10 .200* .885 10 .147

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

Normal Q-Q Plot of Result from model
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Value = 0.109)

Group Statistics

Std. Error

System Mean Std. Deviation Mean
Roasting worker  Real system 10 24.0340 1.91075 .60423
utilization Simulation model 10 | 25.4850 1.93520 61196

Independent Samples Test

[

a1y 0.05 (P-

Levene's Test for
Equality of Variances

t-test for Equality of Means

95% Confidence
Interval of the

Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) | Difference | Difference Lower Upper
Roasting worker  Equal variances
utilization assumed 489 493 -1.687 18 .109 -1.45100 .86000 -3.25779 .35579
Equal variances
not assumed -1.687 17.997 .109 -1.45100 .86000 -3.25781 .35581
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MmN a1 yamilgiugnivesaildare (Npv) vesmsilSuljalszaniamuuang

d' d‘ 4 a [ d a d‘ ] 1T A
11 Weglasdvenansunria Z nlasunlaalurie 5%-20% aoll

[ A I = [ a =1 =
aotlpuiluszezna 51 uazoasinaaaved Insemsumsalasunilag

11929 6%-10% 901

gilasfueq yamilagiiugnivesarldie (um)

HanfuRYia Z 1=6% 1=7% i=8% 1i=9% 1=10%
aand 20% 6,152,951 5,996,262 5,845,984 5,701,778 5,563,325
aand 15% 6,424,125 6,259,998 6,102,573 5,951,496 5,806,436
afad 10% 7,035,485 6,852,477 6,677,009 6,508,681 6,347,119
AN 5% 7,593,494 7,393,000 7,200,837 7,016,560 6,839,753
ﬂ\i‘ﬁ 8,029,134 7,813,012 7,605,963 7,407,500 7,217,166
Lﬁllﬁﬁu 5% 9,100,810 8,849,793 8,609,438 8,379,169 8,158,446
Lﬁﬂﬁldj’u 10% 10,057,405 9,774,648 9,504,006 9,244,819 8,996,473
Lﬁll"'ﬁlu 15% 10,869,783 10,556,878 10,257,549 9,971,054 9,696,696
!.‘ﬁliJ‘Tleu 20% 11,853,779 11,507,306 11,175,972 10,858,947 10,555,450
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ms1eeuInh 92 yamilgiugnivesaildare (NPv) vesmsilSudjalszaniamuuang

=

d' o a [ d a d‘ ] L=
12 Weglasdvenansunria Z nlasunlaalurie 5%-20% avll

[ A I = [ a =1 =
aotlpuiluszezna 51 uazoasinaaaved Insemsumsalasunilag

11929 6%-10% 901

gilasfueq yamilagiiugnivesarldie (um)

HanfuRYia Z 1=6% 1=7% i=8% 1i=9% 1=10%
aand 20% 4,947,690 4,821,849 4,701,141 4,585,296 4,474,058
aand 15% 5,300,438 5,164,964 5,035,030 4,910,344 4,790,690
afad 10% 5,714,415 5,564,552 5,420,898 5,283,120 5,150,909
aAad 5% 6,215,219 6,050,537 5,892,712 5,741,377 5,596,189
ﬂ\i‘ﬁ 6,574,062 6,396,612 6,226,619 6,063,681 5,907,422
Lﬁllﬁﬁu 5% 7,293,036 7,092,483 6,900,438 6,716,441 6,540,061
Lﬁﬂﬁldj’u 10% 7,834,578 7,614,218 7,403,310 7,201,339 7,007,823
Lﬁll"'ﬁlu 15% 8,606,267 8,417,091 8,178,734 7,950,603 7,732,144
Lﬁﬂﬁu 20% 9,573,513 9,292,621 9,024,029 8,767,058 8,521,076
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MmN 93 yamilgiugnivesaildare (Npv) vesmsilSudjalszaniamuuang

d' d‘ 4 a [ d a d‘ ] 1T A
13 Weglasdvendansunria Z nlasunlaaluri 5%-20% aell

[ A I = [ a =1 =
aotlpuiluszezna 51 uazoasinaaaved Insemsumsalasunilag

11929 6%-10% 901

gilasfueq yamilagiiugnivesarldie (um)

HanfuRYia Z 1=6% 1=7% i=8% 1i=9% 1=10%
aand 20% 4,787,952 4,693,791 4,603,422 4,516,631 4,433,220
aand 15% 4,787,996 4,693,833 4,603,462 4,516,670 4,433,257
afad 10% 4,788,046 4,693,882 4,603,509 4,516,714 4,433,300
AN 5% 4,788,104 4,693,937 4,603,562 4,516,765 4,433,348
ﬂ\?‘ﬁ 4,788,170 4,694,000 4,603,622 4,516,823 4,433,404
L“I/Q\illﬁﬁu 5% 4,788,245 4,694,072 4,603,691 4,516,889 4,433,468
Lﬁﬂﬁldj’u 10% 4,788,331 4,694,154 4,603,770 4,516,964 4,433,540
Lﬁh"’ﬁlu 15% 4,788,429 4,694,248 4,603,859 4,517,050 4,433,621
L‘ﬁlwﬁu 20% 4,788,539 4,694,353 4,603,960 4,517,146 4,433,713
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