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A Dynamic Lot Sizing Model with Stochastic Lead Time: A Case Study of Coal

in the Cement Industry

Nirachon Wachum™*! Kannapha Amaruchkul?
Graduate School of Applied Statistics, National Institute of Development Administration

118 Serithai, Bangkapi, Bangkok 10240

Abstract

The objective of this research was to find a suitable inventory policy regarding coal in the cement
industry. The order quantities were found by solving the dynamic lot sizing model, which incorporateds
time-varying coal prices. Historical prices reveal a decline trend; hence, prices are forecasted using double
exponential smoothing (Holt’s method). Coal transportation consists of three parts,; namely 1) sea freight
by Supramax, 2) local water freight by lighter; and 3) inland transportation by truck. The lead time was
stochastic; thus, safety stock was needed based on a pre-specified 99.99% service level. The associated
safety stock was 50,009.83 tons, and the reorder point was 111,693.18 tons. If this policy were to have been
implemented in the previous year (2015), the saving would have been 372,852,309.64 THB, or the company

would have saved 22.01% of the total cost.

Keywords: Dynamic lot sizing model, safety stock, inventory optimization
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4.2.2 alganglunisiansasduai
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aflunsvudnenigluneafiu Argaywmeserinenisuu
18 wagAunuRUNY Aiefeuarvesaldingdelves
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fe hy = 0.64p, ewsiiwes py Wusaand
TavinswensalaieIsnsves Holt Tute 4.1
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) 19
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(Safety stock)

A1RUALALTTEAUNITIAUSNISN 99.99%

a o
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#ouilas (Continuous process) U3ENNsdANw1T9ld
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S282IAIN15TUAIAUAIVD IS SEULLUUﬁy’aL%a

Supramax (38 Lighter Lag3aussyn TiuA1Rasa1
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wmsgIuegTl 117.80 Halus ¥1Msm519d0U Goodness
of fit test Iaeld Shapiro-Wilk test @1%15UNITHANKAS
Unfazlden  Pvalue 71 0.3514 w3old Kolmogorov-
Smimoff naaauaNNAgiu Null hypothesis i Sﬁayja
58201811 INTLANWAUUUNAAT  Mean iy
540.35 4l TeuToauuamsgiuegi 117.80 alug
avlé Pvalue 7 0.5332 (A1 P-value WA nuadwsly
TUsunsu Rlneldd1ds shapiro.test uas
ks . test mudwiu) Lifndngruiisswefiazufieas
Null hypothesis 3152 8£1381143N1ALUY Normal
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Lﬁmmummgmmuﬁ
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4.4 #3190 UUN1SIUAUSHMNSEIYaaNz dx

fa875uuunNadn (Dynamic lot sizing)
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Input Solver Cost Result (THB)
. Begin Demand | Order arrive |Set up cost s Omum_ Q.um_ bCing . Endigd .
week inventory (Tons) (Tons) (THB) cost Price price cost Shipment Q* u Du
(Tons) (THB) | (USD) | (THB) | (THB)

1 120000.00 19230.77 o] 250 10877464| 35.63 1282.81 15.79 100769.23 1 52500 1 1000000 250 10877464 1590993.36 67347750.97 79,816,458.33
2 100769.23 19230.77 0 250 10877464| 35.57 1280.61 15.76 81538.46 0 0 0 0 0 0 1285151.92 0 1,285,151.92
3 81538.46 19230.77 0 250 10877464| 35.51 1278.40 15.73 62307.69 0 0 0 0 0 0 980356.11 0 980,356.11
4 62307.69 19230.77 52500 250 10877464| 35.45 1276.19 15.71 95576.92 1 52500 1 1000000 250 10877464 1501219.44 66999846.52 79,378,779.96
5 95576.92 19230.77 o] 250 10877464| 35.39 1273.98 15.68 76346.15 0 0 0 0 0 0 1197087.62 0 1,197,087.62
6 76346.15 19230.77 0 250 10877464| 35.33 1271.77 15.65 57115.38 0 0 0 0 0 0 894001.44 0 894,001.44
7 57115.38 19230.77 52500 250 10877464| 35.27 1269.56 15.63 90384.62 1 52500 1 1000000 250 10877464 1412292.49 66651942.08 78,941,948.57
8 90384.62 19230.77 0 250 10877464| 35.20 1267.35 15.60 71153.85 0 0 0 0 0 0 1109870.29 0 1,109,870.29
9 71153.85 19230.77 0 250 10877464| 35.14 1265.14 15.57 51923.08 1 52500 1 1000000 250 10877464 808493.73 66420005.78 78,106,213.51
10 51923.08 19230.77 52500 250 10877464| 35.08 1262.93 15.54 85192.31 0 0 0 0 0 o] 1324212.51 0 1,324,212.51
11 85192.31 19230.77 o] 250 10877464| 35.02 1260.73 15.52 65961.54 0 0 0 0 0 o] 1023499.93 0 1,023,499.93
12 65961.54 19230.77 52500 250 10877464| 34.96 1258.52 15.49 99230.77 1 52500 1 1000000 250 10877464 1537028.09 66072101.33 78,486,843.42
13 99230.77 19230.77 o] 250 10877464| 34.90 1256.31 15.46 80000.00 0 0 0 4] 0 o] 1236979.49 0 1,236,979.49
14 80000.00 19230.77 0 250 10877464 34.27 1233.66 15.18 60769.23 0 0 0 0 0 0 922686.84 0 922,686.84
15 60769.23 19230.77 52500 250 10877464| 34.17 1229.97 15.14 94038.46 1 52500 1 1000000 250 10877464 1423558.08 64573205.75 76,874,477.83
16 94038.46 19230.77 o] 250 10877464 34.06 1226.28 15.09 74807.69 0 0 0 0 0 o] 1129044.64 0 1,129,044.64
17 74807.69 19230.77 o] 250 10877464| 33.96 1222.59 15.05 55576.92 0 0 0 0 0 0 836277.87 0 836,277.87
18 55576.92 19230.77 52500 250 10877464| 33.86 1218.90 15.00 88846.15 1 52500 1 1000000 250 10877464 1332852.31 63992056.7 76,202,623.01
19 88846.15 19230.77 o] 250 10877464| 33.76 1215.21 14.96 69615.38 0 0 0 0 0 o] 1041194.67 0 1,041,194.67
20 69615.38 19230.77 0 250 10877464| 33.65 1211.52 14.91 50384.62 1 52500 1 1000000 250 10877464 751283.70 63604624 75,233,621.70
21 50384.62 19230.77 52500 250 10877464| 33.55 1207.83 14.87 83653.85 0 0 0 0 0 0 1243561.33 0 1,243,561.33
22 83653.85 19230.77 o] 250 10877464| 33.45 1204.14 14.82 64423.08 0 0 0 o] 0 o] 954759.50 0 954,759.50
23 64423.08 19230.77 52500 250 10877464| 33.35 1200.45 14.77 97692.31 1 52500 1 1000000 250 10877464 1443377.87 63023474.95 75,344,566.81
24 97692.31 19230.77 0 250 10877464| 33.24 1196.76 14.73 78461.54 0 0 0 0 0 0 1155685.16 0 1,155,685.16
25 78461.54 19230.77 o] 250 10877464| 33.14 1193.07 14.68 59230.77 0 0 0 4] 0 o] 869739.13 0 869,739.13
26 59230.77 19230.77 52500 250 10877464| 33.04 1189.38 14.64 92500.00 1 52500 1 1000000 250 10877464 1354060.69 62442325.9 74,674,100.59
27 92500.00 19230.77 0 250 10877464| 30.12 1084.17 13.34 73269.23 0 0 0 0 0 0 977674.01 0 977,674.01
28 73269.23 19230.77 o] 250 10877464| 29.85 1074.43 13.22 54038.46 1 52500 1 1000000 250 10877464 714590.51 56407511.95 67,999,816.46
29 54038.46 19230.77 52500 250 10877464| 29.57 1064.69 13.10 87307.69 0 0 0 0 0 0 1144070.90 0 1,144,070.90
30 87307.69 19230.77 0 250 10877464| 29.30 1054.95 12.98 68076.92 0 0 0 0 0 0 883914.35 0 883,914.35
31 68076.92 19230.77 52500 250 10877464| 29.03 1045.22 12.86 101346.15 1 52500 1 1000000 250 10877464 1303738.14 54873892.89 67,055,345.02
32 101346.15 19230.77 o] 250 10877464| 28.76 1035.48 12.74 82115.38 0 0 0 0 0 0 1046508.52 0 1,046,508.52
33 82115.38 19230.77 0 250 10877464| 28.49 1025.74 12.62 62884.62 0 0 0 0 0 0 793888.26 0 793,888.26
34 62884.62 19230.77 52500 250 10877464 28.22 1016.01 12.50 96153.85 1 52500 1 1000000 250 10877464 1202373.04 53340273.83 65,420,360.86
35 96153.85 19230.77 0 250 10877464| 27.95 1006.27 12.38 76923.08 0 0 0 0 0 0 952679.72 0 952,679.72
36 76923.08 19230.77 0 250 10877464| 27.68 996.53 12.26 57692.31 0 0 0 0 0 0 707595.75 0 707,595.75
37 57692.31 19230.77 52500 250 10877464 27.41 986.79 12.15 90961.54 1 52500 1 1000000 250 10877464 1104741.51 51806654.77 63,789,110.28
38 90961.54 19230.77 o] 250 10877464 27.14 977.06 12.03 71730.77 0 0 0 0 0 0 862584.49 0 862,584.49
39 71730.77 19230.77 0 250 10877464| 26.87 967.32 11.91 52500.00 1 52500 1 1000000 250 10877464 625036.83 50784242.06 62,286,992.89
40 52500.00 19230.77 52500 250 10877464 27.79 1000.29 12.31 85769.23 0 0 0 0 0 o] 1055926.59 0 1,055,926.59
41 85769.23 19230.77 0 250 10877464| 27.60 993.75 12.23 66538.46 0 0 0 0 0 0 813813.56 0 813,813.56
42 66538.46 19230.77 52500 250 10877464 27.42 987.20 12.15 99807.69 1 52500 1 1000000 250 10877464 1212683.07 51828181.93 63,918,579.00
43 99807.69 19230.77 o] 250 10877464 27.24 980.66 12.07 80576.92 0 0 0 0 0 o] 972536.78 0 972,536.78
44 80576.92 19230.77 0 250 10877464 27.06 974.12 11.99 61346.15 0 0 0 0 0 0 735487.71 0 735,487.71
45 61346.15 19230.77 52500 250 10877464| 26.88 967.57 11.91 94615.38 1 52500 1 1000000 250 10877464 1126738.07 50797680.43 62,802,132.50
46 94615.38 19230.77 o] 250 10877464| 26.70 961.03 11.83 75384.62 0 0 0 4] 0 o] 891655.72 0 891,655.72
47 75384.62 19230.77 o] 250 10877464| 26.51 954.49 11.75 56153.85 0 0 0 0 0 0 659670.60 0 659,670.60
48 56153.85 19230.77 52500 250 10877464| 26.33 947.95 11.67 89423.08 1 52500 1 1000000 250 10877464 1043301.81 49767178.94 61,688,194.74
49 89423.08 19230.77 o] 250 10877464 26.15 941.40 11.59 70192.31 0 0 0 0 0 o] 813283.41 0 813,283.41
50 70192.31 19230.77 o] 250 10877464| 25.97 934.86 11.51 50961.54 0 0 0 0 0 0 586362.23 0 586,362.23
51 50961.54 19230.77 52500 250 10877464| 25.79 928.32 11.43 84230.77 0 0 0 0 o] 0 962374.29 0 962,374.29
52 84230.77 19230.77 o] 250 10877464| 25.60 921.77 11.34 65000.00 0 0 0 0 0 o] 737419.84 0 737,419.84

Total 1,320,821,720.65
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