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Preface

This LNEE volume contains the papers presented at the International Conference on
Industrial Engineering, Management Science and Applications (ICIMSA2015) which
was held in Tokyo, Japan on May 26-28, 2015.

ICIMSA2015 received over 350 paper submissions from various countries. After a
rigorous peer-review process, 114 full-length papers were accepted for presentation at
the conference. This is intended for maintaining the high standards of the conference
proceedings.

The conference is intended to bring together the researchers and technologists work-
ing in different aspects of Industrial Engineering, Management Science and Applica-
tions. In addition to the contributed papers, internationally known experts from several
countries were invited to deliver Keynote speeches at ICIMSA2015.

Much of the credit of the success of the conference is due to the topic coordina-
tors who have devoted their expertise and experience in promoting and in general co-
ordination of the activities for the organization and operation of the conference. The
coordinators of various session topics have devoted a considerable time and energy in
soliciting papers from relevant researchers for presentation at the conference. The Ses-
sion Chairs of the different session played important role in conducting the proceedings
of the session in a timely and efficient manner.

On behalf of the Organizing Committee, we would like to thank Springer LNEE for
publishing the proceedings of ICIMSA2015. We also would like to express our sincere
and grateful thanks to our Program Committee and Reviewers for providing extra help
in the review process. The quality of a refereed volume depends mainly on the expertise
and dedication of the reviewers.

Our sincere thanks to the Institute of Creative Advanced Technology, Engineering
and Science (iCatse) for designing the conference web page and also spending count-
less days in preparing the final conference program in time for printing. We would also
like to thank the ICIMSA2015 Secretariat and Staff for arranging a large number of the
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invitation letters and assisting in the various stages of the editorial work. Finally we
would like to thank our organization committee for their several months of hard work
in sorting out manuscripts from our authors.

We look forward to seeing all of you next year at ICIMSA2016 in Korea.

Mitsuo Gen
Fuzzy Logic Systems Institute and Tokyo University of Science, Japan

Xiaoxia Huang
University of Science and Technology Beijing, China

Kuinam J. Kim
Kyonggi University, Republic of Korea

Yabe Hiroshi
Tokyo University of Science, Japan
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Abstract. PT Djambi Waras Jujuhan is one of Crumb Rubber Factory which is 
inseparable of inventory problems. It needs packaging materials for production 
process, especially in packaging process. Currently, PT Djambi Waras Jujuhan 
has the problems in controlling inventory system of packaging materials 
because of one supplier only supplying materials, variation of lead time, high 
minimum stocks of packaging materials and pile up in the storage. The aim of 
the research is to propose an inventory system of packaging materials to 
improve inventory performance considering variations of lead time. The 
inventory system we proposed consists of four steps. The first step is 
calculating Inventory Turnover (ITO) to identify how the performance level of 
the existing inventory system. The second step is determining aggregate 
planning of packaging  materials,  classifying packaging  materials using ABC 
analysis and testing  distribution of lead time. The third step is determining 
economic order quantity and order interval, safety stock and reorder point. The 
fourth step is calculating total annual inventory cost considering safety stock 
and variation of lead time. Sensitivity analysis is performed to see the effects of 
changes of input parameters to the decision variables and total inventory cost. 
Based on analysis we have done, current inventory system of packaging 
materials at PT Djambi Waras Jujuhan has not been efficient yet that we can see 
from the value of inventory turnover. From 38 types of packaging materials, 18 
types of packaging materials have the value of inventory turnover more than 1 
and 20 types have the value of inventory turnover less than 1. The inventory 
system we proposes in this paper can save 78,46% of total current inventory 
cost that is Rp.320.728.188,-. Therefore, the inventory system considering 
variation of lead time we proposed at PT Djambi Waras Jujuhan has increased 
the inventory performance. 

1 Introduction  

Inventory is one of the most important factors in logistics management. Inventory 
planning will determine the smoothness of the production process in the company. 
Deficiency or excess inventories may cause problems in the company. So, inventory 
management seeks to achieve balancing between deficiency and excess inventory in a 
period of planning that involve risks and uncertainties [2]. In addition, each company 
must be able to maintain the optimum amount of inventory so as to ensure the 
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smoothness whole operation of the company in the right quantity, right quality and 
lowest possible cost.  

Inventory problems can be influenced by several parameters such as demand, lead 
time, holding costs, ordering cost, back order costs and price, which often vary in the 
real situation. Deterministic models are not sensitive for these changes. To cope their 
variations, especially variations of lead time and demand, the probabilistic model is 
characterized by the presence of safety stock that is an important part of the company 
inventory policies. Safety stock be able to meet the demand during lead time [1,2].  

PT Djambi Waras Jujuhan is one of Crumb Rubber Factory that produces natural 
rubber balles into products such as: SIR-10, SIR-20 and SIR-20 CV. The company needs 
packaging materials for packaging process. And the company had difficulty to control the 
packaging materials inventory because the company has only one supplier, varying 
demand and lead time which varies from 1 day, 3 days, 5 days until more than 1 month, 
the packaging materials ordered the last period came periodically, minimum stock of 
packaging materials in warehouses is quite high. Because the existing inventory system 
for packaging materials in the company has not yet precise and optimal, so the packaging 
material is damaged and  pill up in warehouses. This situation happened because of the 
size specification of the packaging materials that has been holding in previous period by 
the company no longer fit the size specifications set by the consumer (buyer), so that 
situation has explained before happened and the company is loss. Figure 1, 2, and 3 
showed the variation of the finished product demand, variation of lead time, and one of 
the packaging materials inventory. 

 

Fig. 1. Graph of Product Demand (SIR) in PT Djambi Waras Jujuhan 

 

Fig. 2. Graph of Lead Time Packaging Materials in PT Djambi Waras Jujuhan 
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Fig. 3. Graph of Label Bridgestone SIR 20 Plastic Inventory 

Examples for safety stock of Label Bridgestone SIR 20 Plastic is 30,000 sheets and 
changed in October 2013 to be 7000 sheets, though this type of packaging material 
start in November 2012 until in July 2013 are not used. That type of packaging 
material used on August 28th, 2013 was 400 sheets. It was concluded that this type of 
packaging material has a lot of stock and long stored in the warehouse. As a result of 
too much storage, there are some packaging material that discarded due to damage 
such as Plastic bags SIR R 20/35 SEU damaged amount of 654 sheets or 
approximately 27.25 kg and removed from the warehouse on April 10, 2013. In 
addition, there are some packaging material have not been established safety stock to 
be provided by the company to cope with demand fluctuations or variations. For 
example: Label SMPT C 20 UG230 SIR Plastic, Red Plastic, etc. 

Consequences that must be accepted by the company because inventory system 
still doesn’t optimal or appropriate is the high inventory cost and inventory policy for 
safety stock is not accurate that will increase the risk of losses in the future.  Now, 
company management has not been too considering the consequences. Based on the 
issues that have been disclosed and supporting data of this research to be done so this 
research to improve the existing inventory system is needs by evaluate inventory 
system with considering variations of lead time, so the company can make appropriate 
planning of when order time, optimal quantity order and how much safety stock 
should be provided for a certain period to anticipate variations of lead time so that 
inventory cost can be minimized. 

2 Literature 

2.1 Inventory  

According to reference [1] inventory is a number of materials, spare-parts, work in 
process, finished goods/products or components supplied to meet consumer demand 
at all times and use an asset that is waiting in a production process. So, basically this 
inventory is intended to facilitate or expedite the process of the operation in the 
company.  
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2.1.1    Inventory Costs  
According to reference [1] the elements contained in the inventory can be divided into 
four groups, that is:  

1. Ordering Costs 
2. Inventory carrying costs/stock holding cost (%) 

According to Tersine (1994), holding costs are typically at intervals of 20-
40% of the investment companies [8]. 

3. Shortage costs/out of stock cost). 
4. Capacity associated costs  

2.1.2    ABC Analysis  
ABC Analysis is the method to classification material into group based on materials 
usage during the period of time (price per unit multiplied by the volume of material 
usage in period of time). ABC classification is using principle 80-20 or Pareto law 
which about 80% of the total inventory of material represented or represented by 20% 
of material inventory. Use of ABC analysis is to establish the engineering priority, 
purchase priority, security, recharging system (replenishment systems), and 
investment decisions and also can be applied in the company that have various types 
of inventory materials with different using value. 

2.1.3    Probabilistic Models  
This model considers all variables have values that are uncertain and one or more 
variable is a random variable. Parameters such as demand, lead time, inventory costs 
are varies in the real condition. And deterministic models are not sensitive to such 
things. The equation used to determine the total inventory cost is using equations 
Economic Order Interval (EOI)-Multiple Items. The equation is as follows: 

1. Total Inventory Cost  
ሺܶሻܥܶ  ൌ ∑ ௜ܴܲ௜ ൅ ஼ା௡௖் ൅ ்ிଶ ∑ ௜ܴܲ௜௡௜ୀଵ௡௜ୀଵ                               (1) 

 
2. Optimum Order Interval (T*) 

כܶ  ൌ ට ଶሺ஼ା௡௖ሻி ∑ ௉೔ோ೔೙೔సభ                                                           (2) 

 
3. Maximum Inventory each items (Ei) 

௜ܧ  ൌ ோ೔ே் ൅ ோ೔௅ே ൌ ோ೔ሺ்ା௅ሻே                                                    (3) 
 

where: 
Ri = Demand or requirement per item 
Pi = Purchasing cost  per item  
n  = number of items are ordered at the same time 
c  = additional ordering cost for each item  
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3 Research Methodology 

Research methodology is structured for problems can be resolved with better and 
more focused. The steps are shown in the flowchart in Figure 5. 

 

Fig. 5. Flowchart of Research Methodology  
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Fig. 5. Flowchart of Research Methodology (continue) 
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4 Results and Discussion 

4.1 Data Collection 

The data collected are as follows: 

1. Data demand of finished products in 2013 
2. Plan production in 2013 and 2014 
3. Data supplies packaging materials in 2013 
4. Component inventory cost of packaging materials 
5. Percentage of defect or damaged packaging materials 
6. Data oerder lead time of packaging materials 
7. Data purchase of packaging materials. 

 
Ordering costs of packaging material can be seen in Table 1, and transportation 

cost and PPN can be seen in Table 2, the percentage of defect packaging materials can 
be seen in Table 3, and data lead time can be seen in Table 4. 

Table 1. Ordering Costs of Packaging Materials 

 
(Source: Materials Storage and Purchasing Division of  PT Djambi Waras Jujuhan) 

Table 2. Transportation Costs of Packaging Materials 

 
(Source: Purchasing Division of  PT Djambi Waras Jujuhan) 

 
 
 
 
 
 
 
 
 
 
 
 

Number Component Cost
1 Make PR from storage and buy sheet (@Rp. 1000) 6.000Rp      
2 Make an coverring letter (3 pieces) @Rp. 1000) 3.000Rp      
3 Goods Receiving Report 6 pieces (@Rp. 1000) 6.000Rp      
4 Communication Fee via Telephone and email 30.925Rp    
5 Administration Fee 72.565Rp    
6 Goods Receiving Fee 206.360Rp  

324.850Rp  Total

Number Component Cost
1 Transportasi Cost Per Kg 600Rp              
2 Delivery Cost Per Kg 500Rp              
3 Value Added Tax (PPN) % Per Unit 10%
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Table 3. Percentage Defect of Packaging Material 

 
        (Source: Finished Product Warehouse of PT Djambi Waras Jujuhan) 

Table 4. Order Lead Time of Packaging Materials 

  
(Source: Purchasing Division of  PT Djambi Waras Jujuhan) 

Number Code Type of Packaging Material Unit Percentage (%)
1 PLS-0001 Plastic Bag SIR 10 SEUR Kg 3%
2 PLS-0002 Plastic Bag SIR 20 SEUR Kg 3%
3 PLS-0003 Plastic Bag SIR 20 SEUVK Kg 3%
4 PLS-0071 Bridgeston Plastic SIR 20 Sheet 3%
5 PLS-0074 Good Year Plastic SIR 20 NOLO Sheet 3%
6 PLS-0075 Good Year Plastic SIR 20 SEUNOVOLO Sheet 3%
7 PLS-0076 Good Year Plastic SIR 10 NIMBO Sheet 3%
8 PLS-0077 Good Year Plastic SIR 20 SEUCVNIVCO Sheet 3%
9 PLS-0093 Plastic SIR 10 Sheet 3%
10 PLS-0099 SMPT Plastic C UG230SIR20 Sheet 3%
11 PLS-0163 Shrink Wrapped Plastic 0,25mm x 165 mm x252 mm Kg 5%
12 PLS-0189 Blank Plastic SIR 20 SEU Sheet 5%
13 PLS-0195 Blueprint Plastic 0,14mm x 145 x 870 cm Kg 5%
14 PLS-0199 Blueprint Plastic 0,10 mm x 140 x 160 cm Kg 3%
15 PLS-0202 Gyo Plastic SR 20 SEUCOOPER TIRE Sheet 3%
16 PLS-0223 Blank Plastic 0,1 x 140 x 160 cm Kg 3%
17 PLS-0225 White Blank Plastic 0,1 mm x 125 x 160 cm Kg 3%
18 PLS-0230 Trapping Band Plastic SMPT Rol 3%
19 PLS-0253 Wire Plastic MB 0,2mm x 90 x 271 cm Kg 3%
20 PLS-0296 Red Plastic 0,14 mm x 146 x 340 cm Kg 3%
21 PLS-0297 Red Plastic 0,14 mm x 146 x 370 cm Kg 3%
22 PLS-0302 Blue Plastic 0,1 mm x 140 x 170 cm Kg 3%
23 PLS-0312 Blue Plastic 0,1 mm x 110 x 150 cm Kg 3%
24 PLS-0326 Sumtomom Plastic Sheet 3%

Order
Lead 
Time 

(Days)
Order

Lead 
Time 

(Days)
Order

Lead 
Time 

(Days)
Order

Lead 
Time 

(Days)
1 8 15 13 29 22 43 37
2 16 16 11 30 35 44 20
3 18 17 10 31 24 45 17
4 2 18 19 32 9 46 24
5 13 19 16 33 21 47 16
6 16 20 20 34 8 48 11
7 24 21 11 35 14 49 6
8 11 22 16 36 3 50 29
9 35 23 26 37 10 51 6
10 23 24 26 38 3 52 29
11 16 25 24 39 16 53 29
12 29 26 1 40 8 54 15
13 13 27 9 41 1
14 11 28 6 42 19
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4.2 Results 

The following are the results of the calculations have been carrying out. 

Table 5.  Summary of Packaging Material Requirements 2014 

 

Table 6.  Summary of ABC Classification Based on Usage Value / Demand Packaging 
Materials 

 
 
Data collected amount of 80 data and after testing data distribution, data can only 

54 data. This happened because there are some data that is too extreme like ordering 

Number Code Type of Packaging Material Unit
Total 

Requirement 
(2014)

1 PLS-0001 Plastic Bag SIR 10 SEUR Kg 4201,73
2 PLS-0002 Plastic Bag SIR 20 SEUR Kg 59969,25
3 PLS-0003 Plastic Bag SIR 20 SEUVK Kg 14833,31
4 PLS-0071 Bridgeston Plastic SIR 20 Sheet 2294
5 PLS-0074 Good Year Plastic SIR 20 NOLO Sheet 17955
6 PLS-0075 Good Year Plastic SIR 20 SEUNOVOLO Sheet 32398
7 PLS-0076 Good Year Plastic SIR 10 NIMBO Sheet 9515
8 PLS-0077 Good Year Plastic SIR 20 SEUCVNIVCO Sheet 43951
9 PLS-0093 Plastic SIR 10 Sheet 1158

10 PLS-0099 SMPT Plastic C UG230SIR20 Sheet 25891
11 PLS-0163 Shrink Wrapped Plastic 0,25mm x 165 mm x252 mm Kg 25772
12 PLS-0189 Blank Plastic SIR 20 SEU Sheet 21665
13 PLS-0195 Blueprint Plastic 0,14mm x 145 x 870 cm Kg 20045,2
14 PLS-0199 Blueprint Plastic 0,10 mm x 140 x 160 cm Kg 17522,44
15 PLS-0202 Gyo Plastic SR 20 SEUCOOPER TIRE Sheet 7632
16 PLS-0223 Blank Plastic 0,1 x 140 x 160 cm Kg 4008,9
17 PLS-0225 White Blank Plastic 0,1 mm x 125 x 160 cm Kg 1068,48
18 PLS-0230 Trapping Band Plastic SMPT Rol 1295
19 PLS-0253 Wire Plastic MB 0,2mm x 90 x 271 cm Kg 41346,84
20 PLS-0296 Red Plastic 0,14 mm x 146 x 340 cm Kg 3107,52
21 PLS-0297 Red Plastic 0,14 mm x 146 x 370 cm Kg 3301,74
22 PLS-0302 Blue Plastic 0,1 mm x 140 x 170 cm Kg 3365,96
23 PLS-0312 Blue Plastic 0,1 mm x 110 x 150 cm Kg 30789,64
24 PLS-0326 Sumtomom Plastic Sheet 34491

Class Usage Value
Amount 
of items

Percentage 
of items

Total usage 
value/demand

Percentage 
usage 

value/demand
A >360 million 5 20,83% 4.226.892.496Rp     79.41 %
B 70 million < usage value < 360 million 4 16,67% 782.532.795Rp        14,56%
C < 70 million 15 62,50% 323.674.462Rp        6,02%

100% 5.373.099.753Rp     100%Total
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lead time is more than 1 month and out of the control limits I-MR control chart. 
Distribution of lead time obtained is a normal distribution with a mean = 16.2 days 
(0,044 years) and standard deviation = 8.97 days (0,025 years).  

Determination of Q * and T * packaging material the proposed system (2014) by 
using joint replenishment method 

Code material  = PLS-0002 
Type of material               = Plastic Bag SIR 20 SEU R 
Unit   = kg 
Class   = A 
Total requirement (Ri)  = 59.969,25 kg 
Price per unit (Pi)   = Rp. 27.940, -  
S = ordering cost for 1x order  = Rp. 324.850, -  
k = fraction of holding cost  = 0,24  

 
Step to determination Q * and T * are as follows: 

Step 1: Calculate annual demand (PiRi) 
PiRi = Rp. 27 940, - x 59969.25 kg = Rp. 1.675.540.845, - 
 
Step 2: Total annual demand = Rp. 4.894.941.013, - 
Step 3: Economic Order Interval (EOI) 

כܶ ൌ ඨ 2ሺܥ ൅ ݊ܿሻܨ ∑ ௜ܴܲ௜௡௜ୀଵ ൌ ඨ 2ሺܴ݌. 324.850 ൅ ሺ70ݔሻሻ0,24 ݌ܴ ݔ. 4.894.941.013 ൌ ݏݎܽ݁ݕ 0,02 ൌ  ݏݕܽ݀ 8,58

 

That included in Group AB. 
 
Step 4: Optimal Order Quantity (Q *) 
Q * = Ri x Q *  = 59.969,25 kg x 0,02  

               = 1.410,28 kg per order 
 

Step 5: Ordering cost (TCp) Group AB  
௣ܥܶ  ൌ ܥ ൅ ݊ܿܶ ൌ .݌ܴ 324.850 ൅ ሺ70ݔሻ0,01 ൌ .݌ܴ 13.968.562, െ 

 
Step 6: Holding cost (TCs) Group AB 
௦ܥܶ  ൌ 2ܨܶ ෍ ௜ܴܲ௜௡

௜ୀଵ ൌ 0,242ݔ0,01 .݌ܴݔ 4.894.941.013 ൌ .݌ܴ 13.813.571, െ 

 

Step 7: Total Inventory Cost 
 

TC  = TCP + TCS 
= Rp.13.968.562,- + Rp.13.813.571,- 
= Rp. 27.782.133, - 

Determination of SS and B for the proposed system (2014) 
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Code material   = PLS-0001  
Type of material   = Plastik Kantong SIR 10 SEU R 
Class    = B 
 
Total demand in 2014 (D) = 4201,73 kg ܮത = 16.2 days = 0,044 years ߪ௅ = 8.97 day = 0,025 years 
 
SS  = ܼߪܦ௅  
               = 2,33 x 4.201,73 kg x 0,025  
               = 240,59 kg  
 
B = ܯഥ ൅ ܼఙ ൌ തܮܦ ൅  ௅ߪܦܼ
 = (4201,73 kg x 0,044 years) + 240,59 kg 
 = 427,08 kg 

 

Table 7.  Summary of Inventory Cost Comparison between The Existing and The Proposed 
Inventory System in 2013 

 

Table 8.  Summary Inventory Costs of The Proposed System with Considering Safety Stock 
(SS) in 2014 

 
 
Sensitivity analysis performed two conditions of ordering cost are: 
Initial  condition   = Rp. 324 850, - 
Condition 1 booking fee up to 30% = Rp. 422 305, -  
Condition 2 booking fee rise 50%  = Rp. 487 275, -  

 
 

component of inventory 
system 

existing inventory 
system

proposed inventory 
system

ordering cost 5,522,455Rp             16,892,214Rp           
holding cost 403,234,152Rp         71,136,205Rp           
total inventory cost 408,756,607Rp         88,028,419Rp           
save Rp        320,728,188 
% save 78.46%

component of inventory cost
proposed system 

2014

ordering cost 19,815,867Rp      
holding cost 94,877,098Rp      
total inventory cost 114,692,965Rp   
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Table 9.  Summary of Inventory Cost Comparison between Initial Condition, Condition 1 and 2 

 

4.3 Analysis 

4.3.1 Analysis of Inventory Turnover (ITO) of Packaging Materials 
The purpose of determination ITO value was to know how quickly turnover of 
packaging materials in the company and how much the company invested to 
inventory. Inventory management of the company will be efficient if ITO value more 
higher.  Based on the results that have been obtained from 38 types of packaging 
material, just only 18 types of packaging material that has ITO value > 1, its means 
that 18 types of packaging material is changed at least once time for a year. For 
example, Plastic Bag SIR 20 SEU Plastic have ITO value = 10.28 x turn of the year, 
 

Table 10. Inventory Turnover Value (ITO) of  Proposed Inventory System  

 
 

condition 1 condition 2

ordering cost 19,815,867Rp                                22,804,489Rp                           24,363,771Rp                

holding cost 19,368,350Rp                                22,083,316Rp                           23,721,287Rp                

total inventory cost 39,184,216Rp                                44,887,805Rp                           48,085,057Rp                

14.56% 22.72%

component of inventory 
cost 

sensitivity analysis
initial condition (proposed 2014)

% increasing TC

Number Code Type of Packaging Material Unit Class ITO

1 PLS-0002 Plastic Bag SIR 20 SEUR Kg A 58.46%
2 PLS-0253 Wire Plastic MB 0,2mm x 90 x 271 cm Kg A 58.46%
3 PLS-0163 Shrink Wrapped Plastic 0,25mm x 165 mm x252 mm Kg A 58.46%
4 PLS-0312 Blue Plastic 0,1 mm x 110 x 150 cm Kg A 58.46%
5 PLS-0195 Blueprint Plastic 0,14mm x 145 x 870 cm Kg A 58.46%
6 PLS-0199 Blueprint Plastic 0,10 mm x 140 x 160 cm Kg B 58.46%
7 PLS-0003 Plastic Bag SIR 20 SEUVK Kg B 58.46%
8 PLS-0001 Plastic Bag SIR 10 SEUR Kg B 38.55%
9 PLS-0223 Blank Plastic 0,1 x 140 x 160 cm Kg B 38.55%
10 PLS-0302 Blue Plastic 0,1 mm x 140 x 170 cm Kg C 38.55%
11 PLS-0297 Red Plastic 0,14 mm x 146 x 370 cm Kg C 38.55%
12 PLS-0296 Red Plastic 0,14 mm x 146 x 340 cm Kg C 38.55%
13 PLS-0077 Good Year Plastic SIR 20 SEUCVNIVCO Sheet C 27.69%
14 PLS-0230 Trapping Band Plastic SMPT Rol C 27.69%
15 PLS-0326 Sumtomom Plastic Sheet C 27.69%
16 PLS-0075 Good Year Plastic SIR 20 SEUNOVOLO Sheet C 27.69%
17 PLS-0225 White Blank Plastic 0,1 mm x 125 x 160 cm Kg C 27.69%
18 PLS-0099 SMPT Plastic C UG230SIR20 Sheet C 24.54%
19 PLS-0189 Blank Plastic SIR 20 SEU Sheet C 24.54%
20 PLS-0074 Good Year Plastic SIR 20 NOLO Sheet C 24.54%
21 PLS-0076 Good Year Plastic SIR 10 NIMBO Sheet C 24.54%
22 PLS-0202 Gyo Plastic SR 20 SEUCOOPER TIRE Sheet C 24.54%
23 PLS-0071 Bridgeston Plastic SIR 20 Sheet C 8.53%
24 PLS-0093 Plastic SIR 10 Sheet C 8.53%
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its mean that packing material turn over 10 times a year and inventory control for this 
packaging materials quite good compared with other types of packaging materials. 
Meanwhile, 20 types of packaging material has ITO value <1 and ITO value = 0 as 
Label Good Year 10 VK / Nevo Plastic, Pink Plastic 0.1 x 150 x 880 cm, etc. That is 
happened because packaging materials not changed in one year.  

If ITO value of the existing inventory system compared with the proposed 
inventory system in Table 5.1, so ITO value of the existing inventory system is still 
not optimal or it can be concluded that inventory turnover is still relatively slow if it 
compared with the proposed inventory system has been considering with variations of 
lead time. Based on these conditions, the company should improve the existing 
inventory system and implement the proposed inventory system that can reduce 
average inventory of packaging materials in warehouses. So turnover of packaging 
materials can be faster than the previous inventory system. 

4.3.2 Analysis of Packaging Material Requirements Aggregation 
Existing packaging material requirements planning is still not well arranged and has not 
been integrated with the demand of finished product, it still based on previous usage, so 
the risk of stock out or over stock becomes larger. To solve this problem, the company 
must plan for packaging material in 2014 so that the risks can be minimized. 

Packaging material requirements planning is done based on production plan in 
2014. The result of this packaging material requirements planning is aggregation of 
packaging materials. Packaging material requirements planning has been undertaken 
to consider the percentage of defects or damage of the packaging material during the 
production process or after production during for a year. Production planning of 
packaging material in 2014 use for another step for evaluation and give 
recommendations inventory system for this company. 

4.3.3 Analysis of ABC Classification Packaging Materials 
Condition of packaging material inventory systems in PT Djambi Waras Jujuhan still 
not grouping and ordering process in the company is done if inventory of packaging 
material has reached the minimum stock. So, if there are several types of packaging 
material has reached the minimum stock of packaging materials will be immediately 
ordered to suppliers. In this research, packaging materials will be grouped into three 
classes using the ABC analysis.  

Data packaging materials in that company amounted to 38 types. But just only 24 
types are used and classify by ABC Analysis because only 24 types of packaging 
material that has required in the year 2014. Packaging materials are not grouped into 
packaging material requirements planning in 2014, the inventory system is specific 
policy based on historical data of the company.  

ABC analysis performed in this research is based on value usage criteria of the 
packaging material and the result showed that 5 types of packaging materials are in A 
class, 4 types of packaging materials are in B class, and 15 types of packaging 
materials are in C class. Packaging  materials including into A class with usage 
percentage 79.41% and its annual usage value more than Rp. 360 million, B class 
with usage percentage of 14.56% and its annual usage value is above Rp.70 million - 
under Rp.360 million, and C class with usage percentage 6.02% and its annual usage 
valua is under Rp.70 million.  
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The high demand value of packaging material is influenced by price per unit and 
the number of demand for a year. If price and amount of usage per year increase, so 
packaging material can classify into A class. And if one of two factors that mentioned 
before is low, so possibility of the packaging material can classify into B or C class. 
The situation also happened of packaging material in PT Djambi Waras Jujuhan. For 
example, Plastic Bag SIR 10 SEU has a high price but low annual usage for a year, so 
this type classify into C class. 

The results of ABC classification will be using for packaging material inventory 
system in PT Djambi Waras Jujuhan in 2014. A class of packaging materials should 
be given the main focus in the Materials Storage and Purchasing Division. Although 
B and C class are focus of attention quite normal and enough, but for certain types of 
packaging material still needs to be given more attention than the other types that are 
same class because there is a packaging material that has a rapid rate of usage in the 
class. The results of ABC classification is also used as the basis for ordering process 
the packaging material to suppliers. 

4.3.4 Analysis of Optimal Order Quantity (Q*) Order Interval (T*) of 
Packaging Materials by Using Joint Replenishment Models 

Order interval for every group is different. The differences happened are because of 
the influence from purchasing cost, ordering cost, fraction of holding cost and 
requirement of packaging material. The higher of demand and purchasing cost, so 
order interval will be smaller. This means that company is increasingly often an order 
to the supplier. For example, the actual order interval C order 1 that is 59 days so 
actual order frequency is 11 times not 10.95 times as the result of the calculation. This 
is done so that demand can be met during the year.  

Thus, in the decision-making process should consider order interval and order 
frequency so that a more optimal decisions compared just only one factor to consider. 
For example, when a decision is taken only consider order interval there was a risk 
that order made by the optimal quantity will exceed demand for a year, and it will 
increase order and holding cost. This problem happens if packaging materials has 
great demand. Optimal order quantity (Q *) is different for every item in the group, 
depending on the needs of the packaging materials and purchasing cost. Q * will be 
greater if demand is high and purchasing cost of packaging materials is low. 
Conversely, if purchasing cost of packaging materials is high so Q * will become 
smaller. Recommended for the proposed system, the company would choose the 
actual order frequency because the company only adds one order.  

4.3.5 Analysis of Safety Stock (SS) and Reorder Point (B) Packaging Materials 
Based on the results of the calculations have been done SS obtained is smaller than 
the SS set by companies today. It is shown that the the proposed system has a better 
inventory system inventory systems inventory now because a given proposal already 
has the optimal ordering quantity (Q*) with optimal ordering interval (T*) for each 
packaging material, although given the the proposed inventory system has messaging 
costs are greater because the frequency of ordering frequently. However, packaging 
materials stored in the warehouse a little more and have faster inventory turnover 
compared to the current inventory system. So the risk of damage or loss due to 
specification changes the size of the packaging material can be reduced in the the 
proposed inventory system.  
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Safety stock provided by the company is still greater when compared with the 
results of calculations performed, but this time the SS policy is much better than the 
company's policy before the month of October 2013 as the SS set is much larger than 
the current inventory system. Reorder Point (B) packaging materials are obtained 
from calculations carried out amounted to two times of the safety stock is obtained. 
This occurs because the service level that is 99% larger.  

4.3.6 Analysis of Current and Proposed Inventory System 
Calculation of total inventory cost for the the existing and the proposed inventory 
system 2013 was conducted to determine the proposed inventory system is feasible to 
be implemented or not. The proposed inventory system that given was feasible to 
implement because: a) it can save total inventory costs up to 78.46% or 
Rp.320.728.188,- from total inventory cost of the existing inventory system, b) 
ordering costs of the proposed inventory system is greater than the existing inventory 
system because ordering frecuency more often done by considering the optimal 
quantity of packaging material, purchasing of packaging materials, ordering costs 
holding costs, c) holding costs of the proposed inventory system is smaller than the 
existing inventory system because average inventory and safety stock packaging 
materials is smaller than the existing inventory system. In the existing inventory 
system, average inventory and safety stock is higher when it compared with the the 
proposed system, its meaning that company  save many packaging materials that 
resulted  turnover of stock to be slow. 
 
4.3.7 Sensitivity Analysis for Ordering Cost of Packaging Materials 
Based on result from calculation, it showed that condition 1 when ordering costs 
increased up to 30%, so total inventory costs increased up to 14.56%. Meanwhile, the 
condition 2 ordering costs increased up to 50% so the total inventory cost increased 
up to 22.72%. It can be concluded that the response given the optimal solution or the 
total inventory costs if ordering costs chaged so   total inventory costs chages less 
than increase of ordering costs, this can be interpreted that propose or 
recommendations  inventory system feasible to implement in the company. In 
addition, if ordering costs increase so order interval and order quantity will be 
increasing too. That mean, time period between the previous order to the next order 
increases because ordering quantity increase or it can be said ordering frequency 
reduced for a year. 

5 Conclusions and Suggestions  

5.1 Conclusions 

Conclusions derived from this research include the following:  
 

1. Packaging materials inventory systems in PT Djambi Waras Jujuhan still not 
optimal if their compared with the the proposed inventory system because of 
from 38 types of packaging materials holding in warehouse just only 18 
types of packaging material that has a value of ITO > 1 and 20 types of 
packaging material has a value of ITO < 1 and ITO = 0. While the value of 
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the the proposed inventory system of order class AB has a value of ITO = 
58.46 x turn of the year, order class BC has a value of ITO = 38.55 x turn of 
the year, order class C 1 has a value of ITO = 27.69 x turn of the year, order 
class C 2 has a value of ITO = 24.54 x turn of the year, and order class C 3 
has a value of ITO = 8.53 x turn of the year. This happens because the 
company has an average inventory and safety stock is high. Solution for this 
problem is the company can reduce the average inventory in the warehouse 
so risk of damage or change the size specifications of packaging materials 
can be minimized. 

2. Proposal or recommendation packaging materials inventory systems will 
give for the the existing inventory system, are: 

a. Planning or aggregation of packaging material needs for a year 
using a production plan that has been made by considering the 
percentage of defect packaging materials. 

b. Grouping of packaging materials using ABC analysis based on rate 
of using criteria ordering process and the controlling. 

c.  Determination of the optimal order quantity (Q*), optimal order 
interval (T*), and frequency ordering (f) by using Joint 
Replenishment Method. 

d. Determination of safety stock and reorder point of packaging 
materials by considering variations of lead time. 

e.  Calculate the total inventory costs during for a year. 

5.2 Suggestions 

Suggestions given to the company and further research are: 
 

1. The company may implement the packing material inventory systems is the 
proposed that the the existing inventory system becomes more accurate and 
optimal. 

2. Future research could design an application or information system for 
inventory planning of packaging materials, so that company can plan 
packaging materials inventory system for the next period to more easily and 
quickly and also can be used by stakeholders. In addition, data inventory or 
inventory reports more accessible. 

3. Future research may develop or make a new model inventory system of 
packaging materials which more appropriate and more sensitive if one of the 
components inventory system in the company changes, so optimal solutions 
that result by the model more optimal.  
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Abstract

PT Djambi Waras Jujuhan is one of Crumb Rubber Factory  which is

inseparable of inventory  problems. It needs packaging materials for

production process, especially  in packaging process. Currently , PT

Djambi Waras Jujuhan has the problems in controlling inventory  system

of packaging materials because of one supplier only  supplying materials,

variation of lead time, high minimum stocks of packaging materials and

pile up in the storage. The aim of the research is to propose an inventory

system of packaging materials to improve inventory  performance

considering variations of lead time. The inventory  system we proposed

consists of four steps. The first step is calculating Inventory  Turnover

(ITO) to identify  how the performance level of the existing inventory

system. The second step is determining aggregate planning of packaging

materials, classify ing packaging materials using ABC analysis and testing

distribution of lead time. The third step is determining economic order

quantity  and order interval, safety  stock and reorder point. The fourth

step is calculating total annual inventory  cost considering safety  stock

and variation of lead time. Sensitivity  analysis is performed to see the

effects of changes of input parameters to the decision variables and total

inventory  cost. Based on analysis we have done, current inventory

system of packaging materials at PT Djambi Waras Jujuhan has not been
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8.

efficient yet that we can see from the value of inventory  turnover. From

38 types of packaging materials, 18 types of packaging materials have the

value of inventory  turnover more than 1 and 20 types have the value of

inventory  turnover less than 1. The inventory  system we proposes in

this paper can save 7 8,46% of total current inventory  cost that is

Rp.320.7 28.188,-. Therefore, the inventory  system considering

variation of lead time we proposed at PT Djambi Waras Jujuhan has

increased the inventory  performance.
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