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Abstract The level of cooperation between suppliers and manufacturer has serious 
effect on cost price of the final product. Several factors - like the packaging 
type of supply materials, the packaging unit quantity, the schedule of 
shipments, etc.– depend on the flexibility of vendors. However vendor 
attitude depends on the relationship between business partners. This paper 
discusses the case when the manufacturer has the possibility to request the 
vendor to define packaging unit quantity according to its own claim 
without rise in prices; changing packaging unit quantity may cause 
significant decrease of additional production costs. To determine optimal 
quantity on packaging units the following logistic trade-off should be 
solved: on the one hand extra material handling cost may emerge; on the 
other hand inventory keeping cost may grow. 

Keywords: packaging unit quantity, inventory level, material handling cost, production 
supply 

 

1. Introduction 

One pillar of JIT (Just in time) philosophy in automotive industry is kanban control by 
which pull ordering can be achieved both on supply chain level and within production 
system. In pull system supply process starts as the result of consumption – or estimated 
consumption on intercompany level – in order to avoid accumulation of inventory.  

However Toyota production model professionals emphasize that JIT should not have 
priority over reasonable utilization of manufacturing systems; in many cases it is not 
economic to produce in the pace of partner or costumer consumption. It may prove to be 
more advantageous to smooth manufacturing system capacity and keep higher 
utilization and use certain quantity in buffer. As a consequence of this alternatives of 
kanban appeared like CONWIP [7]. 

When searching the most proper way to operate a system we face many trade-offs to 
solve [4]; in practice it is more like an iteration procedure – that is why a new-born 
manufacturing system is rarely optimal. 
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Before new product appears on market thorough consultation and cooperative process 
runs along the supply chain. Beside technological implementation of products the 
planning of logistic processes runs parallel. 

Selection of vendor partners, transportation modes and routes, packaging development, 
information exchange definitions, etc. are all the part of new product introduction. On 
such level of inter-company relationship the selection of proper packaging unit quantity 
is rated as routine agreement among selection of several other parameters [6].  

The aim of this paper is to solve a trade off - from packaging unit quantity point of view 
- between stock keeping cost and material handling cost considering parallel assembly 
lines supplied by kanban control system.  

Parts delivered to production line are physically associated with kanban cards which 
indicate:  

- Part number 

- Kanban quantity 

- Identifier of production line where effective consumption took place 

Besides data above other additional data may be indicated on kanban cards: 

- Name and/or photo of part number in order to ease identification of parts 

- Warehouse location in order to ease picking 

- Barcode attached to any of the above mentioned data 

By kanban control in production area the inventory level can be kept on a constant level 
at assembly lines [1]. Reorders are generated in the pace of consumption this way 
inventory lack or accumulation is eliminated – at least in theory and in case kanban 
quantity is well calculated [3], [10]. That is the cause why kanban became the basis of 
lean production [1].  

Generally in manufacturing systems with kanban control the following material 
handling (line replenishment) process can be observed:  

1. Production line operator opens a new packaging/kanban unit – removed from 
line buffer  

2. Operator places kanban card in a dedicated bracket or shows the card barcode 
to scanner, etc. 

3. Production line loader operator collects kanban cards / electric kanban sign is 
sent to IT system 

4. Components are picked from warehouse  

5. Parts are transferred to production lines.  

6. Line is loaded by operator: packaging units are placed in line buffer.  

7. After first content of a packaging unit is used up by assembly operator kanban 
order is generated.  
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In a manufacturing system with developed identification and information system 
historical data can be easily collected since date and time data is usually registered to 
each transaction type [2]. 

Simulation techniques often provide only iterative tool for finding optimum solution of 
logistic trade-offs. In previous researches the question of unpacking in production plants 
had been analyzed by the application of simulation software [9]. By changing input 
parameters of simulation we can give better but not optimal solution of packaging unit 
quantity; by creating simple mathematical models optimal solution can be achieved. 

The question of packaging unit can be traced back to the basic EOQ model introduced 
in the beginning of the 20th century [5]. The model of Economic order quantity solves 
the trade-off between ordering cost and inventory holding cost. 

 

2. Model formation 

In the followings the mathematical model is introduced: first a general model is 
described, then the input and output parameters are listed. After that a mathematical 
model is set up. The last part of the model description is a case study to demonstrate the 
operation of the model. 

 

2.1. Model description  

The schematic model of the plant is demonstrated on Figure 1.  

The application of the model presumes that the plant is divided into two segments: a 
warehouse and a production area. Materials used up in the production area are 
replenished from warehouse; replenishment is the task of line loader operator.  

We assume a traditional kanban system where cards sign the consumption of packaging 
units and generate replenishment order. After picking – which lasts for Tpick - the 
indicated kanban quantity is taken to the production line. The operator spends Tin time 
on leaving the warehouse and arriving to the first production line. The loading of the 
work station lasts for Tload. Parts have to be taken to M number of production lines; the 
transfer time between lines is Ttransfer. The route between the last production line and the 
picking area lasts for Tout. Operators get cwage payment for material handling.  
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Figure 1. Schematic model 

 

At each production line - operating with Tcycle cycle time - p pieces of parts are built in a 
final product. During ∆t time interval N number of kanban cycles has to be done; so that 
the total replenishment process should be repeated N times. 

The increase of average inventory level (Iavg) with a single part at a single production 
line causes chold extra holding cost; since it does not produce interest and causes extra 
material storing needs.  

We assume that cooperative relation with the vendors allows the variability of the 
packaging unit quantity (q); the aim is to define its optimal value (qopt) where total cost 
(C(q)) is minimal.  

The kanban quantity should not be less than the consumption of a production line (qmin) 
during the kanban cycle time (T). If the physical features of parts allow setting up 
smaller packages than minimal kanban quantity then more packaging units should be 
transferred to production line at the same time.  

Regarding the system description above the following parameters can be distinguished: 
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Table 1. Parameters of mathematical model 

Symbol Test value Test value Type Description 

∆t 176 h 
chosen  
value 

Length of examined productive 
time period starting at t0 and 
ending at t1 

N 139,3 pcs 
calculated  

value 
Number of required kanban cycles 
during the examined period 

cwage 3 EUR/h 
chosen  
value 

Wage of material handling 
operator 

M 10 pcs 
chosen  
value 

Number of production lines where 
examined part is used up parallel 

chold 8·10-7 EUR/yr/pcs 
measured  

value 

Inventory holding cost – this is 
calculated by controlling tools;  
it contains storage costs and the 
wastage caused by  
the fact that fund is bound and 
does not produce interest 

Iavg 999 pcs 
calculated  

value 
Average stock level of each 
production line 

qmin 0,991 pcs 
calculated  

value 
Minimal kanban quantity 

Tpick 5 min 
measured  

value 
Picking time 

Tin 1 min 
measured  

value 
Transfer time from picking place 
to first production line 

Tload 0,5 min 
measured  

value 
Production line loading time 

Ttransfer 0,2 min 
measured  

value 
Transfer time between production 
lines 

Tout 1 min 
measured  

value 
Transfer time from production line 
to picking place 

Tcycle 0,1 min/pcs 
measured 

value 
Production line cycle time 

p 1 Pcs 
chosen  
value 

Number of pieces used for one 
final product assembly 

T 13,8 min 
calculated  

value 
Kanban cycle time 

q variable pcs 
chosen  
value 

Optimization parameter 

qopt 758 pcs 
calculated  

value 
Optimal packaging unit quantity 

C(q) variable EUR 
calculated  

value 
Total cost of supply material 
handling and storage 
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2.2. The mathematical model 

The total kanban cycle time contains the picking time, travelling times between 
warehouse and production area, production line loading times and transferring ti3me 
between production lines. Regarding that M number of lines should be filled the 
following equation can be set up (1).  

 

 ( ) transferloadoutinpick TMTMTTTT ⋅−+⋅+++= 1  (1) 

The replenishment process has to be repeated N times depending on the length of the 
examined time period, the number of parts building in a final product, packaging unit 
quantity and production line cycle time (2). If the number of kanban cycles is known the 
total productive time that should be spent on material handling during ∆t can be 
calculated.  

 cycleTq

pt
N

⋅
⋅∆=

 (2) 

In this model those cases are neglected where packaging unit quantity is smaller than 
minimal kanban quantity. Minimal kanban quantity equals to part consumption during 
the replenishment period and can be calculated according to (3), packaging units with 
smaller quantity are not taken into consideration in this model. 

 cycle
min T

Tp
q

⋅
=

 (3) 

Figure 2 shows the run of inventory at single production lines. Right after a packaging 
unit is opened by production operator a kanban card is placed on a dedicated kanban 
collection bracket or a flag is drawn up. This is the reorder point and in our case 
inventory level equals to the packaging unit quantity. Electric kanban reordering means 
that material order appears on the screen of the picking operator’s mobile data collector; 
this way the previously mentioned Tout input parameter is 0.  

 

 

Figure 2. Inventory diagram of single production lines 
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As the result of kanban control system the reordering point equals to the kanban 
quantity which practically equals to packaging unit quantity. Since reordering starts 

almost right after start of consumption after 
cycleT

Tp ⋅
 number of components is used up 

new supply material - which equals to q - is loaded to production line. The average 
inventory level can be calculated as in (4).  

 cyclecycle
avg T

Tp
q

2

3

2

q

T

Tp
qI

⋅
−=+
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−=

 (4) 

If average inventory level of a single production line, the number of production lines, 
the holding cost of one part, the length of the examined interval is known the function 
of the inventory holding cost can be set up. By using up previously calculated number 
of kanban cycles, the productive time of material handling in a single kanban cycle and 
knowing the fee of operators the total material handling cost can be calculated. Let us 
create a total cost function that contains both material handling and inventory holding 
costs (5):  

 avgholdwage ItcMcTN)q(C ⋅∆⋅⋅+⋅⋅=  (5) 

After using up (2), (4) and (5) the following cost function can be set up (6). 

 

 
DqB

q

A
qC +⋅+=)(

 (6) 

Where A, B and D parameters cover the following formulas:  

 
wage

cycle

cT
T

Tp
A ⋅⋅⋅=

 (7) 

 
tcM

2

3
B hold ∆⋅⋅⋅=

 (8) 

 cycle

hold

T

pTtcM
D

⋅⋅∆⋅⋅−=
 (9) 

The aim was to compute the optimal size of packaging units arriving to the production 
plant. The optimal packaging unit quantity can be defined by (10). 

 
0

)q(d

)q(dC =
 (10) 

By solving the previous equation:  
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 (11) 
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Optimal solution can be found where the sum of material handling cost function and 
inventory holding cost function has minimum value (Figure 3.). If we watch the 
characteristic of the cost function similarity with EOQ model cost function can be 
observed. 
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Figure 3: Total cost in function of packaging unit quantity 

 

3. Case study 

The presented mathematical model with parameters given in Table 1 optimal packaging 
unit quantity turned out to be 758 pieces by which the realized cost is 180,522 
EUR/month; costs may be multiplied if packaging unit quantity is changed. Regarding 
that we analyze the cost conformation of only one part this opportunity hide significant 
cost saving.  

Packaging unit size could have greater importance in case of small and relatively 
expensive components used by two or more production lines. 
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Packaging unit 
quantity 

Material handling 
cost 

Inventory handling 
cost 

Total cost 

100 728,64 1,01 729,65 

150 485,76 7,35 493,11 

200 364,32 13,69 378,01 

250 291,46 20,02 311,48 

300 242,88 26,36 269,24 

350 208,18 32,69 240,88 

400 182,16 39,03 221,19 

450 161,92 45,37 207,29 

500 145,73 51,70 197,43 

550 132,48 58,04 190,52 

600 121,44 64,37 185,81 

650 112,10 70,71 182,81 

700 104,09 77,05 181,14 

750 97,15 83,38 180,53 

800 91,08 89,72 180,80 

850 85,72 96,05 181,78 

900 80,96 102,39 183,35 

950 76,70 108,73 185,42 

1000 72,86 115,06 187,93 

…    

Table 2. Cost level at different packaging unit quantities  

 

4. Conclusion 

The structure and operation of production supply systems directly influence cost price 
of the final product. This model gives a simple solution how to minimize the total 
additional cost (inventory holding and material handling cost) by changing one 
parameter to optimal level.  

In order to ease modeling the system specification neglects several influencing factors:  

Real stochastic processes are described by deterministic processes (line loading process, 
production cycle times, etc.); this negligence has serious effects on system behavior [8] 
it needs to be worked out in the future. We assume that right after consumption kanban 
order is taken by line loader operator; waiting time is not considered but could be 
significant and depends on current position of line loader operator. All these conditions 
could move optimal solution.  

It is the challenge of further researches to integrate the effects of these factors into the 
model. Further researches aim to determine optimal unpacking quantities in case 
unpacking station is inserted between production lines and warehouse. 



Acta Technica Jaurinensis Series Logistica Vol. 3. No. 3. 2010 

 266 

References 
[1] Arbós, L.C.: Design of a rapid response and high efficiency service by lean production 

principles: Methodology and evaluation of variability of performance, Int. J. Production 
Economics 80 (2002) pp. 169-183 

[2] Akkermans, H.A. – Bogerd, P. – Yücesan, E. - van Wassenhove, L. N.: The impact of ERP 
on supply chain management: Exploratory findings from a European Delphi study, 
European Journal of Operational Research 146 (2003) pp. 284-301 

[3] Chan, F.T.S.: Effect of kanban size on just-in-time manufacturing systems, Journal of 
Materials Processing Technology 116 (2001) 

[4] Chiu, S. W.; Chia-Kuan Ting, Yuan-Shyi Peter Chiu: Optimal production lot sizing with 
rework, scrap rate, and service level constraint, Mathematical and Computer Modelling 46 
(2007) pp. 535-549 

[5] Harris, F.W.: How Many Parts To Make At Once, Factory, The Magazine of Management, 
10(2), (1913) pp. 135-136, 152. 

[6] Mehli-Qaissi, J. – Coulibaly, A. – Mutel, B.: Product Data Model for Production 
Management and Logistics, Computers & Industrial Engineering 37 pp. 27-30 (1999) 

[7] Pettersen, J.A.; Segerstedt, A.: Restricted work-in-process: A study of differences between 
Kanban and CONWIP, Int. International Journal of Production Economics 118 (2009) pp. 
199-207 

[8] Taleizadeh, A. A.; Niaki, S., T. A.; Najafi, A., A.: Multiproduct single-machine production 
system with stochastic scrapped production rate, partial backordering and service level 
constraint, Journal of Computational and Applied Mathematics 233 (2010) pp. 1834-1849 

[9] Tápler, Cs., Inventory level reduction by inserting unpacking stations in production supply 
process, UNIVERSITY POLITEHNICA TIMISOARA, Faculty of Engineering Hunedoara, 
(2010) 

[10] Wang, H.-P.; Zeng, L.; Jin, S.: Determination of the Number of Kanbans in JIT Systems: A 
Petri-Net Approach, The International Journal Of Advanced Manufacturing Technology, 
(1992) pp. 7. 51-57 

 

 


