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ABSTRACT 

Product recovery has been the center of attention of OEMs in recent years because of the 

imposed environmental regulations and the economical benefits behind it. The process of 

disassembly (demanufacturing) involves many challenges that complicate the process 

further. Additional inventory control and planning complications arise because of the 

disparity between demand and the line yield. In previous research we proposed a model 

to balance the inventory at the different workstations. In this paper we will validate the 

model in a Multiperiod case where the inventory and demand forecasting of future 

periods is considered in the model. Controlling the quantity of product disassembled will 

minimize the impact of disassembled parts inventory. An example of a PC module is 

considered to illustrate the approach.  

Keywords: Disassembly line, Inventory control, End of life products, Disassembly 

modeling, Optimization 

1. INTRODUCTION 

Research has focused lately on the reverse supply chain impact on the product life cycle 

and the environment. Firms that involved in reverse logistic greatly benefit from these 

activities by reusing materials and reducing energy use. Many reasons were behind the 

great attention that has been devoted to the EOL products returns and recovery systems. 

Mainly, in recent year firms have faced increasing pressures from consumers and 

governmental regulations to become more environmentally responsible [1]. Also, 

Consumers become more environmentally conscious and producers have realized the 

economical benefits behind the practice. In short, organizations are actively working to 



improve their “reverse logistics” functions to manage the flow of products and services 

moving backward through the supply chain [2].  

The management of a reverse supply chain system is completely different from the 

management of a traditional forward logistics system. The former is very complex to 

manage and that is due to the high variability in quality of returned items, quantity of 

items supplied and demanded, and timing of returns [1].  One of the aspects of the 

disassembly field is production and inventory management. Our research will focus on 

this aspect assuming that a valid transportation and distribution network exists.  

Due to the disparity between demand, and line yields many inventory problem arises 

during the disassembly process. Uncertainty about the quality of returned products or 

knowledge about previous modifications that have been done to the EOL or the working 

environment that product used to operate in could significantly affect the over all 

performance of the line, hence the management of the products flow. Thus the 

establishment of disassembly and remanufacturing facilities are necessary to handle the 

overwhelming number of products retrieved every year. So, for these facilities to be 

profitable, we have to develop models and techniques to help optimize their operations 

[3]. 

Firms involved in the disassembly activities require production planning and control 

system. Such systems will allow decision makers to examine the profitability of the 

system before engaging in any recovery process. In this paper we intend to develop a 

mathematical model based on previous model developed for remanufacturing 

environment by Jayaraman. It is a multiperiod formulation that will help us provide more 

insight to planners. The model will consider the options of disposal, recycling of cores 



and subassembly. Mainly the demand is for disassembled parts rather than 

remnaufactrured products. Also our model will take in consideration of space 

requirements. remanufactured or refurbished EOL products. The model assumed a single 

product type; however future research will include a multi-product model. 

2. PROBLEM DESCRIPTION 

In disassembly environment the traditional management tools and supply chain methods 

hardly apply to the situation. One of the most challenging issues is the inventory 

management of returned products and the disassembled parts and subassemblies. After 

products are acquired from the end customers they are brought back to the disassembly 

facility. Products are then sort into categories and some are sent for disassembly, 

recycling, and others are disposed of. Figure 1 is a graphical representation of the 

process. In regular remanufacturing environment, demand exists for core products. 

 

 

 

 

  

 

 

Figure 1. Graphical representation of the process 

These products are brought back and being disassembled, remanufactured, and 

reassembled to flow back to the end customers as a remanufactured product. The purpose 

of remanufacturing is to bring the used product to “as new” condition. In this research, 

EOL Products
Brought Back to

Facility

Disassembly
Operations

Store

Disposal

Demand Sources



we are focused on only the disassembly facility where demand exists for the 

disassembled parts and subassemblies individually rather than as a whole unit. Product 

tends to “explode” during the disassembly process generating smaller subassemblies.  

 

Workstations tend to experience different accumulation rates of subassemblies or parts as 

well as different depletion rates because of differences in their demands. Such differences 

create “uncertainties” in inventories and space requirements at the workstations. It is 

therefore necessary to develop a method to determine appropriate inventory levels, their 

upper and lower bounds, and ways to handle and maintain work-in-process (WIP) at 

suitable levels [5]. Also, the proper management of the excess inventory that is beyond 

demand is important. Decision maker has to determine what is necessary and how much 

safety stock to keep. Carrying cost is a factor in this decision in addition to space 

requirements.  

3. INVENTORY MANAGEMENT SYSTEM 

3.1 Inventory Management System Description  

In this section, we consider a disassembly facility whose general framework is shown in 

figure 1. End-of-Life (EOL) products are being brought back to the disassembly facility 

from customers when products life cycle ends. Products vary in their quality and 

conditions. Products are then sorted based on their quality and sent to disassembly 

operations, recycling, or are disposed of [6]. There are three quality levels for EOL 

products: Good quality, average quality, and imperfect quality.  In order to meet the 

demand of subassemblies or parts disassembled, orders for new parts can be acquired 

through outside suppliers if it can not be fulfilled from disassembled components. The 



objective of the system is to control the inventory levels of core products and 

disassembled parts in the system to satisfy demand and minimize the sum of variable 

costs.  

3.2 Notation 

I Set of core products that are eligible for disassembly 

J Set of subassemblies and/or parts disassembled  

K Quality level of the EOL product  

T Time period  

Known Parameters: 

dc
tkiC ,,  Cost to dispose one unit of core type i, with quality level k, in period t. 

recc
tkiC ,,  Cost to recycle one unit of core type i, with quality level k, in period t 

holc
tkiC ,,  Cost to hold one unit of core type i, with quality level k, in period t. ($)/Unit/Time 

diss
tjC ,  Cost to dispose one unit of subassembly j, in period t 

recs
tjC ,  Cost to recycle one unit of subassembly j, in period t 

hols
tjC ,  Cost to hold one unit of subassembly j, in period t. ($)/Unit/Time 

pur
tjC ,  Cost of purchasing a new subassembly j from an outside supplier in period t. 

ret
tkiQ ,,  Quantity returned of core type i, with quality level k, in period t. 

tkiT ,,  Tim to disassemble one unit of core type i, with quality level k, in period t 

tAT  Time allowed for disassembly operations in period t 

tjD ,  Demand of subassembly type j in period t 

tiWC ,  Inventory space availability of core type i in period t expressed in cubic units 



tjWS ,  Bin space availability of subassembly type j in period t expressed in cubic units 

iw  Amount of space consumed by one unit of core type i 

jw  Amount of space consumed by one unit of subassembly type j 

dc
tCAP  Facility capacity of disassembled cores in period t 

dis
tCAP Disposal capacity in period t 

rec
tCAP Recycling capacity in period t 

iψ  Mass to unit conversion of core type i 

jψ  Mass to unit conversion of subassembly type j 

Decision Variables: 

dc
tkiQ ,,  Quantity of core type i, with quality level k, disassembled in period t  

disc
tkiQ ,,  Quantity of core type i, with quality level k, disposed of in period t 

recc
tkiQ ,,  Quantity of core type i, with quality level k, recycled in period t 

invc
tkiQ ,,  Quantity of core type i, with quality level k, remain at end of period t 

diss
tjQ ,  Quantity of subassembly type j, with quality level k, disposed of in period t 

recs
tjQ ,  Quantity of subassembly type j, with quality level k, recycled in period t 

invs
tjQ ,  Quantity of subassembly type j, with quality level k, remain at end of period t 

pur
tjQ ,  Quantity of subassembly type j, purchased in period t 

Assumptions: 

1. Single product model with static deterministic inventory  

2. Demand and returns are constant and known. 



3. Zero inventory at the end of last period 

3.2 Formulation: 

Min 
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DISCUSSION 

The inventory management model in this paper is an extension to a previous model. The 

work on this model was based on Jayaraman work in the production planning for closed 

loop supply chain. However our model is different in focusing on disassembly aspect 

rather than remanufacturing. This model takes in consideration the recycling and disposal 

option of EOL products that do not qualify for disassembly. Also, our work focuses on 

the inventory of parts and/or subassemblies along the disassembly line.  In reality, the 

space available at each workstation (storage bin), and in any storage facility within a 

warehouse in general, is a limited resource [6]. This model takes in consideration that any 

carried inventory of core products that have not yet been disassembled from a previous 

period can “actually” be carried in house. Also, it only allows a limited number of 

subassemblies and/or parts to be stored in the storage bin. EOL products and 

subassemblies that are sent to recycling or disposal should meet the regulations where 

usually a limit of how much to dispose at each period is imposed and do not exceed 

capacity of recycling facility. The model will be validated and further analyzed in future 

research under the proposed constraint. The results will be compared to a model where no 

such constraints apply. An example of a PC is presented next to show the accumulation 

of inventory. 

NUMERICAL EXAMPLE  

As an example, we consider the disassembly line of a personal computer (PC). This 

example provides a relevant and real application of a disassembly line problem and was 

taken from McGovern and Gupta [7]. The purpose of this example is to show the impact 

of disassembly of personal computer (PC) on the total inventory generated at each 



workstation over a seven-day period. The PC consists of 8 components (n=8) with 

component removal times and associated demands shown in Table 1. The following 

precedence relationships hold between different tasks: 1 2, 1 3, 1 4, 1 5, 1 6, 

1 7, 1 8, 2 8, 3 8, (2 OR 3) 6, 5 4, 5 8, 6 8, 7 4, 8 7. The arrow  

means “must precede”. The number of products to be disassembled is based on the 

highest demand of a component. The demand of RAM modules (RAM) is the highest 

(750). However, every product disassembled yields 2 modules, thus the actual needed 

products is 375. The next highest demand is for the Motherboards (MB) with 720 units 

needed. Thus quantity of PC to be disassembled is 720 units. The disassembly line speed 

allowed is 40 seconds for each workstation (CT=40) and is calculated by assuming an 8 

hour shift per day or 28,800 seconds per day (L= 8 X 60 X 60 =28,800 seconds). Thus, 

time allowed for each workstation (CT) is equal to 28,800/720 = 40 S/WS.  

  
Table 1. Disassembly tasks of a personal computer (PC) 

 
Task Removal of 

Component 
Component 

Removal Time 
Hazardous Component 

Demand 
1 PC top cover 14 No 360 
2 Floppy drive 10 No 500 
3 Hard drive 12 No 620 
4 Back plane 18 No 480 
5 PCI cards 23 No 540 
6 RAM (2) 16 No 750 
7 Power supply 20 Yes 295 
8 Motherboard 36 No 720 

 
 

For this example, we make the following assumptions:  

• Component removal times are deterministic, constant, and integer.  

• Each product undergoes complete disassembly. 



• All products contain all components, with no additions, deletions, or 

modifications. 

• Each task is assigned to one and only one workstation. 

• The sum of the component removal times of all the components assigned to a 

workstation does not exceed CT. 

• The precedence relationships among the components must not be violated. 

• Components have no physical or functional defects. 

 

Table 2. DLPB greedy algorithm and ACO solution 
 

Workstation 1 2 3 4 
Allocated Task(s) 1,5 3,6,2 8 7,4 

 
An optimal allocation of tasks for this example at various workstations is shown in 

Table 2. Thus, the inventory generated is spread over 4 workstations. Workstation 1 

handles components 1 and 5. Workstation 2 handles components 3, 6 and 2. Workstation 

8 handles component 8 and workstation 4 handles components 7 and 4. In addition to the 

disparity in quantities generated, the sizes and the mass of the components are also 

different. 

 

Table 3 presents the cumulative inventory balance for each component recorded for 

seven days after disassembling 720 PCs every day and meeting the demand for each of 

the components as shown in Table 1. From Table 3, one can clearly observe the detriment 

created due to the disparity between the demand and the yield from disassembly. It is 

obvious that such rapidly increasing inventories could be devastating to the corporation.  

 



 

 

 

Table 3. Cumulative inventory balance for each component recorded for seven days 
 

Component Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
TC 360 720 1080 1440 1800 2160 2520 
FD 220 440 660 880 1100 1320 1540 
HD 100 200 300 400 500 600 700 
BP 240 480 720 960 1200 1440 1680 
PCI 180 360 540 720 900 1080 1260 

RAM 690 1380 2070 2760 3450 4140 4830 
PU 425 850 1275 1700 2125 2550 2975 
MB 0 0 0 0 0 0 0 

 

CONCLUSION 

In this paper we discussed the problem of balancing inventory in the disassembly line. 

Managing inventory is an important aspect of managing a business and developing the 

right tools to do so is essential for firms involved in disassembly to ensure profitability. 

Here we extended our previous model to balance the amount of inventory that is stored in 

the workstation bins along the line and formulated the problem as a linear programming 

model.  
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