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II Abstract 

This master thesis describes a part recovery decision model. The objective of the model is to assist 
in the decision whether to purchase part externally or retrieve them by internally by part 
recovery. In essence a “recovery or buy” decision.  
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III Management summary 

The department Global Planning and Inventory Control Spare Parts and Expendables (Glo PL&IC) is 
responsible for the logistic processes regarding spare parts. In Venlo the central distribution is 
located from which spare parts are distributed world wide.  
 
As long as systems are produced and the quantities that are demanded are high, Océ can 
negotiate a good price for its parts at its suppliers. However, from the point where production 
stops and only spare parts are needed PL&IC is confronted with high prices, long lead times and 
relatively high order quantities compared to the demand for spare parts. These conditions cause 
high inventory costs, high purchase costs and a high risk of obsolete inventory. 
 
To avoid ordering at the external supplier at these unfavourable conditions, parts can be ordered 
at Asset recovery (AR). This is the department that is responsible for the recovery of returned 
systems and parts. Currently recovery for service parts is done on a limited and ad hoc basis. It is 
supposed that considerable savings can be achieved by increasing recovery for service parts. 
Currently no good trade off can be made between internal recovery and external supply. The 
problem situation has led to the following problem statement: 
 
Problem statement 
No good trade-off can be made between part recovery and external supply due to insufficient 
insight in the relevant costs and risks at PL&IC and Asset Recovery. 
 
To be able to make a good trade off between the external supplier and internal recovery criteria 
for comparison are needed. Five criteria have been defined on which the two suppliers are 
compared. These criteria and the two suppliers are depicted in figure 1. Asset recovery can 
recover parts from returned systems and from single broken parts that are returned. 
 
Figure 1 

External 

Supplier

PL&IC

AR

Price

Order quantity

Reliability

Lead-time

Flexibility

 
 
Assignment 
“Develop a method that determines whether parts can be cost effectively recovered compared to 
purchasing at the external supplier based on the criteria Price, Order Quantity, reliability lead-time 
and flexibility”. 
 
Flexibility considers three parameters: lead-time, minimum quantity and absolute maximum 
quantity. These are already included in the other criteria. Therefore flexibility is not taken into 
account. 
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On the four remaining criteria a trade of can be made between the two suppliers. Of the external 
supplier the values for all criteria are known. For the internal supplier, Asset Recovery, this is not 
the case. For the recovery channel the relevant costs must been determined.  
 
AR pays credits to the Operating Companies (OPCO’s) to get used systems back to Venlo. This 
credit minimally covers the transportation cost. When production has stopped the minimum 
credits are generally sufficient to get back the used systems. This minimum credit is paid 
regardless of what is done next with the returned system; remanufacturing, part recovery or 
scrap. This means that these costs are sunk costs. This means that solely costs on part level 
remain. A model has been developed in which each part is treated separately. The cost of part 
recovery is determined by a start up cost for a recovery program and a variable cost per part 
which consist of a dismantling cost and a repair cost.  
 
In the model development process the 31x5 system has been selected for the case study. The 
intention however was to build a model with general applicability that can be used for all systems 
within Océ and in situations elsewhere with similar characteristics.  
 
A deterministic Mixed Integer Linear Programming (MILP) model has been developed and 
implemented to support the trade of between internal recovery and external supply. Since an 
investment (start up cost) is needed for starting up a recovery program the model considers the 
total time span until the service for a system ends (EOS). The start up cost is earned back by the 
saving of every recovered part. Of the four criteria for the trade off, lead time and MOQ have not 
been included in the model. The MOQ could not be included in the model due to the limited 
capacity of excel. Because a deterministic model is used, the effect of the lead-time on the safety 
stock can not be assed with the model. The price is included and reliability can be assessed with a 
sensitivity analysis. 
 
The MILP model has been executed for the parts in the 31x5 system. The model has been run for a 
single period of seven years until EOS and for this period of seven years divided into 28 periods of 
three months.  Because over time demand and returns vary, it may not be possible to fulfil 
demand at certain points in time. This is not taken into account in the single period model.  
 
The case study showed the same results for the multi and the single period. Exactly the same parts 
resulted. This was caused by the high system return flow for this particular case. At any point in 
time demand could be fulfilled by returned systems. A scenario analysis has been executed which 
showed that under certain circumstances the use of a multi period does have added value over a 
single period. However, the inaccuracy of the forecasts for returns and demand for the three 
month interval of the multi period model is considered too big for the multi period model to give 
reliable results. As a consequence it has been concluded that the single period model should be 
used for part recovery decisions. 
 
The results of the MILP model show that an additional 56 parts with a saving can be recovered 
from the 31x5 system which results in a total a total saving of € 2.607.101,- compared to external 
supply. Currently 13 parts of the 31x5 system are already recovered with a total expected saving 
of 761.348. Naturally the parts with a high saving must have the priority.  Due to the inaccuracy of 
the forecasts and inaccuracy of the estimations of the cost parameters, Océ must be cautious with 
starting up recovery programs for part with small savings in. Due to the uncertain environment, 
recovery of these parts may turn out to result in a loss in stead of a saving.  
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1 Company description 

1.1 History of Océ 

Océ starts as a family business in 1877 with the colouring of butter and margarine. The founder of 
the company, Lodewijk van der Grinten supplied this colouring to farmers and margarine factories. 
This buttering manufacturing would be part of Océ’s business until 1970, when it was sold to 
Unilever. 
Around 1920 Lodewijk’s three grandsons, all doctors in chemistry, join the company. Under the 
management of Louis van der Grinten the copying business is started with the development of a 
new type of blueprint paper. In this type of paper no Diaz components were present. To stress this 
property to the (German) competition the paper was called O.C. (“Ohne Componenten”). Soon 
this term was known in the industry. The letter é was added to simplify the pronunciation. In 1927 
Océ was registered as a brand name and the company was called Océ van der Grinten. In 1997 the 
name of the company was shortened to Océ N.V. when the last “Van der Grinten” left the board  
of directors. 
 
In the late 1950’s a strong international expansion starts by the acquisition of companies in 
Belgium, Sweden and Austria. In 1967 Océ entered the office printing market. By the acquisition of 
Ozalid Group Holdings Ltd, Océ became world leader in printing products for the engineering 
market. In the 1990’s Océ broadened its market by entering the high speed high volume printing 
market. 

1.2 Corporate Océ 

Currently Océ operates in all segments of professional printing systems, from full-colour A0 
systems for the Engineering and R&D market to high volume systems for financials and insurance 
companies. Océ employs around 23,000 people and operates in about 80 countries. In 30 of these 
countries Océ has its own sales organisation. In 2008 the total revenues of Océ were € 2,9 billion 
resulting in a net profit of € 3,8 million. Of all revenues, 40 % came from the United States, 52 % 
from Europe and 8 % from elsewhere (Annual Report 2008). For wide format printing systems Océ 
is the global market leader. Océ’s main competitors are Canon, Xerox and Ricoh. 
 
Océ has been able to create economies of scale through active partnering in distribution, product 
development and expansion of its product portfolio. Especially through the strategic partnership 
with Konica Minolta Océ has been able to expand its business. Currently already 40 % of the 
systems sold are not Océ manufactured systems, but are acquisition systems from among others 
Konica Minolta. This number is expected to increase further in the future.  
 
Océ distinguishes between non-recurring and recurring revenues. Non recurring revenues are 
sales of systems and software while recurring revenues are revenues from service contracts, sales 
of consumables and business service. In 2008 about 70 % of its revenues were recurring.  The high 
percentage of recurring revenues clearly shows that Océ is a service-oriented organization. This is 
also reflected in Océ’s mission statement: 
 
“Océ enables its customers to manage their documents eco-efficient and eco-effective by offering 
innovative print and document management products and services for professional environments” 
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To execute this mission Océ consists of 3 strategic business units: Digital Document Systems (DDS) 
Wide Format Printing Systems (WFPS) and Océ Business services (OBS). DDS produces systems for 
high volume, but small format (max A3) printing. The most important customers are financial and 
government institutions and consultancy and insurance companies. WFPS produces wide format 
systems for technical applications and indoor and outdoor advertising. Customers include 
construction companies and architectural end engineering offices. OBS is an important supplier of 
services and technology for businesses, government and law firms.  
 
Besides these three strategic business units there is a manufacturing and logistics department 
(M&L). This department is responsible for the manufacturing of systems and the logistic processes 
within Océ. The organizational structures of Océ can be found in Appendix I, II and III. 
 
The future of Océ as an independent company is very unlikely. In November 2009 Canon made a 
bid on Océ for € 8,60 per share. This was almost 70% above the market price at that time. When 
at least 85% of the shares are offered by the current shareholders for the bid of canon, the 
company take-over is a fact.  
 
The take-over is based on strategic considerations and is not focused on cost savings. Océ needs a 
bigger scale of operations and more financial power to be able to invest in growth markets as 
Graphic Arts and Asia. Océ and Canon supplement each other well in both markets and 
technologies.  
 
The company name Océ will be preserved and the management team will stay on as management 
of the future division of Canon. The headquarters will be maintained in Venlo as well as the R&D 
activities. Océ is expected to be removed from all stock markets and officially incorporated as a 
subsidiary before summer 2010.  

1.3 Global Planning & Inventory Control Service Parts & Expendables 
(PL&IC SP&E) 

Global PL&IC SP&E (further abbreviated as PL&IC) is responsible for the logistic processes 
regarding service parts. PL&IC ensures availability of sufficient service parts for the technicians to 
execute their service activities. PL&IC is part of the global logistics organization, which is part of 
Manufacturing and logistics (M&L). 
 
PL&IC is responsible for the acquisition of the service parts in Venlo and Poing (Germany). The 
Establishment in Poing (Germany), from which the service parts for production printing are 
delivered are not considered in this master thesis. PL&IC Venlo delivers around 32.000 parts from 
stock. These parts are delivered to service technicians until 5-9 years after production. 
Approximately 1.5 million customer order lines are filled per year. The target is to deliver 98 % of 
the service parts directly from stock. The organizational structure is shown in figure 1.1 (next 
page). 
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Figure 1.1 Organizational structure 
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The primary activity of Inventory Management is inventory control. The two sub departments 
Inventory Management (IM) make sure that sufficient service parts are on stock for service 
delivery. The reason for two sub departments for inventory management is the span of control 
that is too large for a single one. Product Lifecycle Management (PLM) is responsible for mastering 
data management and handling changes in the assortment of service parts. Finally the Projects 
Improvement department carries out process improvements such as supply chain optimization 
and inventory reduction. 
  
From the Central Supply Center (CSC) in Venlo PL&IC directly serves the regional supply centers 
(RSC’s) in the United States and in Asia as well as the Quick response stocks (QRS’s) and Field 
Stocks (FST’s) in Europe. Field stock is the stock of service parts in the car of a service technician. 
Certain parts may be too expensive or too voluminous to be stored in every service technician’s 
car-stock, these parts are stored in QRS’s. Every QRS serves a number of service technicians. In 
countries without a sales organisation National Warehouses (NW’s) are served from Venlo. Parts 
that cannot be sold through the regular channels may be sold to dealers (figure 1.2). 
 
Figure 1.2: Service parts Supply chain 
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For the sourcing of its parts PL&IC has possible suppliers. New parts can be bought from the 
external supplier and the manufacturing department. From Asset Recovery (AR) recovered parts 
with as-new quality can be bought.   

1.4 Asset Recovery (AR) 

Asset Recovery is the department of Océ that is involved in the re-use of complete systems, units 
(subassemblies) and parts.  AR is part of the Manufacturing and Logistics (M&L) organisation of 
Océ and has facilities in Venlo and Prague. Yearly around 10.500 systems and 30.000 parts are 
returned to AR Venlo. About 4000 systems are sold again after remanufacturing programs. The 
other 6.500 systems are dismantled, which results in about 90.000 as-new recovered parts. 
Together with the 30.000 recovered broken parts this results in 120.000 as-new recovered parts. 
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Of these about 20.000 are delivered to PL&IC, the other 100.000 are delivered to the 
manufacturing department. 
 
The goal of AR is to maximize the value of returns. The advantage of having an AR department is 
four-fold (Intranet Océ, 2009).  
 

1. Cost reduction, by remanufacturing costs can be saved, since purchasing from an external 
supplier may be more expensive than re-use of returned systems and parts.  

2. Re-use is a powerful marketing-tool, especially in the current environment conscious time.  
3. Océ must comply with local and European legislation.  
4. Gaining knowledge to improve “design for remanufacturing”  
 

For the returns of parts, units and systems AR depends on the Operating Companies (OPCO’s). 
Operating companies are the sales organisations in the different countries. These operating 
companies receive the systems returned by the end customers and the (broken) parts returned by 
the service technicians. The high level supply chain is depicted in figure 1.3.   
 
Figure 1.3: Supply chain Asset Recovery 
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2 Analysis of current situation & problem definition 

In this chapter the current situation is described and the problem to be solved is defined with the 
use of a cause and effect diagram.  

2.1 Current situation 

In this section the product lifecycle of a system and its effect on the supply of spare parts are 
described. Thereafter the customer-supplier relation between Asset Recovery (AR) and Planning & 
Inventory Control (PL&IC) is explained. 

2.1.1 System lifecycle  

In figure 2.1 the Product Life Cycle (PLC) of a system is shown. The figure starts at the point where 
the first systems and spare parts of the system are sold. It ends at the point End of Service (EOS). 
EOS is the point in time where the service commitment of Océ for a system ends. From the point 
where the first systems are sold, broken parts are sent back to AR (repairables). These parts are 
repaired and among others delivered to PL&IC. From a certain point in time systems are returned 
to AR. These systems are initially used for remanufacturing. When demand for remanufacturing is 
fulfilled systems can be dismantled for the recovery of parts. Before a part can be recovered a 
recovery program must be set up, which requires a certain investment. 
 
This is depicted in figure 2.1 by the shaded area. In this figure the simplified situation in which a 
part is present in only one system type is displayed. In reality a part can be present in more than 
one system type.  
 
Figure 2.1 Product Life Cycle of a system 

 
 
Before a system is produced and sold, contracts are made with suppliers for the acquisition of 
(spare) parts. In these contracts the lead-time, order quantity, price and yearly quantity ordered 
until EOP are defined. Since these contracts are made for large quantities, Océ can generally 
negotiate a good price, lead-time and order quantity.  
 
At EOP the manufacturing department often has inventory left. The policy at Océ states that PL&IC 
purchases this remaining inventory. PL&IC purchases maximally the amount it can use until EOS. 
Since the manufacturing department needs many parts in much bigger quantities than PL&IC, the 
quantities purchased by PL&IC regularly are sufficient until EOS.  
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2.1.2 (Spare) part purchasing process 

Within Océ there may be several departments that are consumers of a certain part at the same 
time. The policy at Océ is that the department with the highest usage purchases the part at the 
external supplier. This process is depicted in figure 2.2. 
 
Figure 2.2: Purchasing process 
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The main user has demand from its internal customers (other departments within Océ) and 
demand from its external customers. Together this is the total demand for a part. The main user 
places a purchase request (P.R) at the purchasing department. Then the purchasing department 
places a purchase order (P.O) at the external supplier. The department that is the main user takes 
into account the demand of all its customers (internal & external) when placing an order.    

2.1.3 Relation between AR and PL&IC 

As mentioned in section 1.3 PL&IC has three possible suppliers, AR, the manufacturing 
department and the external supplier. Initially only new parts are purchased from the external 
supplier or the manufacturing department. The parts that are ordered from the manufacturing 
department are not considered in this research. From the point repairables are returned to AR and 
later in the lifecycle when complete systems are returned, AR is an alternative supplier. Currently 
AR is preferred supplier for a limited number of parts. From July 1st 2008 until June 30th 2009 7050 
pieces have been delivered from AR directly to PL&IC (60 different parts). Parts delivered to the 
manufacturing department for use in higher compositions which are then delivered to PL&IC are 
not included in this figure. 
 
Currently there are two reasons that lead PL&IC to purchase parts from AR, push and pull. In 
situations where suppliers are very unreliable or PL&IC is forced to make a final buy, PL&IC has an 
incentive to make AR preferred supplier and order at AR to reduce costs (pull). In case of final buys 
at the external supplier, ordering at AR may result in savings due to periodic ordering that results 
in inventory reduction. As a result obsolete inventory may be reduced as well due to smaller lot 
sizes. When AR has received the request, AR makes a trade-off whether they will recover the part 
or not.   
 
The second flow from AR to PL&IC comes from parts pushed by AR. AR sets up cost-effective 
recovery programs for returned single repairables and dismantled systems for the delivery of parts 
to PL&IC. In these cases AR makes a trade off, whether it is sensible to deliver a certain part. It will 
be clear that eventually PL&IC must agree to purchase the parts from AR. 
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2.2 Problem description 

In this section the problem to be solved is defined. In the process of the problem definition 
different stakeholders of different departments have been interviewed to gain understanding of 
the problem situation. The people interviewed and the problems they have addressed can be 
found in Appendix IV. A cause and effect diagram has been constructed to display the problem 
situation. The cause and effect diagram is shown in figure 2.3. 
 
Figure 2.3 Cause and effect diagram 
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2.2.1 Problem definition 

Due to a strong decrease in demand after EOP, Océ is forced to order at the external supplier at 
unfavourable conditions. These conditions are: 
 
 High order quantities (MOQ), final buys 
 Long lead-times 
 High prices 

 
Purchasing at these unfavourable conditions may lead to high inventory costs, high risk of 
obsolete inventory and high purchase costs. Yearly a provision of € 6 million is taken for obsolete 
inventory, which is around 20% of the average inventory. The above 3 conditions mentioned cause 
high service costs for Océ. To avoid ordering at these conditions parts can be internally recovered. 
Currently this is done on a limited and ad hoc basis. Reason for this is that no good trade-off can 
be made between the external supplier and internal recovery. This has resulted in the following 
problem definition.  
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Problem statement 
No good trade-off can be made between part recovery and external supply due to insufficient 
insight in the relevant costs and risks at PL&IC and AR. 
 
To address this problem the focus will be on the causes in box 1, 2 and 3. The problems in box 3 
relate to implementation issues. PL&IC is the department where the problem presents itself. 
However to avoid a suboptimal approach the problem will be addressed from an Océ wide 
perspective. In this research the relevant costs at PL&IC and AR are taken into account. The scope 
of the assignment is addressed in chapter 3. 

2.2.2 Causes of the problem addressed in this research 

In this section the problems that are addressed in this research are explained. In the cause and 
effect diagram the three boxes in the square research scope have been identified as the reasons 
why no good trade-off can be made between recovery of returned systems and purchasing at the 
external supplier. These three causes are explained hereafter in more detail.  
 
Box 1 There is insufficient insight in the total costs and risks of purchasing at the external 

supplier after EOP.   
 

 Lack of insight in the costs of final buys 
A Final buy is the situation where the supplier gives Océ one last opportunity to purchase 
parts. This often occurs long before EOS and leads to high inventory costs and a big risk of 
inventory obsolescence, since demand must be forecasted for a long period of time. 
Currently 176 different parts have a final buy status. This is around 0,6 % of the total 
number of parts that are kept on stock.  Cost calculations are already made. However it is 
not clear whether these are correct due to doubt about the forecasting method.  

 Lack of insight in the effects of lead-times and MOQ’s on inventory costs  
High lead-times result in high inventory costs. The effects of lead-times on the inventory 
costs and obsolescence risk are unknown.  

 
Box 2 There is insufficient insight in the relevant costs of the recovery process at AR.  
 

 Uncertainty in timing and quantity of returns (availability).  
The availability of returned systems for recovery is uncertain. Availability for dismantling is 
further complicated by remanufacturing, which generally has the priority over dismantling.  

 There is a lack of insight in the costs of recovery 
There is insufficient insight in the relevant costs of recovery and the share of these costs in 
the total costs of part recovery. 

 Decision making process for dismantling 
Decision making for dismantling is made on single parts in stead of on multiple parts. This 
may have a significant effect on the cost calculation and the decision for dismantling that is 
made. 

 
Box 3 Currently no clear procedures exist for handling purchase requests between AR and 

PL&IC 
 

 Division of (the cost of) risks 
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PL&IC does not commit to AR for fixed quantities until EOS due to the demand uncertainty 
which causes the risk of obsolescence. AR does not commit to PL&IC due to the risk of 
insufficient availability of returned systems.  

 Lack of  information sharing between AR and PL&IC 
AR bases its decision for recovery solely on the costs at AR. Costs at PL&IC are not taken into 
account. Furthermore, responses of AR to PL&IC are often yes or no in stead of a response 
with information on what can be done on what conditions, for instance partial deliveries.  

2.2.3 Causes of the problem not addressed in this report 

In this chapter the reasons for not addressing the other causes of the problem are explained. 
 
Box 4 At AR there is still opportunity for increasing the number of recovered parts retrieved 

from single repairables, starting before EOP when the first broken parts are returned. As 
this research focuses on the period after EOP this opportunity for single repairables 
before EOP is not taken into account. 

 
Box 5 There is doubt about the performance of the forecasting methods. On the one hand 

short term forecasts do not take into account trend changes. On the other hand long 
term forecasting until EOS does not perform well either due to an overly simplistic 
forecasting method. This may have a big impact on inventory costs and obsolete 
inventory at the end of the lifecycle, especially in case of final buys when demand for 
many years must be forecasted. A project has already been started to improve 
forecasting. 

 
Box 6 At EOP M&L often has inventory left. The procedure is that PL&IC purchases the excess 

inventory of M&L. PL&IC purchases maximally the quantity it expects to use until EOS. 
This causes high inventory costs. Since the cause of this problem lies at the 
manufacturing department, this aspect will not be considered in this master thesis.  

 
Box 7 After EOP Océ is confronted with unfavourable supplier conditions. These conditions 

may be (partially) under control of Océ, by contract management. In this research these 
conditions are considered as exogenous variables which cannot be controlled.  
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3 Assignment Formulation 

In this research the problem is approached from an Océ-wide perspective in which parts are either 
recovered from returned systems or single repairables, or are purchased from the external 
supplier. First the criteria on which the trade off is made are given. In section 3.2 the assignment 
formulation is presented. In section 3.3 the scope of the assignment is determined. Finally in 
section 3.4 the stakeholders of the project are mentioned. 

3.1 Choice of the criteria 

To make a good comparison between suppliers, criteria are needed. Minner (2003) defined price 
(net prices, discounts, and payment conditions), supplier service (lead-time (variability), reliability, 
flexibility) and quality as the main criteria for supplier choice. He states that the optimal choice in 
an environment with multiple potential suppliers is a trade off of the respective aspects of direct 
purchasing costs and supplier service. In addition (minimum) order quantity may be an important 
aspect of supplier service. Order quantities have an impact on the holding costs. Furthermore the 
maximum quantity that can be ordered is of interest when AR cannot fulfill total demand for a 
part. This would result in a partial supply.  
 
Table 3.1 Criteria for comparison 

Price (cost of recovery) 

Order quantity (minimum order quantity & maximum absolute 
quantity) 

Lead-time 

Reliability 

Flexibility 

 
Price 
In this research price is the first criterion on which the two suppliers will be compared. The price 
of the external supplier is the standard price in SAP. The price of AR is determined by the relevant 
costs per part.  
 
Minimum Order quantity (MOQ) 
Every part is ordered at a supplier with a certain order quantity. The quantity that must be 
minimally ordered is the minimum order quantity (MOQ). Both the external supplier and AR have 
MOQ’s. The minimum order quantity impacts the inventory and as such the inventory costs.  
 
Lead-Time 
Lead-time is defined as the amount of time between the placing of an order and the receipt of the 
goods ordered.  
 
Reliability 
Supplier reliability is defined as the ability of a supplier to consistently supply an acceptable 
product within the required time. The reliability of AR as a supplier depends on the availability of 
returned systems for recovery and subsequently the number of parts that can successfully be 
retrieved (yield). In case AR cannot fulfill all demand the remaining demand must be ordered 
externally. 
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Flexibility 
Flexibility is a multi-dimensional aspect of which the different elements are not equally important 
in different environments (Stevenson et al, 2007). In this case flexibility refers to offering 
flexibility, which is defined as the ability of an existing supplier to support changes in product or 
service offerings in response to changes in business environment (Stevenson et al, 2007). Offering 
flexibility considers three parameters: lead-time, minimum quantity and absolute maximum 
quantity. These are already included in the other criteria. Therefore flexibility is not taken into 
account. 

3.2 Assignment formulation 

The goal of the assignment is to make a sound trade-off between parts recovery from returned 
systems and the single repairable channel and purchasing of parts at the external supplier. The 
method is to be used for decision making on part recovery. This is a yes/no decision on whether 
time and money is invested in a recovery program or not.  
 
Assignment 
Develop a method that determines whether parts can be cost effectively recovered compared to 
purchasing at the external supplier based on the criteria Price, Order Quantity, reliability and lead-
time. 
 
In figure 3.1 a graphical representation of the assignment is depicted, in which the criteria 
mentioned in the assignment formulation are shown as well.  
 
Figure 3.1 Assignment graphically 

External 

Supplier

PL&IC

AR

Price

Order quantity

Reliability

Lead-time

   
 
Based on the values of the criteria for both suppliers, the expected costs for both suppliers can be 
determined. Consequently a decision can be made whether parts are internally recovered or 
purchased from the external supplier. The relevant costs are explained in chapter 4.   

3.3 Scope 

The scope is divided in two types of restrictions.  The first one is the demarcation that only parts 
for which PL&IC is the main user are taken into account. In practice these are parts of systems for 
which production has already stopped. The second demarcation is the part of the supply chain 
that is taken into account 
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3.3.1 Scope (lifecycle) 

In chapter 2.1.2 the purchasing process has been explained. The user with the highest demand 
orders externally and takes into account the demand of all its customers. The internal users order 
internally. There are three departments that may be main user: 
 

 Manufacturing 

 Remanufacturing 

 PL&IC 
 
Solely when PL&IC is the main user there is an incentive for PL&IC to order at AR. In case the 
manufacturing department is the main user, PL&IC can order with an MOQ of one piece and a 
lead-time of one day. This lead-time can never be beat by AR. Since PL&IC always pays the 
standard price irrespective of the supplier, ordering at AR will never result in an advantage for 
PL&IC. From an Océ wide perspective however there naturally may be an advantage due to the 
price difference between external supply and internal recovery. In figure 3.2 the situation where 
the manufacturing department is the main user is depicted. 
 
Figure 3.2 Manufacturing department is main user  
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So, this research focuses on the parts that PL&IC purchases externally. All suppliers of PL&IC 
(internal & external) can be found in Appendix V. PL&IC does not have any problem with acquiring 
spare parts until EOP, because then the manufacturing department is the main user. As a 
consequence the part of the lifecycle that is included in this research is the time-span after EOP. 

3.3.2 Scope supply chain 

For the external supplier the values for price, lead-time and order quantity are known. For AR this 
is not the case. In Figure 3.3 both sourcing channels are displayed. A decision has to be made 
whether parts are recovered from returned systems, single repairables or purchased externally. 
Two important assumptions underlie the determination of the scope of the supply chain: 
 

1. The credits that are paid for acquiring systems from the OPCO’s are at its minimum. This 
means that these credits are sufficient to cover the transportation costs. The OPCO’s can 
always return used systems to AR. In this research the period after End of production 
(EOP) is considered, for which the credit may be assumed to be at its minimum, because 
the OPCO’s do not have an opportunity cost. Since the costs for returning these systems 
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are incurred regardless of what is done next (disposal, remanufacturing, part recovery) 
these costs are not relevant. In other words, these costs do not influence decision-making 
(sunk costs).  

 
2. It is furthermore assumed that the supplier decision does not affect the costs incurred 

further in the supply chain. This means that it is assumed that both suppliers deliver 
sufficient quality. This is currently the policy at AR. The final assumption is that the 
allocation performance is not affected by the supplier choice.  PL&IC aims for a 98% 
allocation performance regardless of the supplier. This means that the final assumption is 
justified as well. 
 

In the upcoming chapters additional assumptions are made. In Appendix VI a list of all these 
assumptions is presented. 
 
Figure 3.3 Supply chain PL&IC 
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3.4 Stakeholders 

Within Océ two departments are tightly involved in this research. First of all PL&IC is the problem 
owner and as such the primary customer of this research. Besides PL&IC, AR is an important 
stakeholder since it is responsible for all recovery operations within Océ. Furthermore the 
purchasing department is a stakeholder, since an increase in recovery would decrease the number 
of parts that are purchased externally. Finally the service department is a stakeholder as the 
responsible department for the service strategy. 
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4 Detailed supply chain & relevant costs 

In this chapter the reverse logistics process under analysis is explained in detail. This process is the 
basis for the determination of the relevant costs in the second paragraph. In the third paragraph 
the relevant costs are used to determine the “relevant” supply chain. Finally the justifications and 
assumptions for all the reduction in complexity of the supply chain are given.  

4.1 Detailed supply chain 

In Figure 4.1 the detailed reverse supply chain is depicted. In the figure all activities in the reverse 
supply chain of PL&IC and AR are depicted including its cost parameters. Number 7 does not stand 
for an activity in the process, but represents the start-up cost for each individual part. This is 
explained in the legend. The triangles denote stock-points and the rectangles denote activities. 
 
Figure 4.1: Reverse supply chain 
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 Legend: 

1. System returns    
Systems are returned by the OPCO’s. For returning the systems the OPCO’s are paid a 
credit, which is at least sufficient to cover the transportation costs. 

2. System Inventory  
At the central stock point all systems are stored before they are dismantled. 

3. System transportation  
From the central stock-point the returned systems are transported to AR. 

4. System WIP inventory  
At this stock point a work in process inventory of a few days is kept. 

5. Dismantling for disposal  
All systems are dismantled up to a certain point. Irrespective of whether they are needed 
for part recovery or completely disposed.  

6. Disposal of complete system  
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After dismantling for disposal, a complete system can be disposed 
7. Start up of a recovery program  

Before a part can be recovered a recovery program must be started up. The start up cost 
of a recovery program is a onetime cost (investment) before actual recovery starts. 

8. Dismantling for part recovery  
In case of part recovery additional dismantling time is needed to retrieve a part 

9. Disposal of remainder of the system  
After part recovery, the remainder of the system that is not used is disposed. 

10. Repairable stock at the OPCO 
Broken single repairables are returned by the service technician to the OPCO and are kept 
on stock there. 

11. repairable returns  
Single repairables are sent back by the OPCO’s. For sending back a repairable the OPCO’s 
receive a credit, which is at least sufficient to cover transportation costs. This cost 
furthermore consists of a visual inspection (quality check) of the repairable. 

12. Inventory of repairables  
At this stock-point the inventory of repairables is kept 

13. Disposal of repairables  
In case of excess inventory repairables may be disposed. 

14. Repair of repairables 
Repairables need repair to be used as spare parts  

15. Inventory of parts at AR 
After repair the spare parts are kept on stock by AR 

16. Transportation of parts to PL&IC  
From AR the spare parts are transported to PL&IC 

17. Ordering of new parts 
Purchasing of new parts at the external supplier 

18. Inventory of parts at PL&IC  
PL&IC holds the inventory of spare parts 

19. Backordering costs 
In case of insufficient inventory, parts are backordered at a certain cost 

20. Disposal of spare parts  
In case of excess inventory spare parts may be disposed 

21. Demand for spare parts  

4.2 Cost parameters 

In this paragraph the relevant and the irrelevant costs are explained. The relevant cost parameters 
are used in the model to determine the parts that can be cost effectively recovered. For the costs 
that are not relevant, the reason for not being relevant is explained. Finally the relevant costs at 
AR are explained. These have been used to determine the variable cost for dismantling per part. 

4.2.1 Relevant costs 

Below all activities that include relevant costs are listed together with the reason for being 
relevant. The numbers of the relevant costs correspond with the numbers in Figure 5.1. 
 

7. Start up cost for part recovery ( startupc ) 
The onetime start up cost is incurred for every part before it is recovered. The start-up 
cost is a necessary investment before recovery can start. As such it is a relevant cost.  
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8. Dismantling cost for part recovery ( dismanc ) 
Dismantling for part recovery is done for every individual part. This cost is incurred only 
when a part is dismantled for recovery. This makes dismantling for part recovery a 
relevant cost.  

11. Return of repairables ( rep returnc ) 
OPCO’s can return repairables when AR “asks” for it. These costs are only incurred when a 
repairable is sent back to AR. The costs are only incurred if a repairable is sent back. 

14. Repair of repairables ( repairc ) 
It is assumed that all parts need to be repaired at a certain cost. The majority of the parts 
is externally repaired. Repairables are kept on stock. As a consequence, these costs are 
incurred only when a part is demanded by PL&IC. 

17. Costs of new parts ( newc ) 
The costs of new parts at the external supplier are relevant, since this is the cost that is 
paid at the external supplier. 

18. Holding costs of spare parts ( spareh ) 
The holding costs of spare parts are determined by the price of the part, the carrying 
charge and the number of parts in inventory. All parts are appreciated at the price of a 
new part and at the same carrying charge irrespective of the supplier. Due to differences 
in order quantities and lead-times the supplier choice may affect the holding costs. This 
makes the holding costs of spare parts at PL&IC a relevant cost. 

20. Backordering costs 
The backordering costs are relevant costs. In a later stage however it will be assumed that 
backordering costs are not relevant. As such a deterministic situation will be assumed. 

21. Disposal of spare parts 
Spare parts may be disposed in case of excess inventory. The costs may be substantial due 
to the investment tied up in this inventory. Furthermore disposal of the parts itself may 
have a certain cost. The probability of disposal increases with increasing lead-times and 
increasing MOQ’s, because this increases the inventory.  
There is an overlap with the costs of new and recovered parts. When parts have been 
purchased, the value that is disposed is not of interest, since the parts have already been 
bought and the costs have already been made. Solely the cost of disposal itself is of 
interest. 

4.2.2 Costs not relevant 

Below all activities that do not contain relevant costs are listed together with the reason for not 
being relevant.   
 

1. System return costs  
In this research the period after EOP is considered. The credits given to the OPCO’s are at 
its minimum and assumed to be equal to the transportation costs. The costs for returning 
a system to AR are incurred irrespective of what is done next, remanufacturing, part 
recovery or disposal. This makes the transportation cost/credit a sunk cost, which is not 
relevant for the recovery decision. 

2. System Inventory costs  
A returned system is at least dismantled for disposal. When part recovery is sensible a 
system may be further dismantled. Since there is no investment tied up in systems the 
holding costs are determined by the space that is needed. Currently a system is kept on 
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stock on average for half a year, which costs around € 26,- (€ 52,2 per pallet place per 
year). Compared to the other costs of the multiple parts that can be retrieved from a 
system, these holding costs are negligible.  

3. System transportation costs    4.    System WIP inventory costs     5.   Dismantling for 
disposal costs  
For the costs of system transportation (3), system WIP inventory (4) and dismantling for 
disposal (5) holds the same as for the system return costs. These costs are incurred, 
irrespective of what is done next. As a result these are sunk costs that are not relevant. 

6. Disposal of complete system      9.    Disposal of remainder of the system  
In case no parts are recovered, a complete system is disposed (6). When parts are 
recovered the remainder of the system is disposed (9). The amount that is received for a 
disposed system depends for 80% - 90% on the carcass. The weight of the carcass is equal 
for direct disposal as for disposal after part recovery. This makes the disposal costs a sunk 
cost as well.  

12. Inventory of repairables  
The investment tied up in repairables is small, since the investment depends on the 
relevant cost of dismantling or the return cost of single repairables. Therefore the holding 
costs particularly depend on the space that is required. The cost of a pallet place is € 52,2 
per year. Depending on the size of the repairable, tens of repairables may be stocked in 
one pallet place. As a consequence, the holding costs of repairables are low and can be 
neglected. 

13. Disposal of repairables  
There are two reasons for repairable disposal not being relevant. Since not a lot of 
investment is tied up in repairables, the “value” that is disposed is low. Furthermore, the 
costs of disposal itself are low. Therefore these costs are neglected. 

15. Inventory of parts at AR  
Some parts may be stored at AR after repair; others are directly transported from an 
external repair shop to PL&IC. The holding costs are the same as at PL&IC. For sake of 
simplicity it is assumed that all parts are kept on stock at PL&IC. 

16. Transportation of parts to PL&IC  
The cost of transportation from AR to PL&IC is assumed to be negligible.  Many parts are 
transported directly from an external repair partner to PL&IC. In the situations where 
parts do need transport from AR to PL&IC the costs will be low due to a very small 
distance from AR to PL&IC (<2 km).  

4.2.3 Relevant costs at AR 

In this paragraph the relevant cost of AR are determined. These costs are needed to determine 
the dismantling cost per part. To determine this dismantling cost per part the fixed and variable 
costs at AR must be identified in order to decide which costs should be allocated to the 
dismantling operation. In this section is explained why certain costs may be assumed to be either 
fixed or variable. 
 
Fixed costs: 
A fixed cost is defined as a periodic cost that remains (more or less) unchanged irrespective of the 
output level or sales revenue of a firm (www.businessdictionary.com).  
 
In this study it is assumed that the building and costs of fixed assets such as rent, insurance and 
maintenance are fixed costs. These costs do not change in the short run. Furthermore, costs of 
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other departments (cost centers) and management costs are allocated to AR. These costs do not 
vary with production rates either and are assumed to be fixed as well. As a consequence these 
costs are not included in the calculation. 
 
Variable costs: 
A variable cost is defined as a periodic cost that varies, more or less, with the output or sales 
revenue of a firm. Variable costs consist of direct labor for dismantling and labor of supporting 
departments that are assumed to vary with the number of parts dismantled 
(www.businessdicionary.com).  
 
The direct costs of dismantling are variable costs. It is assumed that the dismantling cost is equal 
for all parts. This assumption thus supposes that the time that is needed for retrieval is equal for 
all parts.  
 
The departments Logistics and Material Quality (MQ) are the sub departments of AR of which 
costs are allocated that are assumed to be variable, since the amount of work for these 
departments partly depends on the number of parts that are recovered. Both departments carry 
out activities for AR and Remanufacturing. The logistics department takes care of all logistics 
related activities. The MQ department is responsible for the quality of the parts that are 
recovered. 
 
Currently the calculation for recovery of parts from dismantled systems is the same as for 
recovery of single repairables.  In this calculation a cost of € 25,- is used; € 10,- for transportation 
and € 15,- for handling. For parts from dismantled systems however an amount of € 5,- should be 
used. The calculations for the dismantling costs, as well as the figures for the fixed and variable 
costs of AR can be found in Appendix VII, VIII and IX. 

4.3 Supply chain for mathematical programming 

In the previous chapter the relevant costs have been explained. In figure 4.2 the supply chain that 
is the basis for the model in chapter 6 is presented. All steps are numbered; for the steps that 
include relevant costs the cost parameter has been added to the figure. From one single system 
multiple parts can be retrieved.  
 
Figure 4.2: Simplification of the supply chain 

2
Repairabl

es

Single

Repairable

Returns

Repair

Spares

PL&IC Spare part

delivery

New

parts

Dismantling 

for part

recovery

Central 

Stock

point

Repairabl

es

OPCO

dismanc

rep returnc

repairc

newc

&sparePL ICh

System 

returns

1 2 6

4

3

8

7

5

9

10

setupc
Starting up a 

recovery

program

13

Disposal of 

spare parts

11

backorderc

12

 
 

http://www.businessdicionary/


19 
 

Legend: 
1. System returns 
2. Inventory of returned systems 
3. A part is dismantled from a system 
4. Single repairables are kept on stock at the OPCO 
5. Single repairables are returned by the OPCO 
6. Repairables from dismantled systems and from the single repairable channel are kept on 

stock 
7. Repair of repairables 
8. Purchasing of new parts 
9. Inventory of spare parts 
10. Backordering of spare parts 
11. Demand for spare parts 
12. Disposal of spare parts 
13. Start up of a recovery program 

 
Because the costs on system level are not relevant, every part can be treated individually. The 
result of this approach is that it is implicitly assumed that partly recovered systems are kept on 
stock until all parts that are needed from that single system are retrieved. 

4.4 Assumptions 

In the supply chain that is considered, a number of assumptions have been made. These 
assumptions are additional to the assumptions made in chapter 3.  
 
3. The repair costs of single repairables and repairables from dismantled systems are equal. 

It is thus assumed that parts that are retrieved from dismantled systems need to be repaired 
to the same extent as the broken single repairables that may be sent back. 

4. Fixed ordering costs do not exist. 
It is assumed that only variable ordering costs are present. This assumption is satisfied, since 
the fixed ordering are already included in the standard price. Fixed ordering costs are neither 
taken into account for the internal nor for the external supplier. 

5. Remanufacturing is preferred over part recovery 
In the model that is developed a decision is made on where to source spare parts. No trade off 
is made between remanufacturing of a system and using it for part recovery. It is assumed 
that remanufacturing is preferred over part recovery. This is the current policy within Océ. 

6. Partly recovered systems are kept on stock 
Every part is treated separately. However, from one system more than one part may be 
retrieved. Therefore it is implicitly assumed that partly recovered systems are kept on stock to 
be used for the recovery of other parts. 
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5 Research approach 

In this chapter the approach for this research is presented. This approach consists of the research 
methodology, scientific relevance and the type of research. 

5.1 Research methodology 

The research that is carried out is a design science research. Design science research is interested 
in systems that do not yet exist or in improved performance of given systems. “The mission of 
design sciences is to develop general knowledge to support the design of solutions to field 
problems (not the art of the actual solving of specific field problems, which is the domain of the 
professionals of the discipline in question)” (Van Aken et al, 2009).  
 
The research methodology used for this master thesis is the reflective cycle and regulative cycle 
combined (Figure 5.1) (Van Aken et al, 2007). The first step of this cycle is the choice of a type of 
problem from literature. In this research the type of problem is: “spare part acquisition through 
part recovery in the post product life cycle”. Inderfurth (2007) presents a model for acquiring 
spare parts through three possible channels; a final order, regular ordering or recovery. At Océ 
there exists a similar situation in which the three possible channels considered are; regular 
external ordering, part recovery from dismantled systems or single repairable recovery. For 
examining this type of problem a case study is carried out at Océ.  
 
From this point the regulative cycle is followed (Figure 4.1). In chapter 2 the first step of the 
regulative cycle has been carried out. In this research the first three steps of the regulative cycle 
are executed. In the plan of action the steps to be taken to actually start the intervention and 
solve the problem are explained. A complete implemented solution lies outside the scope of this 
research.  However the results of this research will serve at least as a sound base for the 
intervention. 
 
The goal of this research is to give a solution for the specific problem at Océ that can be used for 
the development of technological rules. A technological rule is defined as: a chunk of general 
knowledge, linking an intervention or artefact with a desired outcome or performance in a field of 
application. Field tested and grounded technological rules are to be used as design exemplars of 
managerial problem solving. 
 
Figure 5.1 Reflective cycle 
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5.2 Type of research  

For carrying out the assignment that has been formulated in chapter 3 the case study has been 
selected as the research method. The case study is a research in which the researcher tries to 
obtain a profound insight in one or more time periodically limited objects or processes 
(Verschuren, 1998). Particularly for a practice oriented project a case study has 2 important 
advantages: 
 

 The case study offers the opportunities of getting an integral image of the unity of 
research. This integral image is especially an advantage in a research that is aimed at 
changing an existing situation. 

 The third advantage of the case study seen from a practice oriented project is that the 
results are relatively quickly accepted by the field. Since the methods and the sorts of data 
that the case study delivers have an everyday format, the results are recognizable and 
likely to be accepted in the field. 

 
A disadvantage of the case study is that the external validity of the results is sometimes under 
pressure. In case fewer cases are studied it is harder to declare the finding to be applicable to the 
whole or only to analogous cases. 
 
In this research a model is built that determines whether new parts must be bought or internally 
recovered parts by AR to minimize total costs. For reasons of complexity and time consumption it 
is impossible to test the model for all systems that can potentially be recovered. Instead the 
model will be tested for a restricted number of systems that are practically relevant. Obviously 
this is a case study, which is the appropriate method for carrying out this research (Verschuren, 
2007).  
 
The considerations for the specific case selection in this research and the criteria that have been 
used for this selection are presented in chapter 7.  In this chapter the reasons for selecting Mixed 
Integer Linear Programming (MILP) as the solution method is presented. 

5.3 Scientific relevance 

Both part recovery and acquisition of spare parts at the end of the lifecycle are topics that have 
been extensively studied already. 
 
Inderfurth (2007) describes a decision support model for spare part acquisition in the post product 
life cycle. In this model spare parts can be acquired through three channels: Final lot size, extra 
procurement and remanufacturing of spare parts. This model does not include start up cost nor 
the recovery of several parts from a single system. Teunter (1998) provides cost optimal policies 
for final buy orders, which balances the costs of a stock out against those of purchasing and 
stocking spare parts. Van Kooten (2008) gives a solution for the final order of repairable spare 
parts under condemnation, which typically occur in the final phase of the lifecycle of a product. 
 
Much research has been done on the remanufacturing/recovery of systems. Kiesmüller (2002) 
addresses a recovery system with two stock-points and different lead-times for production and 
remanufacturing. Kiesmüller (2003) finds simple expressions for determining produce-up-to and 
remanufacture-up-to levels in stochastic product recovery inventory systems. Inderfurth (1997) 
considers a simple optimal replenishment and disposal strategy for a product recovery system 
with lead-times. Both Inderfurth (2000) and Kleber (2002) consider a product recovery system 
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with multiple reuse options. In all these articles it is assumed that MOQ’s do not exist and that 
there is just one return channel.  
 
Taleb (1997) presents a material requirements planning algorithm for the disassembly of complex 
product structures with parts and materials commonality. A disadvantage may be that the 
solution is not necessarily optimal. Langella (2005) presents an integer programming model for 
the optimal solution to a disassemble-to-order problem with three levels of items, cores 
intermediates and leaves. This method however does not include set-up costs or MOQ’s.  
 
There is an enormous amount of literature on operative issues in reverse logistics. Most of these 
neglect investment issues (start up costs). Kleber (2005) presents the financial impact of 
technological decisions in the context of reverse logistics. Optimal dynamic policies are found for 
investment projects that incorporate remanufacturing. The time of the remanufacturing 
investment proves to be crucial, because it influences both the time value of the expenses 
accompanied with it, but also the advantage that can be obtained by replacing production of new 
products by remanufacturing of returns.  
 
Meacham (1999) presents an algorithm for determining optimal disassembly configurations for 
single and multiple products in which also a fixed cost component is present. In the case of Océ 
the requirement is not an optimal disassembly configuration, but an individual assessment of 
parts in a system.  
 
Summarising, the scientific relevance of this research is the addition of MOQ’s and two different 
return channels (single repairables and systems) in a mathematical model for making a decision on 
individual part recovery.   
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6 Model selection & Model input 

In this chapter the model selection and the input for the model is explained. Furthermore the 
parameters that have not been included are presented.  

6.1 Selection of Mixed Integer Linear Programming (MILP) model 

For the model selection it must be determined whether the situation is considered stochastic or 
deterministic. Naturally the situation is stochastic in reality, since both demand and returns are 
uncertain. In a stochastic situation the costs of backorders must be determined and distributions 
for demand and returns must be adopted. Since it is difficult to determine the costs of backorders 
and distributions for demand and returns in a situation of decreasing demand the decision has 
been made to opt for a deterministic model. Mixed integer linear programming is the type of 
model that has been selected for solving the problem. 

6.2 Solver selection for MILP 

For the execution of MILP two alternatives are available, Excel and AIMMS. No other software 
packages than AIMMS and excel have been considered, because AIMMS was available at the 
University of Technology Eindhoven and has been successfully used by several graduates before. 
 
Both alternatives have the functionally that is needed for this assignment. However the Excel 
solver has limited capacity. The capacity of Excel is around 200 decision variables, whereas AIMMS 
can handle up to 40.000 decision variables. The number of decision variables in the model is 4 per 
period and 1 addition for starting up a recovery program.  
 
The advantage of Excel is that all employees within Océ know how to work with the program. The 
disadvantage of the limited capacity in Excel is that maximally around 50 periods (200/4) can be 
taken into account for a single part. This limits the number of years that can be calculated in Excel. 
This is shown in table 6.1.  
 
Table 6.1 Maximum number of years that can be calculated in Excel 

Period length Number of years that can be taken into 
account 

Year 50 years (200/4)  

Quarter 12,5 years (200/(4*4)) 

Month 4,17 years (200/(4*12)) 

 
In the case study in this research all parts have an EOS around 2016 which demands a decision for 
7 years. This means that with a period length of a month not a calculation can be made for the 
whole period until EOS. Due to its high capacity AIMMS does not have this problem. The 
disadvantage of AIMMS is that Océ must purchase the software package and the employees must 
learn how to use the application. 
 
Decision 
As functionality is not a criterion for the trade off, the trade off is purely a practical trade off 
regarding capacity. After consultation with the stakeholders at Océ, the decision has been made 
to select Excel for the practical reasons mentioned above. Since with Excel no more than 49 
periods can be taken into account the period length that is selected is the quarter. 
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6.3 Model input 

Based on the characteristics of the supply chain, the demand characteristics and the forecasts that 
are available the requirements for the model have been stated. These requirements have been 
taken into account in the development of the MILP programming model. 

6.3.1 Time horizon 

As mentioned in chapter 4 an investment is needed before parts can be recovered. This 
investment is needed to set up a recovery program for every individual part. The investment may 
be gradually earned back by every part that is recovered when a recovered part gives a saving 
compared to ordering at the external supplier. This means that for every part the period until EOS 
must be considered, since this is the “pay back” period of the part.  

6.3.2 Period length 

As mentioned in section 6.2, the selection of Microsoft Excel as the MILP solver in which the 
model is programmed limits the period length to one quarter. This is because the total period until 
EOS must be taken into account, which is in this case 7 years. The alternative to a period length of 
a quarter is a year. Since system return forecasts are available for a three month period as well as 
demand forecasts and this period length works within the capacity of Excel, there is no reason to 
choose for a bigger time bucket and as such a “rougher model”. The period length that is used in 
the model is a quarter (three months). The total time until EOS is seven years. The model is tested 
for one period of 7 years and for the seven years divided in 28 periods of a quarter. 

6.3.3 Demand forecast until EOS: 

The forecast for the total demand until EOS is determined by the method that is currently used 
within Océ. In this method the demand of the past 12 months is multiplied with the number of 
years until EOS and a factor. This is a correction factor for the stage of the lifecycle a system is in.  
 

Demand until EOS = (Demand past 12 months) x (Years until EOS) x (Correction factor) 

 
The formula is used for making final buy decisions. In case of a final buy Océ wants to be sure that 
enough is ordered to fulfil demand until EOS, since the cost of a system down is higher than the 
cost of excess inventory at the end of the lifecycle. Therefore this forecast will be an overestimate 
in the vast majority of the cases. 
 
An extensive clarification of this method can be found in Appendix X. With this method only total 
demand until EOS is determined, not the demand pattern. For the MILP model the demand per 
quarter is needed.  
 
It is assumed that the demand for spare parts decreases proportionally with the system 
population. This is a hyperbola that goes asymptotically to zero. At EOS there may still be a field 
population. This remaining population however will not be serviced anymore by Océ. As such, 
from EOS the demand for spare parts is zero, since the service contracts have ended.  The graph 
for the population development and the demand for spare parts are shown in figure 6.1.  
 
So, total demand is determined with the formula for the total demand until EOS. Consecutively 
this demand is divided over the periods in such a way that it is decreasing to zero according to a 
hyperbolic function. For every period the demand is deterministic. The rate with which the 
demand decreases is assumed to be 17% per year. 
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Figure 6.1:  Demand pattern/population development 

 
 
In practice demand for a part may not be gradually decreasing. A part may be present in different 
systems with different failure rates with different field population that are in different parts in the 
lifecycle. This may cause bottoms and tops in the demand at certain points in the lifecycle. This is 
not taken into account in this research since the current method within Océ is used, which does 
not allow these accurate forecasts. 
 
Apart from the demand pattern it is important to mention what is considered demand for PL&IC. 
This is all demand that is delivered to customers outside the department itself. This is shown in 
Appendix XI. 
 
To determine the demand that is still needed, the starting inventory and the number of 
outstanding orders must be taken into account. Both affect the number of parts that are still 
needed until EOS. In case the number of outstanding orders is high compared to the demand until 
EOS, the impact on the recovery decision may be significant. Therefore the outstanding orders 
should be included in the model in the projected period that they will arrive. The starting 
inventory is discussed in section 6.3.4.   

6.3.4 Starting inventory of parts 

The starting inventory can be determined in two ways: 
 

1. Solely take into account the inventory at distribution centre in Venlo.  
2. Take into account the inventory in the supply chain of PL&IC. This includes the car stocks 

and QRS’s in Europe and the inventory at the distribution centres in Asia and the United 
States.  

 
In case the inventory in the supply chain would be used it must be assumed that inventories can 
be redistributed towards the end of the lifecycle. After all, the probability that the inventory is 
unequally distributed towards EOS is high, due to big differences in demand at the different stock-
points. To be able to use the inventory in the chain, a redistribution of inventory is necessary, 
which is centrally controlled. From a certain part value redistribution may be profitable due to 
additional transportation costs. PL&IC is formally the owner of all inventories in the chain in 
Europe, which means that PL&IC can decide to redistribute parts. In practice this is difficult to 
arrange, because the OPCO’s do not always cooperate. 
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Concluding, in general part redistribution will not occur due to difficulties with the redistribution 
process. In this context it is not realistic to include the inventory in the chain. Thus, the starting 
inventory used in the model is the inventory at PL&IC in Venlo.   

6.3.5 System returns forecast 

System returns is a parameter that is forecasted. The forecast that is made assumes that solely 
systems from the European population are returned.  For systems from the United States a higher 
credit must be paid due to higher transportation costs. The minimum credit for Europe is € 70,- for 
Belgium, Holland, France and Germany and € 150,- for the other countries. For the United States 
the minimum credit is € 350,-. 
 
Within Océ forecasts are made for the expected development of the population and the number 
of returns. These forecasts are made based on historical data, estimation of the general 
economical situation and the road map of successors of the system. This forecast has been used 
for the returns in this case study, since it is the best forecast that is available. The effect of system 
returns on the model solution is dealt with in the sensitivity analysis. 
 
In the current calculation for single repairables it is assumed that there is a rework fall-out of 5%. 
This is the percentage that is currently used. This percentage is used for returned systems as well. 
This means that for all parts in the system, 5 % cannot be recovered.  

6.3.6 Single repairable returns forecast 

Reliable forecasts for single repairables are hard to make. A big part of the repairables is not sent 
back to AR. It is assumed that 50% of the single repairables is sent back when a credit is given to 
the OPCO’s. It is assumed that they are sent back immediately (lead-time is zero). In practice 
repairables are collected and returned by the OPCO’s in batches. The estimates are based on 
information given in interviews by employees of AR.  
 
For single repairables a rework fall out of 5% is taken as well. This is the same as for returned 
systems.  

6.3.7 Repair costs 

Since the repair cost is the biggest cost parameter in the model it is important to make a good 
estimate for individual parts and for the two different types of repairables when the costs of these 
differ. Furthermore the solution must be tested for the sensitivity of the repair costs. 
 
In the case study the repair costs are assumed to be 45% of the price at the external supplier. This 
is the cost figure that is currently used for the repair of single repairables. The repair costs 
however may differ heavily. For some parts these costs may be less than 10% of the standard 
price. 

6.3.8 Start up costs 

The set up cost is a parameter that has been estimated on. This cost however may differ heavily 
on individual parts. For types of parts that are already remanufactured the start up cost may be 
small. For parts that are not remanufactured yet and for which new suppliers must be found and 
additional tooling is required, start up costs may be as high. This set up cost consists of three cost 
parameters: 
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1. Labour costs of the MQ department (regards Quality issue) 
2. Labour costs of the logistics department (regards planning) 
3. Investments in among others tooling 

 
Labour of the MQ and logistics department is always needed to set up a recovery program. 
Investments may not always be necessary. Therefore this cost factor may be zero in certain cases. 
Due to the uncertainty about the value of the set up costs and its impact on the result of the 
model, the results of the model are tested for the sensitivity of the set up costs. 

6.4 Effects not included in the model 

A number of parameters are not included in the model and as such cannot be assessed in the 
model. These parameters are named hereafter. 

6.4.1 Minimum order quantity  

In the mathematical model it is assumed that the MOQ for all suppliers and for all parts is one. In 
reality both AR and the external supplier do have MOQ’s higher than one. Due to the limited 
capacity in Excel the solver cannot handle inclusion of the MOQ.  

6.4.2 Lead-times 

In the mathematical model it is assumed that all lead times are zero. The lead-time of Asset 
recovery is 11 weeks, whereas for most parts the lead-time at the external supplier does not 
exceed 3 months. It is assumed that all orders are placed at the beginning of the period and are 
received at the end of the period. Under this assumption it is justified to assume a zero lead-time. 
The lead-time is excluded from the model. 

6.5 Model solution 

The outcome of the model is the minimum cost for acquiring spare parts until EOS, given the 
correctness of all parameters and the validity of all assumptions. For every sourcing channel in 
every period the model gives the number of parts that are purchased and/ or recovered. The total 
cost of the solution can be compared to the situation where all parts are ordered externally (new). 
With this data the saving may be computed between part recovery and external supply. 
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7 Selection of the case study 

In this chapter the criteria for the case study selection and the unit of analysis are presented. 
Thereafter the case study is selected. Finally the data set to be analyzed is defined. 

7.1 Unit of analysis 

For the forecasts of system returns it is important to determine which systems are considered to 
be “equal” so that they can be forecasted as one entity. In this case the unit of analysis is 
determined by the physical conformity of a system.  The criterion is that the pool of systems that 
is selected must be physically equal to ensure that the same parts can be retrieved from every 
system.  
 
The highest aggregation level is the product group, for instance wide format printers. The serie is 
for instance the 31x5 which consists of the models 3145, 3155 and 3165. The different models of a 
serie hardly differ on physical characteristics. The differences are caused by the software.  
Therefore the unit of analysis is the serie. The motive is that this is the highest aggregation level 
for which physical conformity holds. The aggregation levels are depicted in figure 7.1. An extensive 
clarification can be found in Appendix XII 
 

Figure 7.1: Aggregation level 
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7.2 Criteria for Selection 

As the unit of analysis is defined, a certain serie of systems can be selected for the data analysis of 
the model. For this selection a number of criteria have been selected. Based on the criteria a serie 
of systems for analysis is selected.  
 

1. Océ manufactured series 
Just this year AR has started recovering the first four parts of acquisition systems. As a 
consequence there is not much experience with the recovery of these systems in general. 
Naturally there is much more experience with Océ manufactured systems.  As a consequence the 
series to be selected must be Océ manufactured.  
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2. Product life cycle 
In chapter 3 the scope of the assignment formulation has been defined that this research is 
carried out for the time period after EOP. Reason for this is that this research is carried out for 
PL&IC. This department is especially interested in the period after EOP, because before EOP PL&IC 
can purchase parts internally at the remanufacturing department. 
 
Figure 7.2 Development installed base 

 
 

3. Implementation (practical relevance) 
With this third criterion is meant that a serie must be selected of which the results of the model 
can be easily implemented. This means that from this point of view a serie should be selected that 
is already in a recovery program. 
 

4. Operational elements 
In addition to the criteria already mentioned, operational elements such as the size of the return 
flow and the demand for parts until EOS are parameters that influence the results of the model. 
These parameters however are input variables of the mathematical model. Since a set up cost 
exists it is clear that the likeliness of part recovery being cheaper than external purchasing 
increases with increasing demand for spare parts and an increasing return rate.  

7.3 Selection of series 

Only a few series of systems apply to the above four criteria and are eligible for selection. Of all 
systems that are returned only three series of systems were identified as possible candidates: 
 

 CPS 800/900 

 TDS 400/9400 

 31x5 (3145, 3155, 3165) 
 
Of these series the 31x5 has been selected. All three series of systems comply with the first two 
criteria. The 31x5 is the only serie that is already in a recovery program. Additionally, 
remanufacturing will stop at the end of 2010. This means that all returned systems are available 
for part recovery. Finally the 31x5 has a big field population and as a consequence the demand for 
its spare parts and the return stream are high. 

7.4 Data selection 

For very cheap parts it will not be sensible to start a recovery program. For the recovery channel 
there exists a set up costs and a variable cost per part that consists of repair costs and either costs 
for dismantling or single repairable retrieval.  
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A cut off value is determined; this is the minimum price of a part for which the variable costs of 
recovery are smaller.  For parts with a higher price than the minimum price every recovered part 
gives a variable saving. As such it is theoretically a candidate for part recovery. With the variable 
saving for every recovered part the set up cost of a recovery program is “earned back”. 
 
Since repairable retrieval from dismantled systems is always cheaper than single repairables, the 
cut off value is determined by the costs of dismantling a part from a returned system. This cut off 
value is calculated with the following formula: 
 
Figure 7.3: Cut off value calculation 
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In this formula the cut off price is bigger or equal to the repair costs (45% of the cut off price) + the 
dismantling costs. The dismantling cost is € 5,- per part. This makes the cut off value € 9,1. From 
this price there is a variable saving per recovered part. 
 
Furthermore, parts for which the current inventory is bigger than the demand until EOS are not 
taken account. After all, all demand can be fulfilled by the current inventory. 

7.5 Conclusion 

Parts with a standard price of less than € 9,1 and part for which the current inventory is bigger 
than the demand until EOS are excluded from the analysis, because for these parts, recovery will 
certainly not result in a saving compared to external supply. Of the 820 service parts that are 
defined in the 31x5 serie the dataset is reduced to 163 parts. 
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8 MILP recovery decision model 

In this chapter the MILP recovery decision model is presented. First of all the supply chain and the 
additional assumptions regarding the mathematical model are presented. Thereafter the 
mathematical model is given. 

8.1 Mathematical model 

In this chapter the Mixed Integer Linear Programming model for the problem is presented. The 
supply chain that is the basis for all modelling is shown in figure 9.1. Two adjustments have been 
made compared to the supply chain in chapter 4. The activity “disposal of spare parts” and the 
costs of backorders have been deleted. Reason for this is that neither stochasticity nor the MOQ is 
taken into account. This means that in the model parts will never be disposed.  
 
Figure 8.1: Supply chain 
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Assumptions 
Some additional assumptions have been made for the mathematical model. In Appendix VI all 
assumptions that have been made are listed. In Appendix XIII the influence of the assumptions on 
the model solution is presented. 
 

7. No capacity restrictions on inventory for systems and repairables (at the OPCO & AR) 
8. All repairables are available at the beginning of the period.  
9. All systems are available at the beginning of the period. 
10. Lead-times for all sourcing channels are zero  

This holds for single repairables, repairables from dismantled systems, purchasing of new 
parts and the start up of a recovery program. All activities are assumed to cost zero time. 

11. The cost factors do not change appreciably with time. In particular inflation is at a low 
level. 

12. System returns are deterministic and known 
13. Single repairable returns are deterministic and known 
14. Demand is deterministic and known 
15. Shortages are not allowed (all demand is fulfilled) 
16. Of all parts exactly one piece is present in the system. 
17. The external supplier can always deliver. 



32 
 

18. Of all single repairables and repairables from dismantled systems 95% is successfully 
retrieved. 

19. All parts can be treated separately.  
This means that it is assumed that none of the parts exclude each other from recovery, 
because for example one part is part of a higher level part. 

20. MOQ’s do not exist, neither at the external supplier nor for internal recovery. 
21. Repairables are kept on stock at the OPCO and are not disposed 

For sending back a single repairable to AR the OPCO’s receive a credit. Since the holding 
costs of repairables are low, it is likely that repairables may be kept on stock for a long 
time. 

 
Sets: 

T   Number of periods in the planning horizon, (1....., )T  

 
Cost parameters: 

Startupc   Start up costs of a repairable program 
Dismc   Dismantling cost per part 
repairablec  Cost for retrieving a single repairable 
repairc   Repair costs per repairable 
New

tc   Cost of a part at the external supplier 
parth   Holding cost of a part per period 

 
Forecasted parameters: 

tD   Demand in period t 

tR   Number of single repairables sent back to the OPCO in period t 

tS   Number of systems returned to AR in period t 

 
Other parameters: 

t

partsN   Physical stock of parts at the end of period t 

t

OPCON   Physical stock of single repairables at the OPCO at the end of period t 

t

systemsN  Physical stock of systems at AR at the end of period t 

t

repairablesN  Physical stock of repairables (from dismantling and single repairable channel at 

AR) at the end of period t 

0

partsN   Starting inventory of parts 

0

OPCON   Starting inventory of repairables at the OPCO 

0

systemsN  Starting inventory of systems 

0

repairablesN  Starting inventory of repairables 

B  Big Number, which is used to ensure that parts cannot be recovered without the 
set up of a recovery program 

 
Decision variables: 



33 
 

tr   Number of single repairables retrieved from the OPCO’s in period t   

ts   Number of repairables retrieved from returned systems  in period t   

tx   Number of parts repaired in period t      

ty   Number of parts purchased externally in period t     

0u   Indicates whether a recovery program is started (
0u = 1) or not (

0u = 0) 

    
Objective function: 

MIN( totC ): 

0

0

(( ) ( ) ( ) ( ) ( ) ( ))
T

new repairable dism repair startup part new parts

tot t t t t t t t

t

C c y c r c s c x c u h c N


     

 
In the objective function the total costs are minimized. The total costs consist of (from left to 
right): Cost of new parts, cost of retrieving single repairables, cost of dismantling, cost of repair, 
start-up costs of a program and the holding costs of parts. The holding costs are determined by 

the costs of a new part. Therefore ( )parth is multiplied with ( )new

tc . All decision variables have an 

integer constraint. As a consequence, the Forecasted parameters are integers as well. 
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0 0partsN             (11) 

0 0OPCON             (12)  

0 0systemsN             (13)  
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Equations one to four are necessary equalities for the physical stock of respectively parts, 
repairables at the OPCO, repairables at AR and systems. The Physical stock at the end of period t is 
equal to the Net stock of the previous period plus arrivals in period t minus the deliveries in period 
t. For the net stock of parts the arrivals are the number of recovered parts and the number of 
parts purchased externally in period t. The deliveries are the demand for period t. The same 
concept holds for the other net stocks. 
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Constraint 5 ensures that no more parts can be delivered from the recovery channel than there 
are repairables available. Availability is determined by the net stock at the end of the previous 
period plus the single repairables and repairables from dismantled machines that come available 
in that period.  Constraints 6 and 7 have the same function but then for the single repairables and 
the repairables from dismantled systems. 
 
Constraint 8 ensures that the demand in each period is fulfilled. In other words, this constraint 
ensures that backordering is not possible. 
 
Constraint 9 ensures that parts cannot be recovered without setting up a recovery program. 
 
Constraint 10 ensures that all decision variables are bigger than or equal to zero.   
 
Constraints 11 to 14 denote the starting values for the inventory parameters. 

8.2 Multi period/single period model 

The mathematical model is tested with the case study selected in chapter 7. In the model the 
period until EOS is taken into account, which is 7 years for the case study used in this research. 
The recovery decision model can be used for one single period of 7 years. The other option is to 
use periods of a quarter. In this case a total of 28 periods is used. So the model can be tested for 
one period of 7 years and for the time span of 7 years divided in 28 periods of three months. 
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9 Potential scenarios 

In this chapter all scenarios in which the MILP solver may be used are explained. These scenarios 
consist of the course of returns (systems and single repairables) and the course of the demand 
until EOS. The goal is to determine conceptually in which scenarios the model with 28 periods of a 
quarter has added value over the model in which 1 period of seven years is used. 

9.1 No points of intersection 

In this first scenario there are no points of intersection between the demand and the supply line. 
This means that either the demand structurally exceeds the number of returns or the number of 
returns structurally exceeds the demand. 
 

In figure 9.1 the graph in which the returns structurally exceed the demand is depicted. In this 
situation the number of parts that can be recovered in every period is restricted by the demand in 
that period. After all, no more parts should be recovered than what is demanded.  
 
Figure 9.1: Returns structurally exceeds demand 

 
 
In this scenario the results of the single period model will be equal to the results of the multi 
period model. This holds, because irrespective of in how many periods the total time span until 
EOS is divided, in every period the number of parts that can be recovered is bounded by the 
demand. 
 
The same principle holds when the demand structurally exceeds the number of returns. In this 
case the number of parts that can be recovered in every period is bounded by the number of 
returns in that period.  
 
Concluding, as long as there is no point of intersection between the supply line and the demand 
line in the total time span until EOS, the results of the single period solution will be equal to the 
results of the multi period solution. 

9.2 One point of intersection 

In this scenario, there is one point of intersection between the supply line and the demand line. 
Before the point of intersection the returns exceed the demand, after the point of intersection the 
demand exceeds the returns. In figure 9.2 this situation is depicted.  
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9.2.1.1 Return shortage at the end of the lifecycle 

This scenario may occur, because the population keeps decreasing towards EOS, while at some 
point the demand for spare parts decreases more slowly. Towards the end of the lifecycle old 
systems may break down more often which results in an increase in demand for spare parts. This 
effect is tempered by a decreasing population.   
 
Figure 9.2: Return shortage at the end of the lifecycle 

 
 
In the recovery decision model the assumption has been made that the holding costs are zero for 
returned systems and repairables. This means that the excess of returns before the point of 
intersection will be kept on stock for shortages in the periods after the point of intersection. In the 
multi period model this inventory is built up in every period before the point of intersection and 
then used for the shortages in future periods. In the single period the total number of returns and 
total demand is taken into account which leads to the same results. 
 
Concluding, in situations with just one point of intersection, where the returns first exceed the 
demand and later in the life cycle, the demand exceeds the returns, the results of the single period 
model will be equal to the results of the multi period model.  

9.2.1.2 Return excess at the end of the lifecycle 

This situation may present itself in cases where returned systems are hardly remanufactured and 
part recovery starts at an early point in the lifecycle when the demand for spare parts is high. 
After some time system returns increase and surpass the demand for spare parts. This scenario is 
depicted in figure 9.3. 
 
Figure 9.3: Return excess towards EOS 
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In this scenario all returns before the point of intersection are used for recovery due to excess 
demand. After the point of intersection all demand can be fulfilled by excess returns. In the single 
period model however where only the total time span is taken into account, the excess returns 
after the point of intersection are used to fill up the shortages before the point of intersection. 
This is not possible of course. The multi period still has this problem, but solely for the period 
around the intersection. For all other periods it does not have this problem. 
 
Concluding, for the scenario in which the demand first exceeds the returns and returns later in the 
lifecycle exceed the demand, a single period model does not give a realistic result. In this scenario 
the multi period model is to be used. 

9.2.2 Multiple points of intersection 

In case of multiple points of intersection throughout the lifecycle, the demand and/or returns 
show high variability. At some points in time the returns exceed the demand. At other points the 
demand exceeds the returns. This is depicted in figure 9.4. This is a realistic scenario in the sense 
that both demand and returns show variability. It is however debatable to what extent forecasts 
can take this variability into account over a 6 year period of time until EOS.  
 
Figure 9.4: Multiple points of intersection 

 
 
In this scenario a single period solution will give similar results as long as at any point in time the 
total returns exceed the total demand. In these cases excess returns are kept on stock to fill up 
shortages in future periods. In the multi period model this is done explicitly for all periods. In the 
single period model this is done implicitly. In case at some points in time the total demand 
exceeds total returns, the single period model may not give the same result as the multi period 
model.  

9.3 Conclusion scenario analysis 

From the scenario analysis can be concluded that when there are no points of intersection 
between the supply and the demand line the single period solution gives the same results as the 
multi period solution. The same holds for the case of one point of intersection where there is a 
return shortage after the point of intersection. In these scenarios the single period solution should 
be used, since the multi period solution does not have added value. 
 
In case of one point of intersection where there is a return excess towards EOS, the multi period 
model must be used. The same holds for the case with multiple points of intersection. In these 
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cases the multi period model does have added value over the single period model in the sense 
that it better represents reality.  
 
One condition for the multi period model in general is that the predictability of the forecasted 
parameters must be high. For every quarter a forecast must be made. This is especially important 
in the case of high variability. It must be possible to accurately forecast these tops and bottoms.   
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10 Validation & verification 

In this chapter the MILP recovery decision model is validated and verified. Model verification is 
defined as “ensuring that the computer program of the computerized model and its 
implementation are correct”. Model validation is defined as “proof that a computerized model 
within its domain of applicability possesses a satisfactory range of accuracy consistent with the 
intended application of the model.  
 
For the validation and verification the modelling process of Sargent (2005) is used. This process is 
depicted in figure 10.1. The chapter starts with the optimality gap of the mixed integer solution in 
section 10.1. Here will be explained which value of the gap has been used in the Excel solver. In 
section 10.2 the data validity is explained. In section 10.3 the model verification is described. In 
the section thereafter the conceptual model validation is explained. This is followed by the 
operational validity in section 10.5. 
 
Figure 10.1: Modelling process (Sargent) including section numbers 

 
 
The MILP recovery decision model has been developed as a general model that can be used for all 
system types at Océ. The data of the system serie 31x5 has been used to test the model. The 
results of the model including a sensitivity analysis can be found in section 10.5.1. The input data 
of the model is presented in Appendix XIV.  

10.1 Optimality gap 

In MILP models there always exists an optimality gap. This optimality gap is defined as “the 
difference in terms of percentages between the best solution value of the MILP and the value of 
the optimal solution of the LP relaxation of the problem. With this relaxation is meant, the 
exclusion of all integer constraints.  
 
When a problem includes integer variables the Excel solver invokes a branch and bound algorithm.  
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The branch and bound algorithm starts by solving the relaxed problem (without integer 
constraints) yielding an initial best bound for the problem including the integer constraints. The 
algorithm then begins branching and solving sub problems with additional or tighter bounds on 
the integer variables. The solver reduces the optimality gap to the best known feasible solution. A 
sub problem whose solution satisfies all of the integer constraints is a candidate for the solution of 
the overall problem. 
 
The (optimality) tolerance specifies the tolerance within which an integer solution (one where the 
variables with integer constraints do have integer values) is considered good “enough”. The 
default value for this tolerance in the Excel solver is 0,05, which allows the solver to stop when the 
objective function is within 5% of the true integer optimal value. The solution procedure stops if 
the solver can guarantee that the current best solution is 5% of the true integer optimal objective. 
 
In Excel the optimality gap is computed in the following way: 
 
Objective (incumbent) – Objective (best bound) 
                    Objective (best bound) 
 
The solution of the MILP recovery model can have a very long tail. This means that the solver has 
found a solution within certain range of the optimal solution within reasonable run time, but the 
time to find the optimal solution (given the integer constraints) is considerably longer. An 
optimality gap of 1% (tolerance value 0,01 in Excel) has been selected. This means that the 
maximum remaining improvement potential after a solution is found is 1 %. With a tolerance of 1 
% a solution is found within a few minutes maximally, which is an acceptable run time. 
Furthermore, a 1% error in the solution is considered acceptable in this situation in which 
demand, returns and the cost parameters are uncertain. 

10.2 Data validity 

Data validity is defined as ensuring that the data necessary for model building, model evaluation 
and testing, and conducting the model experiments to solve the problem are adequate and 
correct (Sargent, 2005). In appendix XIV a list is presented with the base values of the input data. 
In the MILP recovery model forecasts have been used for the demand, returns of repairables and 
returns of systems. Furthermore estimates have been made for the set up costs, the repair costs 
and the dismantling costs. As a consequence not all data may be adequate for the model 
experiments. One of the recommendations is to improve the forecasts and the cost estimates. 

10.3 Model verification 

Computerized model verification ensures that the computer programming and implementation of 
the conceptual model are correct (Sargent, 2005). During the programming the Excel solver checks 
whether a formula is programmed correctly and whether the conditions for assuming a linear 
model are satisfied. When this is not the case the program gives an error. 
 
Furthermore has been assessed whether the different variables influence each other as they are 
supposed to. For the internal channel, there must be sufficient returns to be able to deliver parts 
and demand must be fulfilled in every period. All these conditions have been checked and were 
satisfied in each run and were never violated. In the next section the results of the extreme 
conditions test are presented. 
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10.3.1 Extreme conditions check 

In this section is checked by means of an extreme condition check whether the model behaves as 
expected.  
 
Zero check 
The first check is the zero check. When the recovery model can find a solution when all costs are 
zero, always a feasible solution will be found. When all costs are zero the solver finds a feasible 
solution with apparently random selection for the recovery or the external channel. This is not 
surprising, since it does not matter where the parts are sourced as long as demand is fulfilled.  
 
Extreme inventory costs 
Since the MOQ is excluded from the model due to capacity limitations in Excel, and linear 
programming is per definition a deterministic model the model does not keep inventory. Reason is 
that exactly all demand in every period is fulfilled. As a consequence the holding costs are always 
zero. 
 
Extreme repair costs 
When extreme high repair costs are implemented (100 times the costs of external supply), all 
demand is fulfilled by external supply. The other way around, when the costs of external supply 
are 100 times as high as the repair costs, all demand is fulfilled by internal supply. 
 
Extreme system returns 
For extreme conditions of the forecasted parameters, the model behaves as expected. When the 
system returns are extremely high, nothing changes for parts for which demand already was 
below the number of system returns. When the system returns are zero, all demand is fulfilled by 
the external channel 
 
Extreme demand 
Demand is always fulfilled, either by repaired parts or parts bought externally. When demand is 
extremely high, all demand is still fulfilled. When the demand exceeds the returns, the remaining 
demand is purchased externally. 
 
Extreme single repairable returns 
Since there is a high system return flow in this particular case study, extreme high single reparable 
returns do not have an impact for most of the parts, since these are fulfilled by parts from the 
system return channel. In case the single repairable channel gives a saving compared to external 
supply and not all demand is fulfilled by the system returns, the excess demand is fulfilled by 
single repairables. 

10.3.1.1 Summary extreme conditions check 

All extreme conditions checks have led to satisfactory results. The model behaves as is expected in 
all extreme cases that were tested. 

10.4 Conceptual model validity 

The conceptual model validity is determining that (1) the theories and assumptions underlying the 
conceptual model are correct and (2) the model’s representation of the problem entity and the 
model’s structure, logic, and mathematical and causal relationships are reasonable for the 
intended purpose of the model (Sargent, 2005). 
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The model is a simplified representation of reality, which means that aspects that are of influence 
in reality are not included in the model. All these assumptions are listed in appendix VI. Some 
assumptions have a positive effect on the recovery decision and others a negative effect. 
Furthermore the effect of the assumptions depends heavily on the characteristics of individual 
parts. To prevent that the assumptions cause the model to deviate from reality too much, all of 
them have been discussed with PL&IC and AR. 

10.5 Operational validity 

After a model has been built it must be checked whether the model’s can be used for its intended 
purpose. The purpose of this model is to evaluate which sourcing channels for spare parts should 
be used. In the model different values for the forecasts and the cost parameters can be included. 
The Excel solver optimizes the total costs for acquiring spare parts. To evaluate the operational 
validity a parameter sensitivity analysis and a validation of the absolute outcome of the model 
have been carried out, which is described in section 10.5.1. 

10.5.1 Sensitivity analysis 

Sensitivity analysis is defined as the study of how the variation (uncertainty) in the output of a 
mathematical model can be related (qualitatively or quantitatively), to different sources of 
variation of input in the model. Sensitivity analyses are carried out to assess the robustness of a 
model. By changing the values of the input parameters, the effect on the output of the MILP 
recovery model has been evaluated. The following paragraphs in this section give answer to the 
effect on the solution if the real life situation is different than the expected values. 

10.5.1.1 Effect of input data on the costs 

Parts with a high saving and parts with a big loss are not very sensitive to changes in the cost 
parameters and the demand. For these parameters parts with a small saving have been selected 
for the sensitivity analysis. For the sensitivity of the forecasts for system returns and the single 
repairable returns, a part with a demand higher than the returns is selected for the sensitivity 
analysis. In the sensitivity analyses just one parameter is varied. All other parameters have the 
base values. Sensitivity has been carried out for the following parameters: 
 

 Set up costs 

 Repair costs 

 System returns 

 Single repairable returns  

 Demand 
 
For all sensitivity analyses the model behaves as expected and the absolute values correspond 
with the solution given by the model. The results of the sensitivity analyses are presented in 
Appendix XV.  

10.6 Summary validation and verification 

The computerized model verification showed that the model has been implemented in a correct 
way. In the extreme condition test the results were in line with the expectations. The sensitivity 
analysis for the input parameters did not show any odd results either. As a consequence can be 
concluded that the model has been built in the right way and performs as expected.  
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11 Results for the case study 

In the previous chapter the model has been validated. In this chapter the results for the case study 
are presented. First of all the results for the parts for which PL&IC is the main user are presented. 
This is done for the single period in section 11.1 and for the multi period model in section 11.2. For 
the single period model a sensitivity analysis is carried out in section 11.3. In section 11.4 the 
results for all parts of the case study are depicted.  
 
Parts with a price at the external of less than € 9,1 are excluded from the analysis, because for 
these parts recovery will never be sensible. Furthermore the parts list has been checked by an 
engineer from the Material Quality department to determine whether parts can be repaired at all. 
Three parts have been deleted from the list (part numbers 2945379, 2951886 and 1060016609). 
Finally there are a number of parts that are already recovered. These parts have been excluded 
from the analysis as well. In total 149 parts remain that are candidate for recovery. The base 
values with which all analyses have been executed are the following: 
 
Repair costs:   45% of the standard price (includes 5% for the rework fall out) 
Dismantling costs:  € 5,- 
Single repairable retrieval € 25,- 
Set up costs   € 6000,- 
Demand forecast  17 % decrease per year 
Single repairable forecast 50% is returned  
System returns forecast  Forecast made by the service department 
Rework fall out   5% 

11.1 Results single period model for PL&IC is main user  

In this section the results of the single period model are presented for the parts with a price higher 
than € 9,1 for which PL&IC is the main user. In total PL&IC is the main user for 41 parts. Of these 
parts there are 9 parts for which recovery results in a saving compared to the current external 
supply. The results are shown in figure 11.1. On the horizontal axis the nine parts that have a 
saving are displayed, starting with the part that has the biggest saving. On the vertical axis the 
total cumulative saving is displayed. The saving is defined as the difference between recovery and 
external supply. 
 
Figure 11.1: Saving single period model 



44 
 

 
 
From the graph can be concluded that with recovery of solely the part with the biggest saving 75% 
(€ 675.943) of the total possible saving is brought about. With recovery of the three parts with the 
biggest saving, almost 90% (€ 799.541) of the total possible saving is realised. 
 
For the department PL&IC recovery of these parts will give an advantage. Most of these parts have 
big MOQ’s and long lead-times. These nine parts including their saving, MOQ and Lead time are 
shown in Appendix XVI. 

11.2 Results multi period model for PL&IC is main user 

The multi period gives exactly the same parts that should be for recovery as the single period 
model. In other words, the recovery or buy decision does not change. The calculated saving 
however does show a small difference (€ 192,-). This difference is caused by rounding errors, since 
the values for the forecasted parameters are rounded to integer values. 
 
The fact that the outcome of the model is the same for the single and the multi period time span 
is caused by the high system return flow. For this particular case study (31x5), a multi period time 
span does not have added value over the single period time span 

11.3 Sensitivity analysis of the single period model 

In this section the sensitivity for the total saving for the parts for which PL&IC is the main user is 
presented.  As in the previous chapter, the sensitivity for 5 input parameters has been analysed 
for the parts for which PL&IC is the main user.  
 
For the single repairable returns the results are not sensitive at all. This is caused by the large 
number of system returns with which all demand can be covered. Part recovery from dismantled 
systems is always cheaper than recovery of single repairables.  
 
For the system returns the solution is hardly sensitive either. Solely one part has a demand which 
is bigger than the system return flow. For this part the saving decreases with decreasing system 
returns. The sourcing decision however does not change. 
  
For the set up costs the repair costs and the demand the total saving and the number of parts that 
can be cost effectively is sensitive. These parameters are explained hereafter.  
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11.3.1 Sensitivity to set up costs 

In figure 11.2 the sensitivity for the set up costs is displayed. The total saving gradually decreases 
(blue line). The number of parts that can be recovered with a saving compared to external supply 
is depicted with the red line. 
 
Figure 11.2 Sensitivity to set up costs 

 
 
 
 
 
 
 
 
 
The cost decrease by an increase in set up costs is caused by two factors. First of all, the costs 
decrease for the parts that are recovered. Second of all, due to the deletion of parts for which 
recovery does not result in a saving anymore the costs decrease. As a consequence the blue line is 
not a perfectly straight line. 
 
The number of parts that can be cost effectively recovered decreases with an increasing set up 
cost. This is caused by the fact that for parts with a small saving it is not sensible to recover 
anymore at a certain set up cost. At a set up cost of € 12.000,- only six parts can be cost effectively 
recovered. This shows that the number of parts that can be cost effectively recovered is sensitive 
to the set up costs of a recover program. 

11.3.2 Sensitivity to repair costs 

In figure 11.3 the sensitivity to the repair costs is depicted. The repair costs are denoted as the 
percentage of the standard price. The standard value of the repair costs is 45 % of the price at the 
external supplier. Naturally the total saving decreases with increasing repair costs (blue line). The 
red line indicates the number of parts that can be cost effectively recovered.   
 
Figure 11.3: Sensitivity to repair costs 
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The blue line for the total saving is not a straight line for the same reason as the set up costs. At a 
repair cost of 65% of the standard price just five parts can be cost effectively recovered. This 
shows the sensitivity to the repair costs. 

11.3.3 Sensitivity to the demand 

In figure 11.4 the sensitivity to the demand is depicted. On the horizontal axis the demand as 
percentage of the actual forecast is displayed. Naturally the savings increase as the demand 
increases. This increase in saving consists of an increase in savings for the parts that are already 
recovered and an additional saving for parts that are added due to the pool of parts that are 
recovered. Therefore the blue line is not a perfectly straight line. The red line shows that the 
number of parts that can be cost effectively recovered is sensitive to demand variations. 
 
Figure 11.4: Sensitivity to the demand 

 
 
 
 
 
 
 
 
 
 
 

11.3.4 Conclusion sensitivity analysis 

From the sensitivity analysis it can be concluded that the sourcing decision for parts with a small 
saving is sensitive to changes in the input parameters. For these parts the decision for recovery 
may change. For the parts with a big saving the recovery decision itself does not change. Solely the 
expected saving changes with changing input parameters. 

11.4 Results for all parts of the case study 

In this section the results for the 149 parts that are candidates for recovery is presented. For most 
of these parts there is no incentive for PL&IC to source at AR, since for the majority of the parts 
the current supplier is the production department. PL&IC can order at the production department 
with an MOQ of one piece and a lead-time of one day. From an Océ wide perspective however 
there is a clear incentive to order at AR, simply because it saves costs.  
 
The single and multi period model show that exactly the same parts are recovered. There is a 
small difference (€ 5.808,-) in the calculated saving, which is for a small part caused by rounding 
errors. The main cause however is one part for which the demand exceeds the system returns. 
Due to variability in the return flow not all returned systems can be used for recovery in the multi 
period model. In the single period model this is not taken into account. As a consequence the 
single period model shows a slightly bigger saving. 
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In figure 11.5 the results for the single period model are denoted starting with the part with the 
biggest saving. When all 56 parts with a saving are recovered a total saving of € 2.607.101,- is 
achieved. With the top 15 parts 80% of the total possible saving can be achieved. The 56 parts 
with their saving can be found in Appendix XVII. 
 
Currently 13 parts of the 31x5 system are already recovered with a total expected saving of 
761.348. From figure 11.6 can be concluded that there is a big saving potential. Currently solely 
around 20% of the potential is recovered. 
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12 Insights for Océ 

During the development of the model the 31x5 system within Océ has been used as a case study 
for testing the MILP recovery decision model. At any time in the process the aim was to develop a 
model with general applicability. In chapter 10 the MILP recovery decision model has been 
validated. The recovery decision model has led to insights for Océ. These insights are subject of 
this chapter. In chapter 2, three problem causes have been identified that were addressed in this 
research. In section 12.1 the possible reduction in obsolete inventory is explained, in section 12.2, 
the relevant costs of recovery. In section 12.3 the use of the single and multi period model is 
explained. In section 12.4 the benefits for Océ are depicted. 

12.1 Reduction of obsolete inventory  

The motive for this assignment was the large amount of obsolete inventory at PL&IC that is 
scrapped every year. The added value of this model for reducing the obsolescence risk is 
restricted. Due to the start up costs for a recovery program at AR and the repair costs, few parts 
qualify for part recovery. The later in the lifecycle a calculation is made the smaller the probability 
that it is sensible to recover a part due to these start up costs.  
 
The risk for inventory obsolescence is increasing towards EOS. Especially in the last one to two 
years before EOS this risk presents itself. In these last two years one can question whether parts 
should be completely tested and repaired. Cheap good/fault tests for functioning parts from 
returned systems may be sufficient. This would heavily reduce the recovery costs, because 
(external) repair costs are not incurred. As a consequence the set up costs will be much lower as 
well. 
 
So for reducing obsolete inventory, the repair decision is highly important. When the demand of 
new quality is released, PL&IC may be able to source more parts from AR at the end of the 
lifecycle due to lower recovery and set up costs. Especially for parts with high MOQ’s and high 
lead times this may have a big impact on the obsolete inventory.  

12.2 Relevant costs  

Currently the recovery decision for single repairables and for repairables of dismantled systems is 
based on the same figures. With the determination of relevant costs, it has been shown that the 
costs for retrieving a part from a dismantled system is € 5,-. Currently the calculation for single 
repairables is used in which instead of € 5,- a cost of € 25,- is used. Furthermore has been shown 
that the costs on system level are sunk costs, under the assumption that the credits given to the 
OPCO’s are at its minimum. 

12.3 Multi period model/single period model 

From the analysis of the case study (31x5) can be concluded that the multi period model did not 
have any added value over the single period model, because the return stream for this particular 
case study high. For the multi period model to have added value, the demand and returns must 
apply to the scenario with multiple points of intersection (high variability) or an excess of returns 
after the single point of intersection. Secondly the predictability of both the returns and the 
demand of the forecasts for every period must be high.   
 
The predictability of the demand and return is debatable. Currently solely a demand forecast is 
made for the total demand until EOS. Often this forecast is an overestimate. The accuracy of this 
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forecast is already debatable due to high demand uncertainty. Let alone when this forecast is 
divided in pieces of three months. Then the inaccuracy will increase. For the population decrease 
a forecast is made by the service department for every quarter until EOS. As for the demand, this 
forecast is inaccurate. Furthermore, the population decrease of a period does not mean that all 
systems or a certain percentage are returned to AR. The OPCO’s may keep the systems on stock.  
So in general the environment is highly uncertain, especially because the period for which the 
forecasts are needed is long. This inaccuracy will increase when the total time span is divided in 
periods of a quarter.  
 
For the scenario with multiple intersections the multi period model should be used. This scenario 
only applies for parts for which the demand and the number of returns are roughly equal over the 
total time span, but where there are periods with return shortages and periods with a return 
excess. It is unlikely that the forecasts are sufficiently accurate to predict these shortages and 
excesses.   
  
The scenario with one point of intersection and a return excess towards the end may occur when 
recovery starts early in the life cycle (when the first systems are returned). At this point in the 
lifecycle systems are currently remanufactured instead of recovered. Furthermore, at this point in 
the lifecycle the return credits will often not be at its minimum, which means that the model that 
has been developed cannot be used. 
 
Apart from the forecasts, the set up costs and the repair costs are parameter estimates that 
depend on individual part characteristics. Accurate estimation may be difficult. Together with the 
uncertainty in the forecasts, this is reason for Océ to be cautious with starting up programs with 
small savings. For these parts MOQ and lead-time may be important for decision-making. 
Naturally the capacity should be adopted for the most lucrative activities. Parts with the highest 
saving should have the highest priority. 

12.4 Benefits for Océ 

In theory a saving of € 2.607.101,- is possible for Océ with the recovery of additional parts from 
the 31x5 system. This is a theoretical saving because it may not be possible to reuse or repair parts 
at all. In Appendix XVIII the decision process for part recovery is displayed. 
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13 Conclusions 

In this research a MILP model has been developed for support the decision for individual part 
recovery. The goal of this research was to: Develop a method that determines whether parts can 
be cost effectively recovered compared to purchasing at the external supplier based on the criteria 
Price, reliability, order Quantity and lead-time. 
 
A MILP model has been developed and implemented in Excel. The model has been tested for a 
single period of 7 years and for the seven years divided in 28 periods of three months. With the 
model verification and validation has been shown that the model behaves as expected and can be 
used for its intended purpose. Both the single and the multi period model consistently give results 
in a short run time. For the case study that has been used both models show exactly the same 
parts for recovery. This is caused by the high system return flow. 
 
With a scenario analysis has been shown that only in two scenarios the multi period model is 
preferred over the single period model. It is however unlikely that the forecasts in the three 
month periods of the multi period are sufficiently accurate to give reliable results. This holds as 
well for the single period model, but not to the same extent, since the period for which the 
forecasts are made is considerably longer. As a consequence it is concluded that under the current 
inaccuracy of the forecasts the single period model must be used for the part recovery decision in 
all cases. 
 
One of the problems was the lack of insight in the effects of lead-times and MOQ’s on the 
inventory costs. Lead-times and MOQ’s are not included in the model. As a consequence it must 
be concluded that the effect of these parameters is still unknown. 
 
Furthermore there was insufficient insight in the relevant costs of the recovery process at AR and 
in the uncertainty in timing of the returns. It has been shown that under the assumption that the 
return credits are at its minimum, the costs on system level can be neglected. Decision making on 
system level (multiple parts) hardly affects the cost calculation. With sensitivity analysis can be 
dealt with the uncertainty in timing of the returns.  
 
Finally unclear procedures for handling purchase requests have been identified as a problem. 
These procedures have not been included in the analysis. As a consequence no conclusions can be 
drawn on this aspect.  
 
Based on the outcome of the single period model can be concluded that in total 56 additional 
parts can be cost effectively recovered from the 31x5 system with a total saving of € 2.607.101,-.  
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14  Recommendations 

In 14.1 the recommendations related to the general use of the part recovery decision model are 
given. In 14.2 the recommendations related to Océ are described. 

14.1 Recommendations part recovery model 

The intention of this research was to build a model that can be used for part recovery decisions of 
all systems within Océ and in other environments with comparable characteristics. Testing the 
model for a different system with a relatively low return level would give more insight in the 
general applicability of the model. 
 
Related to the general applicability is the program (Excel) in which the model has been 
implemented. In this research the costs on system level were not relevant. Due to this 
characteristic it was possible to implement the model in excel. In other environments with 
comparable characteristics where the costs on system level are relevant it is recommended to add 
these costs to the model. The consequence is that the model must be implemented in another 
program than excel. 
 
Furthermore further research should be done of the effects of MOQ and lead-time on recovery 
decisions in environments with decreasing demand. 

14.2 Recommendations Océ 

First of all it is recommended to use the single period recovery model for individual part recovery 
decisions. Currently the forecast accuracy is considered insufficient for the use of the single period 
model. The current forecasting method for the forecast of total demand until EOS is rough. It is 
recommended to do further research on the performance of this method and to improve it where 
necessary.  
 
Currently the same set up costs and the same repair costs are used in the recovery calculation for 
all parts. In reality these figures differ heavily based on individual part characteristics. It is 
recommended to make specific estimates for every individual part. 
 
In the model it is assumed that remanufacturing is at all times preferred over dismantling, because 
it is assumed to give the highest profit. For this assumption there are no hard figures. It is 
recommended to do further research on the part recovery/remanufacturing decision. 
 
There is also a recommendation regarding the safety stock. Currently the safety stocks are 
calculated under the assumption that demand is stationary. In situations of increasing and 
decreasing demand the calculation method may not be right. It is recommended to evaluate the 
performance of the calculation of the standard deviation. 
 
Currently all parts are complete tested and repaired until they have as new quality. In these last 
two years one can question whether parts should be completely tested and repaired. Cheap 
good/fault tests at a much lower cost may be sufficient. This would reduce the set up costs and 
recovery costs, which would increase the number of parts that are candidate for recovery. It is 
recommended to do additional research on the possibility of decreasing test and repair activities 
towards EOS. 
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Appendices 

Appendix I  Organizational chart Corporate Océ   
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Appendix II  Organizational chart Global Logistics Organization 
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Appendix III  Organizational structure Canon/Océ 

 
 

Appendix IV  List of assumptions 

In this appendix all assumptions that have been made in the report are listed. 
 

1. The credits that are paid for acquiring systems from the OPCO’s are at its minimum.  
This means that these credits are sufficient to cover the transportation costs.  

2. The supplier decision does not affect the costs incurred further in the supply chain.  
This means that it is assumed that both suppliers deliver sufficient quality. 

3. The repair costs of single repairables and repairables from dismantled systems are equal. 
It is thus assumed that parts that are retrieved from dismantled systems need to be 
repaired to the same extent as the broken single repairables that may be sent back. 

4. Fixed ordering costs do not exist. 
It is assumed that only variable ordering costs are present. This assumption is satisfied, 
since the fixed ordering are already included in the standard price. Fixed ordering costs 
are neither taken into account for the internal nor for the external supplier. 

5. Remanufacturing is preferred over part recovery 
In the model that is developed a decision is made on where to source spare parts. No 
trade off is made between remanufacturing of a system and using it for part recovery. It is 
assumed that remanufacturing is preferred over part recovery. This is the current policy 
within Océ. 

6. Partly recovered systems are kept on stock 
Every part is treated separately. However, from one system more than one part may be 
retrieved. Therefore it is implicitly assumed that partly recovered systems are kept on 
stock to be used for the recovery of other parts. 

7. No capacity restrictions on inventory for systems and repairables (at the OPCO & AR) 
8. All repairables are available at the beginning of the period.  
9. All systems are available at the beginning of the period. 
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10. Lead-times for all sourcing channels are zero  
This holds for single repairables, repairables from dismantled systems, purchasing of new 
parts and the start up of a recovery program. All activities are assumed to cost zero time. 

11. The cost factors do not change appreciably with time. In particular inflation is at a low 
level. 

12. System returns are deterministic and known 
13. Single repairable returns are deterministic and known 
14. Demand is deterministic and known 
15. Shortages are not allowed (all demand is fulfilled) 
16. Of all parts exactly one piece is present in the system. 
17. The external supplier can always deliver. 
18. Of all single repairables and repairables from dismantled systems 95% is successfully 

retrieved. 
19. All parts can be treated separately.  

This means that it is assumed that none of the parts exclude each other from recovery, 
because for example one part is part of a higher level part. 

20. MOQ’s do not exist, neither at the external supplier nor for internal recovery. 
21. Repairables are kept on stock at the OPCO and are not disposed 

For sending back a single repairable to AR the OPCO’s receive a credit. Since the holding 
costs of repairables are low, it is likely that repairables may be kept on stock for a long 
time. 

Appendix V   Unit of analysis 

To be able to determine the unity of research the different product classes must be identified. The 
choice has been made to select a unity of analysis in which the individual systems hardly differ 
from each other. Reason for this is that when systems are selected that differ heavily on physical 
characteristics forecasting of system returns becomes difficult. The goal is to select a unity of 
analysis as high as possible in which individual systems hardly differ physically. A tool for defining 
this unity of analysis is the product classification which is depicted in the Venn-diagram in figure 
XIII.1. 
 
Figure V.1: Product Classification 

ModelSerie
Product

group UnitSystem Unit Part

Part
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Product group 
Within the Océ manufactured systems 3 different product groups are distinguished: Wide format 
printing, production printing and office printing. All series belong to exactly one of the product 
groups. In this distinction the acquisition systems from among others Konica Minolta and Hewlett 
Packard are not included. 
 
Series 
Every product group contains different series. The series differ a lot with regard to both software 
and the physical characteristics. An additional distinction is color or black and white. This 
distinction however always coincides with the series. In other words, every series is either a color 
or a black and white series. As a consequence this distinction is superfluous and not present in the 
Venn diagram.  
 
Model 
One series contains a number of different models. These different models differ hardly on the 
physical characteristics. They mainly differ on software, which determines for example the speed 
of the system. 
 
System 
This is an individual system that is sold to the customer. Every single system that is sold gets its 
own serial number. The customer can choose for a limited number of optionals. Many optionals 
regard software. An example of a physical optional is the capacity of the finisher of the system. 
This is the part that contains the paper after printing. 
 
Parts and Units 
Every system consists of a number of parts and units. A number of parts together form a unit. Not 
all parts however are part of a unit, “free” units exist as well. The distinction between parts and 
units is made, because units as a whole may be repaired as well as the parts that are inside the 
unit. 

 

Appendix VI   Effect of the assumptions on model outcome 

1. The credits that are paid for acquiring systems from the OPCO’s are at its minimum.  
This assumption is satisfied for this case study. When this assumption is not satisfied, the 
costs on system level cannot be assumed to be sunk costs. Since the costs on system level 
are not included in the model, the model will give more positive results than it should due 
to the lack of a cost component. 

2. The supplier decision does not affect the costs incurred further in the supply chain.  
PL&IC has the target to deliver 98% of directly from stock. This target is independent of 
the supplier. Furthermore the quality of both suppliers is equal. So, this assumption is 
satisfied. 

3. The repair costs of single repairables and repairables from dismantled systems are equal. 
In reality the cost of repair of repairables from dismantled systems may be smaller. As a 
consequence these costs may be smaller than currently assumed. This may cause the 
model to give worse results than in reality. 

4. Fixed ordering costs do not exist. 



56 
 

The fixed ordering costs are included in the standard price. This means the assumption is 
satisfied. 

5. Remanufacturing is preferred over part recovery 
Currently remanufacturing is preferred over part recovery.  

6. Partly recovered systems are kept on stock 
This does not happen in reality. In reality a system is recovered and the carcass is 
disposed. This is an assumption that must be made because the model analyses single 
parts. Although the assumption is not satisfied, the assumption does not have much 
impact, because the model is not used for planning purposes. 

7. No capacity restrictions on inventory for systems and repairables (at the OPCO & AR) 
This assumption is satisfied, since both repairables and returned systems at an external 
warehouse where square metres are rented. 

8. All repairables are available at the beginning of the period.  
In reality repairables arrive during the period instead of in the beginning. As a 
consequence this assumption may cause the model to give slightly better results than it 
would without this assumption 

9. All systems are available at the beginning of the period. 
For this assumption holds the same as for assumption 8 

10. Lead-times for all sourcing channels are zero  
In reality neither the lead-time of AR nor the lead-time of the external supplier is zero. 
This may reduce the number of parts that can be recovered. Thus under this assumption 
the model may give slightly better results than it would give in reality. 

11. The cost factors do not change appreciably with time. In particular inflation is at a low 
level. 
Naturally the costs do change with time. Since this is not included in the model the saving 
per part may be smaller compared to the set up costs due to inflation. As a result the 
model may give slightly better results than in reality. 

12. System returns are deterministic and known 
In reality the system returns are uncertain. This is dealt with in the sensitivity analysis 

13. Single repairable returns are deterministic and known 
In reality the single repairable returns are uncertain. This is dealt with in the sensitivity 
analysis 

14. Demand is deterministic and known 
In reality demand is uncertain. This is dealt with in the sensitivity analysis. 

15. Shortages are not allowed (all demand is fulfilled) 
In reality there will be shortages. A shortage however does not mean lost demand. The 
spare part must still be delivered. As a consequence this assumption does not affect the 
demand and as such not the outcome of the model. 

16. Of all parts exactly one piece is present in the system. 
Of some parts more than one piece may be present in a single system. Consequently the 
model may give worse results than in reality for some parts. 

17. The external supplier can always deliver. 
Although external suppliers may sometimes not be able to deliver parts, in general this is 
the case. As a consequence this assumption is satisfied. 

18. Of all single repairables and repairables from dismantled systems 95% is successfully 
retrieved. 
In the current calculations a rework fall out of 5% is used. 

19. All parts can be treated separately.  
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Some parts may be part of a bigger service part. So for some parts not as much parts are 
available from dismantled systems, because the higher composition is used. Due to this 
assumption the model may give a slightly more positive result than in reality 

20. MOQ’s do not exist, neither at the external supplier nor for internal recovery. 
In reality MOQ’s do exist. In most cases the MOQ of the external supplier will be bigger 
than the MOQ of AR. This impacts the holding costs. Thus the model may give a slightly 
better result than in reality. 

21. Single repairables are kept on stock at the OPCO and are not disposed 
In case a single repairable is recovered, the OPCO’s receive a credit for every returned 
part. It is likely that they will keep these repairables on stock. This assumption is satisfied. 

 
Assumptions 1, 8, 9, 10, 11 and 20 may cause the model to give better results than in reality. 
Assumptions 3 and 16 may cause the model to give worse results than in reality. In case of high 
returns compared to the demand, all assumptions, but 11 and 20 do not have a big impact. In case 
returns are smaller than the demand, the other assumptions do have an impact.  
 
As a consequence no conclusion can be drawn about the overall impact of the assumptions on the 
outcome of the model. Whether the outcome is an upper or lower bound depends on the 
characteristics of the part and the situation.  
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