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ABSTRACT 
 
This MSc thesis describes a scenario analysis for considering spare parts network redesigns from 
suppliers to regional warehouses for Océ, a printing manufacturing company. All of Océ’s activities, 
including the central warehouse function for spare parts, were formerly located in Venlo. Due to 
strategic decisions at other departments, the external supplier base of spare parts has for a large part 
moved from Venlo to the Asian and American regions. A cost calculation model for reference 
machine groups is constructed in which all relevant network costs are included. The outcomes show 
that network redesigns in which ONA and APW warehouses have a central function result in 
significant cost savings, and that these results are robust for the input parameters. The expected 
savings outweigh the changes in the control structure and the adjustments that need to be made in the 
network configuration. 
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MANAGEMENT SUMMARY 
 
This report is the result of a master thesis project at Océ Technologies B.V., one of the leading 
companies in printing and document management. Within Océ, there is a strong focus on service. 
Océ, for example, offers service contracts that guarantee machine uptime and fast repairs of the 
machines. In order to execute this maintenance business, Océ operates a service supply chain that 
ensures the availability of spare parts and expendables. Currently, Venlo functions as the Central 
Supply Centre (CSC) in the service supply chain. From this CSC, the Regional Supply Centres 
(RSCs) in Columbus (Ohio, U.S.A.) and Singapore (Asia) are replenished. Generally, the RSCs 
replenish the National Warehouses (NWHs) and the field stock locations. 
 
From a historical perspective, the current network design is logical; most suppliers were located in the 
region in and around Venlo. As all production activities were concentrated in Venlo, parts suppliers 
were selected in close proximity of these production sites. During the past decennia, however, the 
supplier base for spare parts and expendables has undergone two important changes. First, Océ has 
acquired a manufacturing site in Vancouver (Canada), where the production of the Océ Display 
Graphics Systems (ODGS) machine group is located. Next, Océ has started the outsourcing of 
production activities to Malaysian Contract Manufacturing Partners (CMPs) to reduce production 
costs. This means that, together with these production activities, the supplier base for the service 
department has also partially moved to Asian countries and Canada. As a result, the supplier base is 
nowadays spread more globally. 
 
The above developments indicate the need to evaluate the spare parts network, and consider possible 
redesigns. This redesign research is demarcated on the following points: 

• Only items of machine groups that are managed in Venlo are included. 
• Parts of acquisition machines are excluded, as these are managed within the continents. 
• The focus is on external suppliers, since internal suppliers are mostly located in Venlo; hence, 

this flow is very efficient and does not need consideration. 
• The scope includes the upper part of the supply chain only, from supplier to the RSCs, in 

order to restrict the complexity; moreover, downstream optimization is already being 
implemented, based on the field stock model of Rijk (2008). 

• Only the currently existing warehouses are used; no new warehouses may be located. 
 
Considering the current situation and the research demarcation, we pose the following research goal: 
 

 

“Evaluate different spare parts network scenarios within the current 

set of regional warehouse while maintaining the required fill rates, 

and decide upon the best network design, based on cost-efficiency, 

the robustness of the outcomes and practical feasibility.” 
 

 
 
We have selected two reference machine groups that show potential savings and that serve as input 
for the case study. These reference machine groups are: 

1. Océ Arizona 250 / 350 series: This machine group is the most important group of the ODGS 
machines, and represents over 80% of the total turnover of ODGS machines. 

2. Océ VarioPrint 6250 series: This machine group is recently introduced, and its production 
activities are for a large part outsourced to CMPs. It accounts for 13% of the total turnover of 
Document Printing (DP) and Technical Document Systems (TDS) machines. 
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For these two reference machine groups, we have drawn up alternative network scenarios that are 
expected to be more cost efficient than the current network. We have evaluated the following network 
scenarios: 

• For the ODGS case study: 
� ODGS 1: ONA serves as CSC 
� ODGS 2: Both ONA and Venlo serve as CSC, Venlo replenishes APW 
� ODGS 3: Both ONA and Venlo serve as CSC, ONA replenishes APW 

• And for the CMP case study: 
� CMP 1: APW serves as CSC for the CMP parts 

 
An analysis of the total relevant costs resulted in the exclusion of the warehouse facility costs, as 
these are expected to be only affected marginally. Also, administrative related costs are not included 
in this analysis. As a result, the cost calculation model includes the following relevant cost factors: 

• physical inventory holding costs (i.e., cost of invested capital in warehouse inventories) 
• inbound transportation costs (i.e., cost of transportation from supplier to CSC) 
• replenishment transportation costs (i.e., cost of transportation from CSC to RSC) 
• in-transit carrying costs (i.e., cost of invested capital for inventory that is in-transit) 
• packaging costs (i.e., labor costs related to packaging steps in the CSCs) 
• handling costs (i.e., labor costs related to all other warehouse operations) 

 
A cost calculation model was constructed in Excel, accounting for the six cost factors above. We have 
used historical usage data of the reference machine groups as demand input data. Controlling methods 
are determined by the currently applied MRP decision flowcharts, from which the physical inventory 
holding costs are calculated. Transportation costs are calculated based on either historical data of 
these transportations or estimations of transport purchasing. Finally, handling costs are calculated 
from the operating times that are needed. 
 
The results of the cost calculation model showed that all the proposed ODGS scenarios are beneficial 
to the ODGS reference machine group; ODGS 3 resulted in the highest possible savings. On average, 
more than 17% can be saved on the total relevant costs, which is mainly caused by the cost factors 
‘physical inventory holding costs’ and ‘in-transit carrying costs’. Also, the results are robust for all 
parameters; ODGS 3 is in all cases the most cost-efficient scenario. 
 
Next, the CMP 1 scenario causes savings of more than 20% on the total relevant costs. The decrease 
of network costs is here mainly caused by the total transportation costs and the warehouse handling 
costs. We have tested the robustness of the outcomes by varying the input parameters, and the CMP 1 
scenario is beneficial in all cases. The savings can rise even more when Asian demand is increasing 
and when more parts are sourced at CMPs. 
 
An additional finding was that the transportation modality choice delivers additional savings in the 
total relevant network costs. Air shipments reduce the transportation lead times, but increase the 
transportation costs. For a significant fraction of the parts, the decrease of in-transit carrying costs 
outweighs the increase of transportation costs. Also, the MRP decision flowchart can be improved to 
reduce the physical inventory levels. These findings are legitimate regardless of the chosen network. 
 
The main recommendations from this study are the following: 

• PL&IC should implement the scenarios ODGS 3 and scenario CMP 1. 
• Ensure the network design is in line with the CML policy; hence, operate with one central 

organization that is responsible for global inventory control. 
• Implement the part-dependent regular transportation modality choice, and optimize the MRP 

decision flowcharts to obtain additional savings in the total network costs. 
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1 INTRODUCTION 
 
This chapter gives an introduction to this thesis in order to clearly outline the research setting. Section 
1.1 describes the historical background of Océ. Then, Section 1.2 describes the current business units 
and the position of the department within the organization of Océ for which this study is executed. 
Next, the most important facts and figures are presented in Section 1.3. In Section 1.4, the recent 
developments in Océ’s strategy that led to the current assignment are presented. Finally, in Section 
1.5 an outlook of the remainder of this thesis is given. 
 

1.1 History of Océ 
The history of Océ goes back to 1871, the year in which Lodewijk van der Grinten invented a butter-
coloring agent. The production of this coloring agent has been the company’s main activity for several 
years. However, executing innovative research has always been a goal of the firm Van der Grinten. 
Louis van der Grinten, Lodewijk’s grandson, developed a sustainable and fast blueprint paper, which 
produces negative images of the originals that are being multiplied. Then, in the beginning of the 
1920’s, the firm Van der Grinten succeeded in delivering positive copies. The company further 
improved its blueprint paper and named it O.C., which is the abbreviation of the German words ‘Ohne 
Componenten’. For pronunciation convenience the name of this product was changed into Océ. 
 
Activities in the printing and copier market ended up to be the main activities of Océ. And research 
carried on: Océ managed to deliver a method that was able to copy originals that did not need to be 
translucent. The technological progress in the 1960’s accelerated the development of copying 
processes, like electrostatic copying. Océ also followed this trend and hence, Océ focused on different 
copying methods. 
 
During the past decennia, Océ has been an important player in the copiers and printers market. Océ 
has always tried to be leading in technological knowledge and innovative products. Océ increased its 
market position through strategic acquisitions and alliances. However, due to globalization of the 
economy, Océ has found it difficult to survive, especially in the emerging markets in Asia. This 
resulted in the taking-over of Océ by Canon. Océ and Canon cover different market segments, and by 
combining their capabilities, the aim is to become the number one company in the printing market. 
  

1.2 Organizational structure 
Nowadays, Océ has an organization structure that consists of three strategic business units: Digital 
Document Systems, Wide Format Printing Systems, and Océ Business Services. 
 
The Digital Document Systems (DDS) business unit is responsible for small format printers. 
Dependent on the output volume, these printers can be split into two machine types, which are 
produced by separate divisions. The Document Printing (DP) division produces machines that are 
suited for printing daily office documents. Production of DP machines is located at Océ plants Venlo, 
as well as at Contract Manufacturing Partners (CMP) in Malaysia. The Production Printing (PP) 
division produces machines that are designed to print high volumes. These machines are mainly used 
in repro departments, printing service companies, or financial service providers (e.g., for printing high 
quantities of bank statements). The production facility of the Production Printing machines is located 
in Poing in Germany. 
 
The Wide Format Printing Systems (WFPS) business unit also consists of two divisions: Technical 
Document Systems (TDS) and Océ Display Graphics Systems (ODGS). TDS machines are typically 
used in the construction industry to produce wide format drawings. TDS machines are being produced 
in Venlo and at CMPs. ODGS machines are mainly used for billboard printing or for signposting 
printing, and are produced in Vancouver, Canada. 
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Finally, Océ Business Services (OBS) is a relatively new business unit, which offers complete 
document management services at customer location. This means that customers of this business unit 
outsource all operational printing activities to Océ. 
 
For the execution of the operational activities within these business units, Océ has an organizational 
structure consisting of 15 departments. One of these departments is ‘Global Logistics Organization’, 
in which also the department ‘Global Planning and Inventory Control’ is positioned. This department 
is divided in several departments, each responsible for a set of articles, parts, or machines. The 
department ‘Global Planning and Inventory Control for Spare Parts and Expendables’, which we 
abbreviate to PL&IC, is responsible for the acquisition and the global availability of spare parts and 
expendables. This study is conducted at the department PL&IC. A more detailed description of the 
organizational structure is presented in Appendix I. 
 

1.3 Facts and figures 
The information in this section is based on the 2009 annual report of Océ. In November 2009, Océ 
employed almost 22,000 fte, dispersed over approximately 90 countries. Océ has 30 national sales 
organizations. In the book year 2009, Océ realized a total turnover of €2.65 billion, which resulted in 
a net loss of €47.1 million. 35% of the turnover was realized in the U.S.A., 56% in Europe, and 9% in 
other countries. 
 
Almost 72% of the turnover over 2009 is recurring, of which a large fraction is fixed in long-term 
maintenance and service contracts. This shows that service is essential in the business policy of Océ. 
This becomes also clear when looking at the 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” 

 
In the current economic crisis, Océ experiences postponement of high investments that results in 
lower sales volumes. Companies also try to reduce costs, which results in lower printing volumes. 
Moreover, the negative developments in the construction industry have great impact on the turnover 
of Océ’s WFPS business unit. However, due to the service-oriented conduct of business and the 
upcoming acquisition by Canon, the prospects for Océ have improved. Canon can offer great 
opportunities in the Asian market, which is expected to keep on growing the coming years. 
Concluding, the current global economic situation and the strategic decisions of Océ will result in an 
interesting and challenging upcoming period. 
 

1.4 Background of the assignment 
Historically, the activities of Océ have always been concentrated around Venlo. This includes the 
headquarter, the research and development centre, and all production activities. However, to reduce 
production cost, Océ has started outsourcing its production activities to Asian countries in the past 
decennium. Parts of machines, and later also complete machines, are being produced or assembled by 
Contract Manufacturing Partners (CMPs), that are located in Malaysia. Also, in 2006, Océ has bought 
a production site in Vancouver (Canada), for Océ Display Graphics Systems (ODGS), suited for 
printing wide format advertorials and road signings. 
 
As a result, the production locations are nowadays dispersed more globally. These strategic changes 
directly lead to changes in the supplier base of the service department. Nevertheless, in this new 
situation the spare parts network structure has not been re-assessed in a cost and efficiency 
perspective. The network structure that originated from the historical situation, was always taken as a 
given. In other words, the supplier base is no longer concentrated in the Venlo region, while Venlo is 
still the central warehouse of the service supply chain. Therefore, the focus of this research is on 
investigating the potential cost savings of redesigning the service supply chain that fits with the 



 3

current supplier base and the expected changes in the future. A comparison between network 
scenarios will lead to an advice for the design of the spare parts network. 
 

1.5 Outlook 
The remainder of this thesis is organized as follows. In Chapter 2, we present a general overview of 
the current supply chain, after which we define the research problem in Chapter 3. In Chapter 4, we 
indicate where potential savings can be achieved. Chapter 5 presents the alternative network scenarios 
that are evaluated. Next, Chapter 6 discusses the relevant cost functions in this study. Then, we 
explain the reasoning and formulas of the cost calculation model in Chapter 7. In Chapter 8, we 
present the outcomes of the cost calculation model and the comparison of the different scenarios. 
Finally, Chapter 9 draws up the conclusions of this study and the recommendations that result from 
the study. A graphical overview of the structure of this thesis is depicted in Figure 1. 
 

 
Figure 1: Structure of current research 
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2 CURRENT SUPPLY CHAIN 
 
In this chapter, an outline of the current service supply chain and the relevant network characteristics 
are presented. Section 2.1 describes the supply chain and the functions of the network locations. Next, 
Section 2.2 presents the relevant installed base figures. In Section 2.3, we explain the mechanisms that 
are used at PL&IC in the daily operations for inventory control. Finally, in Section 2.4, we give 
attention to the performance measures that are used at the planning department. Throughout this 
chapter, we start demarcating the project scope. The complete demarcation, then, follows in Section 
3.1. 
 

2.1 Structure of the service supply chain 
First, we note that the machines can be divided into two groups. Océ has a group of corporate 
machines that are produced either by Océ or partner CMPs. Next, Océ sells printing devices from 
other OEMs, referred to as ‘acquisition machine’. These acquisition machines fill up the gaps in the 
corporate machine assortment. These OEMs are the suppliers for the spare parts of the acquisition 
machines. Due to differences in profit margins on machines and spares per continent, OEMs often 
have one sales organization per region. OEMs require Océ to source the spare parts demand for each 
region at those regional sales organizations. Appendix II gives a more detailed explanation of the 
supply chain for parts of acquisition machines. Since Océ does not have the power to influence the 
policy of these OEMs, we do not consider acquisition machines in this study. 
 

 
Figure 2: Overview of current service supply chain of own machines. 

 
The service supply chain for parts of corporate machines is currently designed as follows. The spare 
parts are collected centrally in Venlo, coming from a variety of suppliers. From Venlo, the parts are 
distributed globally by regular replenishments, emergency shipments, or direct deliveries. The multi-
echelon spare parts network of Océ is graphically represented in Figure 2. 
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The different locations and functionalities within this supply chain are explained in more depth in the 
following subsections. Although not all functionalities fall within the scope of this study, as we 
explain below, all are clarified to deliver a complete overview of the location functionalities. 
 

2.1.1 Suppliers 

The supplier base of own Océ products can be divided into internal and external suppliers. Internal 
suppliers are plants or departments within Océ that are located in Venlo, whereas external suppliers 
are all other supplier groups, including foreign manufacturing plants. 
 
Internal suppliers: 

• Océ manufacturing sites: From the moment that the first machines are being sold, PL&IC is 
responsible for the provision of spare parts so that failures can be repaired (see Section 1.2). 
Hence, PL&IC faces demand for spare parts from this moment forward. The quantities in the 
early stages in a machine’s life cycle are relatively small compared to the demand at 
manufacturing sites. Since Océ pursues the policy that the department with dominant demand 
is responsible for the part’s inventory, PL&IC first orders its demand of spare parts from the 
stock of the manufacturing sites. As soon as the demand of PL&IC surpasses the demand of 
the manufacturing plant, this process is reversed, and manufacturing sites order their 
requirements at PL&IC. 

• Asset Recovery (AR): The AR plant retrieves machines after usage, or receives worn 
machines. Since a retrieved machine can not be used in its current state, Océ decides to either 
revise the machine and sell it again, or to dismantle the machine and recover the usable parts. 
These parts can, possibly after repair or revision, be used as a service part. 

• Océ Consumables / Imaging Supplies: A fraction of the PL&IC assortment consists of parts 
that are produced at other departments, of which Océ Consumables and Imaging Supplies are 
the most important ones. PL&IC orders their requirements at these internal departments. 

 
External suppliers: 

• Contract Manufacturing Partners (CMP): When production activities are outsourced and 
PL&IC requires spare parts of a machine type that is being produced by a CMP, this CMP is 
responsible for the delivery of parts to PL&IC. Océ signs contracts with these CMPs to ensure 
spare parts availability for a fixed period, i.e., generally five to seven years after End Of 
Production (EOP), and within agreed lead times. Currently, the CMP partners of Océ are 
located in Malaysia, Asia. 

• Parts suppliers: A part is acquired from a parts supplier when Océ has been producing the 
machine, and PL&IC has become the dominant department. Parts suppliers can be located 
anywhere, and are thus dispersed globally. We emphasize that some non-European 
manufacturing sites are also considered to be parts suppliers; e.g., the ODGS manufacturing 
plant in Vancouver (Canada) is included in this supplier group. 

 
We can conclude that all internal suppliers are located in close proximity to the CSC warehouse in 
Venlo. This incoming flow is, therefore, very efficient and does not need further consideration in this 
study. Therefore, we only consider parts that are sourced from external suppliers from here on. 
 

2.1.2 Central Supply Centre (CSC) 

The most upstream echelon consists of the central warehouse, where all acquired items from the 
different suppliers are accumulated and stored. In the current supply chain, the CSC is located in 
Venlo. This means that all acquired items are transferred to Venlo, regardless of the location of the 
supplier. The parts are packed - mostly a single piece packaging is executed so that demand can be 
fulfilled per piece - and labeled. Then, the items are stocked in the warehouse. 
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Orders that arrive at the CSC can either be regular replenishment orders from RSCs and OpCos (see 
below), emergency orders from technicians and OpCos, or sales orders from direct customers. After 
order acceptance, the orders for customers are consolidated per customer and prepared for shipment. 
 

2.1.3 Regional Supply Centre (RSC) 

As explained above, the two RSCs are supplied by the CSC in Venlo, The Netherlands. These two 
RSCs are the Asian Pacific Warehouse (APW), which is located in Singapore, and Océ North 
America (ONA), which is located in Columbus (Ohio, U.S.A). Together with the CSC in Venlo, these 
RSCs cover the three global regions EMEA (Europe, Middle East, and Africa), Asia Pacific (Asia and 
Australia), and The Americas (North, Middle, and South America). 
 
The RSCs and the CSC serve as suppliers for the Operating Companies (OpCo) in their region. 
OpCos can be supplied at a national warehouse or directly at field stock locations. For Venlo, the 
expectation is that in the near future, all field stock locations of the West-European countries are 
being replenished directly from the CSC. Moreover, the CSC will have insights in the stock levels, 
and ideally in a later stage will have the possibility managing inventories at these locations.1 
 

2.1.4 National Warehouse (NWH) 

The RSCs, together, supply around 90 countries, 30 of which have their own national OpCo. These 
OpCos used to function completely autonomously and were responsible for their stocks and the 
fulfillment of service in their country. Most OpCos had their own National Warehouse (NWH), from 
which the field stocks were replenished. As explained above, the West-European countries will be 
managed centrally and gain from a total supply chain perspective. However, for other OpCos this does 
not change and hence, they operate with a NWH. 
 

2.1.5 Field stock locations 

Océ engages approximately 3,500 technicians in the field worldwide in order to guarantee quick 
repairs and low downtimes. The technician decides whether the breakdown can be repaired 
immediately. When this is the case, he repairs the machine at the location. For these repairs at 
customer location, Océ needs to hold stock in the field that is directly available. There are two types 
of field stock locations: Car stocks and Quick Response Stocks (QRS). 
 
Car stocks are the stocks of spare parts that technicians hold in their vans, which are thus directly 
available. Typically, these parts are critical, are relatively cheap, and have high usage rates. However, 
some of the parts are not suited to hold at car stock level, although it is essential to position them in 
close proximity of the customer. These parts are, typically, too expensive to keep at car stock level 
against low demand rates, or are simply too big to hold at car stock level. For these parts, Océ has 
around 130 QRS locations: small stocking locations close to customer sites. In case a technician needs 
a part that is in stock at a QRS, this part is either sent to the technician or to the customer location, or 
the part is collected by the technician. Hence, QRS inventories ensure that the required service time 
window can be obtained. 
 

2.1.6 3rd party customers 

A significant fraction of the business for some of the parts is generated from direct sales to 3rd party 
customers. These sales are Ex Works from a corporate point of view, which means that Océ is not 
accountable for the transportation costs towards the customer. An important 3rd party customer for 
Océ is Fujifilm, which orders substantial quantities for some of the parts of the ODGS machines. 

                                                      
1 This policy is called Direct Replenishment 3 (DR3), and is part of the policy of the implementation of 
Centrally Managed Logistics. Local field stock inventories of DR3 countries are on the balance sheet of Océ 
Technologies B.V., and eventually, also the control responsibility. 
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2.2 Installed base 
Since the key component of the tasks within PL&IC is providing spare parts and expendables, 
information of this installed base is required. In Table 1, we provide figures of the installed base of 
machines that are managed in Venlo (i.e., DP, TDS, and ODGS), distinguishing between the global 
regions and the different machine groups. 
 
Table 1: Relative numbers of installed base of Océ machines over different regions per machine group. 2 

Machine group EMEA Americas Asian Pacific Total 

Document Printing (DP) 76% 17% 7% 100% 

Technical Document Systems (TDS) 61% 25% 14% 100% 

Océ Display Graphics Systems (ODGS) 68% 24% 8% 100% 

 
From these figures, it can be seen that for all machine groups the installed base has its center of 
gravity in the European region, caused by the fact that Océ is from origin a European company. These 
figures correspond to the turnover figures; the largest fraction of the turnover is generated in the 
European area. Then, the installed base for Océ machines in the Americas differs from 17 to 25 
percent between the machine groups. The installed base in Asian countries is limited in all machine 
groups. 
 

2.3 Distribution mechanisms 
In this section, we explain the distribution mechanisms of the service supply chain. As we want to 
restrict the complexity of this study, we only consider the mechanisms until the RSCs. Direct 
replenishments to OpCos or field stocks and all activities more downstream in the supply chain are 
not discussed from here on. 
 
As mentioned before, PL&IC is responsible for the global distribution of parts at the CSC and the two 
RSCs. This means that PL&IC places purchase orders to hold sufficient stock globally and also 
ensures that stocks are correctly distributed over the RSCs. Note that the CSC and the RSCs have 
different distribution and control mechanisms, based on different MRP decision flowcharts. We 
discuss both mechanisms separately in the following subsections. 
 

2.3.1 Inbound purchase orders 

Currently, only the CSC is authorized to purchase spare parts and expendables for corporate 
machines. In order to limit the operational control activities, the complete assortment of SKUs is 
categorized, distinguishing different priority levels. In other words, SKUs with a high priority are 
ordered more frequently than SKUs with a low priority. This assures that overall performance levels 
can be met within a limited number of order moments. 
 
To make this categorization, PL&IC makes use of an MRP decision flowchart. This flowchart makes 
decisions, based on the criticality of an SKU, the number of months that demand is observed, the 
assigned class of the ABC-classification, and the part value. The MRP flowcharts also determine how 
the reorder point (ROP) is determined. We distinguish the following two options: 

• Basic ROP: the ROP covers for the average demand during lead time and one month of 
average demand as safety stock. 

• Forecast-driven ROP: the ROP is set so that the chance that the demand during lead time does 
not exceed the ROP-level is higher than the required service level. 

 
Appendix III presents the complete MRP decision flowchart. Summarizing, the following 
categorization is made by the flowchart: 

                                                      
2 Source: Inspire report (WFPS business unit) and DP/PP Population Development file. 
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1. Non-critical SKUs are always controlled with a basic ROP, where the order lot size is 
determined by the value of the SKU. This order lot size corresponds to the average demand in 
a number of months, varying from one month for high-value SKUs, to twelve months for low-
value SKUs. 

2. Critical SKUs that observe demand in less than eight months over the past year are controlled 
with a basic ROP, where the value of the SKU determines the order lot size in a similar way 
as for non-critical SKUs. 

3. Critical SKUs that observe demand in eight or more months over the past year are controlled 
with a forecast-driven ROP, where the ABC-classes are used to determine the order lot size; 
more specifically, the required ROP are determined from basic forecast methods, like moving 
averages and exponential smoothing (see e.g., Silver et al., 1998). The ROP is then 
determined by the forecast error and the required service level. 

 
Another aspect for the control of the inbound purchase orders is the supplier lead time. For the 
inventory planning, PL&IC uses fixed planned order lead times. This lead time consists of two parts: 
supplier lead time and transportation lead time. A graphical overview of this lead time separation is 
depicted in Figure 3. 
 

 
Figure 3: Graphical representation of the planned order lead time. 

 
First, the supplier at which PL&IC orders can also face supplier or manufacturing lead time. This is 
explained by the fact that most suppliers do not hold stocks for replenishing service organizations like 
PL&IC. An important reason is that spare part demand occurs occasionally, and it is thus not 
profitable for a supplier to hold inventory for these low turnovers. Concluding, PL&IC can not 
influence this supplier lead times.3 Supplier lead times vary from a number of days until several 
months. 
 
The second part of the order lead time is the transportation lead time from supplier to CSC. All 
incoming orders are Ex Works, which means that Océ is responsible and accountable for the transport 
from the supplier to the CSC. PL&IC chooses the transportation modality, and can thus influence the 
transportation lead time. For example, when an SKU is regularly shipped by boat and its inventories is 
getting scarce, PL&IC can decide for a faster air shipment. This choice lies with the responsible MRP 
controller within the PL&IC department, and is not regulated by strict rules. 
 
The MRP profiles and the fixed order lead times serve as input for the SAP ERP system. With the use 
of historical demand information, the fixed order lead time, and the required service level, SAP 
determines the required safety stock. The MRPs are then run on a daily basis, and the system suggests 
which items should be ordered. Finally, MRP controllers check and place the purchase orders. 
 

2.3.2 Replenishment orders 

The second responsibility of the PL&IC department is to balance the global inventories over the three 
regional warehouses. As mentioned above, all parts enter the network at the CSC in Venlo. From 

                                                      
3 Purchasing departments do bargain about these lead times, and in some situations a supplier may be willing to 
speed up the delivery, but we assume that there is no option to decrease supplier lead times. 
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Venlo, the RSCs of ONA and APW are replenished on a regular basis. We discuss this mechanism in 
this section. 
 
Analogous to the CSC, the SKUs are also categorized at RSC level to control the number of 
replenishment orders that need to be placed. These categorizations are also based on MRP decision 
flowcharts. The MRP profiles for ONA are determined as follows: 

1. SKUs that observe no demand in the past year are assigned as non-stock part. Occurring 
demand in the RSC region is then fulfilled with an emergency shipment from the CSC, or 
from the supplier. 

2. SKUs that observe demand in less than eight months in the past year or observe less than 24 
parts over the past year are controlled with a basic ROP. The ROP assures coverage for the 
average demand during the boat replenishment lead time (i.e., six weeks for ONA and four 
weeks for APW) and one month of average demand as safety stock. 

3. SKUs that observe demand in eight or more months in the past year and observe demand of 
24 or more parts over the past year are controlled with a forecast-driven ROP. Planners decide 
which forecast model fits the demand in the best way. The order lot size is dependent on the 
average yearly turnover, and varies from an average demand during one week to an average 
demand during one year. 

4. An extra condition for ODGS parts: SKUs that are stock parts in Venlo are automatically 
stock parts in ONA as well, regardless of the usage figures. 

 
For APW, the MRP decision flowchart looks roughly the same. We point out three differences to the 
ONA decisions. First, an SKU is considered to be a non-stock part when less then three parts are used 
over the past year. Second, the turnover values that decide the order lot sizes of the forecast-driven 
SKUs are different. And finally, ODGS SKUs are not automatically stock parts in APW when they 
are stock parts in Venlo. 
 
Next, we discuss the replenishment transport process in more detail. One can distinguish three types 
of replenishments, differing on transportation modality. These three modalities, depicted in Figure 4, 
are discussed below. 
 

 
Figure 4: Overview of replenishment lead times. 

 
• Boat: For the replenishment of the RSCs, Océ uses weekly boat shipments. These shipments 

are low in transportation costs, as these boat shipments are consolidated with machine 
shipments. As mentioned above, the replenishment transportation lead times for boat 
shipments are six weeks for ONA replenishments and four weeks for APW replenishments. 

• Air: In case stocks are getting scarce at the RSC, PL&IC can decide to replenish with faster 
air shipments. For APW, a weekly shipment is scheduled with a transportation lead time of 
five days. ONA is twice a week replenished by air shipments with a transportation lead time 
of seven days. 

• Express (for ONA): The ONA warehouse can also be replenished by express, in case parts 
need immediate replenishment. A weekly express shipment is sent to ONA, having a 
transportation lead time of two days. For APW, this replenishment shipment is not arranged, 
as emergency demands of Asian OpCos are sent directly to the OpCo. 
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Stock levels at RSCs are determined, so that they can cover for the replenishment lead time of boat 
shipments. When these stocks are insufficient, planners have the option to replenish by a faster 
transportation mode. 
 
We note that, generally, the decision which transportation mode to use is the responsibility of PL&IC. 
There are again no guidelines as to which modality should be used. Planners estimate what the chance 
of a possible stock out is, and depend the choice which transportation mode to be used on that risk. 
Hence, there is no strict method developed yet for choosing the optimal modality. It may be useful to 
reconsider the lack of guidelines concerning the selection of transportation modalities. 
 

2.4 Performance measures 
This section defines the relevant performance measures. We separately discuss the performance 
targets within PL&IC, which are listed in Table 2, and translate these to performance targets for the 
three warehouses. 
 
Table 2: Performance targets of the service supply chain. 

Performance Target 

Allocation performance Venlo 98% 

Replenishment performance ONA 98% 

Replenishment performance APW 85% 

 
Allocation performance Venlo 
This performance target represents the fraction of incoming order lines at the CSC in Venlo that are 
allocated in time to the correct warehouse or customer. A part is correctly allocated when the part is 
on stock, and the order is transferred to the warehouse within one day. There is only one single 
performance target; hence, no distinction is made on part characteristics or the type of customers. For 
PL&IC, the two biggest causes for misperformance are unreliable suppliers that do not deliver in time, 
and heavy demand fluctuations, for which can not be corrected anymore. 
 
Demand can only be allocated in time when sufficient stock is located in the CSC. Unsatisfied 
demand is fully backlogged, as a part is always needed when a breakdown occurs. This means that the 
allocation performance can be translated into a fill rate for the central warehouse, assuming that 
planners do allocate all order lines for which parts are available on hand. 
 
Replenishment performance ONA and APW 
The replenishment performance target of the RSCs represents the fraction of order lines that are 
directly delivered from stock at the RSC. This measure includes the activities after the stock was 
allocated. Note that APW has a lower replenishment performance target than ONA. This difference 
stems from the fact that demand of Asian OpCos that can not be satisfied from APW, can be fulfilled 
from Venlo. Hence, there is an extra emergency shipment available for the Asian demand. As a result, 
APW does not need to hold high stock levels to meet the overall service level at Asian OpCos. 
  
We can also translate the replenishment performance targets into RSC fill rates, by assuming that all 
orders are processed in time by the RSC, and orders are fulfilled at the warehouse without 
misperformance and within time. 
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3 PROBLEM DEFINITION 
 
In this chapter, we describe the problem that Océ faces in more depth. First, we complete the 
demarcation of this research in Section 3.1. Then, Section 3.2 describes the existing literature 
regarding network design for spare parts of capital goods. We discuss that we can not directly apply 
models or concepts from the existing literature. As a result, we present which method is chosen to 
complete this study in Section 3.3. 
 

3.1 Research demarcation 
As announced in Chapter 2, we summarize the research demarcation in this section. Once more, the 
reasoning behind the exclusion of machine groups and supplier groups is explained. 
 
Venlo / Poing machine groups 
As mentioned in Chapter 1, the assortment of Océ can be divided into four different machine types: 
Document Printing (DP), Production Printing (PP), Technical Document Systems (TDS), and ODGS 
(Océ Display Graphics Systems). The PP machines are manufactured in Poing, Germany, and the 
global distribution of the PP spare parts is also controlled from Poing. Since this study is executed at 
the Venlo department, the Poing assortment of PP parts is out of scope. 
 
Corporate machines / acquisition machines 
The assortment of machines that Océ sells can be divided in two groups. First, Océ has a group of 
‘corporate machines’, which are machines that are produced either at Océ’s own production facilities, 
or at contract manufacturing partners (CMPs). For this group, Océ has one central sales organization, 
and spare parts are centrally managed as well. Second, a group consists of machines that are produced 
by partner OEMs. Complete machines are acquired from these OEMs, and are then sold through the 
Océ network. These machines, which we refer to as ‘acquisition machines’, fill up the gaps that Océ 
has in its product portfolio of corporate machines. 
 
Often, partner OEMs do not allow Océ to have one single purchasing organization, due to differences 
in profit margins on machines and spares per continent. In practice, this means that Venlo purchases 
machines and spare parts for the European market at the European sales organization of the OEM, and 
ONA independently does the same for the American market at the U.S. sales organization.4 Hence, 
Océ has no possibilities to change the purchasing strategy of items for acquisition machines. 
Therefore, acquisition machines do not require reconsideration in this study and these machines are 
thus left out of scope in the remainder of this study. 
 
Internal / External suppliers 
The internal acquisition of spare parts is located in Venlo, because the manufacturing and asset 
recovery sites are located here. The distance between these manufacturing sites in Venlo and the 
PL&IC central warehouse can be neglected; hence, this stream is very effective in responsiveness and 
supplier lead times. Also, we do not consider the reverse logistics chain in this study. For these 
reasons, we exclude the internal suppliers from the following analyses. Concluding, the center of 
attention is on the sourcing from non-European external suppliers only.  
 
Scope from suppliers to existing regional warehouses 
To reduce the complexity of the analysis, we have defined the scope of the study from external 
suppliers to the regional warehouses in the network. Moreover, downstream improvement projects 
have already been done recently (Rijk, 2008), and are currently being implemented. Hence, the study 
is delineated to the supply chain upstream of the RSCs, and the costs that are directly related to 
changes in this part of the supply chain. Note that we do not consider new warehouse locations; we 
draw up redesigns for the current set of regional warehouses. 
                                                      
4 The number of ‘acquisition machines’ sold in Asia is marginal, as the partner OEMs are Asian companies. 
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3.2 Literature review 
As mentioned in Section 1.4, this study considers what multi-echelon network design for spare parts 
of capital goods is optimal for Océ. In this section, we discuss the relevant literature for these kind of 
problems. 
 
Network design problems for spare parts of capital goods are often solved by a decoupled approach: 
the determination of the facility locations and demand allocations is split from the determination of 
the required inventory levels at the network locations. For an overview of general facility location 
problems, one can check Daskin (1995). For reference literature that gives an overview of the existing 
spare parts inventory models, see e.g., Sherbrooke (2004) or Muckstadt (2005). 
 
With regard to general network design problems, Perl and Sirisoponsilp (1988) draw up the 
interrelations between strategic, tactical and operational decisions. They emphasize an approach, in 
which facility location decisions and inventory decisions are considered simultaneously. This seems 
especially relevant in spare parts network designs for capital goods, as spare parts are typically 
expensive, require high service levels, and are confronted with irregular demand patterns (Huiskonen, 
2001). Hence, an integrated network design for spare parts of capital goods can result in large cost 
savings due to the combined decision-making. 
 
The literature that combines facility location and spare parts inventory management into mathematical 
optimization models is, however, very limited. To the best of our knowledge, there are only two 
articles and one MSc project that discuss this approach for capital goods. Candas and Kutanoglu 
(2005) introduce a multi-item model in which inventory decisions serve as a base for deciding upon 
facility locations. And Jeet et al. (2009) optimize a derivative single-item problem. Moreover, Koppes 
(2008) has applied the principles of these two articles into a downstream network design of the 
European spare parts network for a master thesis project at IBM. All of these works, however, 
consider downstream and single-echelon networks, and have a green field approach for the facility 
location decisions. 
 
It can be concluded that there is no literature that introduces mathematical optimization models within 
our research scope. Nevertheless, we can adopt the theory of considering all network design decisions 
simultaneously, as this integrated approach has proven to be beneficial in other research areas. 
 

3.3 Research approach 
As mentioned in Section 1.4, the supplier base has recently undergone changes by strategic decisions. 
Moreover, due to the outsourcing activities, the shift of suppliers to other countries is expected to 
increase even more. As a result, modifying the service supply chain may result in considerable cost 
savings. Since literature points out the advantages of considering all cost factors simultaneously, we 
take an integrated network design perspective in order to make a well founded choice. Since the 
optimization models are lacking, and the scope is limited to the current set of existing warehouse 
locations, we choose to do a scenario analysis. As a result, the following research goal is composed. 
 

 

“Evaluate different spare parts network scenarios within the current 

set of regional warehouse while maintaining the required fill rates, 

and decide upon the best network design, based on cost-efficiency, 

the robustness of the outcomes and practical feasibility.” 
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The above research goal is solved by answering the following sub goals: 
1. Identify machine groups that show potential savings. To limit the scope of the scenario 

analysis, we first select reference machine groups of the current assortment that show 
potential savings. Hereby, we select machine groups for which we see the influences of the 
recent strategic changes. These machine groups, then, serve as input in a case study. In 
Chapter 4, the identification of the reference machine groups is explained. 

2. Indicate the relevant cost factors that are affected by changing the spare parts network. As the 
main goal is to decide upon the most cost-efficient network design, the relevant cost factors 
that are included in the cost comparison need to be indicated. This analysis is based on the 
general cost structure of Ballou (1992). We discuss whether (parts of) these cost factors are 
affected in Chapter 5, based on discussions with the concerned departments ‘Regional 
Transport’, ‘Warehousing’ and ‘Finance and Control’. 

3. Draw up the scenarios within the current set of warehouse that are analyzed. To limit the 
scenarios that we evaluate in this study, we select the alternatives scenarios that correct the 
inefficiencies in the current network. This selection is made in consultation with several 
logistic engineers within Océ. The reasoning and the expected effects of the scenarios are 
discussed in Chapter 6. 

4. Compare the total relevant network cost between scenarios. In order to make a founded 
comparison between the selected scenarios, we construct a cost calculation model in Excel in 
which all relevant cost are computed for each scenario. The reasoning behind this calculation 
model is extensively explained in Chapter 7. The calculations are evaluated with the 
responsible departments. Next, Chapter 8 shows the results of the cost calculations. Also, this 
chapter evaluates the level of robustness of the outcomes by testing the sensitivity of the input 
parameters. 

5. Discuss the impact of possible modifications on the control structure. We complete the 
analysis with a qualitative discussion regarding the changes in the control structure. 
Conversations with logistic engineers result in potential downsides that the new scenarios 
may entail. This qualitative analysis is also included in Chapter 8. 
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4 IDENTIFYING REFERENCE MACHINE GROUPS 
In this chapter, we describe the identification of reference machine groups that serve as input for our 
case study. First, we analyze the relevant developments in the supplier base in Section 4.1. In Section 
4.2 and 4.3, we identify two reference groups for the ODGS and CMP supplier, respectively, and 
show where the potential savings can be obtained. 
 

4.1 Developments in the supplier base 
In Section 1.4, we have indicated that Océ faces changes in the supplier base of its spare parts and 
expendables. We analyze this effect in more depth in this section, focusing on the recent 
developments of the new ODGS plant and the production outsourcing activities to CMPs.  
 

turnover in # per sourcing area

76%

21%

3%
EMEA

Asia Pacific

Americas

     

turnover in € per sourcing area

49%
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Asia Pacif ic
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Figure 5: Location of suppliers, expressed in fractions of total turnover. 

Left: turnover in quantities. Right: turnover in Euros. 

 
In Figure 5, the external parts suppliers are divided over the regions EMEA, Asia, Pacific, and the 
Americas. One can see that suppliers from the Americas are accountable for 3% of the turnover in 
quantities, whereas in monetary units they are responsible for 34% of the turnover. This can be 
explained by the fact that ODGS parts - which are sourced from the ODGS manufacturing location in 
Canada - typically are complex and large parts. As a result, ODGS parts are more expensive than 
average, and thus account for a large fraction of the usage figures in monetary units. 
 
Next, we focus on the trends regarding the number of Asian suppliers. The starting point for this study 
was that parts are increasingly being sourced from Asian suppliers. We do not have clear figures that 
show the increase of Asian suppliers over the past years; nevertheless, we can show how the fraction 
of SKUs that come from Asian suppliers evolves over the planned year of End Of Service (EOS). 
Generally, the year of EOS of a machine is set five to seven years after the production of a machine is 
stopped. On average, this means that the year of EOS minus six years is the year at which production 
was stopped. Hence, this measure indicates how the fraction of Asian sourced parts evolves over time. 
In Figure 6, we present the results for Malaysian suppliers, as the CMPs are located there. 
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Figure 6: Overview of the number of suppliers from Canada and Asia, 

categorized onto the year of End Of Service (EOS). 

 
From the trend in Figure 6, one can see that the fraction of SKUs that are sourced from Malaysian 
CMPs increases with the expected year of EOS. Of the total external sourced parts of corporate 
machines with 2016 as the year of EOS, 35% of the parts are sourced at Malaysian suppliers. This 
finding confirms the trend of the external supplier base moving to the Asian region. The expectation is 
that this trend will continue during the upcoming years. 
 
From the above analysis, we draw up the following two conclusions: 

• ODGS parts represent a high fraction of the total generated turnover in monetary units, 
whereas the fraction of the turnover in quantities is rather limited. 

• The fraction of externally sourced parts that is sourced in Malaysia is increasing significantly 
for increasing EOS years. 

 
For this reason, we select two reference machine groups that can be used to analyze the potential 
savings for these two conclusions. In consultation with the Product Life Cycle group, we have chosen 
the Océ Arizona 250/350 series and the Océ VarioPrint 6250, respectively. 
 

4.2 ODGS: Océ Arizona 250/350 series 
The Océ Arizona 250/350 series is the most popular machine series of the ODGS business unit, and 
represents over 80% of the total turnover of ODGS parts. Therefore, we have selected this as a 
reference machine group for the case study. For this machine group, we have made a material flow 
analysis. In this analysis, we have determined where the actual demands are originated from, and how 
the parts of this machine groups currently flow through the network to satisfy these demands. The 
result of this analysis is depicted in Figure 7. 
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Figure 7: Actual turnover per region for spare parts of Arizona 250/350 parts 

(normalized) 

 
The current network is arranged with one single CSC location in Venlo; hence, all parts from the 
ODGS manufacturing plant are sent to Venlo to enter the spare parts network. We see that this results 
into inefficiencies. Parts are sent from Vancouver to Venlo, from which APW and ONA are 
replenished. As a result, parts that are eventually consumed in the Americas unnecessarily travel to 
Europe, after which parts are sent back to the American continent. Moreover, APW parts are 
transferred intercontinental twice. Also, a network redesign may cause changes in the warehouse 
handling costs, as labor rates in America are generally somewhat lower in the U.S. 
 
The above quick scan shows the need to investigate the potential cost savings for an inbound function 
of ONA warehouse in the network. Although ONA warehouse is not positioned nearby Vancouver, it 
is expected that reducing travelling distances can reduce costs significantly. As the ODGS parts are of 
high value, reducing the inventory investments is of major importance. We draw up alternative 
network scenarios for these parts in Section 5.1. 
 

4.3 CMP: Océ VarioPrint 6250 
The Océ VarioPrint 6250 is one of the most recent introduced machines, and manufacturing activities 
are outsourced for a large extent to Malaysian CMPs. 35% of all parts sourced from CMPs is caused 
by this machine. Hence, the Océ VarioPrint 6250 is an excellent reference machine group for the case 
study. For the Océ VarioPrint 6250, we also made a material flow analysis. This analysis is presented 
in Figure 8, in which we have divided the usages over the three global regions. 
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Figure 8: Actual turnover per region for spare parts of Océ VarioPrint 6250 

(normalized) 

 
Currently, the parts from CMPs are consolidated with shipments of Machines, and are sent to Venlo. 
Here, the items are processed for entering the spare parts network, and are then redistributed over the 
RSCs to ensure a worldwide coverage. As can be seen in Figure 8, the inefficiencies in this material 
flow analysis are not directly significant.  Nevertheless, the Asian sourced parts that are consumed in 
Asia are quick wins. Moreover, the usage of APW in the distribution of the Asian sourced parts can 
be beneficial, considering the expected increase of Asian suppliers, and the upcoming take over by 
Canon. This take over may positively affect the market share in the Asian region. Also, a network 
redesign will affect warehouse handling costs, which are generally lower in Asian countries. 
 
The VarioPrint 6250 is responsible for 13% of the turnover for the complete TDS and DP machine 
groups. Assuming that 75% of future machines will be outsourced to Asian CMPs, the possible future 
gains can be multiplied with a factor six. Moreover, the fraction of Asian sourced parts in a machine 
group can grow even further. These effects emphasize the need to examine the effectiveness of the 
spare parts network. 
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5 NETWORK SCENARIO PROPOSITIONS 
 
In this chapter, we present the scenarios that are evaluated in the analysis. In Section 4.2 and 4.3, we 
have selected two reference machine groups that show potential improvement opportunities: the Océ 
Arizona 250/350 series, and the Océ VarioPrint 6250. This chapter describes the proposed scenarios 
for both machine groups. 
 
In Section 5.1, we describe the selected ‘ODGS scenarios’. Section 5.2 presents the ‘CMP scenarios’ 
that we have chosen to evaluate. Also, we point the expected changes and savings for each scenario, 
considering that the dominant cost factors in network design problems are warehouse costs, transport 
costs, and inventory costs. The relevant cost factors in the current network design problem are 
explained in more depth in Chapter 6. 
 

5.1 ODGS Scenarios 
The material flow analysis in Section 4.2 pointed out that the role of ONA warehouse for the ODGS 
parts needs reconsideration. As a result, we propose the following scenarios: 

• ODGS Scenario 0: Venlo as CSC for worldwide demand (current situation) 
• ODGS Scenario 1: ONA as CSC for worldwide demand 
• ODGS Scenario 2: ONA as CSC for US OpCos, Venlo for rest of world 
• ODGS Scenario 3: Venlo as CSC for EU OpCos, ONA for rest of world 

 
In the following subsections, we present graphical overviews of the above scenarios. Also, we briefly 
discuss the changes in the network and the expected outcomes. 
 

5.1.1 Scenario ODGS 0: Venlo as CSC for worldwide demand 

This scenario presents the current situation, which is used as the benchmark in the case study. All 
parts are sent from the ODGS site to the CSC in Venlo, either by boat or by air. From Venlo, the parts 
are distributed over the other two warehouses. A graphical overview of the current scenario is 
depicted in Figure 9. 
 

 
Figure 9: ODGS Scenario 0, where Venlo serves as the only CSC. 

 
The inventory in Venlo is controlled according to the MRP profiles that are selected with the Venlo 
MRP decision flowchart. Safety stocks are calculated to cover for the transportation lead time of boat 
shipments. These boat shipments from the ODGS production site in Vancouver (Canada) are 
consolidated with machine shipments, and are then jointly transported to Venlo. When inventories are 
getting scarce and boat shipments do not suffice, planners can decide to send the parts to Venlo by air 
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shipments. Inventories at the RSCs are controlled according to the MRP profiles that result from their 
own MRP decision flowcharts, and safety stocks cover for the boat replenishment lead times. Faster 
replenishment modalities can be selected when inventories are scarce. 
 
In the current scenario, the parts are centrally stocked in one warehouse. This means that maximum 
risk pooling effects are achieved. Also, inventories are positioned nearby the largest fraction of the 
installed base. However, one can see that the flow to ONA warehouse is inefficient. Although the 
supplier is located on the same continent, parts are sent intercontinental twice before they arrive at 
ONA. Also, APW is replenished via Venlo, which requires two intercontinental shipments. 
 

5.1.2 Scenario ODGS 1: ONA as CSC for worldwide demand 

In this scenario, the function of CSC is moved to ONA. This means that ONA executes all inbound 
operations and replenishes the RSCs with ODGS parts. The graphical representation of this scenario is 
shown in Figure 10. 
 

 
Figure 10: ODGS Scenario 1, where ONA serves as the single CSC. 

 
ONA warehouse holds inventory to cover for worldwide demand. As ONA now has the function of 
CSC, the MRP profiles at ONA are determined by using the current MRP decision flowchart of 
Venlo. Inbound shipments are executed by road/rail transports or by air shipments when inventories 
are getting scarce. These inbound shipments can not be consolidated with machine orders to ONA, as 
machines are delivered with drop shipments directly to customers. RSC inventory at APW is 
controlled analogous to the current scenario. Venlo is controlled with the currently used ONA MRP 
decision flowchart, adjusting for the higher turnover values in Europe. This MRP flowchart is 
presented in Appendix III. 
 
This network maintains maximum risk pooling effects as there is only one central warehouse. Also, 
the shorter inbound lead time will reduce the inventory levels in the central warehouse. Also, the CSC 
warehouse activities are executed at ONA, for which the labor costs are expected to be lower than in 
Venlo. On the other hand, the replenishment flow volumes to RSCs increase, as the European demand 
is higher than the U.S. demand. As there is no consolidation possibility, the inbound flow requires a 
more expensive shipping line which may result in an increase of the transportation costs. 
  

5.1.3 Scenario ODGS 2: ONA as CSC for US OpCos, Venlo for rest of world 

In this scenario, the network has two different entrance points. The ODGS manufacturing site receives 
purchase orders from both Venlo and ONA. APW is replenished from the Venlo warehouse. The 
scenario is depicted in Figure 11. 
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Figure 11: ODGS Scenario 2, where ONA and Venlo both serve as CSC; Venlo 

replenishes APW. 

 
In this scenario, ONA and Venlo are both controlled using the current MRP decision flowchart of 
Venlo. Inventories at ONA and Venlo are thus controlled independently of each other. The control 
methodology for the RSC of APW does not change, compared to the current scenario. 
 
In this scenario, the intercontinental shipping volumes reduce, as the U.S. demand is directly shipped 
to ONA. Also, the short inbound lead time to ONA will decrease the ONA safety stocks. Analogous 
to Scenario ODGS 1, the parts that are processed at ONA warehouse are expected to benefit from the 
lower labor rates. On the other hand, we expect less risk pooling effects due to the two CSC 
warehouses, which may cause the global safety stocks to increase. Also, the transport to ONA is 
relatively expensive, analogous to scenario ODGS 1. 
 
Further, we note that this scenario can be adjusted by removing ONA as a stock point, and assign the 
ODGS manufacturing plant as the warehouse that covers for the U.S. demand. This adjustment causes 
the ONA stocks to diminish and the replenishment costs for shipments from Vancouver to the field 
stocks of the U.S. OpCos to increase. This scenario is not included in the analysis due to required 
changes in the current set of warehouses; however, we try to give an indication of the outcomes and 
discuss the feasibility of this alternative scenario in Section 8.1.5. 
 

5.1.4 Scenario ODGS 3: Venlo as CSC for EU OpCos, ONA for rest of world 

This scenario is somewhat similar to the previous scenario, differing for the responsibilities of the 
CSC locations; now, APW is replenished by ONA instead of Venlo. The scenario is graphically 
shown in Figure 12. 
 

 
Figure 12: ODGS Scenario 3, where ONA and Venlo both serve as CSC; ONA holds stock for 

APW. 
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Analogous to ODGS Scenario 2, ONA and Venlo are both controlled using the current MRP decision 
flowchart of Venlo. The inventory control for APW does not change, besides that ONA takes care of 
these replenishments. 
 
Also in this scenario, the intercontinental shipped volumes reduce. Also, the risk pooling effects 
reduce due to the splitting of the CSC function over ONA and Venlo; hence, this may affect the 
required safety stocks. Since ONA is responsible for replenishing APW, the flow to ONA increases; 
as a result, more parts benefit from this short inbound lead time compared to ODGS 2. On the other 
hand, this scenario introduces a new shipping line from ONA to APW, for which no consolidation 
possibility is present. 
 

5.2 CMP Scenarios 
As discussed in Section 4.3, we select the Océ VarioPrint 6250 as the reference machine group for the 
case study. As the CSC is currently located in Venlo, the inbound lead time is rather high and hence, 
is distant from the CMPs. We evaluate the effect of using APW as CSC for these items. Hence, we 
include the following scenarios: 

• CMP Scenario 0: Venlo as CSC for all parts (current situation) 
• CMP Scenario 1: APW as CSC for CMP sourced parts, Venlo as CSC for other parts 

 
Note that we do not consider redesigning the network for the European sourced items in this study. A 
possible redesign would be to position the CSC for these items in APW as well. This, however, is 
illogical due to the extra intercontinental transports and the relatively low demand in the Asian Pacific 
region. For this reason, priority is on deciding upon the network design for CMP sourced parts. 
 

5.2.1 Scenario CMP 0: Venlo as CSC for all parts 

We describe the current situation that serves as benchmark, referred to as CMP Scenario 0. Parts from 
the CMPs are always first shipped to Venlo. Boat shipments are consolidated with machine 
shipments, having a long transportation time and relatively low transportation costs. Air shipments are 
used for parts of which inventories are getting scarce. From Venlo, the RSCs of ONA and APW are 
replenished, as describes in Section 2.3.2. 
 

 
Figure 13: CMP Scenario 0, where Venlo serves as the single CSC. 

 
This scenario has only one CSC warehouse, resulting in maximum risk pooling effect. However, the 
intercontinental material flows are inefficient, as demand for Asia is sent from Asia to Venlo, and 
back to Asia again. Also, the ONA demand is replenished via the CSC in Venlo, requiring two 
intercontinental shipments. 
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5.2.2 Scenario CMP 1: APW as CSC for CMP parts, Venlo as CSC for others 

In the alternative scenario CMP 1, APW functions as the CSC for the parts that come from the CMPs. 
APW is thus also responsible for replenishing these parts to Venlo and ONA. An overview of this 
scenario is depicted in Figure 14. 
 

 
Figure 14: CMP Scenario 1, where Venlo and APW both serve as CSC; APW holds stock 

for ONA. 

 
Since APW functions as the only CSC for these parts, this scenario maintains maximum risk pooling 
effects. The inbound lead time reduction will decrease the required safety stocks at the CSC. On the 
other hand, the replenishment volumes to and the safety stocks at the RSCs increase, as the European 
demand is higher than the Asian demand. Still, we decrease the total intercontinental transports in this 
scenario. Also, as labor rates in Asia are generally lower than in Europe, the costs of the warehouse 
operations are expected to decrease as well. 
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6 RELEVANT COST FACTORS 
 
In order to optimally decide about the design and arrangement of the network, it is essential to 
identify the relevant cost parameters. Ballou (1992) has given a general cost structure for an arbitrary 
logistic activity. This cost structure is shown in Figure 15. We determine, in consultation with the 
corresponding departments, which costs are actually affected by redesigning the network, thus 
determining the relevant cost factors that we need to included in our cost calculation model. 
 

 
Figure 15: Cost factors for a logistic network, based on Ballou (1992) 

 
We discuss each cost factor in the following sections - see the references to the specific section in 
Figure 15 - and decide about its relevance in the perspective of the current study. 
 

6.1 Transportation cost 
Transportation costs are all costs that are directly or indirectly related to the transportation flows in a 
logistic network. Redesigning the network causes changes in the direct transportation costs. The 
effects of these changes are twofold: 

1. The distribution of material flows changes in the volumes that are transferred intercontinental. 
2. Different transportation modes and transport lines result in different transportation tariffs. 

 
These two factors change the transportation costs that are paid for to the different logistic service 
providers. Océ is accountable for both inbound shipments, as well as replenishment shipments. Direct 
sales to third parties are, however, also Ex Works and are thus not included. 
 
Moreover, changing the network design can have an indirect effect of influencing the invested value 
of parts that are in-transit, as the value of the material flows and the transportation lead times change. 
 
Hence, the total transportation costs per scenario consist of the following factors: 

• Inbound transportation costs; 
• Replenishment transportation costs; and 
• In-transit carrying costs. 

 

6.2 Warehouse cost 
Warehouse costs are the costs that are related to operating the physical warehouses in the supply 
chain. These costs result from hiring the required space, depreciation cost of the equipment that is 
used, and variable costs like energy and maintenance costs. Warehousing can also be outsourced to 
third-party warehouses, for which agreed upon fees have to be paid. Within the scope of this study, 
we identify three warehouse locations that each are accounted for differently. We discuss how the 
proposed scenarios affect the costs in the warehouses. Note that warehouse handling costs belong to 
different categories; these are discussed in Sections 6.6 and 6.7. 
 
For ODGS scenarios, the functions and activities at Venlo (The Netherlands) and ONA in Columbus 
(Ohio, U.S.A.) are affected. First, the warehouse in Venlo is a private warehouse. This means that Océ 
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owns the warehouse and the assets in Venlo. The warehouse of ONA is fully managed by BAX / 
Schenker. The warehouse is designed to serve more Océ activities in the Americas; hence, not only 
the service department uses the warehouse, but also warehousing activities of Machines and 
Consumables are executed here. The warehouse costs of both warehouses are only affected 
marginally by changes in the network. Moreover, as mentioned in Section 2.3.2, a rule for ODGS 
parts is that stock parts in Venlo are automatically stock parts in ONA as well. This means that the 
number of SKU storage locations in ONA and Venlo due to the ODGS network scenarios does not 
change. As the number of SKU storage locations in APW does not change as well - APW functions as 
RSC in all ODGS scenarios - we neglect the warehouse cost for the ODGS scenarios. 
 
For the CMP scenarios, the functions at the APW and Venlo warehouses are influenced. APW is 
outsourced to DHL; they charges storage space per shelf space or pallet locations, and fixed overhead 
tariffs (e.g., cost of management and ERP interfacing) as warehouse costs. As the latter does not 
change by the proposed scenarios, the required storage space is the relevant cost parameter for the 
warehouse cost. In Section 5.2, it can be seen that we consider using APW warehouse as CSC. A first 
quick calculation showed that this would lead to an increase of 118 SKU storage locations in APW for 
the Océ VarioPrint 6250; this would lead to a marginal increase of yearly warehouse costs. Moreover, 
the number of SKU storage locations in Venlo decreases with 62. These unused spaces represent 
opportunity value, as they can be used for other purposes in the European central warehouse.5 
Considering the order of magnitude of the costs in APW and the discussed changes in Venlo, we also 
neglect the effect of warehouse costs for the CMP scenarios. 
 
Concluding, we do not take the warehouse cost into account in the analysis. For both cases, the 
differences of warehouse costs are marginal with respect to the total relevant network. 
 

6.3 Short and damaged cost 
In a spare parts environment, it is common to assign shortage or penalty costs to the fraction of the 
customer demand that can not be fulfilled within a preset time window. This study, however, does not 
consider the downstream locations in the supply chain where customers are directly serviced. 
Generally, in spare parts inventory models service level constraints are set to ensure the required 
customer performance (see, e.g., Sherbrooke, 2004). Hence, we use this approach in the calculations 
and do not calculate shortage costs. 
 
Next, a company faces the risk of parts getting damaged during transport or warehouse operations. A 
common approach is to include a risk percentage for damages in the holding cost factor. The height of 
this percentage can be determined by analyzing the number of parts that are damaged in the supply 
chain. The percentage of damaged parts is, however, very small (<< 1%).6 For this reason, we do not 
include a holding cost factor for the risk of damages. 
 
Concluding, we do not take shortage and damaged costs into account in this study. 
 

6.4 Distribution and administration cost 
Besides the actual shipping costs that need to be paid for, the transport department needs to process 
each shipment. Examples of the activities are ordering the shipment, printing content lists, and 
preparing the required documents for customs. This means that the administrative costs may differ 
between scenarios, in case the number of shipments changes between scenarios. However, we argue 
the effect of network designs does not significantly influences the administrative tasks and hence, 
these costs are no dominant cost driver in the total transportation costs. Therefore, we neglect these 
administrative costs in the analysis. 

                                                      
5 This is relevant, considering the fact that the introduction of Canon machines results in the introduction of 
extra stock parts in Venlo; hence, the available storage space is scarce in Venlo. 
6 Information from Venlo warehouse manager Ron Dings. 
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Also, the activities of the planning department may change, as the number of purchase orders and 
replenishment orders to RSCs affects the labor times between the scenarios. However, the first 
numbers indicated that these changes are marginal, as the MRP decision flowchart ensures that the 
controlling activities are confined by the different order lot sizes. These administrative costs are, 
therefore, not considered as well. 
 
Hence, we do not take this cost factor into account in the analysis. We check in the discussion of the 
results whether this choice is correct. 
 

6.5 Inventory cost 
Changing the network structure affects the demand allocation to warehouses, the supplier and 
replenishment lead times, and the control mechanisms resulting from the MRP decision flowcharts. 
As a result, the physical inventory levels at the warehouses will change. As inventories represent 
investment value, we need to account for the changes of the inventory levels in the scenario 
comparison. Note that the holding cost of in-transit inventories is already included in the 
transportation costs. 
 
Concluding, the following inventory costs are included in the analysis; 

• Physical warehouse inventory holding costs 
 

6.6 Packaging cost 
We identify a (re)packaging step in the spare parts network, as there is a “single packing” need. This 
need stems from the fact that most parts are sent through the network in low quantities. Also, parts 
may require special and secure packaging to reduce the risk of parts getting damaged during the 
operations, storage, or transport. Further, using similar packing for a specific spare part increases the 
recognition in the warehouse operations, and reduces storage and pick errors. 
 
The packaging step is executed in the central warehouse. As can be seen in Chapter 5, the function of 
central warehouse differs between the evaluated scenarios. The dominant cost driver of the packaging 
operation is the associated labor cost, assuming that all packaging operations are executed manually. 
Investment cost for the required packaging equipment and materials are marginal, compared to the 
labor costs; hence, these costs are not included in the cost calculations. 
 
As a result, we include packaging cost by the following cost factors; 

• Average labor costs for the (re)packaging step at the CSCs 
 

6.7 Handling cost 
Handling costs are defined as the costs related to the remaining operations in the supply chain. Note 
that in the used cost structure of Ballou (1992) the packaging handling costs are treated separately. 
Also, we do not consider the processing of returns and maintenance labor time.  Hence, we include 
the inbound, storage, order picking, and outbound operations in this cost factor. The above mentioned 
operational activities can be translated into working time per warehouse; which can be used to 
compute average labor costs for each warehouse. 
  
In conclusion, we charge the handling costs factor as follows: 

• Average labor costs for the warehouse activities per warehouse 
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7  COST CALCULATION MODEL 
 
In Chapter 6, the relevant network costs that are affected by the redesigns are determined. The next 
step is to decide how to account for all cost factors in the different scenarios. We discuss the different 
steps that are executed in order to calculate all relevant cost factors, according to the calculation 
scheme in Figure 16. 
 

 
Figure 16: Calculation scheme of scenario comparison. 

 
The calculation scheme shows the structure of the calculation model. In Section 7.1, we discuss the 
data that serves as input for the calculations. Next, Section 7.2 explains the reasoning behind the 
calculations and the formulas that were used. The output of the model is, then, discussed in Chapter 8. 
In Figure 16, the subsections for the specific parts are shown. 
 

7.1 Input data 
In order to calculate the costs in the most realistic way, we base the demand on historical usages, we 
determine safety stocks according to the currently used inventory policies, and the costs are, if 
possible, based on actual tariffs and shipment information. This approach is time-consuming, but it 
generates accurate estimates of the actual costs, and delivers the most useful outcome. 
 
SAP demand data 
We use historical usage data to generate demand input. This data is gathered from the SAP ERP 
system of Océ. The ERP system registers the usage in the three warehouses per month, not 
distinguishing between the destinations of those usages. For example, usage in Venlo that has a 
destination in the U.S.A. is registered as a usage in Venlo. We have corrected for these usage 
inaccuracies by determining the actual destinations of direct shipments from the CSC in Venlo. Also, 
we have made the distinction between direct sales to 3rd parties and usages by Océ departments.7 
Details of the demand data sorting process is presented in Appendix IV. 
 

                                                      
7 This is needed, as direct sales are ex-works; in other words, Océ does not pay for these shipments. 



 27

MRP decision flowcharts 
The MRP decision flowcharts, as discussed before in Section 2.3, are used to determine the control 
policy and the order lot size for each SKU, in order to optimize the inventory control. As a result, 
SKUs that are of less relevance (i.e., that represent low fractions of the total turnover) are ordered on a 
less frequent basis. The complete MRP decision flowcharts are shown in Appendix III. We use the 
MRP decision flowcharts in each scenario as described in Chapter 5. 
 
SAP item info 
For cost calculations, we need additional information of the SKUs that are considered, which is 
gathered from the SAP ERP system. This info consists of specific item information like prices, 
supplier lead times, vendor locations, and weights. 
 
Cost parameters 
Finally, we need the cost tariffs to calculate the relevant costs in the scenario comparison. In Chapter 
6, we have explained which cost factors are eventually included. For these cost factors we have 
gathered the required information from the departments of PL&IC, Controlling and Regional 
Transport, and the different warehouses. 
 

7.2 Calculations 
In this section, we explain how all separate cost factors are computed. Also, we explain the reasoning 
behind the calculations. The calculations are generic for all scenarios; whereas the chosen input values 
vary between the different scenarios.  
 
The subsections 7.2.1 to 7.2.6 discuss inventory holding costs, inbound transportation costs, 
replenishment transportation costs, in-transit carrying costs, packaging costs, and handling costs, 
respectively. Note that inbound transport and RSC replenishments fall within the scope of our study; 
in other words, we do not include the cost of replenishing OpCos, as we use fill rates to cover for 
these demands. We have made a distinction between inbound transportation costs and replenishment 
transportation costs, because these two cost factors are computed slightly differently. For all cost 
factors, we calculate the yearly average costs. 
 
The variables that we use are introduced one time in the relevant subsections. Throughout this 
chapter, we use the following sets as input variables: 
 

:I  set of all SKUs 

:J  set of warehouses (i.e., Venlo, Columbus, and APW) 

:M  set of modalities (i.e., boat, air, and express) 

:L  set of shipping lines (e.g., Vancouver - Venlo, APW - ONA, etc.) 
 

7.2.1 Physical inventory holding cost 

As we want to represent reality as much as possible, we use the inventory control rules that Océ 
currently practices. In our calculations, we therefore use the MRP decision schemes to determine the 
order lot sizes and control method for each SKU in each warehouses. After having explained these 
rules, we show how we compute the average inventories. 
 
Reorder point decisions 
The first step in the inventory calculations is determining the order lot sizes and the control methods 
for each SKU at each warehouse. As explained in the scenario descriptions of Chapter 5, different 
MRP decision flowcharts are used in this process. Following from the explanation in Sections 2.3.1 
and 2.3.2, these flowcharts result in an order lot size and a control mechanism per SKU per 
warehouse. 
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Next, we make the inventory decisions for the different scenarios. We distinguish the two kinds of 
mechanisms to determine the ROP, as explained in Section 2.3.1. 
 
We can thus make a division in the set of SKUs per warehouse j. We introduce the following sets: 

 
F
jI : set of items that have a forecast-driven ROP at warehouse j 
B
jI : set of items that are controlled with a basic ROP at warehouse j 

where ∅=∧ B
j

F
j II  

 
We introduce the following variables for the ROP-calculations: 
 

ijROP : reorder point of item i at warehouse j 

ijLT : lead time of item i at warehouse j, either supplier lead time or replenishment 

lead time in days 

ijλ : average daily Poisson demand of item i assigned to warehouse j 

ijα : service level of item i at warehouse j  

 

For the sets B
jI , the ROPs are computed using the following formula: 

 

  ijijijij LTROP λλ
12

365
+⋅= , 

 
The ROP ensures that the average demand during lead time is covered, and that one month of average 
demand is kept as safety stock. Remember that the assigned demand for the CSC is the average 
worldwide demand, and the assigned demand for the RSCs is the average demand of OpCos from its 
assigned region. In scenarios with two CSCs, the demand assignment is different. For example, in 
scenario ODGS 2, the CSC in ONA is assigned with the demand of American OpCos and American 
direct sales; the CSC in Venlo is assigned with the demand of OpCos and direct customers from the 
regions Asia and Europe. The supplier lead times for all possible scenarios are set in consultation with 
the department ‘Regional Transport’, and are presented in Appendix V. 
 
The items that are controlled with a forecast-driven ROP are in practice controlled using simple 
forecasting methods like moving averages and exponential smoothing (see e.g., Silver et al., 1998). 
Although there are also methods available that can be used to forecast low-demand items with 
intermittent demand patterns, like Croston’s method (Croston, 1972), Océ does not yet apply these 
methods. Next, we can compute the variance from the historical usage data and the forecasted 
demand; this variance is used to compute the required safety stock level for an SKU. 
 
Generally, the spare parts literature assumes that spare parts demand follows a Poisson distribution 
(see e.g., Sherbrooke, 2004); hence, we assume demand of the items that are controlled with a 
forecast-driven ROP to follow a Poisson distribution with the average demand ijλ as Poisson 

parameter.8 This results in one single approach, instead of the variety of the currently used forecast 
methods at Océ. 
 

                                                      
8 Poisson distribution with parameter ijλ  means: average demand = variance = ijλ . 
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Now, for the safety stock calculations the cumulative distribution function of the Poisson distribution, 
and the performance fill rate are used to compute the minimum required safety stock levels. The 

safety stocks are determined as follows for the sets F
jI  for all warehouses j. 
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The ROP ensures that the chance that the demand during lead time does not exceed the ROP-level is 
higher than the required service level. For ease of convenience and following practice at Océ, we 

take jij αα = , resulting in forecast-driven ROPs for the sets F

jI  that satisfy the required fill rate of 

the warehouse j. 
 
Physical inventory holding cost 
From the ROP levels and the order lot sizes, the average yearly physical inventory levels are 
calculated. The inventory levels are then used to compute the average physical inventory holding 
costs. 
 
For the following formulas, we introduce the following variables: 
 

ijAPI : average physical inventory of item i at warehouse j 

ijQ : order lot size of item i at warehouse j 

PIHC : physical inventory holding costs at all warehouses 
h : holding cost factor 

iv : part value of SKU i 
 
Now, we determine the physical inventory holding cost in the warehouses, using the following 

formulas. For the calculation of the average physical inventory costs per item of the sets F

jI  and B

jI , 

we use the following formula: 
 

ijijijijij QLTROPAPI
2

1
+⋅−= λ  

 
When we have the average physical inventories, we calculate the physical inventory holding cost at 
all warehouses with: 
 

∑∑
∈ ∈

⋅⋅=
Jj Ii

iij vAPIhPIHC  

 
This formula multiplies the average physical inventories with the part values, and multiplies the sum 
of the inventory values for all warehouses with the holding cost factor h, a percentage of the value of 
the invested capital of the inventories. The determination of the holding cost factor is a complicated 
matter, since it is highly dependent on the type of company and the product. We make use of figures 
that are common within Océ and estimate the percentages for unknown factors. 
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The holding cost factor consists of the following three separate factors (see e.g., Durlinger, 2006): 
• Space: This factors accounts for costs that come from the space that is needed to store 

inventory. One can think of the costs of the locations, the equipment in the warehouses, and 
costs of staff. We reasoned in Section 6.2 that warehouse costs are not affected by the 
network changes. Hence, the space factor is neglected in this analysis. 

• Interest: The interest factor accounts for the represented value of the investments that are 
made. Generally, Océ uses a weighted cost of capital of 9.8%9, which represents the costs of 
invested capital. We use this percentage in our analysis to account for the value of inventories 
in the three warehouses. 

• Risk: Service parts have a relatively high chance of becoming obsolete. Service of a machine 
is guaranteed until 5-7 years after the production stop, which means that parts have to be 
provided during that period. The chance that a part is eventually not used is rather high. The 
percentages for planned provisions vary between 0 and 10%10, decreasing as EOS approaches. 
Over the complete life cycle, the average percentage of planned provision is 7.2%, which we 
use in the inventory holding cost calculations. 

 
As a result, we calculate the physical inventory holding costs with a total holding cost factor h of 
17%. A sensitivity analysis should point out the effect of varying the factor h. 
 
The Excel calculation model automatically determines the MRP profiles for the total set of I and J, 
then calculates the required safety stocks and ROPs, and the total physical inventory holding costs for 
all scenarios. Calculating the physical inventory levels for 1962 stock locations when changing input 
parameters requires a computation time of 57 seconds with a 2.0 GHz Intel® Core 2 processor. 
 

7.2.2 Inbound transport costs 

All part suppliers operate Ex Works, which means that Océ is accountable for all transport costs from 
suppliers to its own warehouses. In the scenarios that we evaluate, we have identified the 
transportation routes from suppliers to the CSC and the available transportation modes. For the 
suppliers that we consider, this means that boat, air and express shipments can be used for inbound 
transports. 
 
Billed weight factor 
In practice, transportation costs are either based on weight or on volume, depending on the biggest 
cost driver. Ideally, we should calculate transport cost in this way as well. However, Océ has marginal 
info about item volumes in its material master data, so that it is impossible to make these calculations. 
As a consequence, we need to convert weight into volume, as this information is lacking. This 
conversion is done by analyzing content data of boat and air shipments. These shipments are 
registered in SAP, and depict the weight and volume of the shipment, and the weight of the content of 
the shipment. The latter is the sum of all the parts weights that are shipped.  
 
With the total weight and the total volume of the shipments, we determine billed weight factors per 
modality m and shipping line l, mlbwf . For these calculations, we introduce the following variables: 
 

mlBW : billed weight for a shipment of modality m and shipping line l in kg 

mlTW : total weight on shipment of modality m and shipping line l in kg 

mlV : total volume on shipment of modality m and shipping line l in cubic meters 

mlbwf : the billed weight factor for modality m on shipping line l 

mlPW : actual part weight on shipment of modality m and shipping line l in kg 
 
                                                      
9 Information from Marc Filott, department ‘Controlling Global Logistics Organization’ 
10 Information from department ‘Controlling Global Logistics Organization’ 



 31

First, we calculate the billed weight for the modalities and shipping lines that were used in the past 
two years. The billed weight is the maximum of the total weight and the total ‘volume weight’. The 
latter corresponds to the volume in cubic meters, multiplied with weight factor of 167 kg/m3. For 
example, one cubic meter that weighs 50 kg, is billed against the maximum of 50 and 167 kg; hence, 
167 kg. The billed weight is calculated with the following formula: 
 

  ( )mlmlml VTWBW ⋅= 167,max  
 
Next, we analyze how the billed weights are related to the actual weight of the parts. The billed 
weight factor is a multiplier for each shipment to convert parts weights into billed weights: 
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Boat shipments, typically, have an average billed weight factor of 1.9, whereas air and express 
shipments have an average billed weight factor of 2.3. For example, this factor means that an SKU 
with a part weight of 1 kg on average faces a billed weight of 2.3 kg on an air shipment. This factors 
stems from the tare weights of the shipments, and the fact that volumes are often the dominant cost 
driver. 
 
Inbound transportation costs 
The next step in the calculations is to find the transport tariffs for the shipping lines that we examine. 
When possible, these tariffs are based on historical pricing information. In other cases, transport 
buyers from the department ‘Regional Transport’ estimate the tariffs. We introduce the following 
variables for the next calculations: 
 

ITC : total inbound transport costs 

mlTC : transportation cost tariff of modality m on shipping line l 

mlβ : modality factor of modality m on shipping line l (i.e., the weight percentage 

of modality m on shipping line l), where 1=∑
∈Mm

mlβ . 

p
iw : part weight of SKU i 

ilλ : average daily Poisson demand of item i assigned to the shipping line l 
 
With the transport cost tariffs, the modality factors and the shipped quantities, we calculate the 
expected yearly inbound transport costs for each scenario, using the following formula: 
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For each SKU, the part weight is multiplied with the assigned average yearly demand to the shipping 
lines from suppliers to CSC(s). The sum of these products represents the total weight that is 
transported on a shipping line. The cost per billed weight for is then calculated by multiplying the 
average transported weights with the modality factor mtβ , the billed weight factor, and the 
transportation cost tariffs per kilogram, for each modality and shipping line. The sum of the 
transportation costs for all modalities and shipping lines represents the total inbound transport costs. 
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We briefly describe the reasoning behind the discovering of the transportation tariffs and the input 
parameters of the above formulae. For boat shipments, Océ uses 40-ft containers that have a total 
volume of 67.2 cubic meters. On average, the utilization degree of the containers is 60%11; hence, a 
container has an effective loading space of 40.3 cubic meters. This is converted in weight by 
multiplying with the volume weight factor of 167 kg per cubic meters. This means that a full 
container has an effective loading weight of 6680 kg. Dividing the price of a full container load on a 
certain route by the effective loading weight gives an accurate estimation of the container tariff per 
billed weight. Air shipments are billed against the billed weight, so that no extra computations are 
needed to convert the shipment data into the corresponding costs. A complete overview of the 
transport tariffs is presented in Appendix V. 
 
Next, in order to calculate the total inbound transport costs, we need to determine the modality 
factors mtβ . Unfortunately, this data is not registered; hence, we need to find accurate estimates of the 
modality factors for each supplier. 
 
For ODGS we estimate that the percentage of the total weight of parts that is shipped by boat is 60%, 
and the other 40% is shipped by air. This estimation is based on the experience of the responsible 
MRP controller, who decides what modality is needed to maintain sufficient stock levels. We take 
these modality factors as input parameters, assume that inbound transport in all ODGS scenarios 
requires the same modality ratios, and check the effect of changing this ratio in the sensitivity 
analysis. 
 
The Malaysian CMPs register what modality is used to deliver each purchase order to Océ. We have 
filtered this information for PL&IC orders only. By linking the modalities of the purchase orders with 
the corresponding part weights, we see that currently, on average, 35% of the total weight of parts 
from CMPs is sent by air, and thus 65% is sent by boat. However, the inbound transportation distance 
to APW in scenario CMP 1 is many times shorter; the maximum distance is only 700 kilometers 
compared to approximately 10,000 kilometers to Venlo. As a result, it is expected that the modality 
factor of faster express shipments decreases; the lead time decrease of using express shipments are 
lower on shipping lines with small distances. Hence, we assume that in scenario CMP 1 90% is sent 
with regular shipments, and 10% is sent by express for emergency shipments. In the sensitivity 
analysis, we check the effect of changing these modality factors. 
 
Some shipments can be consolidated with shipments for other department. Although this does not 
affect the actual costs from a corporate perspective, we assign transportation costs according to the 
shipped volumes of items for PL&IC. One may argue that consolidated shipments of spare parts with 
machine shipments travel along ‘for free’, as this space is not used otherwise. However, it may 
happen that shipments can not be consolidated optimally, or that there are no machine shipments to 
consolidate with. Moreover, consolidated shipments result in additional costs, as it requires extra 
handling steps, like transport handling to or from the consolidation area. Hence, we assign costs 
according to the shipped volumes and control in the sensitivity analysis what the effect is of 
accounting for a cost decrease due to container consolidation. 
 

                                                      
11 Based on information from department ‘Consolidation’ 
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7.2.3 Replenishment transport cost 

The calculations of the replenishment transport cost are quite similar as to those of the inbound 
transport cost calculations. We briefly explain the modification with respect to the inbound transport 
cost, and present the used figures and ratios for replenishment shipments. 
 
First, remember that direct sales to 3rd party customers are excluded from the replenishment demand 
to the RSCs. For example, a direct customer order from the U.S.A. is currently fulfilled from the CSC 
in Venlo; hence, replenishing the direct sales demand to RSCs is not necessary. The most important 
reason is that these shipments are Ex Works, meaning that the direct customer is accounted for the 
transportation costs. 
 
Next, we analyze the modalities that are currently used to replenish the two RSCs. For ONA, planners 
can make use of boat shipments, air shipments, and express shipments. APW warehouse is either 
replenished by boat or by air. Planners keep track of the part weights that are sent by either one of 
these modalities. The average percentages over the past year are presented in Table 3. These 
percentages are, obviously, not available for replenishments to Venlo, as this replenishment flow is 
currently not used. In the scenarios that include replenishments to Venlo we use the ONA modality 
factors, since the performance targets are equal in both warehouses. We take the modality factors of 
Table 3 as input parameters, after which the sensitivity analysis tests the effects of changing these 
modality factors. 
 
Table 3: Modality factors that are used for the replenishment shipping lines 

Modality ONA replenishment APW replenishment Venlo replenishment 

 [%] [%] [%] 

Boat 72 77 72 

Air 22 23 22 

Express 6 --- 6 

 
Using the transport cost tariffs and transportation lead times that are presented in Appendix V we 
calculate the replenishment transport costs using formulas that are analogous to the formulas in 
Section 7.2.3. Again, we check the robustness of these tariffs on the outcomes of the calculation 
model in Sections 8.1.2 and 8.2.2. 
 

7.2.4 In-transit carrying cost 

Items that are in-transit are owned by Océ; hence, these items also represent capital value, known as 
in-transit carrying cost. These in-transit carrying costs depend on the value of the material flow and 
the average transportation lead times. We use the transportation lead times of the different modalities 
on the used shipping lines and the modality factors to calculate the average transportation lead time 
per shipping line. We introduce the following variables: 
 

 ICC : the in-transit carrying costs in each scenario 
 mlLT : transportation lead time for each modality m and shipping line l 

 
For each scenario, we assign the average demands to the existing shipping lines. Next, we use the 
following formula to calculate the in-transit carrying cost: 
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The above formula multiplies the part value with the assigned average yearly demand to each 
shipping line for each SKU. The sum of these values is multiplied with the average transportation lead 
time per shipping line, resulting in the yearly average material value flow for each shipping line. This 
value is then summed for all shipping lines in the scenario, and is multiplied with the holding cost 
factor h.  
 
Then, we identify the average value of the inbound and replenishment flows that are present in each 
scenario. We distinguish two separate flows: 

• Inbound flows: This flow consists of the worldwide average demand, including demand for 
direct sales. In scenarios that operate with two CSC warehouses, they separately source their 
regional direct sales. 

• Replenishment flows: This flow goes from the CSC to the RSCs in the network. The demand 
for direct sales is excluded in these replenishment flows. 

 
Note that we use the same value of h as in the physical inventory calculations, although one can argue 
that the risk factor of inventory in-transit does not carry along extra risks. Hence, we test the effect of 
changing factor h and discuss whether this may affect the outcomes of the calculations in the 
sensitivity analyses. 
 

7.2.5 Packaging cost 

As discussed in Section 6.6, we include the packaging cost by computing an average packaging 
working time, and calculate the associated labor costs of the packaging operations. Note that not all 

parts require packaging; hence, we introduce the set P
I for items that require packaging at the CSC, 

where II
P ≤ . We introduce the following variables: 

 
  PC : total packaging cost 
  APT : average packaging time 

jlc : the labor cost in warehouse j 

 
We can now calculate the average packaging cost with the following formula: 
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For each warehouse, we determine the assigned average yearly demand to the CSC(s) per SKU, and 

sum it over the set P
I , resulting in the average yearly number of items that require packaging at 

warehouse j. This number is then multiplied with the average packaging time and the labor rate at 
warehouse j. The sum over all warehouses J results in the total packaging costs. 
 
First, we need the labor cost for the three warehouses. The labor rates of the three warehouses are 
presented in Appendix V. To determine the average packaging time, we have used performance 
reports from the Venlo warehouse in which the working hours are classified per warehouse operation. 
We divide the hours spent on packaging over the year 2009 by the number of parts that required 
packaging. This delivers the average packaging time, denoted as APT: 
 

parthour /  0101.0
packaging required that parts of #

packagingon spent   hours 
==APT  
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7.2.6 Handling cost 

For the calculation of handling costs, we now need to determine the average handling times. The 
formula to calculate the handling costs, HC, is as follows: 
 

( )∑ ∑
∈ ∈
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Analogous to Section 7.2.5, we use information about handling times in the warehouse in Venlo. For 
the inbound, storage, order picking, and outbound warehouse operations, Venlo has assigned a 
number of hours in the year 2009. We divide these working hours with the number of parts that 
required the above handling operations, and denote it as ‘average handling time’ (AHT): 
  

parthour /  0244.0
operations handling required that parts of #

operations handlingon spent   hours 
==AHT  

 
For each warehouse, we determine per warehouse the assigned average yearly demand per SKU, and 
sum it over the complete set I, resulting in the average yearly number of items that are processed at 
warehouse j. This number is then multiplied with the average handling time and the labor rate at 
warehouse j. The sum over the set J delivers the total handling costs. Remember that RSCs only 
handle the Océ usages, as direct sales to 3rd parties are fulfilled from the CSC and hence, are not 
replenished to an RSC.  
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8 OUTCOMES 
In this chapter, the results of the cost calculation model for the two selected reference machine groups 
are presented. In Section 8.1, the results of the Océ Arizona 250/350 series are discussed. Then, 
Section 8.2 treats the outcomes of the cost calculations regarding the Océ VarioPrint 6250. The 
outcomes are normalized to ensure the confidentiality of the research. 
 

8.1 ODGS results 
First, Section 8.1.1 presents the outcomes of the calculations, after which the robustness of these 
outcomes is checked by executing a sensitivity analysis in Section 8.1.2. In Section 8.1.3, we check 
the effects of changing the MRP decisions for the CSC locations. Then, Section 8.1.4 discusses the 
effect of the dependence of the transportation modality decision on the part characteristics. Next, 
Section 8.1.5 gives an indication of the what-if scenario of the ODGS plant being a central stocking 
location for all American demand. Finally, Section 8.1.6 presents a qualitative discussion of the 
proposed scenarios, in which we discuss the organizational impact of modifying the network 
structure. 
 

8.1.1 Outcomes of ODGS calculations 

With the defined input variables and cost parameters, the cost calculation model generates the total 
relevant costs for each scenario. Also, the savings with regard to the reference ODGS scenario 0 are 
calculated. The normalized outcomes of the calculations are presented in Table 4 and graphically in 
Figure 17. We discuss the outcomes in the remainder of this section. 
 

 
Figure 17: Graphical overview of the ODGS cost calculations 

 
Table 4: Outcomes of ODGS cost calculation model (normalized) 

Cost factor Scenario 
 ODGS 0 ODGS 1 ODGS 2 ODGS 3 

Physical inventory holding costs 657 662 598 591 
Inbound transportation costs 71 65 69 68 

Replenishment transportation costs 19 27 7 6 

In-transit carrying costs 201 160 146 128 

Packaging costs 9 6 8 7 

Handling costs 44 41 35 33 

Total relevant costs 1000 962 863 833 

Calculated yearly savings 0 38 137 167 
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It can be seen that two cost factors take up the largest portion of the total relevant costs: physical 
inventory holding costs and in-transit carrying costs. This can be explained by the high average value 
of ODGS parts (see Section 4.1). Scenario ODGS 3 results in the largest cost savings with regard to 
the reference scenario ODGS 0, approximately 167 cost units, followed by ODGS 2 and finally 
ODGS 1. We analyze these savings and whether the outcomes meet the expected results below. 
 
Physical inventory holding costs 
When analyzing the effects of the network scenarios on the physical inventory holding costs, one can 
see that the difference between ODGS 0 and ODGS 1 is rather small. We see larger differences for the 
scenarios ODGS 2 and ODGS 3, where the inbound flow is split into two flows, one to ONA and one 
to Venlo. In scenarios ODGS 2 and ODGS 3, the savings in physical inventory holding costs are 
approximately 66 and 59 cost units, respectively. The origin of these changes is graphically presented 
in Figure 18. In this analysis, we divide the yearly physical inventory holding cost savings in a safety 
stock and an order lot size effect. 
 

 
Figure 18: Origin of the cost savings in the physical inventory costs for ODGS scenarios 

(normalized) 

 
For scenario ODGS 1, we see that the savings in the safety stocks in Venlo are outweighed by the 
extra safety stocks in ONA. Moreover, the order lot sizes only have a marginal effect on the physical 
inventory costs. Hence, total effect on the physical inventories for scenario ODGS 1 is rather low. 
 
The savings in the physical inventory costs for scenarios ODGS 2 and ODGS 3 are twofold: 

• Due to safety stock effects, the inventories in Venlo decrease; Venlo does not need to hold 
safety stock to satisfy the demand for ONA. In scenario ODGS 3, this decrease is even higher, 
as APW is replenished by ONA. On the other hand, ONA stocks slightly increases; hence, the 
fact that ONA has a central function as a CSC outweighs the reduction of inbound lead time 
to ONA. Combining the two warehouses, however, we see a total effect of decreasing stocks 
in both scenarios. 

• Due to order lot size effects, the physical inventory holding costs reduce with approximately 
35 cost units. Note that the order lot size depends on two factors: the average monthly 
demand and the number of months of average demand which the order lot size should cover. 
We explain these two factors in more detail: 
o Average monthly demand: Changes of average monthly demand are caused by 

differences in the assigned demand to an RSC. For example, Venlo has to cover for the 
global demand for a particular SKU in scenario ODGS 0, while in scenario ODGS 3 
Venlo covers for the European demand only. This causes changes of the order lot sizes 
and hence, also influences the average physical inventory levels. 
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o Number of months of average demand: Changes in the number of months of average 
demand are caused by different MRP profiles for the same SKU between different 
scenarios. For example, in Scenario ODGS 0 the number of months in which global 
demand is observed is higher than eight; hence, the SKU is assigned with MRP profile 
804 (i.e., an order lot size of twelve months of average demand). In scenario ODGS 2, 
Venlo is assigned with the European demand, and the number of months in which 
demand is observed drops below eight months; as a result, the same SKU is assigned with 
MRP profile 810 (i.e., an order lot size of one month of average demand). Hence, these 
effects are caused by the outcome of the non-optimal MRP decision flowcharts. We have 
to be careful when accounting for these effects as actual savings, as we have not 
optimized these decision flowcharts yet. 

 
Overall, we conclude that scenarios ODGS 2 and ODGS 3 result in savings with regard to the 
required safety stocks. However, we need to be careful when drawing up final conclusions about the 
order lot size savings, as they are partially caused by non-optimal MRP decision flowcharts. 
 
Inbound transportation costs 
The differences in the inbound transportation costs are rather low. Also, the overall contribution of 
inbound transportation costs is limited. We see that the direct transports from Vancouver to ONA do 
not cause large savings for the inbound transportation costs; savings are less than 6 cost units for all 
scenarios. Hence, the inbound transportation cost changes are of less relevance in the cost 
comparison. 
 
Replenishment transportation costs 
The replenishment transportation costs show significant relative differences between the scenarios. 
The replenishment transportation costs increase for scenarios ODGS 1 as the replenishment volumes 
increase. Replenishment transportation costs savings of scenarios ODGS 2 and ODGS 3 go up to 13 
cost units, which is a 60% saving with regard to ODGS 0. This is caused by the complete removal of 
the replenishment flow between Venlo and ONA. However, the contribution of the replenishment 
transportation costs to the total relevant costs is rather limited. Nevertheless, we note that reducing 
transportation volumes also contributes to an environmentally friendly network design. 
  
In-transit carrying costs 
Since the ODGS parts represent a relatively high value, the in-transit costs play a significant role in 
the overall costs. One can see in Table 4 that this cost factor is decreasing for all scenarios compared 
to the reference scenario. 
 
For the ODGS 1 scenario, the in-transit carrying costs reduction due to a decline of the inbound lead 
time outweighs the increasing replenishment volumes – i.e., the European demand is higher than 
ONA demand. As a result, the total in-transit carrying costs decrease with approximately 41 cost 
units. 
 
The ODGS 2 and ODGS 3 scenarios cause an even higher in-transit carrying cost reduction, as the 
replenishment flow between ONA and Venlo is not needed in these scenarios. Note that ODGS 3 
benefits more from the inbound lead time decrease to ONA, since the volume of the inbound flow to 
ONA is larger than in ODGS 2. The in-transit carrying cost reductions are 55 and 73 cost units for the 
scenarios ODGS 2 and ODGS 3, respectively. 
 
Packaging costs 
The changes of the scenarios on the packaging costs are relatively high; however, the contribution of 
packaging costs to the total relevant costs is quite low. The differences in packaging costs can be 
completely assigned to the different labor rates between Venlo and ONA. Note that other related 
packaging costs are not considered, as their contribution is assumed to be negligible. 
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Handling costs 
We see relative differences of handling costs between the scenarios, especially for scenarios ODGS 2 
and ODGS 3. Parts are either fully handled in Venlo or ONA; in other words, parts do not require two 
handling steps in two different warehouses as in the current situation and in scenario ODGS 1. 
Nevertheless, the handling costs are also no dominant cost factor in the total relevant costs. 
 

8.1.2 Sensitivity analysis ODGS scenarios 

In order to analyze the robustness of the outcomes, we perform a sensitivity analysis in this section. 
The input parameters are varied, and the parameters that are unsure or that have the highest impact on 
the outcomes are discussed in more depth. 
 
First, we analyze the effect of changing the transportation lead time from Vancouver to ONA, as there 
is uncertainty about the length of this lead time. The effect on the calculated savings is depicted in 
Figure 19. 
 

 
Figure 19: The effect of changing the inbound transportation lead time from 

Vancouver to ONA (normalized) 

 
Realistically, the actual lead time will be between one week and three weeks, where two weeks is the 
standard input. A decrease of the inbound lead time results in an increase of the savings. In all cases, 
ODGS 3 is the most beneficial scenario, with savings of approximately 140 cost units in the most 
pessimistic situation. 
 
Next, changing the holding cost factor h has a large influence on the calculated savings. This effect is 
presented in Figure 20. In the analysis, we vary the holding cost factor from 9.8% to 30%. 9.8% is the 
weighted cost of capital (WCC), and thus represents the minimal cost of investments that Océ 
generally accounts for. In field stock locations Océ generally calculates with a holding cost factor of 
30%; here, the risk of damages is higher as parts continuously travel in vans. Realistically, the holding 
cost factor lies between 12% and 22%, with an average of 17% that is the chosen input value. 
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Figure 20: Effect of holding cost factor on calculated savings per scenario 

(normalized) 

 
From Figure 20, one can conclude that a decrease of the holding cost factor results in a decrease of the 
expected savings. However, the savings for ODGS 3 still are 110 cost units in the most pessimistic 
view. Also, all three alternative scenarios result in cost savings with respect to ODGS 0, and ODGS 3 
always is the most cost-effective option. In this perspective, we can state that a different factor h for 
the in-transit carrying costs, as discussed in Section 7.2.4, does not affect the outcome significantly. 
 
Finally, the results of the cost calculations are robust for changes in the transportation cost parameters, 
the labor cost parameters, and the modality factors. The related costs do not have a great impact on 
the total relevant cost (see the results in Section 8.1.1) and hence, parameters variations do not result 
in major changes in the outcomes. Also, changing the allocation percentages for all consolidation 
shipments does not influence the outcomes significantly. 
 
Overall, the calculation model is robust for all parameters. Also, the order in cost efficiency of the 
ODGS scenarios does not change; scenario ODGS 3 is always the most cost effective scenario, 
resulting in a minimum cost saving of approximately 110 cost units, corresponding to 11% on the 
total relevant costs. 
 

8.1.3 What if: the MRP decision flowcharts are modified 

 
We see that the selected MRP profiles have significant effects on the physical inventory holding costs; 
hence, we calculate the outcomes when the CSC decision flowchart is modified. 
 
We have composed the following decisions: 

• All SKUs are controlled with forecast-driven ROPs; hence, we do not use the basic ROP 
determination. 

• The order lot size only depends on the worldwide turnover of the SKUs. Since we want to 
maintain the same number of purchase orders for the inventory control, we have chosen the 
following turnover values: 

o SKUs with a high worldwide turnover have an order lot size of one month of average 
demand. 

o SKUs with a mediocre worldwide turnover have an order lot size of three months of 
average demand. 

o SKUs with a low worldwide turnover have an order lot size of one year of average 
demand. 
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We have implemented these MRP decisions in the model. The results of this modification are 
presented in Table 5. 
 
Table 5: Outcomes of ODGS cost calculation model with different MRP decisions (normalized) 

Cost factor Scenario 
 ODGS 0 ODGS 1 ODGS 2 ODGS 3 

Physical inventory holding costs 466 463 426 423 
Inbound transportation costs 71 65 69 68 

Replenishment transportation costs 19 27 7 6 

In-transit carrying costs 201 160 146 128 

Packaging costs 9 6 8 7 

Handling costs 44 41 35 33 

Total relevant costs 809 763 691 666 

Calculated yearly savings 191 237 309 334 

 
One can see that the differences between the proposed scenarios only change marginally. This is 
caused by a decrease of the savings of the physical inventory holding cost. For scenario ODGS 3 
these savings were 66 cost units (see Table 4), and now have decreased to 43 cost units. These 
changes are mainly caused by the removal of the order lot size effects, as we base our decisions on the 
worldwide demand; hence, the number of months of average demand that determines the order lot 
size is equal in all scenarios for each SKU. Still, scenario ODGS 3 saves 143 cost units compared to 
the current situation. 
 
An interesting finding is that significant changes occur in the total physical inventory holding costs 
compared to the outcomes in Table 4. For all scenarios, we observe a decrease of the physical 
inventory holding costs of approximately 190 cost units when the new MRP decisions are used. 
Mostly, these changes are caused by a more suitable order lot size determination. 
 
Concluding, changing the MRP decision flowchart does not affect the outcome of the current 
research: scenario ODGS 3 is still the best option. However, we have identified that changing the 
inventory control methods (i.e., different MRP decision flowchart) can result in significant additional 
savings regardless of the spare parts network that is used. 
 

8.1.4 What if: the regular transportation modality is part-dependent 

In the sensitivity analysis, we do not see large relative differences when changing the modality ratios; 
however, we notice that for each scenario the total relevant costs decreased in some instances. More 
specifically, we see that increasing the percentage of air shipments on most shipping lines reduces the 
total relevant costs. In these cases, the total savings in the in-transit carrying costs outweigh the cost 
increase of the total transportation costs. For parts that are typically valuable (i.e., high in-transit 
costs) and are small and light (i.e., low transportation costs), one can see this effect. We can write this 
in a formula as follows: 
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When we, for example, take a closer look on the shipping line Vancouver/Venlo, we see that a faster 
air shipment is beneficial over the slower boat shipment for more than 27% of the items in the 
assortment of the Océ Arizona 250/350 series. 
  
For scenario ODGS 0, shipping the complete inbound flow by air (i.e., also items that do not satisfy 
the above condition) results in a cost saving of 35 cost units. Note that this is even a pessimistic result, 
as we have not changed the planned supplier lead time yet; this adjustment can result in safety stock 
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reductions as well, regardless of the network design. This calculation indicates that significant 
additional savings can be achieved when Océ implements this decision rule in the operations. On the 
other hand, an increase of air shipments can have negative environmental effects. 
 

8.1.5 What if: ODGS is the central stock point for ONA demand 

In Section 5.1.3, we briefly discussed an alternative scenario, in which the ODGS manufacturing plant 
becomes the central stock point for ODGS parts in the U.S. region. In this way, we remove the ONA 
stock point from the network and satisfy all demand for ODGS parts directly from Vancouver. This 
alternative is analogous to scenario ODGS 2, except for the flow to ONA which now is satisfied 
directly with drop shipments from Vancouver. 
 
As a result, Vancouver needs to reserve stock to satisfy the ONA demand directly from stock. To 
roughly calculate this effect, we change the supplier lead time to ONA to one day to account for the 
required warehouse handling time and we satisfy all ONA demand with express shipments. As we do 
not want to influence the order lot sizes - remember that we do not account for extra administrative 
costs - these are not changed. The results of these modifications of scenario ODGS 2 are presented in 
Table 6. 
 
Table 6: Results of what if ODGS is the central stock point for ONA demand (normalized) 

Cost factor Scenario 
 ODGS 0 ODGS 2 ODGS 2a 

Physical inventory holding costs 657 598 579 
Inbound transportation costs 71 69 106 

Replenishment transportation costs 19 7 7 

In-transit carrying costs 201 146 134 

Packaging costs 9 8 8 

Handling costs 44 35 35 

Total relevant costs 1000 863 868 
Calculated savings 0 137 132 

 
From this rough calculation, we expect that the net result compared to scenario ODGS 2 is a marginal 
increase of total relevant costs. A first indication, thus, reveals that this scenario is not profitable. 
However, we have not included possible pooling effects at the ODGS manufacturing plant, which can 
result in significant inventory reductions of the combined safety stocks for production and spare parts. 
Also, the transportation costs could decrease with an absolute maximum of 37 cost units when not all 
shipments are sent by express. Moreover, this adjustment would require the ODGS manufacturing 
plant to be an active party in the spare parts network. 
 
Concluding, this network design would only be interesting when additional pooling effects with the 
ODGS manufacturing plant can be achieved. Additional research is needed to investigate this 
possibility. Within the boundaries of the current study, this scenario is not interesting. 
 

8.1.6 Practical implications for ODGS scenarios 

In this section, we qualitatively discuss the implications of using the alternative scenarios. We discuss 
possible drawbacks of implementing one of these scenarios and the adjustments that should be made 
in the control structure and responsibilities. 
 

• Decentralized inventory control: The Global Logistics Organization is pursuing the Centrally 
Managed Logistics (CML) policy; for PL&IC, this means that global inventory management 
should be located in one logistics centre, which is currently located in Venlo. In ODGS 1, the 
centre of ODGS parts could move to ONA. For the scenarios ODGS 2 and 3, however, this is 
a more complicated matter. We note that PL&IC in Venlo is currently responsible for 
maintaining sufficient inventory in the ONA warehouse; however, the fact that ONA is 
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directly supplied from Vancouver, and the fact that Venlo has no operational task anymore, 
could interfere with the controlling opportunities and flexibility. For instance, how should 
planners prioritize between demand at Venlo and ONA? Also, one can think of practical 
issues like different office hours; this makes it difficult to communicate between ONA 
departments and PL&IC in case personal contact between planners and operational 
departments in ONA is needed. 

• Inbound function of ONA warehouse: ONA has no packaging facilities yet and hence, these 
should be arranged when ONA is serving as a CSC. Logically, these facilities can only be 
installed if unused space is available in the ONA warehouse. This should be investigated prior 
to initiating further implementation steps. 

• ONA as purchaser of ODGS parts: The three alternative ODGS scenarios result in the 
adjustment of ONA directly ordering items from the ODGS manufacturing plant, which is a 
Canadian supplier. It is known that Venlo needs to have import rights to receive the parts 
from the ODGS manufacturing site. As a consequence, it must be checked whether ONA is 
allowed to import parts from Canada according to the considered rules and regulations. 

 

8.2 CMP results 
In this section, we present the outcomes of the CMP cost calculation model. We discuss the outcomes 
analogous to 8.1. Section 8.2.1 gives a general explanation of the outcomes, after which we perform a 
sensitivity analysis in Section 8.2.2. Finally, in Section 8.2.3 we discuss some practical implications. 
 

8.2.1 Outcomes of CMP calculations 

The output of the CMP cost calculation model with the selected input parameters is discussed in this 
section. These results are graphically presented in Figure 21, and also divided into cost factors in 
Table 7. We discuss these outcomes below. 
 

 
Figure 21: Graphical overview of the CMP cost calculations (normalized) 

 
Table 7: Outcomes of CMP cost calculation model (normalized) 

Cost factor         Scenario 
 CMP 0 CMP 1 

Physical inventory holding costs 297 316 

Inbound transportation costs 294 76 

Replenishment transportation costs 134 198 

In-transit carrying costs 59 45 

Packaging costs 45 21 

Handling costs 170 138 

Total relevant costs 1000 794 

Calculated savings 0 206 
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We see that the contribution on the total relevant costs is more equally divided over the different cost 
factors than the total relevant costs of the ODGS calculations: inventory costs (i.e., physical and in-
transit inventory) and transportation costs (i.e., inbound and replenishment costs) each take up 
approximately 40% of the total relevant costs, and packaging and handling operations are responsible 
for approximately 20%. 
 
Overall, it can be seen that the scenario CMP 1 saves 206 cost units with regard to the current 
network. These savings particularly come from cost reductions in the total transportations and 
warehouse handling operations. We discuss each cost factor separately below.  
 
Physical inventory holding costs 
Although the inbound transportation lead time is much shorter in scenario CMP 1, the physical 
inventory holding costs are negatively affected. We analyze where these effects stem from; the results 
are graphically presented in Figure 22. 
 

 
Figure 22: Origin of the cost savings in the physical inventory holding costs for 

scenario CMP 1 (normalized) 

 
We notice that in scenario CMP 1 only 5 cost units are saved on the CSC safety stock. This is 
explained by the fact that safety stocks are calculated over the complete inbound lead times, which 
remain long due to the high supplier lead times at the CMPs. On the other hand, the required safety 
stock costs at the RSCs are 15 cost units higher than in the current situation, as the European demand 
is higher than the Asian demand. Also, we see a negative effect of the order lot sizes on the physical 
inventory levels of approximately 9 cost units, mainly caused by the higher order lot sizes for the RSC 
in Venlo in scenario CMP 1. The net effect on the physical inventory holding costs is an increase of 
almost 19 cost units for scenario CMP 1. 
 
Inbound transportation costs 
From the results in Table 7, it can be seen that the inbound transportation costs are considerably 
reduced in scenario CMP 1. This is explained by the short distance between the CMPs and the APW 
warehouse, whereas in the current network all parts require intercontinental transport to Venlo. Also, 
we reasoned in Section 7.2.2 that the fraction of emergency shipments for this inbound flow is lower, 
as the lead time reduction of faster transportation modalities is less advantageous. Overall, this results 
in an inbound transportation cost reduction of approximately 218 cost units. Furthermore, the 
reduction of transportation volumes is beneficial in an environmental perspective. 
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Replenishment transportation costs 
Whereas the inbound transportation costs benefit from the new network structure, replenishment 
transportation costs increase. The European demand is higher than the Asian demand, so that the 
replenishment volumes increase. Also, the tariffs of the shipping line APW/ONA are somewhat 
higher than shipping line Venlo/ONA. Overall, this results in an increase of the replenishment 
transportation costs of about 64 cost units. 
 
In-transit carrying costs 
The effects on the in-transit carrying costs are relatively low, as the values of CMP items are also 
rather low. The lead time reduction of the inbound flow outweighs the increasing values of the 
replenishment flows; the in-transit carrying costs decrease with approximately 14 cost units. 
 
Packaging costs 
Since APW functions as CSC in scenario CMP 1, all packaging activities for the CMP items move to 
APW as well. The reductions in packaging costs of approximately 24 cost units are completely caused 
by the lower labor rates in APW. 
 
Handling costs 
The handling cost factor also benefits from the lower labor rate at APW. This effect outweighs the 
increasing handling times at the CSC (i.e., more replenishment handling time) and the RSCs (i.e., 
more parts flow through Venlo as RSC than through APW as RSC). Overall, handling costs decrease 
for scenario CMP 1 with about 32 cost units. 
 

8.2.2 Sensitivity analysis CMP scenarios 

In this section, we test the robustness of the outcomes by performing a sensitivity analysis. We test the 
effects of changing the cost parameters and other relevant possible situational effects. 
 

 
Figure 23: The effect is varying the APW hourly labor rate on the calculated 

savings (normalized) 

 
Changing the labor rate at the APW warehouse has a rather limited effect on the relevant outcomes. 
We vary the relative labor rate from 60 to 150, the hourly labor rate of warehouse employees at APW 
and ONA, respectively. When the APW labor rate increases to 150, the scenario CMP 1 still saves 
approximately 175 cost units. This change is, however, quite unrealistic, as the APW storekeeper 
labor rate is significantly lower. Hence, the outcomes are robust for changes in the APW labor rates. 
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Next, we check whether increases in the Asian usages affect the outcomes. This variation is realistic, 
as the merge with Canon is expected to result in a higher market share in the Asian region. The effect 
is graphically presented in Figure 24. 
 

 
Figure 24: The effect of increasing the Asian usage figures on the 

calculated savings 

 
We see that the calculated savings increase with 95 cost units when the Asian demand doubles. An 
increase of Asian usages would increase the advantages of scenario CMP 1, as the Asian demands do 
not require any intercontinental transports in this scenario. Also, the extra parts would benefit from 
the cheaper APW labor rates. 
 

 
Figure 25: Changing the modality ratio for the slow transportation mode on the 

shipping line Malaysia/APW. 

 
Changing most transportation modality factors does not affect the results significantly; only the 
modality factor for the regular inbound flow from Malaysian CMPs to APW has a substantial effect 
on the cost savings, as can be seen in Figure 25. When the fraction of regular shipments from 
Malaysia to APW decreases to 65% (i.e., the current modality factor for regular boat shipment), the 
calculated savings decrease to approximately 65 cost units. More realistically, however, the calculated 
savings will not to drop below 150 cost units. 
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Finally, changing the allocation fraction to consolidation shipments hardly influences the relative 
savings of scenario CMP 1. Varying the transportation tariffs influences the outcomes to some extent; 
however, it does not cause other findings. The outcomes are thus robust for these parameters and 
scenario CMP 1 is always a cost-efficient compared with the current situation. 
 
Overall, we can conclude that the scenario CMP 1 is more cost effective than the current scenario for 
all input parameters, resulting in minimum savings of approximately 150 cost units. 
 

8.2.3 Practical implications for CMP scenarios 

In this section, we qualitatively discuss the implications of using the alternative scenario CMP 1. We 
consider the possible implications and the adjustments that should be made in the control structure 
and responsibilities. 
 

• Decentralized inventory control: In the new network scenario, APW serves as the CSC for all 
SKUs of the CMPs; hence, the central stocking locations for the spare parts are in that 
situation spread over multiple locations. As one central global inventory management office is 
a requirement of the CML policy, this would mean that global inventory is managed from the 
office in Venlo. In this situation, we also see drawbacks in the operations, as Venlo orders 
parts at CMPs and is not the receiving party of these purchase orders. Also, the working hours 
of Venlo and Malaysia have a limited overlap. These effects tend to either shift the global 
inventory control to the APW warehouse, or to ensure that communication lines to APW and 
the CMPs are short and well supported. 

• APW as entrance point: Analogous to the ONA warehouse in the ODGS scenarios, APW is 
also not designed to serve as an entrance point yet. It should be investigated whether the 
current warehouse can be organized to process inbound operations like packaging and 
labeling, and how the costs that are related with these new operations are charged by DHL. 
Also, it would require adjustments in the IT system, so that PL&IC is able to place purchase 
orders for APW. Note that these adjustments will entail extra investments, which should also 
be considered by management. 

• Required storage space in APW: A more practical implication may be the lack of storage 
space for the extra inventory at the APW warehouse. It must be sorted out what the actual 
increase of required storage space is and how DHL accounts for this extra space. 
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9  CONCLUSIONS AND RECOMMENDATIONS 
 
Section 9.1 gives the conclusions that can be drawn from the results of the case study and the practical 
issues that play a role in the eventual decision. Then, Section 9.2 presents the recommendations for 
implementing the new spare parts network. Also, some general improvement possibilities in the 
network design and control operations are presented in Section 9.2. 
 

9.1 Conclusions of study 
In this master thesis, we have searched for inefficiencies in the spare parts network of Océ, and found 
these in the recent changes in the supplier base. We proposed alternative network design, and 
successfully constructed a cost calculation model in Excel, in which all relevant cost parameters for 
the network scenario analysis are included. This cost calculation model was used to analyze two 
reference machine groups that served as case studies for the network design problem. This calculation 
model considers all relevant costs simultaneously, and supports for deciding upon the network design 
that is the most cost efficient. After having successfully executed the analysis of the scenario 
comparison with the use of the calculation model, we draw up the conclusions separately for two 
different reference machine groups. 
 
Conclusions of ODGS scenario analysis: 

• The network scenario ODGS 3 (Venlo serves as CSC for Europe, ONA serves as CSC for the 
rest of the world) is the most cost efficient network scenario. This scenario results in the 
highest cost savings for the case study; approximately 167 cost units can be saved annually. 
Moreover, this outcome is robust for all input parameters; ODGS 3 is always beneficial over 
the current network design with minimum yearly savings of 110 cost units. 

• The other scenarios ODGS 1 (i.e., ONA serves as the single CSC) and ODGS 2 (ONA serves 
as CSC for the U.S. demand, Venlo for the rest of the world) also result in cost savings; 
however, these savings are always lower than the savings of scenario ODGS 3. 

• Two cost factors contribute most to the savings for all alternative ODGS scenarios: physical 
inventory holding costs and in-transit carrying costs. The reason is that ODGS parts represent 
a high value on average and these two cost factors account for the invested capital of 
inventory values. 

• The effect of the order lot sizes on the outcomes have to be considered with care, as they may 
originate from non-optimal MRP decision flowcharts that are used. 

• The exact inbound lead time from Vancouver to ONA is unknown, but the sensitivity analysis 
shows that an increase of this lead time does not significantly changes the outcomes. 

• A first indication reveals that the scenario in which Venlo serves Europe and Asia, and U.S. 
demand is directly fulfilled from the ODGS manufacturing site is not cost effective. Also, the 
network would require ODGS to be an active location in the spare parts network instead of 
being the supplier. Only when inventory pooling advantages with the ODGS manufacturing 
plant can be obtained, this scenario may be interesting. 

• Implementation of the ODGS 3 scenario requires changes on operational level at the ONA 
warehouse and at the inventory management department. The ONA warehouse should be 
arranged to serve as an entrance point for the ODGS parts. For global inventory management, 
a split of the CSC function over two warehouses may increase the controlling difficulty, as 
working hours do not overlap completely, and it is difficult for planners to decide upon the 
priorities of the two CSC locations. 

 
Overall, the scenario ODGS 3 is cost efficient in all cases. When we extrapolate the average outcomes 
to the complete assortment, the total savings may rise to 200 cost units. Implementing the network 
does encounter some changes in the operational tasks at ONA warehouse, and also may increase the 
complexity of the global inventory management executions. We advise that the new network structure 
of ODGS 3 should be implemented, as the cost savings outweigh the downsides of the new network. 
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Conclusions of CMP scenario analysis: 
• The scenario CMP 1 (APW serves as CSC for parts from the CMPs) attains an average yearly 

cost saving of approximately 206 cost units. The results of the cost calculation model are 
robust for all input parameters. 

• The savings of scenario CMP 1 originate mainly from a reduction of the inbound 
transportation costs, and the reduced packaging and handling costs due to the lower Asian 
labor rates. 

• The modality ratio of the inbound flow from the Malaysian CMPs to APW has a large impact 
on the cost savings; however, in all realistic cases the proposed redesign is beneficial. 

• Controlling for the CMP parts in APW from Venlo brings along drawbacks, as it is difficult to 
manage the new inbound flow from a long distance. Also, the overlap in working hours is 
limited, and APW warehouse is not arranged yet to serve as a CSC in the possible new 
network design. 

 
Overall, the scenario CMP 1 is beneficial over the current situation, resulting in average yearly 
savings of approximately 206 cost units. Assuming that the trend of production outsourcing continues 
in the upcoming years, and that for 75% of the machines the production activities will be outsourced, 
the total savings can go up to approximately 1200 cost units. Moreover, the cost savings will probably 
increase even further when the Asian demand increases due to a bigger market share from the Canon 
network, and also when larger fractions of the total assortment of spare parts is sourced at the 
Malaysian CMPs. Since Océ should be prepared for these effects to happen, we advise that 
implementation should be initiated as soon as possible. 
 

9.2 Recommendations 
In this section, we give recommendations with regard to the implementation of the proposed network 
scenarios, and for more general improvement possibilities in the spare parts network. 
 

9.2.1 Recommendations for implementation 

• Implement the proposed network designs ODGS 3 and CMP 1: From the results of this study, 
we concluded that new network designs ODGS 3 and CMP 1 result in significant yearly cost 
savings. Moreover, for CMP 1 these costs can even increase more, when the expected future 
developments actually take place. Therefore, we recommend PL&IC to implement these 
network redesigns. In order to do this, one should first investigate the possibilities at the ONA 
and APW warehouses to implement these network designs. Also, the control policies should 
be optimized for these new network designs. Then, PL&IC should start with trial cases on a 
small scale. When the results meet the expectations (i.e., whether the actual outcomes are in 
line with the results of the cost calculation model), PL&IC can start rolling out the network 
redesigns for the complete assortment of PL&IC. 

• Ensure the network design is in line with the CML policy: Although the redesigns result in a 
decentralized spare parts network, PL&IC must ensure that the CML policy is maintained. 
This can either be done by dividing the PL&IC department over the three warehouse 
locations, or by having one single global inventory management location and ensuring 
excellent communication and information sharing with the involved warehouses and 
suppliers. We advice the latter, so that there is one department responsible for the entire 
global inventory management. 

 

9.2.2 Other recommendations for improvements 

• Implement the part-dependent regular transportation modality choice: A separate finding in 
this study is that for a significant fraction of the parts a reduction of the in-transit carrying 
costs outweighs the extra costs of faster transportation modalities. Since this is currently not 
applied at PL&IC, we advice to directly apply the formula in Section 8.1.4 to all shipping 
lines and determine the parts that should regularly use faster transportation modalities. This 
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should result in immediate reduction of the total network cost. For these parts, the planned 
lead times should also be adjusted. Note that this implementation can be carried through 
regardless of the selected network design; hence, this should be done immediately 

• Create total network cost awareness in all departments: In line with the previous bullet point, 
Océ should ensure total network cost awareness among its employees. We mean that 
employees mostly focus on their own tasks, hereby ignoring how their actions affect other 
departments. When this awareness is not present, people may be unwilling to cooperate at 
projects that reduce total network costs. 
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LIST OF ABBREVIATIONS 
 
APW   Asian Pacific Warehouse 
AR   Asset Recovery 
CML   Centrally Managed Logistics 
CMP   Contract Manufacturing Partners 
CSC   Central Supply Centre 
DDS   Digital Document Systems 
DP   Document Printing 
EMEA   Europe Middle East and Africa 
EOP   End Of Production 
EOS   End Of Service 
ERP   Enterprise Resource Planning 
IM   Inventory Management 
NWH   National Warehouse 
OBS   Océ Business Services 
ODGS   Océ Display Graphics Systems 
OEM   Original Equipment Manufacturer 
ONA   Océ North America 
OpCo   Operating Company 
PLM   Product Lifecycle Management 
PP   Production Printing 
QRS   Quick Response Stock 
ROP   Reorder Point 
RSC   Regional Supply Centre 
SKU   Stock Keeping Unit 
TDS   Technical Document Systems 
WCC   Weighted Cost of Capital 
WFPS   Wide Format Printing Systems 
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APPENDIX I: ORGANIZATION CHARTS OF OCÉ 
 
The master thesis will be conducted on parole of the department Global Planning and Inventory 
Control of Spare Parts and Expendables, which will be referred to as PL&IC. In this appendix, the 
position of PL&IC within the overall organization is indicated. Also, the internal organization is 
explained and the tasks of the different groups within PL&IC will be discussed briefly. To indicate 
how the different departments are positioned within Océ, three organization charts are represented in 
Figure 26, Figure 27, and Figure 28. 
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Figure 26: Organogram of the Océ N.V. organization 

 
Océ has four main business units, to be Production Printing (PP), Wide Format Printing Systems 
(WFPS), Document Printing (DP), and Business Services (BS). For the execution of the operations 
within these business units, Océ is divided into 18 departments. Global Logistics Organization 
department is one of these departments, and is responsible for all global logistics activities and 
operations. 
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Figure 27: Organogram of the Global Logistics Organization department 

 
The Global Logistics Organization department is again divided into several sub departments, of which 
Global Planning & Inventory Control is one. This department is again split into three departments, 
responsible for Management and Operations (M&O), Toners and Inks, and Spare Parts and 
Expendables, respectively. The latter department is thus referred to as PL&IC, and is the department 
for which this research assignment will be conducted. The PL&IC department is positioned at the 
right bottom of Figure 27. For this department, the organogram in shown in Figure 28. My own 
position is indicated by the red rectangle. 
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Figure 28: Organogram of department GLO PL&IC SP&E 

 
The department PL&IC consists of two separate central warehouse locations, located in Poing 
(Germany) and Venlo (The Netherlands). These two central warehouses each hold the central stocks 
for different business units. Venlo is responsible for the business units DP and WFPS; Poing is 
responsible for the business unit PP. In Venlo, three teams are distinguished: a Product Life Cycle 
Management team and two Inventory Management teams. 
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The PLM group is responsible for the first phases of service provision of new products, i.e., the 
product development phase and the first months after product launch. Failure rates and advised stock 
levels are set by PLM in combination with the Service department of the Product Development 
department. PLM needs to ensure that service can be executed during the first months that a product is 
installed; hence PLM places the first orders for these spare parts. After this initial period, the 
responsibility for inventory control is transferred to IM. 
 
The IM groups are responsible for availability of spare parts in the supply chain. In practice this can 
be translated by achieving a 98% allocation performance of all parts. This requirement is formulated 
for both items for machines that are produced by Océ, assembled by CMPs, or acquired from strategic 
business partners. IM is responsible for the allocation of service parts until End Of Service (EOS). In 
general, service will be provided until five to seven years after final production. Hence, final buy 
problems also need to be analyzed by IM. 
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APPENDIX II: SUPPLY CHAIN OF ACQUISITION 
MACHINES 
 
Besides selling own manufactured products, Océ also sells and services complete printing devices 
from partner Original Equipment Manufacturers (OEMs). OEMs, like Canon and Konica-Minolta 
have separate sales organizations in the global areas, each having its own prices and policies. The Océ 
organizations in the global areas, therefore, are obliged to separately make agreements with these 
regional OEM sales organizations. A graphical overview of the supply chains for the acquisition 
machine groups is represented in Figure 29.  
 

 
Figure 29: Overview of supply chains of acquisition machines. 

 
As can be seen in the overview of Figure 29, Océ uses two separate supply chains: one for products 
that were installed in the American region, and one for products in the European (and a negligible 
fraction in the Asian) region. Hence, the Océ departments in the EMEA and Americas area are 
individually responsible for the service provisioning. Consequently, material coordination between 
these regions is not needed. Suppliers, moreover, are located in the global areas as well, so that 
supplier lead times are fairly low and centralization is not beneficial. Further, the partner OEMs often 
dictate the locations where parts have to be sourced. 
 
We can conclude from the overview of Figure 29 that the supply chains for acquisition machines do 
not interact between the different global areas. Hence, considering the scope of this study - the global 
distribution and configuration of the supply chain up to RSC level - we do not consider acquisition 
machines in the following chapters. 
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APPENDIX III: MRP DECISION FLOWCHARTS 
 
In this appendix, we represent the MRP decision flowchart that is used by PL&IC. It can be seen from 
Figure 30, that the decision for choosing the MRP profile depends on demand pattern, criticality, and 
prices of the items. This results in the different MRP profiles that are presented in Figure 30, Figure 
31 and Figure 32. 
 

 
Figure 30: MRP decision flowchart for CSC 



 58

 
Figure 31: MRP decision flowchart for ONA 
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Figure 32: MRP decision flowchart for APW 
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APPENDIX IV: DEMAND DATA GENERATION 
 
Océ uses historical demand information for controlling the inventory levels. This historical demand 
data is then used to either select a forecast profile, or to calculate the required reorder point (ROP). 
Historical demand information is readily available at PL&IC and at the department Order Fulfillment. 
Moreover, projects that reduce demand uncertainty can be executed parallel to our research. 
 
First, we underline that the scope of our research is the supply chain from the supplier base to the 
regional warehouses. We group the demand data for these three regions. Also, we assign direct 
shipments to customers or OpCos. These direct sales take up a significant fraction of the outgoing 
shipments. An additional effect is that demand is fulfilled from the CSC. When demand occurs, and 
the RSC has no stock available, an emergency shipment from the CSC is needed to fulfill demand. As 
a result, we group the demands for the three global areas, and split the direct sales from the OpCo 
demands in each region. 
 
In the current control system of PL&IC, not all direct usage figures are centrally visible. For example, 
usages at some of the countries can be made visible accurately, as these stocks fall under the 
responsibility of PL&IC. Hence, each actual usage is registered in SAP at the CSC in Venlo. On the 
other hand, there are other locations that operate with different ERP-systems.12 This is the result of the 
decentralized approach that Océ has taken for a long time. Usages of these different systems are 
interfaced with SAP at PL&IC. However, these figures are not direct usages but replenishments from 
the different OpCos. We assume that these replenishment orders are directly related to the actual 
usage figures. 
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Figure 33: Demand occurrences at the different stages in the supply chain. 

 

                                                      
12 Some European countries use the Eurocé registration system. ONA uses a system that is managed by 
Schenker, and the APW warehouse is  managed by a DHL system. 
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Summarizing, we identify the following types of demand that we include in our calculations: 
• direct usages at field stock locations in DR3 countries; 
• replenishment orders from non-DR3 countries; 
• replenishment orders from ONA and APW warehouse; 
• sales to direct customers. 

 
The above listed demand types are graphically represented in Figure 33. These demand streams can 
be made visible within PL&IC. The U.S. and Asian OpCo replenishments represent the usages in the 
ONA and APW warehouse, respectively. These usages are, as said before, synchronized with SAP in 
Venlo. The demand of the European area is the sum of the actual usages at DR3 countries and the 
replenishment orders for non-DR3 countries. Finally, the direct sales data include sales to OpCos are 
either emergency sales to OpCos, or sales to external customers. We distinguish these two demand 
flows, and also group these customer demands to the global area. 
 
The scope of this study is the supply chain for the most upstream echelons, i.e., the three regional 
warehouses. This means that we merely consider the global inventory coordination, and demand for 
the three global areas is accumulated. We can, therefore, suffice with weekly or monthly demand 
figures. Moreover, the unstable demand patterns do not allow for short time intervals. We have 
chosen to assume average daily demand, as MRPs run on a daily basis. Since Océ has insights in the 
monthly demands, these figures are used to estimate the weekly demands. 
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APPENDIX V: INFORMATION OF COST PARAMETERS  
 
This appendix presents all confidential information of the cost parameters that are used in this 
research. Due to company restrictions of Océ these numbers are not public. 
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