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Abstract
This master thesis describes the development of a multi-location, multi-item stock control model, which
determines basestock levels at all storage locations in the network structure such that target service
levels are met, while minimizing the total relevant costs. Extra features have been added to an existing
model to fit the model for the situation at Stork Food Systems. This model has been used to calculate
total relevant costs for different network structures. Based on these calculations, it is concluded that a
new network structure leads to the lowest total relevant costs.
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Management Summary
Stork NV is one of the oldest industrial concerns of the Netherlands. It is a multinational company that
conducts activities from approximately 50 operating companies. Stork NV consists of four strategic
business units: Stork Food Systems, Stork Aerospace, Stork Prints and Stork Technical Services. This
graduation assignment is executed at Stork Food Systems.
Recent market trends have changed customer expectations with regards to the after sales service of
Stork Food Systems. Customers ask for increased support on products and processes and want to
have transparency in the total costs of ownership. Above that, the market is consolidating which
makes customers more professional. As a reaction on the market developments Stork Food Systems
wants to be able to implement a full service concept. Within the full service concept Stork Food
Systems is responsible for the uptime of the machinery at the customers’ site and Stork Food Systems
owns the stock of spare parts at or near the customer’s site. Stork Food Systems therefore wants to
re-assess their spare parts network. This graduation project was aimed at the determination of the
optimal logistics strategy that complies with the proposed full service concept. The initial assignment
was to design a spare parts network that would lead to the lowest relevant costs in the full service
situation.
The project consisted of two parts, the diagnostics and design phase. During the diagnostics phase
the initial goal of the project has further been explored and analyzed. Based on that analysis a design
assignment has been formulated. The project has been executed at Stork PMT (Poultry processing
Machinery and Technology), which means that the analysis and design focus on this operating
company. The results can however be applied to Stork Food Systems in general.
Diagnostics Phase
To further determine the research area an internal analysis at Stork PMT has been performed.
Interviews and the analysis of available documents have led to a description of the current service
network at Stork PMT. The analysis of this network structure, the spare parts characteristics and the
performance measures serves has been the input for a cause and effect diagram. This has led to the
understanding that the following four categories of causes lead to the fact that Stork is currently not
equipped to cope with the full service concept:
• Capacity problem educated field service engineers: When Stork Food Systems starts selling
full service contracts this will result in more work for service engineers. This extra workforce is
not available and it is difficult to increase this workforce.
• Structure (full) service level agreements not implemented yet: Most of the proposed
measurements and the corresponding work processes stated in the report of van Stratum
(2006) are not actually being executed in practice yet. The report of van Stratum (2006) is
used as a starting point for this research and the KPI’s stated in the report are taken for
granted.
• Way of holding inventory: In the full service situation the service department has to make sure
the guaranteed performance will be reached. The service department is responsible to give a
forecast to the planners (based on Slim 4). At the moment the service department however
does not have control on the inventory. Furthermore, the inventory is combined for assembly
and service. Therefore it is difficult to say what the real delivery performance is of the
inventory based on the Slim 4 forecast.
• Low delivery performance/high delivery times: Especially this last cause is important during
this graduation project. In the full service situation the customer will have no inventory
anymore. Stork Food Systems will be responsible for the uptime of the machinery. Currently, it

V

sometimes occurs that wrong parts are delivered or that manufacturing makes a mistake.
Above that, the potential of sharing inventory cannot be exploited because there is insufficient
insight in the inventory levels at the various operating companies.
Based on the internal analysis it has become clear that Stork is currently not equipped to provide a full
service concept to its customers. It is agreed that the fourth category ‘low delivery performance/high
delivery times’ is analyzed in further detail and is the basis of the design phase.
Design Phase
To further determine the exact content of the research topic, a discussion session with a senior
business consultant of Stork PMT was held. Also a presentation about the diagnostics phase was
given, with a concluding session with the supervisors of the university and Stork PMT. Based on the
cause and effect diagram and these discussion sessions the following design assignment was chosen.
“Define a clear (worldwide accepted) delivery performance measure. Calculate the costs of different
designs of network structures for certain regions to support the decision to possibly change the
network.”
The design assignment is specifically aimed at the breakdown parts provisioning. The goal of the cost
calculations of these different network structures is to be able to provide insight in which network
structure leads to the lowest total relevant costs.
The model that has been used to determine a number of service network structures and to execute
corresponding total relevant costs calculations is a multi-location model. The model introduces a new
performance measure, the time-based aggregate fill rate. The developed model in this report includes
criticality, by making use of a feature already present in the PhD study of Kranenburg (2006). Thereby,
the model has been redesigned to fit the processes of Stork PMT (to a large extent). A new planning
algorithm using the multi-item approach has been developed during the project and has been tested
for the situation at Stork PMT.
A scenario analysis is executed to find out if it would be beneficial to change the logistic network
structure of Stork PMT and the way inventory is managed. It is shown the new planning algorithm
leads to lower total relevant costs as compared with the current way of planning base stock levels.
From these scenario analyses it can be concluded that the scenario with one slaughtery as main local
warehouse excluding storage costs leads to the lowest total relevant costs. This scenario however
does not exist in practice yet. The planning algorithm is tested and functions well. The following steps
should be taken if the new planning algorithm is implemented:
•
•
•

•
•

Create a detailed implementation plan in close consultation with the employees that eventually
should execute the work.
Gain management commitment for the implementation plan.
Appoint a long-term responsible person for the implementation. At Stork PMT each function
has a backup person. This construction prevents a project from becoming too dependent on
one person.
Ensure that decisions based on the new planning algorithm are provided with feedback about
the actual performance at regular intervals.
If the implementation at Stork PMT is successful, other subsidiaries can implement the
planning algorithm.

VI

It should be noted that not enough data is available to support the actual implementation of the new
planning algorithm in practice for a certain set of slaughteries, based on the region they are located.
Conclusions
The developed model can be used for two goals:
• Firstly, the model can be used to calculate outcomes for several simplified scenarios of
network structures. The planning algorithm is able to provide a structured overview of the
needed basestock levels per inventory location to reach fill rate targets. Furthermore, the
model can be used to examine the effect of input parameter changes. The model can be used
to compare scenarios based on different network structures. These scenarios can be used to
support business cases. Based on these scenarios decision making about the right network
structure can be supported. Results of the scenarios show that using one slaughtery as main
local warehouse leads to the lowest total relevant costs. Choosing a large slaughtery will even
result in lower total relevant costs.
• Secondly, the model can be used for actual implementation in practice. Not enough data is
available to support the implementation of the inventory control method in practice. If this data
is available, the model can be used to help determining the right recommended spare parts
package. It uses a more objective way of determining the base stock levels than the current
working method and it is shown that the new planning algorithm leads to lower total relevant
costs as compared with the current way of planning base stock levels.
Recommendations
Using a slaughtery as main local warehouse has some practical disadvantages. These disadvantages
have to be evaluated carefully when it is chosen to implement this new network structure. To fully
implement the model in practice it is also recommended to gather more data. In addition, good
agreements about the availability targets should be made with slaughteries. Furthermore, it is wise to
not take the total costs of a breakdown for a slaughtery as basis for the (possible) penalty costs in the
agreement. In the full service situation, a multi-item approach should be used, which keeps the system
availability in mind instead of the item availability. Therefore, it is recommended to further investigate if
Slim 4 is the right program for spare parts inventory management at the central warehouse. The last
recommendation is that the criticality groups eventually have to be further refined.
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Chapter 1 Introduction
1.1 Introduction
Stork NV is one of the oldest industrial concerns of the Netherlands. In 2006, Stork had about 13.000
employees, of which about 10.000 in the Netherlands. The activities are conducted from approximately
50 operating companies. Stork generated a turnover of 2,1 billion euros and a profit of 150 million
euros in 2006 (including Stork Prints, for which a majority shareholding has been sold in November
2007). Stork NV consists of four strategic business units: Stork Food Systems, Stork Aerospace, Stork
Prints and Stork Technical Services (see Appendix 1).
This graduation assignment is executed at Stork Food Systems and is specifically focused on the
spare parts network of this strategic business unit. Several market trends, including the demand for
increased customer support and focus on total cost of ownership, have asked Stork Food Systems to
re-assess their spare parts network. Before the exact initial assignment is explained, first some
relevant characteristics of Stork Food Systems are discussed in section 1.2.These characteristics help
to set the scope of the project and give a better understanding of the current operations of Stork Food
Systems. The consumer process and equipment characteristics are then highlighted in section 1.3 and
1.4. The current market trends that have led to the initial assignment are discussed in section 1.5. The
initial scope of the project is then described in section 1.6. The methodology used in this project is
mentioned in section 1.7. Section 1.8 concludes with the structure for the remainder of the report. Part
of the information in this chapter has been found in van Stratum (2006).
1.2 Company description
Stork Food Systems designs, develops, produces and maintains industrial systems and production
lines for the processing of poultry and the production of convenience food. It realized a turnover of 326
million euros in 2006 and had 1667 employees. The key competences of Stork Food Systems are:
• Far-reaching specialist knowledge to introduce innovative processes and realize cost
reductions and quality improvements for the processing of poultry, red meat and other
ingredients.
• Expert knowledge on quality, hygiene, (food) safety, mechanization, automation and
computerization of poultry processing and convenience food processing.
• Development of equipment for product differentiation in which the ease of use for the
consumer and maximizing the use of by-products are central.
Stork Food Systems has a long history, as described in Appendix 2, starting with the production of
poultry processing equipment in 1955 and with the production of further processing equipment in
1988. It is a dynamic company that changes frequently. Stork Food Systems consists of ten operating
companies: Stork PMT, Stork Titan, Stork Gamco, Stork Food Systems Brazil, Stork Townsend
DesMoines, Stork Townsend Oss, Nijal, Stork Food & Dairy Systems, Stork Food Systems
International and Stork Food Systems Australasia, of which most are shown in figure 1.1 and in
Appendix 1. More specific information about the operating companies is mentioned in Appendices 3,
4, 5, 6 and 7. Two of these operating companies part of the Stork Food Systems Group are Nijal and
Stork Food & Diary Systems. In consultation with the management, it is decided that in this report
Stork Food Systems excludes Food & Dairy and Nijal, unless it is explicitly stated that they are
included.
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Stork Gamco:
Gainesville and
Delaware
Townsend Engineering
Company: Des Moines

Stork PMT: Boxmeer
and Dongen
Stork Titan: Boxmeer
Townsend Engineering
Company: Oss

Stork Food Systems
International: Spain,
France, Slovakia,
Russia

Stork Food Systems
Australasia

Stork Food Systems
Brazil: Piracicaba

Stork PMT: Warsaw

Stork PMT: Asia

Figure 1.1: Geographical locations of operating companies

Stork PMT (Poultry processing Machinery and Technology) is the most important operating company
during this graduation assignment since the focus is on their logistics structure and most of the project
is executed at Stork PMT. Stork PMT is the largest operating company of Stork Food Systems. It
manufactures equipment and systems for the worldwide poultry processing industry (excluding North
America). Stork PMT has two locations in the Netherlands: the main plant in Boxmeer (the
Netherlands) and a second production facility in Dongen (the Netherlands). The production facilities of
Stork PMT are shared with Stork Titan. The plant in Boxmeer has a central warehouse, combined for
assembly of new machines and spare parts sales. Stork PMT can serve the total processing of
chicken, turkey, goose and duck. The total product assortment consists of more than 350 product
families, which can be delivered in around 2500 variants. The installed base of Stork PMT was
estimated around 570 million euros at the end of 2006.
At the moment of writing this report, Marel is interested in buying Stork Food Systems. The possible
acquisition will increase the global character of the company and makes the company stronger in the
food business. This situation is not incorporated in this project. Furthermore, it is not expected that
recommendations and conclusions of this report will lead to actions at Marel.
1.3 Characteristics customer process
Stork Food Systems distinguishes two production processes: Poultry processing and further
processing. Stork Food Systems offers most equipment for poultry processing and further processing
itself. This section discusses both processes briefly.
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Poultry Processing
Poultry processing can be characterized as line production. Birds are put on shackles on a chain.
Along the line, a number of machines are positioned, which perform operations on the birds or which
individual birds can pass by. Speed is measured in birds per hour or in shackles per hour. The
complete poultry processing process can be divided into a number of sub-processes, each consisting
of one or more modules (see Appendix 8). The process is controlled by parameters like line speed and
temperature. For maintenance, parameters like production hours per week and type of cleaning are
also important. The process at each slaughtery is different. Each production step can be automated or
conducted manually and the customer has a choice in how far to process the birds: birds can be sold
in one piece or birds can be separated into different parts that are sold separately.
Further Processing
Further processing uses poultry, meat, fish or potatoes as a starting material and transforms this into
snacks, meal components and convenience food. The input materials can be a paste to be formed or
a piece of meat. The process can be characterized as batch production. Transportation usually takes
place on transportation belts. Appendix 8 shows two possible process layouts, but many layouts are
possible. Further processing factories usually have flexible layouts, which can be adjusted to the
product that is processed. Speed of further processing is usually measured in kilograms per hour and
is determined by the individual machines. The quality of the end product is mainly determined by the
mix of input materials like seasoning and marinades and by temperature. Because the equipment
contains few parts that wear, process adjustments and fine-tuning of the process are more important
than maintenance of the equipment.
1.4 The use of Stork equipment
Stork equipment is made out of metal parts and some plastic parts. Poultry processing equipment has
a lot of parts that wear, like blades and plucking fingers. Further processing equipment has few parts
that wear. The use of the equipment varies between customers. Some slaughteries produce 3 shifts a
day, 6 days a week, 12.000 birds per hour. Other slaughteries produce only 4 hours a day, 5 days a
week, 500 birds per hour. Some pieces of equipment are used constantly, others only for particular
batches. Some customers replace equipment every 5 years, others every 25 years. Some customers
only do corrective maintenance while others have an extensive preventive maintenance program. This
all affects the failure characteristics of the equipment.
The use of Stork equipment within a customer process also differs. Further processing customers and
poultry processing customers in North America usually have equipment of different suppliers
combined into one process. Customers in the USA have more of a ‘Have it your way’ mentality.
Customers in the USA pick the ‘best’ machines instead of the ‘best’ lines. Poultry processing
customers in other parts of the world have one supplier for (a large part of) the process.
1.5 Market characteristics and developments
Stork Food Systems is active in two markets: Poultry processing equipment and further processing
equipment. Both markets are oligopolies. Stork Food Systems is world market leader in poultry
processing. Other major players in this market are Meyn/Systemate Numafa/Dapec, Baader/Johnson
and Linco. The market annually grows about 2% to 4%. Traditionally, North America and Western
Europe are the most important markets for poultry processing equipment. Brazil and Russia are fast
growing markets.
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Stork Food Systems is the number three in further processing, with a considerable distance to the
number two. Other major players in the market are CFS, FMC and Formax. The market annually
grows about 5% to 7%. The United States is a very important market for further processing, but at the
moment Stork Food Systems has still a very small share in this market.
Both for poultry processing equipment and for further processing equipment, a number of competitors
are active on the spare parts market. Stork Food Systems is currently the market leader on spare
parts on Stork equipment, other global players are Hill and Rodon. Additionally, a number of local
competitors are active in various regions.
Stork sees a number of developments in the poultry processing market and the further processing
market:
• Customers ask for more support; Stork equipment is usually a critical element in the
customer’s process. High uptime and yield are therefore very important. As a result, most
customers have their own maintenance department, in which case Stork is only consulted for
expert knowledge and to order spare parts. After sales service is however becoming more
important and will have an increased impact on future buying decisions. Not only demand on
product support is increasing; companies are asking for more support for their processes as
well. Focus on cost of ownership instead of purchase price; Customers start asking for
guarantees on cost of ownership and performances in the purchase contract of equipment.
Furthermore, customers want fixed-price agreements for maintenance and spare parts and
leasing of equipment is becoming more popular.
• Companies are getting bigger; A consolidation in the market can be seen due to bankruptcy
and acquisitions. Above that, slaughteries are starting further processing activities. This
means that not only the number of customers is decreasing, customers are also becoming
more professional.
Stork has to fit their processes to these developments. Generally, these developments are also
recognized in the literature. Companies face many challenges in the current business environment.
Increased technological complexity, high customer expectations and pressure on costs force
companies to find ways to stay competitive in the market. Many authors highlight the importance of
efficient supply chain design and redesign, which can help companies distinguish themselves in the
market (Ballou, 1999; Shen and Daskin, 2005; Candas and Kutanoglu, 2007). Results of this efficient
design are reduced costs and improved customer service (Shen and Daskin, 2005). Customers often
rank logistics elements of customer service as more important than product price, product quality or
other elements. Logistics service affects as well sales as customer loyalty. Therefore, it is important for
companies to design a supply chain that can provide high quality after sales service to their customers
(Ballou, 1999).
Stork Food Systems has recognized the importance of customer service, especially in the light of the
above mentioned market trends. Stork Food Systems wants to realize growth. One way of achieving
this is by delivering optimal service. As a reaction on the market developments Stork Food Systems
wants to be able to implement a full service concept. A full service concept can be described as the
offering of a total bundle of products and services that fully satisfies the needs and wants of a
customer (van Stratum, 2006). More information about changing to a full service provider is found in
Oliva and Kallenberg (2003). An after sales support service is described by Candas and Kutanoglu
(2007) as: “providing necessary service engineers and replacement parts to existing, geographically
dispersed customers when they experience problems with a purchased product.” Within the full
service concept Stork Food Systems would be responsible for the uptime of the Stork equipment at
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the customers’ site. This full service concept would help attract or retain customers, because better
support can be delivered and also more transparency in the total costs of ownership can be provided.
1.6 Initial Assignment
Stork Food Systems is currently looking into the design and implementation of a full service concept.
Some of the main characteristics of a full service concept are already mentioned by van Stratum
(2006). This full service concept is supported by the design of a spare parts network. This network
must be organized in such a way that full service can be provided to the customer in a timely and cost
efficient matter.
This graduation project is aimed at the determination of the optimal logistics strategy that complies
with the proposed full service concept. This logistics strategy will have to lead to the network structure
that leads to the lowest total relevant costs. In the near future Stork Food Systems expects to sign
more full service contracts with its customers. This makes Stork Food Systems responsible for the
uptime of the machinery. In the current situation customers have stock of their own at their
slaughteries to make sure machinery can be repaired in a timely fashion. In the full service situation
Stork Food Systems will be the owner of these stocks. It is expected that stock can be taken out of the
supply chain because of this shift of ownership. However, this has impact on the way Stork Food
Systems has to arrange its spare parts networks.
The above-mentioned reasons have lead to the following initial project formulation.
“A spare parts network should be designed, which leads to the lowest total relevant costs in the full
service situation. The financial feasibility of this network should be studied beforehand and afterwards.
The measurement of the delivery performance should also be part of the new design. For now, the
aggregate item fill rate is seen as a good performance measurement for the situation at Stork Food
Systems”.
The new network structure must also be able to anticipate on the expected trends. One of these trends
is that customers in the future will expect a guaranteed performance of their equipment. This
guaranteed performance has the positive side effects that it increases loyalty from the customer,
thereby opposing competitors. To guarantee performance the right spare parts have to be on stock.
Having the right spare parts on stock has the additional advantage, that there is more certainty about
the deployment of the service engineers. The service engineers can be more sure that the needed
spare parts are available at the right time at the right location. The scope of the research is further
determined based on this initial assignment description.
1.7 Methodology
In order to execute the project in a logical and structured way, the research approach used for this
project is that of Doorewaard and Verschuren (2000). This approach has been developed for M.Sc.
projects in the field of Industrial Engineering and Management Science. Doorewaard and Verschuren
(2000) distinguish two phases: a diagnostic phase and a redesign phase. Applying this research
approach resulted in the research model for the diagnostics phase in Figure 1.2.

5

Literature:
- spare parts networks
- service logistics

Evaluation instrument

Interviews with experts:
- service logistics
- delivery performance
- market trends

Current spare parts
network design Stork Food
Systems

Data:
- demand rates spare parts
- KPI's in the past
(i.e. delivery performance)

Diagnosis and exploration
of design options

Spare parts network
design branch

Figure 1.2: Research model diagnostics phase

In the diagnostic phase the research goal is to give a diagnosis of the current situation and to explore
possible design options. Keeping in mind the shift to full service and the expected growth of Stork
Food Systems, it is wise to analyze the current logistic strategy and the corresponding logistic models.
To do so, both expert information and the current practice at Stork Food Systems are taken into
account. Expert information is based on literature about service logistics, interviews with supervisors at
the Eindhoven University of Technology and interviews with experts at Stork Food Systems.
The goals of the redesign phase are to come up with a suggestion for the service network structure
which fits the situation at Stork Food Systems best and an implementation plan. This redesign for a
service network structure should be applicable for the situation at Stork Food Systems. Also in this
phase, interviews with experts and literature review resulted in the desired outcomes.
1.8 Structure of the report
During the diagnostics phase of the project the current logistics strategy of Stork Food Systems is
analyzed. This analysis is performed in chapter 2 and results in a cause and effect diagram in chapter
3. Having the full service concept in mind, this cause and effect analysis helps to find the bottlenecks
in the current logistics strategy. This then leads to the definition of the exact scope of the project. In
this scope description, the project boundaries are determined and the assignment for the design
phase of the project is verified. During the design phase a mathematic model is used to determine the
logistics strategy that can meet the future expectations of the customers which have a service level
agreement. Data has been gathered from the operating company Stork PMT. The outcomes of the
model are then analyzed and compared with the current logistics strategy at Stork PMT. The process
and results of the design phase are presented in chapter 4 to 6. This study is concluded with an
implementation plan for the new planning algorithm and possible network structure change in chapter
7 and main conclusions and recommendations in chapter 8. References, lists of abbreviations and
variables, and appendices have been added from page 64 onwards.
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Chapter 2 Current practice for spare parts provisioning
2.1 Introduction
Stork Food Systems is one of the many companies that need to provide after sales service to their
customers. As mentioned in the previous chapter, customers highly value this service and it is thus
important to design a network structure that meets customer expectations. Currently, Stork Food
Systems does not have a single, integrated after sales service organization: service is provided from
the different operating companies.
This thesis assignment is aimed at finding an optimal logistics strategy. There are many elements that
determine this strategy. A student from the Technical University of Eindhoven has performed research
on service level agreements (van Stratum, 2006). The report of van Stratum (2006) can be seen as a
blueprint for the full service situation at (some large operating companies of) Stork Food Systems. To
further determine the research area for this thesis an internal analysis has been performed. As stated
in the initial assignment, Stork Food Systems is interested in the optimal logistic strategy for the new
situation in which more customers will make use of the full service concept. Figure 1.2 of the previous
chapter shows that the current spare parts network is the center of the research model for the
diagnostics phase. Therefore, the analysis starts with a description of characteristics of the current
situation related to the spare parts network and the accompanying processes. Part of the information
in this chapter has been found in van Stratum (2006). Service at Stork Food Systems is provided from
different operating companies. In describing the after sales organization and the spare parts provision,
each operating company is discussed separately. For the detailed input data of the model to be
mentioned in chapter 4, data at Stork PMT is used. Therefore, chapter 2 presents the situation for
Stork PMT, the other operating companies are mentioned in Appendices 3, 4, 5, 6 and 7.
2.2 After sales service organization and information systems
After sales service organization
Stork PMT has the largest after sales service organization of all operating companies. This service
organization performs the after sales service for the customers of Stork PMT and a number of service
activities for Stork Titan and Stork Food Systems Brazil (see Appendix 1). Service mainly concentrates
in the Onderdelen Diensten Proces (ODP) department, in practice this department is called
Commerciële en Technische Service (CTS). The CTS department is divided in a number of sub
departments, which are responsible for all mechanical customer support. This support includes
telephonic customer support (for mechanical problems), receiving and handling orders for spare parts,
selling and updating service agreements, installation, service visits, training and customer relationship
management. Invoer en Uitvoer (I&U) is responsible for all things related to import and export, both for
service and for sales of new equipment. This export department is responsible for shipping documents
and agreements with freight carriers. The structural group (SG CTS) has a number of tasks related to
the operational activities in the service network. They are also involved in strategic projects such as
logistics network planning and design. These strategic activities are more general for Stork Food
Systems as a whole. This graduation project is executed at this structural group and aimed at the
service logistics network. Implications of the new network design must not lead to changes in the
current organization structure.
Information Systems
The different operating companies, as described in the previous chapter, all use their own information
systems. Some information systems are used by more than one operating company. These
information systems are Lotus Notes, Product Lifecycle Management (PLM) and SAP. Lotus Notes is
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an information system that is used as an email program and calendar, but it is also a mainframe for
other applications. PLM stores customer specific equipment information. SAP is the ERP-system
used at some of the operating companies, including Stork PMT. Stork Food Systems is trying to
integrate the information systems and is trying to make worldwide use of PLM and SAP, but this
project is still running. The information system used for inventory management of spare parts in the
after sales service organization is Slim4. This is a software package that is used to forecast demand
for spare parts and to calculate safety stocks for spare parts inventory. SAP combines the demand
forecast of Slim4 with the production planning for new machines to generate production orders and
supplier orders in order to control the stock in the warehouse. Additionally, it stores financial
information that is input for the ordering process of spare parts and it displays information from the
other systems. The information systems important to this project are mentioned as source of data from
chapter 4 onwards.
Stork PMT uses 2 different types of information structures for inventory control:
• The MRP module in the ERP system SAP is used for ordering parts. The vast majority of the
parts orders are suggested by MRP.
• At the manufacturing department a sort of ‘visual kanban’ is used. Every work cell keeps track
of the stock of these parts and decides on the right order size. This way is only used for small
components.
A customer can request spare parts at three different places at Stork PMT: The branch offices, the
sales agents and CTS (see Appendix 3). Some branch offices can enter the orders in the SAP system
of Stork PMT, other branch offices and sales agents forward the orders to Stork PMT. More
information about the after sales service organization and information systems of the other operating
companies is mentioned in Appendices 3 and 4. The planning and delivery of the requested spare
parts is then executed through the service logistics network. The service logistics network is described
in the next paragraph, which is helpful to get an overall picture of the role of spare parts logistics within
this network. It also visualizes the various operating units in the network, which would be useful for
possible future implementation of the re-designed spare parts network.
2.3 Service logistics network
This section discusses the service logistics network of Stork Food Systems. The service organization
mentioned in section 2.2 makes use of this network for spare parts provisioning to customers. The
service logistics network of Stork Food Systems has a number of warehouses, as can be seen in
Figure 2.1. Some characteristics of this service logistics network are:
•

•

•

•

Stork Food Systems uses a two-echelon network with four central warehouses (with
production facility) located in Boxmeer (the Netherlands), Gainesville (USA), DesMoines
(USA) and Oss (the Netherlands) and four regional warehouses located in Delaware (USA),
Brazil, Australia and Moscow (Russia).
The customer also has items on stock; this can be seen as a third echelon. Stork Food
Systems gives advice which items and how much of them to keep on stock but does not have
any control over these local stocks. Therefore, the customers are not taken into account in this
illustration.
No return flow exists of spare parts from the customer to Stork Food Systems or from regional
warehouses to central warehouses. For the few spare parts that have a return flow, this return
flow is also negligible.
Transportation of spare parts between the different locations is done by truck, ship, airplane or
courier.
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Figure 2.1: Service logistics network with possible material flows

The largest central warehouse is the shared Stork PMT/Titan warehouse in Boxmeer. The warehouse
in Boxmeer will be taken as the central warehouse in the model in chapter 4 and is therefore
discussed in more detail. In this warehouse spare parts are stocked for machines developed by Stork
PMT and Titan. The warehouse in Boxmeer is controlled by the information systems of Stork PMT.
Officially the warehouse is split into a Stork Titan part and a Stork PMT part, just like the SAP system
and Slim4 system behind it, but the Stork Titan part is incorporated in the Stork PMT part. Thereby the
two are treated as one and they both are controlled by procedures of Stork PMT.
The stock control can be split into two parts. Slim4 conducts the first part. It looks at the historical
demand of spare parts of the last 24 months to forecast a monthly demand and a safety stock (based
on the desired fill rate, 95% in the current settings). It also takes into account intercompany demand.
Slim4 can take into account trends and seasonal patterns in the demand. SAP MRP conducts the
second part. It combines the expected demand and safety stock for spare parts from Slim4 with the
production planning for new machines in the MRP module. This results in supply orders for external or
internal production. More information about the warehouses of the other operating companies is
mentioned in Appendix 5.
2.4 Spare part characteristics and demand
This section describes the most important characteristics of the spare parts of Stork Food Systems.
This description is important for the internal analysis, because it helps to analyze potential
inefficiencies or problems in the network. Some of these characteristic also serve as input data for the
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re-design of the network. First an overview of the various spare parts categories is given. This
overview is necessary when the data for the model is gathered. Above that, it gives insight in the
current spare parts system. The demand characteristics of the consumers are important when design
choices for the model need to be made. For gathering an integrated view on the current characteristics
of the spare parts of Stork Food Systems, this chapter incorporates all the spare parts. In chapter 4
the focus will be put on breakdown parts.
Spare parts classification
Stork PMT offers about 30.000 different spare parts. About 30% of these parts are produced internally.
This reflects 60% of the total value of the parts. About 70% of these spare parts are obtained
externally. This reflects 40% of the total value of the parts. The parts that are obtained externally can
be outsourced or purchased.
PMT uses an ABCDE classification for the spare parts, as mentioned in Appendix 9. The engineering
department and some employees of the service organization are responsible for categorizing the
spare parts. At the moment, the ABCDE classification is only used to make maintenance schedules
and to determine the total costs of spare parts for preventive maintenance. In the future, this
classification can also be used in Slim4 to differentiate stocking policies per class. Because an item
can have different classification codes in different configurations, the highest class in alphabetical
order (first A, than B, C, D and E) found in the configurations will be used for forecasting. For this
project the B-classification is most important, because they represent the breakdown parts. As stated
above, chapter 4 goes into the specific characteristic of these breakdown parts.
Demand characteristics
The demand for spare parts varies significantly between parts, as can be seen in Figure 2.2 and
Figure 2.3. Slim4 uses a different spare parts classification, based on the demand pattern. Because
the ABCDE classification was not in Slim4 yet at the moment of analyzing this information, no analysis
could be made based on the ABCDE-classes. Instead, the Slim4 classes are used.

% of dem and per class
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Figure 2.2: Percentage of items per class PMT
(Including Stork Food Systems Brazil and Australasia)
and Titan

Figure 2.3: Percentage of demand per class PMT
(Including Stork Food Systems Brazil and Australasia)
and Titan
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The costs of spare parts also vary significantly, ranging from less than a eurocent to almost 20.000
euros per part. A Pareto analysis reveals that the 80-20 rule (80% of the sales value is caused by 20%
of the items) does not apply to PMT: 80% of the sales value is caused by only 12% of the items. The
total sales revenue from spare parts for PMT in 2006 was 35,5 million euros.
Customers can order items or subassemblies. It is also possible to order all parts for a certain
overhaul at once in a so-called service kit or all parts for an upgrade (retrofit kits). At the moment,
Stork PMT offers five types of service kits per machine, as described in Appendix 9. Retrofit-kits for
specific machines are sometimes available. These are packages to upgrade a machine. There are
three levels of retrofits. Firstly, there are improved parts. For these parts, a note is made in SAP to
make sure a customer orders the upgraded part if he requests the old part. Secondly, there are more
advanced improvements. These are noted in SAP, as well as in a service info (internal service notice
for engineers). Finally, there are more advanced improvements that are actively being marketed. The
customer is noticed about these improvements through a service letter. The ordering process of
retrofit-kits is the same as for spare parts. Only emergency orders are handled outside office hours.
Additional information about the demand and spare part characteristics of the other operating
companies is mentioned in Appendix 6.
2.5 Performance measurement
As stated in the initial assignment, the measurement of the delivery performance should also be part
of the new design. The definition of delivery time used at Stork Food Systems is: time between
ordering and shipping. The transportation time is not taken into account. The customer will however
see the delivery time as the time between ordering and receiving. The expectations of the customer
and the transformation to the full service concept make the measurement of performances an
important part of the logistics strategy. In order to design a network that meets all requirements, first
the current performance measures (KPI’s) at Stork PMT need to be reviewed. Chapter 4 will describe
the performance measure, which is used in the model. More information about the performance
measurements of the other operating companies is mentioned in Appendix 7.
Completed orders
To measure the delivery performance of the warehouse in Boxmeer, the percentage of order lines
completed in time is used. This performance measure needs some explanation. First, ‘in time’ refers to
the agreed delivery time. When Stork Food Systems gets an order for spare parts, a delivery day is
agreed upon with the customer. An order is delivered in time if the order leaves the warehouse at or
before the agreed day. This means that the performance measure does not include transportation.
Second, the ‘percentage order lines’ suggests that the delivery performance is measured per order
line. This is not completely true. An order is only marked ‘ready for shipment’ if all order lines of that
order are ready. All order lines of an order are either on time or not. If one order line is not ready while
all the others are, all order lines are marked not ready. This negatively influences the percentage order
lines completed in time. It however better reflects the performance customers observe. More
information about the advantages about the way of ordering can be found in Appendix 10.
Measuring the delivery performance of Stork PMT for 2006 results in 73% for Stork PMT. This
percentage suggests that the delivery performance of the warehouse is quite poor. The image is
however somewhat distorted. On one hand because all order lines of an order are late if one is late (as
mentioned before). On the other hand because Stork PMT does not always ship an order when ready;
for some countries orders are only shipped (and marked ready) after the customer has paid, for
example. A third reason for the distorted image is that orders can change after the completion date
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has been agreed upon. Customers can add things to the order or change certain terms. The delay
caused by this is mentioned to the customer but the agreed delivery date is not (always) changed in
the system. The (quantitative) effect of each of these reasons on the delivery performance is not
known by Stork Food Systems. Stork Food Systems is aware of the distorted image the performance
measure gives. SAP cannot give a delivery performance based on the individual order lines that are
on time (independent of the order the order lines are in). Therefore, once a week, Stork Food Systems
looks at the percentage of order lines that actually are not ready for shipment on the total number of
order lines of the orders that are delayed at that time (the so-called manco-measurement). This
percentage was on average between 16% and 20% for Stork PMT for 2006.
The delivery performance is measured continuously; the manco-measurement is a snapshot.
Therefore, these two cannot be combined in order to calculate the availability of parts. However,
multiplying the percentage manco with the percentage order lines not delivered in time does give an
indication of the unavailability of parts in the warehouse. For Stork PMT parts, the availability has been
estimated high: between 94% and 96%. It must be noted that this delivery performance should only be
used to make statements about the performance of the warehouse and inventory management
system. For the customer, a relevant measure would be the percentage of orders that is delivered in
time. This measure cannot be calculated by the current information systems. During this project a new
software package is bought. This SAP add-on, named Every Angle, enables providing better insight
from the data stored in SAP and possible can be used to calculate the percentage of orders that is
delivered in time. This software package is not taken into account in this project.
Achieved Delivery Time
Another measure used by Stork PMT for delivery performance is the achieved delivery time. This
measure is again measured by order line, while an order is delivered as a whole, giving the same
distortion as for the delivery performance of the warehouse in Boxmeer. Stork PMT wants to be able to
deliver all spare parts orders within 15 working days. Whether they succeed cannot be seen from the
data Stork PMT is able to extract from its current information systems. The new software package,
named Every Angle, possible also can be used to gather this data. On order line level, the
performance can be determined; Stork PMT delivered 64% of all order lines within 15 working days in
2006. Again, this performance sounds quite poor at first sight, but the goal of a delivery time shorter
than 15 working days is not realistic for all parts. Some parts are ordered well in advance of the
desired delivery date, for example service kits. That way these orders count against the performance
measure while there is no problem for the customer.
2.6 Conclusions
This chapter has described the after sales service organization. Interviews with employees of these
after sales service organization has lead to some of the insights gathered during the diagnostics
phase. Furthermore, the current service network and accompanying processes of Stork PMT are
described in this chapter. The analysis of this network structure, the spare parts characteristics and
the performance measures serves as input for the following chapter, which gives a cause and effect
diagram that leads to the final design assignment.
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Chapter 3 Cause and effect analysis and research assignment
3.1 Introduction
The previous chapter has provided a better understanding of the current logistics strategy of Stork
PMT. Based on this internal analysis a cause and effect diagram has been made to identify the main
causes for the problem definition. In this chapter several important causes are highlighted and
described. Then, the research assignment is determined and the scope of the design phase is pointed
out. The design phase will be described in chapters 4 to 6.
3.2 Cause and effect diagram
During the first months several causes were found for the problem definition stated in the orientation
phase of the project. The analysis described in the previous chapter contributed to determining these
causes. The causes are mentioned in the cause and effect diagram below.
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Figure 3.1: Cause and effect diagram

There are four categories of causes leading to the fact that Stork is currently not equipped to cope with
the full service concept. Firstly, the workforce needed to provide the full service is not available.
Secondly, the structure of the service level agreements is not implemented yet. Thirdly, the way of
holding inventory does not support the full service concept. The last category of causes for the
problem definition are the low delivery performance and high delivery times. Especially this last cause
is important during this assignment, and is therefore marked in blue. At the moment, the performance
measures are not consistent for the operating companies of Stork Food Systems. Furthermore, no
clearly defined delivery performance targets are set. However, in the upcoming years more focus will
be put on these targets. Stork Food Systems expects increased customer pressure and the further
introduction of service agreements, which make setting these targets necessary. It is therefore
necessary to design a service logistics network that is able to meet these future requirements. For
each of the four categories (branches) some causes are highlighted and explained below.
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Capacity problem educated field service engineers
When Stork Food Systems starts selling full service contracts this will result in more work for service
engineers. This extra workforce is not available and it is difficult to increase this workforce. The
working environment consists of long working hours and also weekend hours, because customers
expand working hours so overhauls and rebuilds have to take place in the weekend. Furthermore, the
slaughteries are not the cleanest areas to work in. Because there are only a few pools with service
engineers in the world the traveling times are relatively high. The product range is also expanding so
not every engineer can service every machine. This complicates the planning. This complicates the
planning. The corresponding HR departments largely handle the capacity problem of educated field
service engineers, by recruitment and selection. It is outside the scope of this research and therefore
will not be taken into account in the remainder of the project.
Structure (full) service level agreements not implemented yet
Most of the proposed measurements and the corresponding work processes stated in the report of van
Stratum (2006) are not actually being executed in practice yet. At the moment of writing this report an
employee is assigned to bring some of the recommendations in that project into practice. Furthermore,
at the moment there are no tariffs for (all) service level agreements. When Stork Food Systems really
wants to implement these agreements, the pricing has to be in place. Some of the KPI’s mentioned in
the report are not measured at the moment and furthermore the measurement is not consistent
worldwide because of different definitions worldwide. There are initiatives to start measuring the same
KPI’s and to decide to use one worldwide definition for each KPI. This is something the service
department has to implement further. This department should stimulate other employees to make
these measurements possible. The report of van Stratum (2006) is used as a starting point for my
research and the KPI’s stated in the report are taken for granted. During the design phase the report
of van Stratum (2006) is kept in mind to check if the solutions fit in the service level agreements
structure. No further research will be done on this category.
Way of holding inventory
This category has more of an organizational nature. The cause has been found at Stork PMT. For
other operating companies the situation is slightly different but the same cause is also valid there. In
the current situation the inventory is on the budget of the manufacturing department. The employees
who are placing the orders are also on the payroll of the manufacturing department. The KPI on which
Stork PMT steers is turnover rate. For spare parts better KPIs are mentioned in literature. Some of
those parts are only ordered once in 3 years, but then the part has to be delivered from stock (i.e.
breakdown parts). In the full service situation the service department has to make sure the guaranteed
performance will be reached. The service department is responsible to give a forecast to the planners
(based on Slim 4). At the moment the service department however does not have control on the
inventory. Furthermore, the inventory is combined for assembly and service. Therefore it is difficult to
say what the real delivery performance is of the inventory based on the Slim 4 forecast. The service
department can borrow from assembly and the other way around. The effect therefore can be positive
or negative, but it influences the possibility to make an accurate measurement and forecast. A meeting
with several employees has explained this practice in further detail. This category is excluded from the
scope of this project.
Low delivery performance/high delivery times
The last category will be explained in further detail. In the full service situation the customer will have
no inventory anymore. Stork Food Systems will be responsible for the uptime of the machinery. At this
moment the customers have most of the breakdown parts on stock. Therefore orders for these parts
most of the time are replenishment orders. When Stork Food Systems is responsible for the uptime
Stork Food Systems also will be responsible for the inventory. Delivery from the central warehouses in

14

the world will take too much time for some customers, especially in regions where customs takes
much time.
Some customers are used to or want complete orders. This is region dependent, in the USA
incomplete orders are default, in Europe and the rest of the world complete orders are default. The
way the delivery performance is measured, and the customer observes it, available parts waiting for
the last missing part also count against the delivery performance, as stated in section 2.5. Complete
orders therefore result in a lower delivery performance.
Sometimes the wrong parts are delivered because the installed base information is not up to date. The
spare parts network does not cause this, but if delivery performance states the right part at the right
place at the right time, the first condition does not hold in the situation of wrong parts. On this area an
important improvement can be made.
Manufacturing sometimes makes the wrong part or purchasing cannot provide a part on time. This can
have external or internal reasons. Suppliers can deliver too late. Suppliers do not have infinite capacity
and most companies in the metal industry have very full order portfolios. In the own operating
companies the engineering department can give wrong specifications so a wrong part will be made.
When the service department and the sales department give unreliable forecasts it also happens that
the wrong parts are made. When the service department and the sales department then want other
parts some of the wrong parts have to be scrapped.
There is not that much overlap between spare parts at different sites between the different operating
companies. Between some of the operating companies however large overlap between spare parts
exists. This overlap between spare parts at different sites cannot fully be exploited because the
different operating companies do not have insight in the availability of the inventory of the other
operating companies. This is partly caused by the different information systems the operating
companies have. When a part is not on stock at an operating company it could be wise to check if it is
available at another operating company. That way the lead time can be significantly shorter, although
depending on the lead time of the supplier and the lead time of one operating company to the other.
This only counts for the situation that the first operating company cannot deliver the part itself. More
about the overlap between spare parts at different sites between the different operating companies
can be found in Appendix 6.
The fourth category ‘low delivery performance/high delivery times’ is analyzed in further detail and is
the basis of the further report. A project on installed base management is already running, therefore
installed base management does not fall within the scope of this graduation project. The branch about
the reliability of manufacturing and purchasing is a more organizational branch. Therefore, this also
does not fall within the scope of this project. The network structure is an interesting research topic.
Changing the network structure possibly will lead to a decrease in total relevant costs. Gaining an
overall view of the situation at Stork Food Systems it is decided to put special emphasis on the
network structure.
3.3 Design scope
From the cause and effect diagram it becomes clear that Stork is not equipped to provide a full service
concept to its customers at the moment. To change this situation, it is agreed that the service network
structure is the main research topic during the design phase. Stork Food Systems does not have a
single, integrated after sales service organization: service is provided from the different operating
companies. The services of the service department roughly can be divided in service delivered by field
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service engineers and spare parts delivery. More about service delivered by field service engineers
can be read in van Stratum (2006). In this project the focus is put on the spare parts delivery. Where
service delivered by field service engineers and spare parts delivery intersect, both will be treated. An
important element of the service network design is thus Service Parts Logistics (SPL). The design of
an SPL system consists of locating inventory stocking facilities, allocating customer demands and
selecting stock levels (Candas and Kutanoglu, 2007). To further determine the exact content of the
research topic, a discussion session with a senior business consultant of Stork PMT has been held.
Also a presentation about the diagnostics phase is given, with a concluding session with the
supervisors of the university and Stork PMT. Based on the cause and effect diagram and these
discussion sessions the following design assignment is chosen.
“Define a clear (worldwide accepted) delivery performance measure. Calculate the costs of different
designs of network structures for certain regions to support the decision to possibly change the
network.”
This design assignment can be translated into the following set of deliverables:
• Opportunities for improvement of the delivery performance Stork Food Systems currently
offers
• The investigation of a good delivery performance measurement for the situation at Stork Food
Systems and possibly the definition of that measurement (worldwide or per operating
company)
• A number of service network structures and the corresponding total relevant costs calculations
Based on this design assignment two regions were chosen; France and Brazil. The main reason for
this was the different transportation modes that are used. For executing calculation with the model in
chapter 6, data from the region France is taken.
3.4 Conclusions
Based on the cause and effect analysis and discussion with supervisors of university and Stork PMT it
is decided that different service network structure should be analyzed for the situation of full service
concepts at Stork PMT. This design assignment is specifically aimed at the breakdown parts
provisioning. The goal of the cost calculations of these different network structures is to be able to
provide insight in which network structure leads to the lowest total relevant costs. Chapter 4 presents a
model that is able to provide this insight.
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Chapter 4 Inventory control model
As described in the previous chapter, one of the deliverables of the design assignment is determining
a number of service network structures and executing corresponding total relevant costs calculations.
Based on these calculations the network structure should be determined that fits Stork PMT best in the
full service situation. This chapter describes the multi-location model used to compare the different
service network structures. The current service network structure will be compared with other service
network structures in the full service situation at customers. The full service concept is explained in
section 1.5. Within the full service concept Stork Food Systems is responsible for the uptime of the
machinery at the customers’ site and Stork Food Systems owns the stock of spare parts at or near the
customer’s site. Section 4.1 states the requirements the model has to meet. Section 4.2 discusses the
concepts behind the model, and how the model fits the service supply chain of Stork Food Systems.
The mathematical details of the model and the input parameters are described in section 4.3.
Furthermore, this section the optimization problem for the mentioned model. Because the model has
been profoundly described by Kranenburg (2006), van Sommeren (2007) and Rijk (2007) large parts
of this chapter are taken out of their work, where applicable for the situation at Stork PMT. Because
the model is rather general, it fits many business characteristics. This is supported by the fact that,
only small changes had to be made to the model of Kranenburg (2006), even though large differences
exist between the business of the companies where the three authors performed their research.
During the project data is collected as input for the model. Section 4.4 explains this data collection and
give some remark about difficulties with data collection during the project. Section 4.5 concludes this
chapter.
4.1 Design requirements
The requirements stated in this section indicate the boundaries of the design assignment, as
mentioned in section 3.3. Keeping these requirements in mind is a necessity to make the model
usable for Stork PMT.
-

-

-

Currently there are no unambiguous service measures for the companies of Stork Food
Systems. The model has to be usable for all the companies. For the service supply chain, the
fill rate is the main indicator of the achieved service levels at slaughteries. Customers do not
want to wait for a replenishment from the central warehouse. Therefore, the model should use
the fill rate as the main service constraint.
The model should result in more clear and (close to) optimal inventory levels in the full service
supply chain. This account for basestock levels at slaughteries and if applicable at main local
warehouses.
It must be possible to distinguish between different criticality levels of breakdown parts. Some
breakdown parts result in a total stop of the line and other breakdown parts only lead to a
performance downgrade (different levels of criticality). Breakdown parts of different criticality
groups, therefore have different impact. Stork PMT wants to be able to differentiate the
basestock levels for these different criticality groups. More about the criticality levels will be
mentioned in subsection 4.2.2.

4.2 Characteristics
For his PhD-study, Kranenburg (2006) developed a stock control model, which allows for lateral
transshipments between warehouse locations in a single-echelon structure. This model was
developed for the service parts supply chain of ASML by Kranenburg (2006), adjusted for the service
parts supply chain of Vanderlande Industries by Van Sommeren (2007), and adjusted for the service
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part supply chain of Océ by Rijk (2007). Furthermore, parts of the model have been adjusted for
service parts management at DAF Trucks by Corbijn van Willenswaard (2006).
4.2.1 General description
For his stock control model, Kranenburg (2006) takes two types of local warehouses into account;
regular local warehouses and main local warehouses. All local warehouses serve one or more groups
of machines. Main local warehouses can serve as a source for lateral transshipments to other local
warehouses. The regular local warehouses do not have this possibility. Lateral transshipments occur
in a pre-specified order. This means that if demand for a part occurs at a regular local warehouse, and
this part is not on stock, the main local warehouses are checked in a pre-specified order for the
availability of that part. The first warehouse in the pre-specified order that has the part on stock sends
a lateral transshipment to the local warehouse where the demand occurred. If none of the warehouses
in the pre-specified order has the part on stock, an emergency shipment from the central warehouse is
ordered. All local warehouses apply a basestock policy, which means that a service part is reordered
by a regular shipment as soon as it is used. The central warehouse sends these regular shipments to
the local warehouses. Kranenburg assumes that the central warehouse has infinite supply. Figure 4.1
shows all types of stock transfers.
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Figure 4.1: Overview of the supply chain described by Kranenburg (2006)

The supply chain mentioned in Figure 4.1 is applicable for only one continent. So, more of these
supply chains are needed to serve the whole world. Based on this supply chain, Kranenburg
developed algorithms that adjust the basestock levels at the local warehouses in such a way that the
target aggregate mean waiting time for an arbitrary request is met, while minimizing the total relevant
costs. This means that Kranenburg uses a certain target service level, and optimizes the total costs
with regard to this target service level. This can be done, because in service-oriented organizations,
the offered service level is a strategic choice, based on market conditions and profitability. Decisions
about the storage of service parts are taken on a more tactical level in the organization (Kranenburg,
2006) and are based on the target service levels.
The algorithm has a 'greedy' approach. This means that those service parts are stored that achieve
the highest service levels with the lowest relevant costs. This usually results in the storage of more
low-value service parts, and less high-value service parts. Low-value service parts meet a large
percentage of the service level, whereas the high-value service parts contribute less to the service
levels. This approach can be applied, because the customer's concern is the availability of the
equipment and not the availability of individual parts. This approach guarantees the lowest total
relevant cost with regard to the target service level. The algorithm takes three types of costs into
account;
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•
•
•

costs related to inventory holding,
the additional costs of an emergency shipment compared with a normal shipment,
and costs related to lateral transshipments.

Because a one-for-one replenishment is assumed, the costs of regular replenishments are not taken
into account. This means that if a service part is used, it needs to be replenished, and because of the
one-for-one replenishment these costs are incurred anyway. Therefore, only the additional costs of an
emergency shipment compared with a normal replenishment are relevant. The algorithm is described
in further detail in Chapter 5.
It should be noted that the calculated total relevant costs are used to compare between different
network scenarios. The total relevant costs are not equal to the total network cost, because in the
latter costs also the regular replenishments costs should be taken into account.
4.2.2 Characteristics Stork PMT
The supply chain described in the previous section shows large comparison with the current situation
at Stork PMT, as mentioned in chapter 2. The slaughteries can be seen as regular local warehouses.
The central warehouse in Boxmeer can be seen as the central warehouse. If a slaughtery does not
have the required service part at the slaughtery, an emergency shipment from the central warehouse
is needed to fulfill the demand, which is similar to the emergency shipment in Kranenburg's model.
The supply chain mentioned in Figure 4.1 is applicable for only one continent. For Stork PMT, also
network structures have to be present for certain regions, like Russia, Asia and Brazil. This model
therefore fits the situation at Stork PMT.
However, the supply chain described in the previous section does not totally reflect the current
situation at Stork PMT. At the moment, Stork PMT does not own the inventory at the slaughteries.
Furthermore, Stork PMT does not make use of main local warehouses. Another difference between
the supply chain described by Kranenburg, and the service supply chain of Stork PMT is the fact that
Kranenburg uses the aggregate mean waiting time as service measure. Aggregate mean waiting time
can be defined as the average time required to fulfill an arbitrary request, and is a weighted average
over average delays of individual Stock Keeping Units (SKUs), as mentioned in Kranenburg (2006). A
better service measure for Stork PMT is the time-based aggregate fill rate, as described in Caggiano
et al. (2007). The time-based aggregate fill rate is defined as the fraction of breakdown parts from a
criticality group that Stork PMT can deliver directly from stock, within a pre-determined time frame (van
Sommeren, 2007). An example can illustrate this. If a SKU is stored in a slaughtery itself , the predetermined time frame for providing this SKU is zero hours. However, if this SKU is stored in a main
local warehouse, the time frame is the expected lateral transshipment time from the main local
warehouse to the regular warehouse. The biggest advantage is the fact that the actual time-based
aggregate fill rates in practice can be determined per local warehouse. This service measure will be
described in further detail in subsection 4.3.4.
All regular local warehouses, which are slaughteries in the situation of Stork PMT, have three criticality
groups which include parts of different levels of criticality. However, Kranenburg uses groups of
machines which include parts. The feature of Kranenburg is taken as basis to implement the Stork
PMT specific feature of criticality and therefore contributes to the research already done by
Kranenburg.
The model described by Kranenburg does not take into account obsolescence costs. Kranenburg
assumes that parts are in the regular phase of their lifecycle and therefore no obsolescence costs
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have to be charged. However, at Stork PMT these costs play an important role. Therefore, in the
model of this report the obsolescence costs rate is an input parameter for the model. The
obsolescence costs rate effectuates itself by adding itself to the interest costs rate. This is possible,
because they are both based on the unit sales price, from this point on referred to as B100 price. More
about obsolescence costs is mentioned in subsection 4.3.3.
4.2.3 Key assumptions
The assumptions the model makes have to be compared with the situation at Stork PMT. This
subsection explains the assumptions underlying the model developed by Kranenburg and describes if
each assumption is valid at Stork PMT and describes how each assumption may influence the
outcomes of the model.
The demand rate of items per time unit follow a Poisson process.
The model assumes a Poisson arrival process of items per time unit at each location. This assumption
is widely accepted in literature for describing the number of failures of an item per unit time, because
the lifetime of an item within a machine is often distributed according to the exponential distribution.
This results in a demand process that can be described by the Poisson distribution. Usually, the
demand for spare parts is low and irregular and this fits the Poisson distribution. This is also applicable
for the situation of Stork PMT. It is questionable to state that failure rates remain the same over time
because eventually an item has to break. However, if the assumption of Poisson demand holds, this
doubt can be taken away. Furthermore, breakdown parts are categorized at Stork PMT on the basis
that their failure behavior is unpredictable. This provides an extra argument to assume that the
lifetimes of breakdown parts have an exponential distribution at Stork PMT.
Van Sommeren (2007) and Rijk (2007) verified this assumption and in their projects the assumption
holds. This does not mean that this also holds for every Original Equipment Manufacturer (OEMer). No
reason however exists to doubt this assumption for the situation at Stork PMT. Subsection 4.4
describes the reason for not taking real demand data as input data. This decision leads to the fact that
the demand distribution cannot be checked statistically. It is therefore assumed that the assumption of
the model regarding the demand distribution (Poisson demand) holds.
The central warehouse has infinite supply of spare parts.
Infinite stock is assumed at the central warehouse, such that the central warehouse can always supply
demand, either in regular or emergency shipments. The influence of this assumption on the model’s
results is caused by the reliability of the lead times of the regular shipments. The lead times of a
regular shipment per item is based on the lead times that the transportation department of Stork PMT
uses. It is reasonable to believe that the lead times of regular shipments are reliable. A sensitivity
analysis is conducted to determine the influence of the lead time on the service level. This analysis is
discussed in subsection 6.3.2. Due to the service measure, time-based aggregate fill rate, the
reliability of the lead times of emergency shipments does not influence the model’s results. The agreed
time frame for emergency shipments determines the lead time of an emergency shipment. However,
this agreed time frame does not influence the model’s results, because the fill rate targets exclude the
emergency shipments.
Failure rates are the same per customer and failure rates of an item with multiple criticality levels are
the same.
The model assumes that the failure rates are the same for each customer. This assumption can be
questioned. It states the failure rate is usage independent. It is possible to include a factor in the
model to respectively increase or decrease the failure rates in case of respectively extremely high

20

usage hours and/or severe cleaning or low usage hours and/or soft cleaning. This factor is not
included in the model in this report. By excluding this factor from the model, we assume that the failure
rates are the same per customer. It is possible that some items occur at different places in one or
more machines. This results in the fact that demand of an identical item occurs at a local warehouse,
but from different criticality groups. In practice, these failure rates can be different between criticality
groups. To determine the failure rates of items eventually historical data can be used. However, the
information of historical demand does not make a distinction between the item’s criticality. The failure
rate of an item in one demand source can only be derived from the overall demand of the item,
therefore it needs to be assumed that the failure rates of an item with multiple criticality levels are the
same. However, due to the low failure rates and low number of items occurring in more than one
criticality group, this assumption has a very small impact on the model’s result and is therefore
reasonable to state.
Transportation times and costs for emergency shipments and lateral transshipment are the same for
each local warehouse.
It is assumed that transportation time and costs are the same for each local warehouse.
Transportation costs depend on the distance between the warehouses and the weight and volume of
the transport. The distance between the two warehouses is the same, but the weight and volume of
the transport depends on the weight and volume of the item. It is however difficult to determine the
weight and volume of all items. We therefore take an average weight and volume and corresponding
costs for transportation. The transportation costs are therefore not the same as in practice, but this
assumption leads to a reduction of time needed for inserting data in the input file of the algorithm.
A one-for-one replenishment policy is used.
A one-for-one replenishment policy is assumed. If a spare part is used for corrective maintenance,
immediately a new spare part is requested from the central warehouse. This way of ordering new
spare parts will not happen in practice, but shows some resemblance due to the low demand rate. The
lead time of a normal replenishment is influenced once this assumption does not hold in practice. The
sensitivity of the lead time of normal replenishments is discussed in Section 6.3.2.
All service parts have the same effect on the machine/system.
Kranenburg assumes that if a service part breaks down, the corresponding machine is nonoperational. This should be true for the low-value service parts as well as for the high-value service
parts. For Stork PMT, this is not the case, because some service parts result in a total stop of the line
and other parts only lead to a quality downgrade (different levels of criticality). However, it can be
concluded that, although not all service parts result in a non-operational machine, it is reasonable to
assume that failures of all service parts have a negative effect on the machine. The part has to be
repaired to lead to the situation with an available, well functioning machine/system.
4.2.4 Practical implications
It would not make sense to have a high availability of breakdown parts at the customers’ site if the
customer still has to wait for some days before a service engineer arrives to execute the maintenance.
In the situation that Stork PMT guarantees performance to a customer, this has to be taken into
account. Therefore, in the full service situation, a Stork PMT service engineer has to be located close
to the customer. For some large slaughteries this can even mean that a Stork PMT service engineer is
on site full time.
In the current situation the customer pays for the transportation. In most countries customers pay
afterwards based on the real prices and in some countries customers pay based on the percentage of
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the sum of the spare parts prices. In the full service situation transportation costs are not on the
account of the customer anymore. Therefore they should be kept in mind while determining the tariff of
the full service contract.
4.3 Model description
This section describes the multi-location model in mathematical detail. It is based on the assumptions
described in subsection 4.2.3. This section starts with a description of the relevant characteristics of
the service supply chain in subsection 4.3.1. In subsection 4.3.2, demand is described, followed by the
description of the system costs in subsection 4.3.3. Subsection 4.3.4 describes the performance
measures of the model. The targets for this model are expressed in these performance measures.
Subsection 4.3.5 presents the optimization problem that has to be solved to meet the fill rate targets,
while minimizing the total relevant costs. Subsection 4.3.6 concludes this section by presenting some
general remarks.
4.3.1 Slaughtery and main local warehouse characteristics
The multi-location model optimizes the inventory of a set of slaughteries and zero or more main local
warehouses. This combination of storage locations can be called an inventory region. An inventory
region is defined as a geographical region in which one or more slaughteries and zero or more main
local warehouses are located. Each slaughtery in this region is assigned to zero or more main local
warehouses. Demand generated by the installed base in that region, so at the slaughteries, needs to
be fulfilled by the storage locations within that region (by default). This is the situation that keeps in
mind all the possible scenarios, later on mentioned in chapter 6. Figure 4.2 graphically presents this
model.
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Figure 4.2: Visual presentation of the multi-location model

As can be seen in Figure 4.2, there is a set J of storage locations in one inventory region, including the
slaughteries and the main local warehouses, whereby each storage location is numbered by

j = 1,..., J .The main local warehouses comprise set K (subset of J ). The base stock level for service
part i at storage location j is defined as

Si , j . Vector Si represents all basestock levels for SKU i. The

normal replenishment time from the central warehouse to the storage locations is equal to

tireg , so

each service part can have its own replenishment time. Figure 4.2 shows that there are three
possibilities to fulfill the demand for a service part. Hereby, possibility 1 is preferred over possibility 2,
and possibilities 1 and 2 over possibility 3;
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1. Demand fulfilled by inventory at a slaughtery.
2. If the demand for part i cannot be fulfilled from the inventory at the slaughtery, a lateral
transshipment from the main local warehouses in set K may fulfill the demand. However,
some scenarios use zero main local warehouses.
3. If the service part cannot be obtained from one of the storage locations within the inventory
region, the part needs to be ordered from the central warehouse as an emergency shipment.
In some scenarios also slaughteries are taken as main local warehouse. In that situation the
slaughtery serves as source for lateral transshipments to other slaughteries. Slaughteries are also
numbered as main local warehouse k ∈ K , in that situation. Each regular warehouse

j ∈ J \ K is

assigned to a main local warehouse k ∈ K . This main local warehouse is the first warehouse to ask
for a lateral transshipment and it is denoted as

kj .

4.3.2 Demand rates
The total demand per inventory region can be divided into N different demand groups. A demand
group is a group of parts with the same criticality level at a slaughtery. Each slaughtery has three
criticality groups, as mentioned in section 4.2.2. It is possible to assign different targets of the timebased aggregate fill rates (customer service levels) to different criticality groups. Each criticality group
n is assigned to one slaughtery, and therefore N j (⊆

N ) is the subset of demand groups that is

assigned to slaughtery j. In case a slaughtery functions as main local warehouse, this main local
warehouse also has autonomous demand. At other main local warehouses no autonomous demand
takes place, because they do not have their own machines and because these main local warehouses
only serve as a backup storage location for the slaughteries in case of a stock out. This means that no
criticality groups are assigned to a main local warehouse, unless explicitly stated otherwise. In total,
the input for the model consist of i items, numbered

i = 1,..., I . Group n contains some items of the

total number of items (subset of I). Identical item numbers can belong to more than one group. For
each item i belonging to group n, a Poisson failure rate is assumed, with a constant rate mi ,n . This
reflects the demand rate per day. In case of a failure of a service part, the machine is not operational
anymore. At Stork PMT the percentage of performance downgrade however depends on the criticality
group an item is in. The definition of a criticality group is based on this performance downgrade. After
replacement of this breakdown part, the machine is operational again (see subsection 4.2.3 for further
explanation). M n is defined as the total demand for group n; M n := ∑i∈I m i , n . It is assumed that

M n > 0.
One way to determine the failure rates is to base them on historic demands. This is explained in
section 4.4. After investigation at Stork PMT, described in section 4.4, it appeared impossible to get
reliable failure rates based on the demand rates. Eventually this has lead to the decision to use
estimations from technicians with significant field experience to determine the failure rates.
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4.3.3 System costs
As mentioned in subsection 4.2.1, the model takes three types of costs into account;
1. Holding costs for item i at location j;

Cih, j for one year. The holding costs consist of three

components;
A. Interest costs g; This cost component represents the costs of capital of the investment in spare
parts. Stork PMT could have used this investment for other opportunities that generate revenue. This
component is expressed as a percentage of the value of the spare part. At Stork PMT, the value of a
spare part is expressed as the B100 price, for storage locations which do not have production facilities
(for spare parts). Slaughteries and main local warehouses do not have these production facilities.
Therefore, B100 price * g gives the interests costs per part i per year. For storage at the central
warehouse the value of service parts is expressed in the L&M price (labor and material). On parts that
are on transportation to the customer also interests and obsolescence costs are charged. In the full
service situation the whole supply chain is owned by Stork PMT, which makes this assumption valid.
B. Obsolescence costs f; This cost component represents the costs for obsolescence of service parts.
This component is also expressed as a percentage of the value of the service part. Together with the
interest costs the obsolescence costs comprise factor h.
C. Storage costs

CiS, j ; the costs of renting or using a location for storing a part. This cost component

does not depend on the value of a part, but on the storage location and the size of the service part.
Therefore the storage costs may have a different value for each service part, and for each storage
location.
This results in the following formula for the holding costs for part i at location j;

C ih, j =(P * h + CiS, j ).

The variable P defined in this formula means the B100 price.
2. The costs of a lateral transshipment from main local warehouse k to slaughtery j

C jlat . It is

assumed that these costs are equal for all service parts. The costs for a lateral transshipment include
the following costs;
A. The costs for order handling within the main local warehouse.
B. The costs of transportation of the service part from the main local warehouse to the slaughtery.
3. The additional costs for an emergency shipment compared with a normal replenishment

C em
j . It is

assumed that these costs are equal for all service parts, and for all storage locations. This includes the
following costs;
A. The additional costs of order handling for an emergency order within the transportation department.
B. The additional costs of picking an emergency order in the central warehouse.
C. The additional costs of the transport of an emergency order.
4.3.4 Performance measures
With regard to this model, three types of performance measures are relevant.
•

β n1 ( S )

=

Fraction of the demand of criticality group n that is delivered immediately upon

request.
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β n2 ( S )

•

=

Fraction of the demand of criticality group n that is delivered immediately upon

kj .

request or delivered by a lateral transshipment from main local warehouse

β n3 ( S )

•

=

Fraction of the demand of criticality group n that is delivered immediately upon

request or delivered by a lateral transshipment from a main local warehouse.
The last performance measure is only applicable in situations with more than one main local
warehouse. It should be noted that these performance measures are measured for each criticality
group n.
These fill rates for criticality group n are equal to

mi , n

∑M
i∈I

mi , n

∑M
i∈I

β i1, j ( S i ) , ∑

n

i∈I

mi , n
Mn

β i2, j ( S i )

and

β i3, j ( S i ) and the goal of the service network structure is to keep these average fill rate above

n

the target fill rates,

β nobj .1 , β nobj .2 and β nobj .3 for each group n. The target fill rates are defined below.

β nobj .1

Target for the fraction of the demand of criticality group n that is delivered
immediately upon request.

β

obj .2
n

Target for the fraction of the demand of criticality group n that is delivered
immediately upon request or delivered by a lateral transshipment from main local
warehouse

β nobj .3

kj .

Target for the fraction of the demand of criticality group n that is delivered
immediately upon request or delivered by a lateral transshipment from a main
local warehouse.

4.3.5 Optimization problem
To be able to determine the right basestock levels an optimization problem has to be solved. The
variables needed to solve this optimization problem are mentioned in this subsection.
The total holding costs for part i per year in the total network structure are equal to

∑C
j∈J

h
i, j

S i, j .

The total transportation costs for part i per year in the total network structure are equal to;

∑M
j∈J

i, j

(

∑C

k∈K , k ≠ j

lat
j

α i , j ,k ( S i ) + C j emθ i , j ( S i )) .

Adding these two costs result in the total annual costs in the total network structure for part i.

C i ( S i ) = ∑ C ih S i , j + ∑ M i , j (
j∈J

j∈J

∑C

k∈K , k ≠ j

lat
j

α i , j ,k ( S i ) + C j emθ i , j ( S i ))

25

The final goal of the network structure is to meet or exceed the required target fill rates, while
minimizing the total relevant costs. This results in the following mathematical formulation of the
objectives of the model;
Min

∑C
i∈I

Subject to:

i

(S i )

mi , n

∑M
i∈I

i∈I

i∈I

β i2, j ( S i ) ≥ β nobj .2

j ∈ J, n∈ N j

β i3, j ( S i ) ≥ β nobj .3

j ∈ J, n∈ N j

n

mi , n

∑M

j ∈ J, n∈ N j

n

mi , n

∑M

β i1, j ( S i ) ≥ β nobj .1

n

S i, j ∈ Ν 0 , i ∈ I , j ∈ J
These objective functions minimize the total logistic costs. These costs include handling and
transportation costs, storage costs (space occupation) and interest and obsolescence costs. The
downtime costs, reflected in penalty costs, are not included in this objective function. They are
implicitly included in the targets of the time-based aggregate fill rates (customer service levels) for the
different criticality groups. These fill rate targets can be strategically set per customer. By altering the
fill rate targets of the different criticality groups an optimal mix (depending on the customer) can be
reached. The following example will illustrate this. Parts which are categorized into a low criticality
group probably will get lower fill rate targets because they have a smaller effect on the uptime of the
slaughtery.
The lateral transshipment time from the default main local warehouse to the slaughtery is also
important for the targets. When assigning slaughteries to a main local warehouse this should be kept
in mind. If a lateral transshipment has to be at the slaughtery, for example, within four hours, this is a
constraint the model has to work with. This constraint can be different for each criticality group. For
parts of criticality group 3 a longer lateral transshipment can be permitted (based on the definition of
the criticality groups).
4.3.6 General remarks
As mentioned in section 4.1, there are no unambiguous service measures for the companies of Stork
Food Systems at this moment. The new fill rate targets can be used next to the current way of
performance measurement. At Stork PMT the default mode of delivery is shipped complete, which
means that all parts of an order have to be picked before the order is sent to a customer. More about
the mode of deliveries is explained in Appendix 10. If the advice of the model is taken for granted,
breakdown parts however have to leave the warehouse when they are demanded (if available).
Keeping in mind this change, will make sure that the reality follows that assumption of the model.
Kranenburg (2006) explains that the time that a machine is down, can be split up into different parts:
time to obtain the required spare part, time needed by the engineer to travel to the customer (not
applicable for the mentioned full service situation at Stork PMT), and time needed to repair the
machine. Often, the maximum down-time that follows from the system availability constraints is divided
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over the different time components. Both the logistics department and the engineers get a separate
target, derived from the maximum down-time. Along this principle, system availability constraints are
directly translatable into constraints on aggregate waiting time for spare parts, in other words,
constraints on the (expected) waiting time for an arbitrary request for a spare part delivery. Given the
aggregate mean waiting time constraints, the logistics department of the service provider aims to
minimize its (expected) spare parts provisioning cost, being cost for holding inventory and
transportation cost. In his model Kranenburg uses aggregate mean waiting times as target, as
mentioned in subsection 4.2.2. The model in this report uses the time-based aggregate fill rate. It
however has to be clear that both these targets reflect on the “logistics availability” of the system and
not on the actual availability of the system. Machines can also be stopped by veterinary inspectors for
instance. This is not taken into account in the model.
4.4 Data collection
To make use of the model described in section 4.3, data has to be collected at Stork PMT. One of the
input variables of the model is the failure rates. One way to determine the failure rates is to use historic
demand. For a specific item number all order lines for all customers can be aggregated. If this amount
is divided by all the items in the total installed base (worldwide) the failure rate for that item number
can be found. If we look for instance at a 5 year period, we have to divide all the orderlines in that
period by the summed total years of the installed base. When a slaughtery which generates demand
for that item, only exists three years during the last 5 years, three years are added to the summed total
years of the installed base. Multiplying this with the number of items in the demand source gives the
expected demand of a certain demand source (slaughtery) for a certain criticality group. This is
presented below.

m i,n

=

total arrivals of orderlines of SKU
number of items of SKU

i per day

i in total installed base

* number of items of SKU

i in demand source n

i ∈ I, n∈ N
After investigation at Stork PMT it appeared impossible to get reliable data of both the numerator and
the denominator of the formula. The problems for both the numerator and the denominator will be
explained.
Stork PMT has implemented SAP almost seven years ago, so Stork PMT has seven years of historic
sales data in SAP. Entry order dates are the best available data to measure when the actual customer
demand occurred. The historic sales data is not separated between new equipment sales and sales of
spare parts. Part of total sales of an item is used for construction of new machines, part is used for
delivering spare parts included in the sales order, part is used for delivering spare parts by the service
department adding the necessary parts that were not included in the sales order, part is used for
delivering spare parts by the service department for preventive maintenance and part is used for
delivering spare parts by the service department for corrective maintenance. These different types of
orders do not all have different and consequent coding. An order therefore can exist of a mixture of the
earlier mentioned types. It is not possible to find out which parts were ordered for corrective
maintenance, while these are the breakdown parts the model uses as input.
Some customers are internal customers (Gamco and Brazil). These demands are not directly for
customers and the parts in these orders are also used for production in these locations. These
demands therefore corrupt the data. Other customers have an extreme high demand in comparison
with the other demands. These customers also corrupt the data, because they would increase the
calculated value of the failure rate, while the part is not failing more often.
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Keeping in mind the disadvantages, as mentioned in this section, it is possible to get an estimation for
the failure rate of an item. This is however a very time-consuming job with unreliable results. Therefore
an alternative way has been looked for to determine the failure rates.
The failure rates of some parts can also be taken from a software tool designed for maintenance
planning purposes, named Optimizer+. Optimizer+ can be filled with the Bill of Material (BOM) of a
machine and can run simulations with regard to maintenance costs. At the moment only the failure
rates of one machine, transfer system TR-DE, have been inserted in Optimizer+. The failure rates for
this machine are not based on historic demand, but on the opinions of experienced field service
engineers and other employees who have worked closely with the machine. The parts of this machine
are inspected in the field to find out if the estimates have to be adjusted. No arguments are available
to assume that this machine is not representative for a machine sold by Stork PMT.
The characteristics of the parts, that are applicable to the model, are:
-

-

The spare parts have to be breakdown parts (B parts). Consumables (A parts) and parts for
revision (C, D, E parts) can be planned and can therefore be delivered from the central
warehouse. The description of the different part codes are given in Appendix 9.
It has to be able to categorize the parts in criticality groups (very crucial, crucial and not so
crucial, based on the level of performance downgrade of the machines).

From the data in the software tool only a dataset of 23 parts is useful to analyze, based on the
characteristics the parts should have.
The breakdown parts are categorized in three categories; very crucial, crucial and not so crucial
breakdown parts.
• Very crucial parts have to be exchanged or repaired immediately after breakdown,
• Crucial parts can be repaired during the next production break,
• and not so crucial parts can be repaired after the production day.
These categories are not very refined yet and some of the parts are difficult to categorize. No
distinction is made between technical and technological problems. More about these categories will be
described in chapter 8.
The failure rates of three parts in Optimizer+ are compared with the same parts with the earlier
mentioned time-consuming method. No large differences were found. Therefore the failure rates
inserted in Optimizer+ will be taken as demand data. This decision also causes the failure rates to be
totally based on installed base information instead of historic demand. The historic demand is implicitly
used in the estimations of the service engineers, they however not use the actual data. Therefore the
quality of the installed base information is important to obtain reliable outcomes from the model. At the
moment a project on installed base information is running. As a result of this project the installed base
information will become more accurate and up-to-date. It has to be noted that the failure rates used in
the model are hypothetical and are based on example structures instead of historic real demand data.
The failure rates used in the model are based on the TR-DE. Failure rates have been gathered for one
machine and these failure rates are regarded as the demand rate of one customer. When more
customers are used in the model the failure rates of the TR-DE have been used to create a number of
identical customers, unless explicitly stated otherwise.
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The transportation costs have been gathered from the export department (I & U). Estimations have
been made about the emergency transportation costs and times, lateral transshipment costs and times
and regular transportation costs and times. These data are mentioned in Appendix 11.
At the moment the slaughteries do not charge storage costs to Stork PMT. It is assumed they continue
to not charge storage costs when they switch to a full service contract. This assumption is also made,
if a slaughtery is used as main local warehouse. Therefore storage costs are € 0,- for slaughteries in
the scenarios in chapter 6. Storage costs will be incurred when a logistic service provider fulfils the
function of main local warehouse. These costs vary between different logistic service providers. Some
charge a fixed amount per month, at others a minimum number of pallet places has to be booked
(which have to be paid also when they are empty) and per extra pallet place a tariff has to be paid.
To estimate the input parameters handling and storage costs an extra interview with one employee of
the export department (I & U) was held. Based on that interview and information of a logistic service
provider an overview of several cost components at a logistic service provider, relevant to this project,
has been made. These cost components are presented in Appendix 11. The amounts, as mentioned
in this appendix, are rough estimates. Tariffs can be possibly lowered if the volume at the warehouse
of the logistic service provider increases.
The inventory holding costs were very difficult to define, because they are not explicitly being used
within Stork Food Systems. In consultation with the financial manager of Stork PMT has been decided
to use the weighted average cost of capital (WACC) for the interest costs. The obsolescence costs
rate should also be included in the model, because most of the expensive breakdown parts have the
characteristic that they do not have to be replaced for several years. Therefore some of them cannot
be sold anymore, because that type of machinery does not exist in the field anymore, is not serviced
anymore or a better part is available to fulfill the function of the stored breakdown part.
The prices for the specific parts are determined with a pricing tool which gathers pricing information for
each item from SAP. The B100 price is taken because the parts are on the account of Stork PMT in
the full service situation, as explained in subsection 4.3.3. The most recent price at the moment of
st
running the scenarios is taken (December 1 ). At the moment there are no full service contracts yet,
so the most recent price is the best estimate for the future.
4.5 Conclusions
This chapter introduced the model used in this report and its characteristics. The model from the PhD
study of Kranenburg is adjusted to fit the situation at Stork PMT. Main changes are another
performance measure and the including of criticality in the model. The adjusted model fits the situation
at Stork PMT and can be used to calculate the total relevant costs for different network structures. The
next chapter describes the optimization program used in this report to calculate the right basestock
levels. This program solves the optimization problem mentioned in subsection 4.3.5.
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Chapter 5 Optimization program
Because the model has been profoundly described by Kranenburg (2006), van Sommeren (2007) and
Rijk (2007) large parts of this chapter are (verbatim) taken out of their work where applicable for the
situation at Stork PMT.
This chapter describes the heuristic optimization program that is used to solve the optimization
problem formulated in subsection 4.3.5. To solve the mentioned optimization problem, Kranenburg
developed two algorithms, which can be combined into one optimization program. A schematic
overview of this program, is shown in Figure 5.1. It shows that the optimization program acts as a
black box, which needs the mentioned input variables to create the mentioned output variables.

Optimisation algorithm
Demand rates
per slaughtery
Input
(based on failure
rates Optimizer+) variables
Parts data (i.e.
unit price and
classification in
criticality groups)

Start Phase 1
('reaching minimal
cost configuration')

For all
breakdownparts:

(initially, all
basestocklevels
are zero)

Calculate
consequences of
adding a part

Select most
'profitable'
basestocklevel
and add part

Start Phase 2
('reaching fillrate targets
while optimizing the total
relevant cost')
(initially, minimal cost
configuration of Phase 1)

For all
breakdownparts and
all storage locations:
Calculate
consequences of
adding a part

Select most
'greedy' partstorage location
configuration and
add part

Evaluation algorithm

Evaluation algorithm

Evaluate total
relevant costs

Evaluate fillrates and
total relevant costs

Repeat until total relevant costs are minimised

Repeat until target fillrates are reached

Cost parameters
Target fillrates
per criticality
group

Output
Basestocklevels
variables Fillrates (higher than
or equal to target)
Total relevant costs

Figure 5.1: schematic overview of the optimization program

Figure 5.1 shows that the program consists of two algorithms; an evaluation algorithm in which the
performance of the current basestock level configuration is evaluated and an optimization algorithm
that uses the evaluation algorithm to determine the optimal solution. To determine this optimal solution
the optimization algorithm calculates the performance of different basestock level configurations and
repeats these calculations until the optimal basestock level configuration which leads to the minimal
total relevant costs is reached.
The optimization algorithm consists of two phases. In the first phase, named 'reaching minimal cost
configuration', breakdown parts are added until the basestock level configuration which leads to the
minimal total relevant costs is reached. In the second phase, named 'reaching fill rate targets while
optimizing the total relevant costs', breakdown parts are added until the targets of the fill rates for all
criticality groups are met. The evaluation algorithm is explained in further detail in section 5.1 and the
optimization algorithm is explained in further detail in section 5.2. In the list of variables a further
explanation of all variables can be found. The selection of the programming language used to
implement the heuristic optimization program is described in Section 5.3. Section 5.4 discusses the
model verification and validation. Section 5.5 concludes this chapter.
5.1 Evaluation algorithm
In his PhD-thesis, Kranenburg (2006) describes an exact evaluation policy that can be used to
evaluate the service supply chain described in the previous chapter. This method is based on Markov
processes, and can be used to exactly evaluate the total relevant costs of the service supply chain.
For real-life situations at many service organizations, this method takes a lot of computation time, and
is impossible in some cases. Especially the existence of many main local warehouses influences the
computational times of the runs of the optimization program significantly. In order to reduce complexity
and computational times, an approximate evaluation method was developed by Kranenburg. This
approximate evaluation method leads to accurate results as is concluded by Kranenburg. For this
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approximate evaluation method, Kranenburg uses the Erlang loss model, which is based on the
Markov chain displayed in Figure 5.2.

Figure 5.2: Markov chain representing inventory position for part i in a storage location

The Markov chain in Figure 5.2 shows the process of changing inventory positions in a storage
location. Within the boxes, the inventory level is shown. This inventory level varies between 0 and
basestock level S i , j . If demand for a service part occurs, the inventory position decreases with 1. The
demand rate is equal to demand rate M i , j , which can be seen in the lower part of Figure 5.2. If the
inventory position decreases, a regular replenishment is executed from the central warehouse, in
order to reach base stock level S i , j again. Kranenburg uses the same value for the regular
replenishment lead-time for all parts in his model. This regular replenishment takes

t reg days to arrive

at the local warehouse. Therefore, an increase in the inventory position equals rate

( S i , j − n)
t reg

which

can be seen in the upper part of Figure 5.2, where n is the inventory position. By using the Erlang loss
model the fraction of the demand that cannot be fulfilled from the available inventory can be
calculated. The Erlang loss model is equal to;

L ( n, ρ ) =

ρ n / n!
.
n
∑x=0 ρ / x!

In this formula, n represents the number of servers in the system and represents

ρ

the occupation

rate. By using this Erlang loss model, Kranenburg developed an algorithm that can be used to
calculate different performance measures for each service part i ∈ I . The steps of this algorithm are
explained in the following paragraphs. The approximate evaluation of the total relevant costs of the
system can be determined in the same way as by Kranenburg. Therefore the same algorithm with
some small changes is used. Van Sommeren (2007) used a regular replenishment lead time per item
reg

( ti

) instead of an item-independent regular replenishment lead time. Van Sommeren furthermore

made a second adjustment to the algorithm. He also determines

Ai , j ( S i ) for regular local warehouses

(slaughteries), instead of only for the main local warehouses. Both these adjustments are also made
for the model used at Stork PMT. These adjustments will not influence the accuracy of the
approximate evaluation method, because the evaluation method stays basically the same as the
method described by Kranenburg. Extra calculation steps are executed, but they do not influence
other calculation steps. The approximate evaluation method of the performance of the system is
formally described in Algorithms 1 and 2.

31

Algorithm 1
Step 1; fill rate per slaughtery
For the analyses of the regular local warehouses (slaughteries), the fill rate can be determined in an
exact way by using the Erlang loss model. As mentioned, the inventory position
the number of servers in the system in this Erlang loss model,
occupation rate. The values of

Si , j is considered as

M i , j t ireg is considered as the

Si , j and M i , j t ireg are given, before this step is executed. This results in

the following formula that is used to calculate the fill rate for all regular local warehouses

j ∈ J \ K ; β i , j ( S i ) = 1 − L( S i , j , M i , j t i
1

reg

)

Step 2; demand at the main local warehouse(s)
If a demanded breakdown part cannot be delivered out of the inventory stored at the slaughtery, the
next possibility is to fulfill the demand by a lateral transshipment from a main local warehouse in that
region. Each regular local warehouse j ∈ J \ K is assigned to a main local warehouse k ∈ K . This
main local warehouse is the first possibility to provide a lateral transshipment, and it is denoted as k j .
The demand for a lateral supply from a slaughtery that functions as a regular local warehouse

j ∈ J \ K to main local warehouse k j has demand rate

(1 − β i1, j ( S i )) M i , j . This so-called 'overflow

demand' is assumed to behave as a Poisson process. The total demand from all slaughteries to main
local warehouse k (including its own autonomous demand, when applicable) is for all main local
~

warehouses equal to k ∈ K ; M i ,k

:= M i ,k + ∑ j∈J |k

j =k

(1 − β i1, j ( S i )) M i , j . If logistic service providers

act as main local warehouses, no autonomous demand takes place at these main local warehouses.
In this case M i ,k = 0 and the total demand at main local warehouse k is for all main local warehouses
equal to
~

k ∈ K ; M i ,k := ∑ j∈J |k

j =k

(1 − β i1, j ( S i )) M i , j .

Step 3; fill rate per main local warehouse
Because this step requires the iterative calculation of the fill rate from the main local warehouses, it is
divided in several steps. This iterative calculation is described in Algorithm 2. Using this algorithm, for
all main local warehouses k ∈ K , β i , k ( Si ) ,
1

α

~

~

i,k ,k

~

( Si ) , where k ∈ K , k ≠ k , and θ i ,k ( S i ) are

determined.
Step 4; fill rate of the main local warehouse(s) and central warehouse to the regular local
warehouse(s)
If no main local warehouses are used, the fill rate from the central warehouse is easily determined. For
all regular local warehouses j ∈ J \ K , if K = φ the fill rate from the central warehouse is

θ i , j ( S i ) := (1 − β i1, j ( S i )) . If main local warehouses are used, the fill rate from the assigned main local
warehouse to the regular local warehouse is equal to α i , j ,k ( S i ) := (1 − β i1, j ( S i )) β i1,k j ( S i ) for k = k j . In
other words, multiplying the ‘non-fill rate’ of regular local warehouse j and the fill rate of main local
warehouse k j gives the fill rate from the assigned main local warehouse to the regular local
warehouse. The fill rates from the other main local warehouses to the regular local warehouse are
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equal to α i , j ,k ( S i ) := (1 − β i1, j ( S i ))α i ,k j ,k ( S i ) for k ∈ K , k ≠ k j . If main local warehouses are used the fill
rate

from

the

θ i , j ( S i ) := (1 − β

central

θ

1
i , j ( S i )) i , k j

warehouse

to

the

regular

local

warehouse

is

equal

to

( S i ) . The fill rate from all main local warehouses to the regular warehouse

is equal to Ai , j ( S i ) := 1 − ( β i1, j ( S i ) + θ i , j ( S i )) .
Algorithm 2
Step A
The demand from main local warehouse k to the central warehouse, depends on the base stock level
at main local warehouse k, and on the demand from the regular local warehouses to main local
warehouse k. By assuming a Poisson overflow demand process, the demand from main local
warehouse k to the central warehouse can be calculated by using the Erlang loss model. For all main
local warehouses k ∈ K ,

~

θ i ,k ( S i ) := L(∑k∈K S i ,k , ∑k∈K M i ,k t ireg ) .

Step B
~

The fill rate for main local warehouses k can be calculated by; β i1,k ( S i ) := 1 − L( S i ,k , M i ,k t ireg ) . Based
on this fill rate, the total demand of main local warehouse k fulfilled by the other main local
warehouses is equal to Ai ,k ( S i ) = (1 − ( β i1,k ( S i ) + θ i ,k ( S i )) .
Step C
For one main warehouse k ∈ K that has basestock level S i ,k > 0 the following two sub steps are
executed.
Step C1:
∧

∧

∧

~

In this step, M i ,k ,k and M i ,k need to be determined.

M i ,k is the demand rate for SKU

i at main local warehouse k ∈ K including all demand from the regular warehouses
^

and the demand from the main local warehouses.

~

^

∑ M i ,k ,k for

M i ,k := M i ,k +
~

~

~

k∈K , k ≠ k
∧

~

~

k ∈ K . M i ,k ,k for k , k ∈ K , k ≠ k is the demand rate for which main local warehouse
~

~

k requests a lateral transshipment from main local warehouse k. Kranenburg shows
~

~

~

∧

k ∈ K , k ≠ k that; M i ,k ,k =

for

~

~

A ~ ( S i ) M i ,k
i ,k

1 − ∏l∈K ,l ≠ k (1 − β ( S i ))
~

1
i ,l

∏ (1 − β

1
i ,l

( S i )) . This

~

l∈K ( k , k )
~

formula holds under the condition that Si , l > 0 for at least one l ∈ K \ {k} , otherwise
∧

M i , k , k = 0 . Furthermore,
~

∏ (1 − β

1
i ,l

~

( S i )) = 1 if K (k , k ) = ∅. In other words, if there

~

l∈K ( k , k )

is no main local warehouse the last term does not have impact. In the model
described in this chapter more main local warehouses can be used. Therefore, it is
also possible to have lateral transshipments between main local warehouses. Each
main local warehouse can prefer the other main local warehouses in another way.
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This pre-specified order of main local warehouses which are checked for the
availability of demanded part i for main warehouse k is defined as
σ (k ) := (σ 1 (k ),..,σ K −1 (k )) .
Each main local warehouse other than k appears exactly once in this vector. This
means that
part i,

σ 1 (k ) is the first main local warehouse that is checked for the demanded

σ 2 (k )
~

is the second main warehouse that is checked, etcetera. Furthermore, K (k , k ) ⊂ K is
defined as the subset of main local warehouses with a lower position number than
~

main local warehouse k , in the pre-specified order for main k. This means that all
predecessors of
~

~

k are part of subset K (k , k ) ⊂ K .
Step C2
This step makes use of the outcomes of the previous step. With these outcomes,
each main local warehouse can be analyzed separately, using the Erlang loss model.
This model is also used in step 1 of Algorithm 1. For each main local warehouse

k∈K

that

has

basestock

∧

level S i ,k > 0 , β i ,k ( S i ) = 1 − L( S i , j , M i ,k t i
1

reg

) and

Ai ,k ( S i ) := 1 − ( β i1,k ( S i ) + θ i ,k ( S i )) .
Step D
In this step, step C is repeated for all main local warehouses k ∈ K that have basestock level S i ,k > 0 .
Step E
∧

In this step, step C and D are repeated until M i ,k does not change more than a small number ε for
each k ∈ K .
Step F
~

For all main local warehouses k ∈ K , k ≠ k , the fraction of demand that is delivered from main local
~

warehouse

k to main local warehouse k is calculated.
∧

α

~ ( S i ) := β ~ ( S i )

i, k ,k

i,k

~

M i,k ,k
~

.

M i,k

5.2 Optimization algorithm
This section describes how the optimization algorithm optimizes the basestock levels with regard to
the fill rate targets and total relevant costs. A general description of the algorithm is described in
subsection 5.2.1. This subsection also points out some changes made by van Sommeren in the
algorithm of Kranenburg. Subsection 5.2.2 describes the algorithm in a mathematical way.
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5.2.1 General description
To optimize the basestock levels with regard to the fill rate targets per criticality group, the optimization
procedure developed by van Sommeren is used. He based this optimization procedure on the PhD
study of Kranenburg, who developed an algorithm that calculates the (close to) optimal basestock
levels with regard to targets for the aggregate mean waiting time. Van Sommeren adjusted this
optimization algorithm which takes the aggregate mean fill rate per local warehouse as target service
level. This algorithm is also used for the situation at Stork PMT.
The algorithm developed by Kranenburg can be described in three steps;
1. In the initialization step, all base stock levels of all spare parts are set to zero.
2. For the second step, basestock levels are increased if and as long as it does not increase the total
relevant costs. This step is executed for each service part separately, because costs and waiting times
depend on the basestock level of this spare part only. This step follows a greedy approach; the
basestock of the location is increased by one if that location gives the largest cost decrease. This
greedy approach determines the basestock levels using the approximate evaluation algorithm, as
mentioned in section 5.1.
3. The basestock levels are iteratively increased with the service part that provides the largest
decrease in waiting times per unit cost increase. Basestock levels are increased until the target waiting
time is reached. This step has a greedy approach with regard to both the service parts and the
locations. This means that for each combination of service part and location the total increase in costs
and decrease in waiting time is calculated.
As mentioned before, van Sommeren uses the aggregate mean fill rate as service level. The three
steps also hold for his algorithm, only he tries to increase the fill rates instead of decreasing the
waiting times. Furthermore, he uses three targets. One for the regular local warehouse, named β n

obj .1

the second for the regular local warehouse and its preferred main local warehouse, named
the last for the regular local warehouse and all the mains, named β n

obj .3

,

β nobj .2 , and

. This last fill rate is only

checked, if more than one main local warehouse is used. Therefore, the optimization algorithm of van
Sommeren consists of five steps.
5.2.2 Mathematical description
The adjustments to the algorithm of Kranenburg made by van Sommeren, described in the previous
section, result in the algorithm described in this section. In order to calculate the effects of different
basestock levels, variable e j is defined. This variable represents a row vector of size J with the j-th
element equal to 1, and all other elements equal to 0. This vector is used to calculate total relevant
costs for different basestock levels of SKU i at local warehouse j. The cost differences of these
different basestock levels can be calculated by using

∆C (i, j ) := Ci ( S i + e j ) − Ci ( S i ) .

Thereby, ∆C (i, j ) represents the cost difference if the base stock level for SKU i at local warehouse j
would be increased by one, at a given vector S i . C i ( S I + e j ) and C i ( S i ) can be calculated by using
the formula for the total costs, as mentioned in subsection 4.3.5.
Besides the effects on the total costs, it is also required to know the effects of this increase in
basestock level for the mean aggregate fill rates per criticality group. This is calculated by using the
following equations;
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∑

With, [a ] := max{0, a}
+

The targets shown in these equations are mentioned in subsection 4.3.4. The fraction of demand
delivered are defined below.

β i1, j ( S i )

Fraction of the demand of SKU i at local warehouse j, that is delivered immediately
upon request, i.e. from the stock in local warehouse j, also called the item fill rate.

β (Si )
2
i, j

Fraction of the demand of SKU i at local warehouse j that is delivered immediately
upon request, i.e. from the stock in local warehouse j, or delivered by a lateral
transshipment from main local warehouse

β i3, j ( S i )

kj .

Fraction of the demand of SKU i at local warehouse j that is delivered immediately
upon request, i.e. from the stock in local warehouse j, or delivered by a lateral
transshipment from a main local warehouse.

These above mentioned equations calculates the increase in fill rates for all SKU's i, for all criticality
groups n and for all local warehouses j if the basestock level of SKU i is increased by one, at local
warehouse j. The ratios

R1 (i, j ) :=

∆β 1 (i, j )
∆C (i, j )

, R2 (i,

j ) :=

∆β 2 (i, j )
∆β 3 (i, j )
and R3 (i, j ) :=
∆C (i, j )
∆C (i, j )

i ∈ I , j ∈ J calculate the increase in mean aggregate fill rate with regard to an additional cost factor.

Therefore, the ratios calculates the improvement of the fill rate per euro spent.
This results in Algorithm 3:
Algorithm 3
Step 1:

Set

S i , j := 0 , i ∈ I , j ∈ J

Step 2: This step has to be calculated for each SKU i ∈ I .
Step 2a:

Calculate ∆C (i, j ) , i ∈ I , j ∈ J

Step 2b:

While min {∆C (i, j )} ≤ 0 ;
∧

∧

1. Determine j such that

∆C (i, j ) ≤ ∆C (i, j ) , j ∈ J
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+

+

+

2. Set

S ∧ := S ∧ + 1
i, j

i, j

3. Calculate ∆C (i, j ) ,

j∈J

Step 3: This step has to be calculated for each SKU i ∈ I and local warehouse i ∈ I , j ∈ J .
Step 3a

Calculate

Step 3b

R1 (i, j ) , i ∈ I , j ∈ J

While max

{R1 (i, j )} > 0 ,

∧

∧ ∧

∧

1. Determine i and j such that

R1 ( i , j ) ≥ R1 (i, j ) , i ∈ I , j ∈ J

2. Set S ∧ ∧ := S ∧ ∧ + 1
i, j

3. Calculate
Step 4: While max

i, j

R1 (i, j ) , i ∈ I , j ∈ J

K > 0 , this step has to be calculated for each SKU i ∈ I and local warehouse

i ∈ I, j ∈ J .

Step 4a

Calculate

Step 4b

R2 (i, j ) , i ∈ I , j ∈ J

While max

{R2 (i, j )} > 0 ,

∧

Determine i and j such that

2.

Set S ∧ ∧ := S ∧ ∧ + 1
i, j

3.

Step 5: While max

∧ ∧

∧

1.

Calculate

R2 ( i , j ) ≥ R2 (i, j ) , i ∈ I , j ∈ J

i, j

R2 (i, j ) , i ∈ I , j ∈ J

K > 1 , this step has to be calculated for each SKU i ∈ I and local warehouse

i ∈ I, j ∈ J .

Step 5a

Calculate

Step 5b

R3 (i, j ) , i ∈ I , j ∈ J

While max

{R3 (i, j )} > 0 ,

∧

∧ ∧

∧

1.

Determine i and j such that R3 ( i , j ) ≥ R3 (i, j ) , i ∈ I , j ∈ J

2.

Set S ∧ ∧ := S ∧ ∧ + 1
i, j

3.

i, j

Calculate R3 (i, j ) , i ∈ I , j ∈ J

To prevent (very) high basestock levels for cheap spare parts, an extra restriction is built in the
algorithm. If the fill rate for service part i at location j is equal to 0,998 or higher, the basestock level
will not be increased anymore by the algorithm. In practice, increasing the basestock level above
0,998 will most likely not have an effect on the fill rate.
5.3 Selection of programming language
To execute the algorithms described in the previous two sections, the optimization program is
developed into a software package. The programming language selected for the program is
Delphi/Borland Delphi 2005. Several reasons for choosing this programming language are mentioned
on the next page:
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In this project the optimization program developed by Van Sommeren is used. He based his
program on the optimization program developed during the PhD study of Kranenburg.
Kranenburg (2006), Van Sommeren and Rijk (2007) programmed their algorithms also in
Delphi. This means that the program was already available. This prevented losing time by redeveloping an existing program.
Delphi has a relatively simple structure and is therefore easy to understand. The steps taken
in the optimization and evaluation algorithm can be transformed into Delphi-language in a
straightforward manner. The visual interface and the programming language are clear and
understandable. This can be an advantage when the model needs to be extended, changed,
implemented and/or used in further research.
Delphi makes it relatively easy to adjust the input files. The input files used in this project are
Excel-files, based on the work of van Sommeren. If Stork PMT wants to implement the model,
it would be helpful to use another way of inserting data in the input files. The data for these
input files should be extracted directly from the information systems.

5.4 Verification and validation
This section describes the verification and validation of the optimization program. These steps have to
be executed to make sure that the program can be used at Stork PMT. Subsection 5.4.1 describes the
verification. The validation is discussed in subsection 5.4.2.
5.4.1 Verification
The goal of the verification of a software program is to examine whether the program functions as it
should. The verification step checks if the model is correctly translated in the optimization program.
This report makes use of the optimization program developed and discussed by van Sommeren [X].
He has verified the model for the situation at Vanderlande. A number of actions are executed by van
Sommeren to determine whether software program is built right. The modules are carefully analyzed
and tested step by step, by checking whether the modules performed as expected. Furthermore, the
software program is executed in a simple test environment. The results of the software program are
compared with the results of the conceptual model and show no differences. Based on that
information, van Sommeren concludes the software program is verified.
To make sure the model indeed works correctly, one step has been made for the project at Stork PMT.
For some simplified scenarios at Stork PMT the outcomes were calculated by hand based on the
formulas mentioned in subsection 5.1 and 5.2. Comparing these outcomes with the outcomes of the
program showed the same outcomes. Therefore, the program again is verified.
5.4.2 Validation
Validation is a broader concept than verification. The goal of validation is to examine whether the
optimization program represents the reality of the situation at Stork PMT. As mentioned in lecture
notes ‘Bedrijfskundige methodologie’ (2003/2004), validation means the relation between a statement
about the reality and the way that statement is made. A statement is validated if the way it is supported
can be justified. Translating this definition to this project, validation examines whether the software
program satisfies or fits the intended usage at Stork PMT. It should be examined whether the
outcomes of the software program are comparable to the results achieved in practice.
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At the moment, Stork PMT is not measuring orderline fill rates to its customers. However, order fill
rates are measured. Failure rates are determined for only 23 breakdown parts. Therefore, orders can
also include parts for which no failure rate has been determined. Based on the current way of
measuring fill rates, no actual fill rates can be determined, for an individual breakdown part. Therefore,
it is not possible to gather the actual fill rates for the 23 breakdown parts. It is not possible to validate if
the software program results in the actual fill rates, because these are not available. To conclude, at
the moment not enough data is available to be able to validate the software program at Stork PMT.
If some of the suggested recommendations, as mentioned in chapter 7, are implemented, additional
data will become available (after some time). If enough data is available to gather the actual fill rates
for a certain period, this data can be used for validation. Van Sommeren and Rijk have validated
similar software programs. Their methods are described in general, because validation at Stork PMT
can be based on these methods.
This paragraph describes the validation step executed by van Sommeren. To examine if the right
software program is built, van Sommeren uses dynamic testing. Dynamic analysis refers to the
examination of the response of the software program to variables that are not constant and change
with time. He executes simulation with real-life demand of a customer. After simulation with real-life
demand only small differences are shown between the calculated fill rate and target fill rate. However,
no simulation is performed for the situation with a main local warehouse, because this would increase
the complexity of the simulation model in the simulation with real-life data. Van Sommeren states, no
reason exists to believe that the software program is less valid for the situation with main local
warehouses at Vanderlande.
Rijk also suggests a method to validate the software program. He validates his software program by
using a validation model that takes actual orders and deliveries into account, with time aspects. His
optimization program does not take time into account, because it uses probabilities that certain events
occur. If the results of the validation model are compared with the optimization program, it can be
checked whether the optimization program represents the reality well. His validation model requires
two input variables. First of all, it contains an event list, in which demand and delivery data for service
parts are shown. This event list is based on the date that these events occurred. The second input
variable is the basestock levels of the service parts at that location. By using the event list and the
basestock levels, it can be calculated what the fill rate of the validation model would be with those
basestock levels. Because time is taken into account, this is the fill rate that would also occur in reality.
This results in a validation model that represents the situation that would occur if those particular
basestock levels are chosen. Comparing the results of the validation model with the optimization
model, Rijk concludes that the optimization program represents the reality well.
5.5 Conclusions
This chapter explains the mathematical details of the optimization program used in this report. This
chapter furthermore showed that the optimization program functions well and determines the
basestock levels that minimize total relevant costs. Therefore, in the next chapter, the optimization
program is used to calculate which network structure leads to the minimal total relevant costs.
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Chapter 6 Scenario analysis
The previous two chapters give an explanation of the model used to calculate the total relevant costs
of different network structures. These network structures are compared with each other, based on
scenarios. The model uses these scenarios as input to calculate total relevant costs. This chapter
presents the scenarios and the results of the scenarios of several network structures and
corresponding values for the types of costs. These types of costs are mentioned in subsection 4.3.3. It
has to be noted that no storage costs are charged at the slaughteries at the moment. All scenarios use
the assumption of excluding storage costs at regular warehouses.
All scenarios use the multi-item approach, as explained in subsection 4.3.5, unless explicitly stated
otherwise. For each scenario total relevant costs are compared for five different values for the fill rate
targets per criticality group. The costs characteristics are the same for each scenario, unless explicitly
stated otherwise. All scenarios use a number of identical slaughteries and use the same dataset of 23
breakdown parts for each slaughtery, unless explicitly stated otherwise. These breakdown parts are
divided in three criticality groups, as mentioned in subsection 4.2. All the scenarios use the same
division of the breakdown parts in criticality groups.
The model minimizes the total relevant annual costs. However, as mentioned in subsection 4.3.5,
downtime costs are not explicitly modeled. Implicitly these costs can be taken into account by setting
the fill rate targets. So, the total relevant costs presented in the figures in this chapter do not include
downtime costs.
In scenarios with less than one main local warehouse, two fill rate targets are set per criticality group:
Target 1 ( β n

obj .1

) = Fraction of the demand of criticality group that is delivered immediately upon

request.
Target 2 ( β n

obj .2

) = Fraction of the demand of criticality group that is delivered immediately upon

request or delivered by a lateral transshipment from the assigned main local warehouse.
For each scenario a difference of 5% is taken between target 1 and target 2.
In scenarios with more than one main local warehouse, per criticality group a third fill rate target is
added:
Target 3 ( β n

obj .3

) = Fraction of the demand of criticality group that is delivered immediately upon

request or delivered by a lateral transshipment from a main local warehouse.
For each scenario a difference of 5% is taken between target 1 and target 3. Target 1 and target 2 are
the same in scenarios with more than one main. Therefore, the location that sends the lateral
transshipment is not restricted.
For the runs with target 1 and target 2 (and target 3) are 0%, only cost minimisation is used. Because
no targets are set, it is not necessary to execute the ‘greedy’ step, as described in Chapter 5.
Table 6.1 gives an overview of all scenarios described in this chapter. The relevant scenarios for each
specific experiment are mentioned again, in the (sub)section where the experiment is described.
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Sc 1
Sc 1P
Sc 1I
Sc 2A
Sc 2B
Sc 3A
Sc 3AL
Sc 3AS
Sc 3B
Sc 3BL
Sc 3BS
Sc 4A
Sc 4B
Sc 5A
Sc 5B
Sc 6A
Sc 6B
Sc 7B
Sc 8B

only regular local warehouses, basestock levels determined by multi-item approach
only regular local warehouses, basestock levels determined by PLM
only regular local warehouses, basestock levels determined by item approach
one external main local warehouse including storage costs
one external main local warehouse excluding storage costs
one internal main local warehouse (a slaughtery serves as main local warehouse)
including storage costs
one internal main local warehouse (a large slaughtery) including storage costs
one internal main local warehouse (a small slaughtery) including storage costs
one internal main local warehouse (a slaughtery serves as main local warehouse)
excluding storage costs
one internal main local warehouse (a large slaughtery) excluding storage costs
one internal main local warehouse (a small slaughtery) excluding storage costs
two external main local warehouses including storage costs
two external main local warehouses excluding storage costs
two internal main local warehouses (slaughteries serve as main local warehouse)
including storage costs
two internal main local warehouses (slaughteries serve as main local warehouse)
excluding storage costs
four external main local warehouses including storage costs
four external main local warehouses excluding storage costs
four internal main local warehouses (slaughteries serve as main local warehouse)
excluding storage costs
eight internal main local warehouses (slaughteries serve as main local warehouse)
excluding storage costs

Table 6.1: Overview of scenarios

As explained in subsection 4.3.5, solving the optimization problem leads to the minimal total relevant
costs, given a certain fill rate target. The total relevant costs consist of several cost components, as
mentioned in subsection 4.3.3. The model aggregates these cost components in three types of costs:
•
•
•

Transportation costs (Cost components 2A, 2B, 3A, 3B and 3C, mentioned in section 4.3.3)
Inventory costs, based on the summation of interest costs and obsolescence costs (Cost
components 1A and 1B, mentioned in section 4.3.3)
Storage costs (Cost component 1C, mentioned in section 4.3.3)

Summing these three types of costs, leads to the total relevant costs for each scenario. Figure 6.1
shows the types of costs for a scenario with 1 main local warehouse including storage costs, eight
regular local warehouses and fill rate targets equal to 0%. The other scenarios have the same cost
structure. The structure of the total relevant costs are shown in the figures in this chapter. It should be
noted that Figure 6.1 only functions as an example to illustrate the cost structure.
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Costs (euros)
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storage costs

3000
2000
1000

transportation costs
0

Figure 6.1: Example of cost structure of total relevant costs

Section 6.1 describes the model can be used to compare the current way of working, described in
chapter 2, with the scenario excluding main local warehouses. This last scenario is defined as the
base case scenario. Furthermore, the base case, which makes use of the multi-item approach, is
compared with the item approach. The base case will be compared with scenarios including and
excluding main local warehouses, in section 6.2. The third section of this chapter presents sensitivity
analyses and section 6.4 gives remarks about how the results of the model can be generalized for
larger datasets. Conclusions will be given in section 6.5.
6.1 Base case
This section describes three scenarios, as mentioned in table 6.2.
Sc 1
Sc 1P
Sc 1I

only regular local warehouses, basestock levels determined by multi-item approach
only regular local warehouses, basestock levels determined by PLM
only regular local warehouses, basestock levels determined by item approach

Table 6.2: Overview of scenarios without main local warehouse

The base case scenario (Sc 1) is the scenario which reflects the current situation at Stork PMT best.
Therefore, the scenario excluding main local warehouses is chosen as the base case. The base case
scenario uses the multi-item approach. This scenario is compared with the current way of inventory
holding (Sc 1P), which does not use the multi-item approach. Furthermore, the base case is compared
with the item approach (Sc 1I). In the following section the base case will be compared with other
scenarios that can be applicable if changes occur in the service network structure.
To compare the base case scenario with the current method of inventory holding, the latter is
described below.
At the moment three methods of inventory holding at slaughteries are in use:
1. Slaughteries buy all the parts from Stork PMT and only replenish with spare parts bought from
Stork PMT.
2. Slaughteries buy a recommended spare parts package from Stork PMT and repair breakdown
parts themselves when a breakdown occurs. It is also possible that a local company repairs
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the part. The part which was put on stock replaces the broken spare part and after reparation
the original spare part is put on stock.
3. Slaughteries do not buy the recommended spare parts package and repair the machines
themselves and buy spare parts from local suppliers.
In all three cases Stork PMT advises the slaughteries, but the slaughteries decide. The slaughteries
become owner of the spare parts. Therefore, Stork PMT does not have insight in the inventory levels
at the slaughteries. Small deviations are possible on these three methods of inventory holding. For
instance, a slaughtery can decide to only buy a certain percentage of the recommended spare parts
package. This decision can be based on budget or own experiences with certain spare parts.
The first argument, which explains why exact comparison between Sc 1 and Sc 1P is not possible, is
mentioned in this paragraph. Generating a recommended spare parts package contains a subjective
component. PLM generates a suggestion for a recommended spare parts package. In this suggestion
the quantity per SKU reflects the total number of times that a breakdown part occurs in the machine.
Because breakdown parts normally do not have a high demand, the number of breakdown parts in the
recommended spare part package, in most cases, should be lower for SKU’s that occur more than
once in a machine. This adaptation is made by Stork PMT employees based on experience. No clear
guidelines exist yet about this step, which makes it subjective. To conclude, it is stated that the current
method of holding inventory at slaughteries is not objective.
This paragraph mentions the second argument, which explains why exact comparison between Sc 1
and Sc 1P is not possible. The current way of providing spare parts is based on selling the most spare
parts, thereby generating turnover, and is not based on customer service levels. The latter KPI makes
sure that the goal of providing spare parts is to look for the best balanced (right parts on stock) and
smallest (right quantities on stock) inventory that will reach the fill rate targets. The former KPI will put
less focus on inventory optimalisation.
Keeping these two arguments in mind, it is concluded that exact comparison is not possible between
the current basestock levels, and the basestock levels calculated by the model (in Sc 1). To overcome
that problem two scenarios are run based on the recommended spare parts package, further on
mentioned in subsection 6.1.1. Furthermore, it is important to note that the current way of inventory
control does not use the multi-item approach. It uses some kind of item approach, but not in the purest
form, because no fill rate targets are set on item level. A scenario which uses the item approach (Sc
1I) is also mentioned in subsection 6.1.1.
6.1.1 Comparison between multi-item approach, current inventory control and item approach
This subsection describes three scenarios, as mentioned in table 6.2. These scenarios are used to
gather insight in the cost and demand characteristics of the dataset of 23 breakdown parts. For all
scenarios in this subsection, the values for the types of costs are equal to the values mentioned in
Appendix 11. No main local warehouses are present in Sc 1, Sc 1P and Sc 1I. Because of that reason,
the regular local warehouses do not influence each other and only one warehouse is analyzed in
these three scenarios. To graphically compare the scenarios, two sub scenarios are defined, by
adding a suffix. For Sc 1P two different ways of calculating basestock levels, based on PLM, are
described (Sc 1P1 and Sc 1PN). Furthermore, for Sc 1 two different fill rate targets are set and
compared (Sc1L and Sc 1H). The different (sub)scenarios are described below.
•

Scenario 1L has a fill rate target equal to 0% for all criticality groups. In this scenario the
basestock levels are optimized and determined by the model (multi item approach).
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•

•

•
•

Scenario 1P1 is based on the recommended spare part packages, as mentioned in section
6.1. From PLM a list with basestock levels is generated. This list states a certain quantity for
each breakdown part. For this scenario, this quantity has been changed to one. So, in this
scenario all basestock levels are 1. Therefore, this scenario does not have a fill rate target.
Scenario 1PN is also based on the recommended spare part packages, as mentioned in
section 6.1. From PLM a list with basestock levels is generated. These basestock levels are
taken in this scenario. Therefore, scenario 1PN does not have a fill rate target either.
Scenario 1H has a fill rate target equal to 99,8% for all criticality groups. In this scenario the
basestock levels are optimized and determined by the model.
Scenario 1I is based on the item approach, whereas scenario 1, 1P1, 1PN and 1H are based
on the multi-item approach. The fill rate target for the item approach in this scenario is equal to
98%.

Runs are made for these five (sub)scenarios. The results are illustrated in Figure 6.2 en 6.3. In these
subsections results are divided per criticality group to gather insight in the cost and demand
characteristics of the dataset of 23 breakdown parts and the division of these breakdown parts in the
criticality groups.

Aggregate fill rate
100%

percentage

98%
96%

Sc 1L

94%

Sc 1P1

92%

Sc 1PN

90%

Sc 1H

88%

Sc 1I

86%
84%

Criticality group 1

Criticality group 2

Criticality group 3

Figure 6.2: Comparison aggregate fill rates

As can be seen from Figure 6.2, the resulting aggregate fill rates are high for all five (sub)scenarios.
Certainly for scenario 1L this is not expected. Scenario 1L has a fill rate target of 0% for each criticality
group; however it leads to high aggregate fill rates for the three criticality groups. As mentioned before,
only cost minimisation is used, for the runs where target 1 and target 2 equal 0%. Because no targets
are set, it is not necessary to execute the ‘greedy’ step, as described in Chapter 5. In the cost
minimization step breakdown parts are added until the basestock level configuration which leads to the
minimal total relevant costs is reached. No fill rate targets are set for Sc 1L and therefore the
outcomes of the fill rates could have been equal to 0%. However, the fill rates are more than 95% for
all three criticality groups. Therefore, this scenario shows that the emergency shipment costs rate is
high in comparison with the interest and obsolescence costs rate of the breakdown parts.
These interest costs and obsolescence costs are based on the B100 price of the breakdown parts
multiplied by the interest and obsolescence costs rate. Furthermore, the interest costs and
obsolescence costs also are based on the basestock level per SKU, which also depends on the
corresponding demand rates. Only two breakdown parts are not stored in scenario 1L. These two
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breakdown parts have the highest B100 price, respectively € 827,- and € 358,-. Their demand rates
are respectively 0,00151 failures per day and 0,00027 failures per day. These demand rates are in the
middle range (in-between the highest and the lowest failure rate) of the demand rates for the dataset
of 23 breakdown parts.
Keeping the emergency shipment costs per shipment and the interest costs and obsolescence costs
rate the same, only the B100 price and the demand rate influence the decision to store a breakdown
part on first hand. If, for each breakdown part in the dataset, the B100 price is divided by the demand
rate, a value for each breakdown part is calculated. If we classify the breakdown parts on this value
the two mentioned breakdown parts are the first two breakdown parts in this order and have the
highest value. The logical explanation for this is the fact that the B100 price of a breakdown part
influences interest and obsolescence costs, whereas the demand rate influences the emergency
shipment costs. A higher B100 price, means higher interest and obsolescence costs, which pleads for
not storing the part at the slaughtery. Whereas a higher demand rate of a breakdown part, means
higher emergency shipment costs, which pleads for storing the breakdown part at the slaughtery. Sc
1L has fill rate targets equal to 0% and still results in fill rates of more than 95%. Therefore, Sc 1L
shows that the emergency shipment costs rate is high in comparison with the interest and
obsolescence costs rate of the breakdown parts.
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Figure 6.3: Comparison total relevant costs

Figure 6.3 shows that scenario 1L results in the lowest total relevant costs of scenarios 1L, 1P1 and
1PN for all criticality groups. The aggregate fill rates are not the same however, as can be seen in
Figure 6.2. Better comparison is needed to compare the base case (Sc 1) with scenarios 1P1 and
1PN. Therefore, the other base case sub scenario, Sc 1H, is used. To create this scenario the highest
aggregate fill rate of scenarios 1L, 1P1 and 1PN would be good fill rate targets for scenario 1H.
However, in the model, a maximum on the fill rate target is implemented. This makes sure that the
basestock level does not increase anymore once the fill rate for a breakdown part is greater than
99,8%. This prevents a very high base stock level for very cheap items. Increasing the base stock
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level of these cheap items even more once their fill rate is 99,8%; would most likely not lead to an
increase in service level in practice. Therefore, scenario 1H takes this maximum fill rate target of
99,8% for each criticality group. Figure 6.3 shows that this scenario still leads to lower total relevant
costs compared with scenarios 1P1 and 1PN. Scenario 1L and 1H do not reach the aggregate fill rate
of scenario 1PN for criticality group 1 and 2. The main reason for this, is the implemented maximum
on the fill rate target, as mentioned in this paragraph.
Furthermore, from Figure 6.2 and 6.3 can be derived that the emergency shipment costs are large
compared with the other costs. The total relevant costs for scenario 1P1 are very high for criticality
group 2. The value of the aggregate fill rate of criticality group 2 is about 10% lower for scenario 1P1
than the aggregate fill rate of criticality group 2 of the other scenarios. A 10% higher aggregate fill rate
means 10% less emergency shipments. This 10% less emergency shipments causes a large costs
decrease. As can be seen in Figure 6.3, scenario 1P1 has the smallest inventory costs, and thus
inventory investment, for criticality group 2 as compared with the other four (sub)scenarios. However,
this smaller inventory investment does not outweigh the additional emergency shipment costs, for this
dataset.
The results for criticality group 1 and 2 show that the base case scenarios, scenario 1L and 1H, lead to
lower total relevant cost as compared with scenario 1P1 and 1PN. The total relevant costs for criticality
group 3 are almost the same for scenarios 1L, 1P1, 1PN and 1H. Because the dataset only contains
23 parts and each criticality group contains of less than 13 parts (criticality group 2 only contains 4
parts), the results are largely depending on the costs and demand characteristics of the dataset.
Outliers have larger influence on a small dataset than on a larger dataset. An example illustrates this.
If a group consists of 20 parts and the aggregate fill rate target is set at 96%, it is not possible to not
store one of the parts, assuming the parts have equal failure rates. Storing an infinite amount for 19 of
the parts and zero for the other part, only leads to an aggregate fill rate of 95%. Even if this part is
1000 times as expensive as the other parts, at least one part of this item number has to be stored in
this case. If the dataset would contain more breakdown parts, one individual part would have a smaller
influence.
As mentioned in subsection 6.1.1 also a scenario with the item approach (Sc 1I) is presented. It is
interesting to know what can be saved by using the multi-item approach instead of the item approach.
Therefore, scenario 1I is based on the item approach. As can be seen in Figure 6.3, the multi-item
approach, used in scenario 1L and 1H, leads to lower total relevant costs as compared with the item
approach. It should be mentioned, that the item approach in this figure has a fill rate target of 98%. If
this target is set higher, almost all parts have a basestock level which results in a fill rate near 100%.
These basestock levels also lead to additional inventory costs. Therefore, fill rate target 98% is
chosen. A reason that the differences are not that large between the item approach and the multi-item
approach, is the fact that most of the items in the multi-item approach have a basestock level of at
least 1. By definition, the item approach has parts with basestock level that are at least equal to 1.
Opposite to that, the multi-item approach can decide to not store the very expensive parts, where the
item approach does not have that possibility. Only two of the 23 breakdown parts in the dataset have a
basestock level equal to 0 in the multi-item approach, so therefore no large differences exist.
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6.2 The effect of a main local warehouse
This section describes 17 scenarios, as mentioned in table 6.3.
Sc 1
Sc 2A
Sc 2B
Sc 3A
Sc 3AL
Sc 3AS
Sc 3B
Sc 3BL
Sc 3BS
Sc 4A
Sc 4B
Sc 5A
Sc 5B
Sc 6A
Sc 6B
Sc 7B
Sc 8B

only regular local warehouses, basestock levels determined by multi-item approach
one external main local warehouse including storage costs
one external main local warehouse excluding storage costs
one internal main local warehouse (a slaughtery serves as main local warehouse)
including storage costs
one internal main local warehouse (a large slaughtery) including storage costs
one internal main local warehouse (a small slaughtery) including storage costs
one internal main local warehouse (a slaughtery serves as main local warehouse)
excluding storage costs
one internal main local warehouse (a large slaughtery) excluding storage costs
one internal main local warehouse (a small slaughtery) excluding storage costs
two external main local warehouses including storage costs
two external main local warehouses excluding storage costs
two internal main local warehouses (slaughteries serve as main local warehouse)
including storage costs
two internal main local warehouses (slaughteries serve as main local warehouse)
excluding storage costs
four external main local warehouses including storage costs
four external main local warehouses excluding storage costs
four internal main local warehouses (slaughteries serve as main local warehouse)
excluding storage costs
eight internal main local warehouses (slaughteries serve as main local warehouse)
excluding storage costs

Table 6.3: Overview of several scenarios

The previous section compared four (sub)scenarios excluding main local warehouses with the base
case scenario. In this section several scenarios including (a) main local warehouse(s) are compared
with the base case. The base case is the scenario which reflects the current situation at Stork PMT
best. Therefore, the scenario excluding main local warehouses is chosen as the base case, as stated
in the previous section. These scenarios including (a) main local warehouse(s) can only be applicable
if changes are made in the service network structure. The results in this section give insight if it is wise
to change the service network structure.
Some of the scenarios mentioned in this section include storage costs at the main local warehouse.
This is presented by adding suffix A to a scenario. The values for the storage costs are equal to the
values mentioned in Appendix 11. The values for the storage costs are based on tariffs of a logistic
service provider. This tariff is seen as the maximum storage costs, excluding storage costs is seen as
the minimum storage costs.
Effect of number of slaughteries
In the base case scenario, mentioned in section 6.1, only one slaughtery is used. This is based on the
fact that, slaughteries do not influence each other in the base case scenario. The reason is that they
do not make use of the same main local warehouse. In the scenarios with a main local warehouse, the
number of slaughteries influences the total relevant costs per slaughtery. Two scenarios (Sc 2A and
2B) are run with different values for the number of slaughteries. Only cost minimization is used, so
target 1, target 2 and target 3 are 0%. Comparing these scenarios, it can be examined if it is beneficial
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if more slaughteries make use of one main local warehouse. For each scenario the average total
relevant costs per slaughtery is calculated by dividing the total relevant costs by the number of
slaughteries. By comparing these results, it can be investigated if more slaughteries per main local
warehouse lead to lower total relevant costs per slaughtery. Figure 6.4 shows the results for Sc 2A
and 2B with different values for the number of slaughteries. By comparing the scenarios the influence
of the storage costs can be obtained. For all values for the number of slaughteries, from three
slaughteries on, the scenarios with storage costs lead to higher total relevant costs.
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Figure 6.4: Comparison average total relevant costs per slaughtery

Both scenarios (Sc 2A and 2B) with number of slaughteries equal to one, do not make use of the main
local warehouse, which results in the same total relevant costs for Sc 2A and Sc 2B. This can also be
expected, because no synergy takes place if a main local warehouse would have been used. Sc 2A
continues to not store breakdown parts at the main local warehouse, even with two slaughteries. For
Sc 2A with three slaughteries, the average total relevant costs per slaughtery largely increase. This is
influenced by the storing of inventory at the main local warehouse. This results in corresponding
storage costs. Increasing the number of slaughteries from three to ten, shows that the average of the
total relevant costs per slaughtery keeps decreasing. Only the increase from seven to eight
slaughteries shows an increase of the average of the total relevant costs per slaughtery. The same
trend is noticeable for Sc 2B. Also in Sc 2B, the increase in average total relevant costs per
slaughtery, for number of slaughteries equal to two, is caused by the storing of inventory at the main
local warehouse.
Scenario 2A with two slaughteries results in more inventory at the slaughteries than Sc 2B with two
slaughteries. Furthermore, no inventory is stored at the main local warehouse for Sc 2A with two
slaughteries. For the situation with two slaughteries, Sc 2A results in lower average total relevant costs
per slaughtery than Sc 2B. This is caused by the fact the storage costs at the main local warehouse,
stimulate inventory holding at the slaughteries. These higher basestock levels at the slaughteries, lead
to less lateral shipment costs and emergency shipment costs.
To compare different scenarios it is wise to keep some of the parameters constant. For Sc 2A and Sc
2B with eight slaughteries is in a rather stable region, with respect to the average total relevant costs
per slaughtery. Therefore, the number of slaughteries is set at eight for the following scenarios. For
instance, seven or nine slaughteries would also have been good choices.
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Effect of external and internal main local warehouse
In this paragraph a comparison is made between Sc 1, Sc2A, Sc 2B, Sc 3A and Sc 3B. The number of
slaughteries is equal to eight. Figure 6.5 shows the results for these five scenarios.
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Figure 6.5: Comparison influence of external and internal main local warehouse

Figure 6.5 shows that if storage costs are charged at a main local warehouse, it is better to only use
regular local warehouses. At the moment, slaughteries do not charge storage costs, so Sc 3B is a
realistic scenario which leads to the lowest total relevant costs of the five scenarios.
Effect of size of slaughtery, if used as main local warehouse
As mentioned in the previous paragraph, slaughteries do not charge storage costs. These storage
costs have a large effect on the total relevant costs, as can be seen from Figures 6.4 and 6.5.
Furthermore, Figure 6.4 and 6.5 show that an internal main local warehouse leads to lower total
relevant costs for all fill rate targets as compared with an external main local warehouse. Therefore, it
is interesting to look if it is beneficial to use slaughteries as main local warehouse (Sc 3A and Sc 3B).
For these scenarios it is interesting to analyze if the size of the chosen slaughtery, as compared with
the other slaughteries, has an influence on the total relevant costs. This leads to four additional
scenarios (Sc 3AL, 3AS, 3BL and 3BS). To create a large slaughtery, the failure rates from two
identical slaughteries are taken and assigned to one slaughtery, defined as large slaughtery. Also, the
failure rates of one slaughtery is divided by two and these failure rates are assigned to two
slaughteries, defined as two small slaughteries. These three slaughteries together have the same
demand as three normal slaughteries. For gathering information about a normal slaughtery one of the
normal slaughteries is taken.
Figure 6.6 shows the results for the several scenarios. Looking at the size of the slaughtery used as
main local warehouse, by comparing Sc 3A, 3AL, 3AS, 3B, 3BL and 3BS, shows that Sc 3BL results in
the lowest total relevant costs.
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Figure 6.6: Comparison influence of slaughtery sizes

However, Figure 6.6 shows that Sc 3AL results in the highest total relevant costs. This is easy to
explain. The largest slaughtery has the largest inventory, even if it is not a main local warehouse.
When this slaughtery becomes the main, and storage costs are thus incurred in Sc 3AL, the total
inventory will be charged for the storage costs. This also includes the large inventory that is only used
for the slaughtery itself. Choosing a large slaughtery as main local warehouse is beneficial if no
storage costs are charged at this slaughtery.
Effect of number of external and internal main local warehouses
To conclude this section also some scenarios with more than one main local warehouse (Sc 4A, 4B,
5A, 5B, 6A, 6B, 7B and 8B) are compared with scenarios with one main local warehouse (Sc 2A, 2B,
3A and 3B) and the base case scenario (Sc 1). As mentioned in this chapter, in scenarios with more
than one main local warehouse, target 3 is added per criticality group. For each scenario a difference
of 5% is taken between target 1 and target 3. Target 1 and target 2 are the same in scenarios with
more than one main. Therefore, the location that sends the lateral transshipment is not restricted. For
scenarios with less than two main local warehouses target 2 and target 3 are the same.
Because the storage cost have large impact on the total relevant costs, a division is made between
scenarios including and excluding storage costs. Figure 6.7 shows the results for the scenarios
including storage costs as compared with the base case scenario. Figure 6.8 presents the results for
the scenarios excluding storage costs as compared with the base case scenario.
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Figure 6.7: Comparison influence number of external and internal main local warehouses including storage costs

Figure 6.7 shows that Sc 5A leads to higher total relevant costs as compared with Sc 3A. This is
caused by the fact that in Sc 5A for two slaughteries storage costs are charged. In Sc 3A only storage
costs are charged for one main local warehouse. Furthermore, Figure 6.7 shows that adding additional
external main local warehouses does not have an effect on the total relevant costs, for this dataset.
Figure 6.8 shows that the scenarios with internal main local warehouses lead to lower total relevant
costs, than the scenarios with external main local warehouses. Furthermore, Figure 6.8 shows that
adding additional internal main local warehouses, does not have an effect on the total relevant costs,
for this dataset.
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The results in this section give insight if it is wise to change the service network structure. Based on
the scenarios in this section, it can be concluded that Sc 3BL is the scenario that leads to the lowest
total relevant costs.
6.3 Sensitivity analysis
In this section an analysis is conducted to determine the sensitivity of several input parameters. These
sensitivity analyses are used to gather insight in the importance of some of the input parameters.
Statements about the effect of the input parameters are mentioned at the end of each subsection. The
demand rate and B100 price is discussed, in subsection 6.3.1. Subsection 6.3.2 describes the
influence of the regular replenishment lead time and the sensitivity to changes in the interest and
obsolescence costs rate are mentioned in subsection 6.3.3. The outcomes of these analyses are
discussed in the mentioned subsections. Section 6.4 gives remarks about how the results of the model
can be generalized for larger datasets. Section 6.5 concludes this chapter.
6.3.1 Demand rates and B100 price
Table 6.4 shows the results of the scenario where the demand rate is increased with 10% and 100%
for Sc 1 and Sc 2B. For the runs in this subsection, only cost minimization is used. So, target 1 and
target 2 are set at 0%. For each demand change new basestock levels are calculated. Sc 1 shows a
relative total relevant costs increase of 4,7% for a demand increase of 10% and a relative relevant
total costs increase of 20,9% for the doubling of demand (demand increase of 100%). Sc 2B shows a
relative total relevant costs increase of 3,4% for a demand increase of 10% and a relative relevant
total costs increase of 32,4% for the doubling of demand (demand increase of 100%). Furthermore,
the figures seem to indicate that a linear relation is present between demand change and total
relevant costs increase. No large differences in the effect of demand changes are expected for other
demand change percentages. Interpreting these results, it can be stated that changes in demand rate
do not have a large impact on the total relevant costs.
Relative costs (percentage)
Sc 1
Normal demand
10% higher demand
100% higher demand

Sc 2B
1,000
1,047
1,209

1,000
1,034
1,324

Table 6.4: Effect of demand changes

Relative costs (percentage)
Sc 1
Normal B100 price
10% higher B100 price
100% higher B100 price

Sc 2B
1,000
1,057
1,524

1,000
1,063
1,564

Table 6.5: Effect of changes in B100 price

Table 6.5 shows that changing B100 prices, while keeping the demand rate the same, has a larger
impact. Sc 1 shows a relative total relevant costs increase of 5,7% for a B100 price increase of 10%
and a relative total relevant costs increase of 52,4% for the doubling of the B100 price (B100 price
increase of 100%). Sc 2B shows a relative total relevant costs increase of 6,3% for a B100 price
increase of 10% and a relative total relevant costs increase of 56,4% for the doubling of the B100
price (B100 price increase of 100%). No large differences in the effect of B100 price changes are
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expected for other demand change percentages. Furthermore, the figures seem to indicate that a
linear relation is present between B100 price change and total relevant costs increase.
It can thus be concluded that changes in the B100 price do have a larger impact on the total relevant
costs than demand rate changes. If the demand rate for a breakdown part is very low, still one part
has to be on stock, otherwise the fill rate is zero for that part. So, the basestock levels are relatively
high for the low demand rates. Therefore, changing the demand rate does not have a large effect on
additional inventory for most parts.
6.3.2 Replenishment lead time
Figure 6.9 shows the results for Sc 2B of changing the replenishment lead time. For the runs in this
subsection, only cost minimization is used. So, target 1 and target 2 are set at 0%. Different values are
reg

taken for t ireg to create insight in the influence of ti

on the total relevant costs. Only minor increases

in total relevant costs are noticeable, even for high increases in regular replenishment time. When

tireg increases from 3 days to 12 days (300% increase) the total relevant costs only increase 13,0%.
The same reason, as mentioned in subsection 6.3.1 holds. If the demand rate for a breakdown part is
very low, still one part has to be on stock, otherwise the fill rate will be zero for that part. So, the
basestock levels are relatively high for the low demand rates. There is only a small chance that
reg

something happens during the small ti
reg

Therefore, increasing ti

, compared with the mean time to failure (MTTF) per part.

will not have a large influence on the total relevant costs. This conclusion,

gives the suggestion that for regions that are further from the warehouse in Boxmeer, almost the same
reg

results would be shown, if the experiments would have used a larger ti
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12

14

6.3.3 Interest and obsolescence costs rate
Relative costs (percentage)
Sc 1
Normal interest and obsolescence costs
rate
Double interest and obsolescence costs
rate

Sc 2B
1,000

1,000

1,608

1,642

Table 6.6: Effect of doubling the interest and obsolescence costs rate

Table 6.6 shows that the interest and obsolescence costs rate largely influences the total relevant
costs. For the runs in this subsection, only cost minimization is used. So, target 1 and target 2 are set
at 0%. Doubling this interest and obsolescence rate, leads to total relevant costs increases of 60,8%
for Sc 1 and 64,2% for Sc 2B.
6.3.4 Overlap between breakdown parts at different sites
This subsection describes Sc B. For the runs in this subsection, only cost minimization is used. So,
target 1 and target 2 are set at 0%.
Two or more slaughteries can have breakdown parts that are the same. When two slaughteries do not
have one or more of the same breakdown parts, it would not be beneficial to make use of a local main
warehouse for these two slaughteries. To analyze the influence of the overlap between breakdown
parts at different sites, Sc 2B is run. Two values for the overlap between breakdown parts at different
sites are taken, namely 100% and 70%. This last percentage is based on an analysis at three
slaughteries, with 7 lines in total. Furthermore, each scenario is run for several values of the number of
slaughteries. These values are 2, 3 and 4 slaughteries, which leads to 6 (sub)scenarios. Results show
that the scenarios with 2, 3 and 4 slaughteries, and 70% overlap between breakdown parts at different
sites instead of 100%, show increases of the total relevant costs. The relative percentages of the costs
increases for 2, 3 and 4 slaughteries are respectively 0%, 5,3% and 9,86%.
It can thus be concluded that decreases in overlap between spare parts at different sites increase the
total relevant costs. This can be explained by the fact, that for more breakdown parts, storing a part at
a main local warehouse is not wise, as compared with Sc 2B with 100% overlap. Therefore, more
stock has to be held at each slaughtery. This leads to more interest costs and obsolescence costs. In
all other (sub)scenarios in this chapter, 100% is taken as value for the overlap between breakdown
parts at different sites.
6.4 Generalization of results
This section presents some remarks on the generalization of the results. The scenarios presented in
the previous sections are based on a dataset containing 23 breakdown parts. Based on the results of
these scenarios suggestions about the network structure that leads to the lowest total relevant costs
are made. If the model has to be implemented in practice the failure rates of all breakdown parts in
that set of slaughteries have to be known.
Some indications about generalization of the results are described in the following paragraphs.
Thonemann et al. (2002) have presented approaches that allow, with a small amount of data, the
estimation of the improvements in inventory investment that can be achieved by using a multi-item
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approach instead of an item approach. Their numerical results show that the improvements in
performance depend on the parameters of the inventory system.
Cost skewness
The most significant parameter is the skewness of the unit costs, called B100 price at Stork PMT,
where the failure rate skewness has little impact on the relative improvement of the inventory
investment. If a small fraction of the items accounts for a large fraction of the summed total B100
prices of the parts, that distribution is said to have large skewness and vice versa. For the dataset of
23 breakdown parts used in this project, the unit costs skewness was found to be approximately
20%/70%, meaning that 20% of the items represents approximately 70% of the summed total B100
prices of the parts. Inventory systems with high unit costs skewness benefit significantly from the multiitem approach, while systems with low unit costs skewness benefit little. Since most spare parts
datasets contain considerable costs skewness, Thonemann et al. (2002) anticipate that most
companies would benefit from the multi-item approach.
For the dataset of 2 slaughteries with 830 breakdown parts and 770 breakdown parts respectively, the
units costs skewness was found to be approximately 20%/85% and 20%/83%. Therefore it is expected
that in the current inventory management, usage of the multi-item approach will even show higher
costs reductions compared with the item approach, than the model with the 23 parts shows.
B100 price
Unit costs skewness however does not give an idea about the absolute value of the B100 prices. A set
with an average B100 price of € 1,- can have the same unit costs skewness as a set with an average
B100 price of € 1000,-. B100 prices however influence the investment in inventory and its
corresponding interest and obsolescence costs. It is therefore logical that the multi-item approach will
lead to a higher absolute reduction of costs in the second set.
For the dataset of 23 breakdown parts used in this project, the average B100 price is € 110,-. For the
datasets of 7 slaughteries the average B100 price varies between € 250,- and € 350,-. Therefore it is
expected that in the current inventory management, usage of the multi-item approach will even show
higher costs reductions than the model with the 23 breakdown parts shows.
6.5 Conclusions
In Chapter 6 several scenarios are introduced to analyze which network structure would fit the
situation at Stork PMT best. This chapter shows how the model can be used and which scenarios can
be defined to find out if it would be beneficial to change the logistic network structure of Stork PMT and
the way inventory is managed. It is shown the new planning algorithm leads to lower total relevant
costs as compared with the current way of planning basestock levels. The new planning algorithm
used to calculate the scenarios in this chapter is developed for the situation with full service contracts.
However, as described in subsection 6.1.1 the new planning algorithm can also be used in the current
way of determining basestock levels for slaughteries. Furthermore, scenario analyses were executed
in this chapter. From these scenario analyses it can be concluded that changes in B100 price and
interest and obsolescence costs rate have the largest impact on the relative total relevant costs
change. The most important result of this chapter is the fact that the scenario with one slaughtery as
main local warehouse excluding storage costs leads to the lowest total relevant costs. This scenario,
however does not exist in practice yet. More about this change in network structure is explained in the
next chapter, which describes the implementation plan. To conclude, Chapter 8 gives the main
conclusions of the report and some recommendations.

55

Chapter 7 Implementation plan
As can be concluded from Chapter 6, the scenario with one slaughtery as main local warehouse
excluding storage costs leads to the lowest total relevant costs as compared with the other scenarios.
This scenario, however does not exist in practice yet. At the moment there are no regions with many
slaughteries that have full service contracts. Therefore, an implementation plan about changing the
network structure would not be practical, because it would comprise a very long time horizon. Next to
calculating which network structure leads to the lowest total relevant costs, the model can be used for
determining the basestock levels for the current network structure with only regular local warehouses.
On short-term this last function of the model can be implemented. Therefore, this chapter describes
the implications of the new planning algorithm on the situation of Stork PMT. Furthermore, some
practical suggestions are mentioned. At the moment of writing this report no decision was made if the
new planning algorithm will be implemented in practice. Therefore, neither costs estimates of
implementing the new planning algorithm nor a detailed time planning of the implementation is
presented.
7.1 Gaining support for planning algorithm
The previous chapter shows that the new planning algorithm leads to better results than the current
way of determining basestock levels. To implement the new planning algorithm, support for the
planning algorithm and willingness to use the algorithm are required. To reach these objectives
several actions were executed.
The progress of the project has been communicated during the project to relevant employees. By
doing this, the relevance of the project has been checked at different stages in time. Suggestions of
the employees have been used to better fit the model to the current (and future) situation at Stork
PMT. Furthermore, during several meeting the models has been discussed with employees of Stork
PMT. That way, they got insight in the goal of the model and the results it can generate.
During the project a visit to the USA of two weeks has been made to gain commitment for the project
from the American colleagues. That way, they know the subject of the research. If decided to fully use
the model for whole Stork Food Systems, the relevant input parameters should also be gathered at
Stork Gamco and Stork Townsend. However. it is wise to first verify for one of the subsidiaries of the
model leads to the desired outcomes. The best candidate for this pilot study is Stork PMT, because
the largest part of the project is executed and also the data is gathered at Stork PMT. By showing a
successful project at one of the subsidiaries commitment can be gained for implementing the model at
the other subsidiaries.
7.2 Data collection
Chapter 6 shows that the model is able to calculate which network structure results in the lowest total
relevant costs. To actually use the new planning algorithm for determining basestock levels for all
breakdown parts in a slaughtery, more data should be gathered. Therefore, the way of gathering input
parameters should be improved.
At the moment, there is not enough information available to fully implement the new planning algorithm
in practice. To be able to better support the outcomes of the model for more parts it is important to
(start) gather(ing) failure rates and installed base information. Some of the data needed in the model is
not present in the information systems of Stork PMT. At the moment, a project is already running on
installed base management. The outcome of this project is an improved way of storing installed base
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information. Based on this new way of storing installed base information, gathering input parameters
will become easier. The failure rates of the 23 breakdown parts used in the model are gathered from
data collected in a project on Total Cost of Ownership (TCO) of some machines. During the project on
TCO failure rates are gathered, but not for all breakdown parts. Furthermore, the project on TCO
focuses more on preventive maintenance and less on corrective maintenance (and thus less on
breakdown parts). In the project on TCO less emphasis is lead on verifying the failure rates for
breakdown parts (corrective maintenance).
If we want to introduce the model to calculate the basestock levels for slaughteries, and possibly main
local warehouses, failure rates of more breakdown parts should be known. Depending on the workload
of the employees working on the project of TCO, the pace of gathering the failure rates for the
breakdown parts can be adjusted. As mentioned before, gathering these failure rates however does
not have high priority in this project. Therefore, gathering failure rates by means of another method
would be wise, and also enables comparison between the two methods of determining failure rates
and the obtained failure rates. Therefore, another project to gather the failure rates for the breakdown
parts should be started next to the project on TCO.
It is not possible to gather the failure rates of all breakdown parts at once. Failure rates of breakdown
parts of new machines are more important to gather, because it is more likely that full service
contracts will be signed with customers with a new machine park. However, this complicates gathering
the failure rates. Less experience is already obtained in the field on the failure behavior of the parts of
these new machines. Most breakdown parts are however comparable to parts already used in older
types. So failure rates for new parts can be derived from experience of field service engineers and
from almost identical parts from which the failure rates are already known.
Eventually, the failure rates should be gathered from the information systems (or the estimations of the
failure rates can be compared with the data in the information systems). To prevent the difficulties of
data collection from the information systems, as mentioned in section 4.4, it is important to start coding
orders for spare parts as “sales orders” or as “service orders”. The first type of orders are spare parts
assembled in new equipment and the last type of orders are spare parts for preventive and corrective
maintenance. Furthermore, the service orders should be divided in preventive or corrective
maintenance orders. Only the corrective maintenance service orders should be used for gathering
failure rates of breakdown parts. This coding implicitly assumes that the customers will split their
orders in different categories. This leads to extra administration and order handling costs. Therefore, it
can be assumed that not all customers will differentiate their orders. Some customers however will
differentiate and this extra information gives better insight in the actual failure rates.
The project on installed base management should give insight in the total sum of parts per SKU that
are in slaughteries around the world. These breakdown parts can break and therefore cause corrective
maintenance service orders. The installed base information is important for determining the demand
rate for a certain SKU per slaughtery. This demand rate per SKU is determined by the failure rates per
SKU (based on the estimation of experienced service engineers) multiplied by the total sum of parts
per SKU per slaughtery. Also for gathering the failure rates from the information systems this installed
base information is important. The total demand per SKU has to be divided by the total installed base
for that SKU to determine the failure rate for that SKU. The project on installed base management will
make sure that the right information can be provided. More about the calculations, as mentioned in this
paragraph, can be found in section 4.4.
In conclusion, the project on Total Cost of Ownership initially gives additional information on the failure
rates for some breakdown parts. After some period the information systems have to give feedback on
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these failure rates and should be able to give the failure rates of the other parts. The failure rates
gathered from the information systems eventually will be used in the model. More conclusions about
the data collection will be mentioned in section 8.1.
7.3 Implementation at Stork PMT and the slaughteries (and main local warehouses)
As stated in the beginning of this chapter, the scenario with one slaughtery as main local warehouse
excluding storage costs leads to the lowest total relevant costs as compared with the other scenarios.
In practice, however this network structure is not in place. The new planning algorithm can be used for
both the current network as a possibly new network structure. In this section some of the implications
of using the new planning algorithm are stated for Stork PMT and the slaughteries.
Stork PMT
If decided to fully implement the model for the determination of basestock levels for the slaughteries,
some changes have to be made to the current working methods at Stork PMT. The most important
part is that the process of gathering input data for the model should be improved. For instance,
information should be gathered about the reason of the customer for ordering a part. This will result in
different codes for different types of orders. More about the coding of the different types of orders for
parts and the data collection is mentioned in detail in the previous section.
Slaughteries (and main local warehouses)
If the current network structure remains, not many changes have to be made at the slaughteries.
However, Chapter 6 shows that the network structure with one main local warehouse leads to lower
total relevant costs. Therefore, some of the implications of changing the network structure are
discussed for the slaughteries.
It is possible to already execute small pilot projects, even before enough data is gathered to fully
implement the new planning algorithm. Examples of these pilot projects are mentioned further on in
this section. Some slaughteries have multiple lines and have a separate warehouse per line. It is also
possible that one physical warehouse is used, but spare parts are ordered per individual line and do
not keep in mind the total demand of both the lines. Therefore these warehouses can also be
regarded as separate warehouses, because warehouses of the different lines are not controlled
centrally. These slaughteries can be used as pilot project for the scenario with a main local
warehouse, by assigning the function of main local warehouse to the warehouse of one of the lines.
The model can be used to calculate the basestock levels for the breakdown parts, for which failure
rates are known, that are used in the lines. One of the practical difficulties that has to be overcome, is
the fact that not all slaughteries have an apart registration per line.
If a warehouse of one of the lines is assigned the function of main local warehouse, the chosen
warehouse can also serve as a main local warehouse for surrounding slaughteries. However, it has to
be noted that some employees have mentioned that the situation with consignment stock is not
desirable to their opinion. In the start of the pilot project, only very expensive parts with very low
demand will be stored at the main local warehouse (the chosen slaughtery). This will result in a
demand volume to surrounding slaughteries.
Some slaughteries are more appropriate as a main local warehouse than others. For instance,
opening times of a slaughtery are important while deciding to choose a main local warehouse. This
appropriateness has to be kept in mind while implementing this concept in practice. Using a slaughtery
as main local warehouse has some practical disadvantages. For instance, slaughteries are not
specialized in holding inventory. Furthermore, it can be difficult to explain the slaughtery that functions
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as a local main warehouse that also other customers of Stork PMT can make use of the inventory at
its slaughtery, in case of breakdowns. A large advantage shown in Chapter 6 is that slaughteries do
not charge storage costs. Based on the large impact these storage costs have, Stork PMT can offer
the slaughtery that needs to become a main local warehouse, some financial advantages. Discounts
on spare parts can be offered, or even rent can be paid for the storage space. Furthermore, an
advantage for the slaughtery, is the fact that it has more breakdown parts at its site than compared
with the situation that slaughtery would not be a main local warehouse.
If the chosen slaughtery decides to not serve as main local warehouse, it is also possible to make use
of a logistics service provider. These logistics service providers can rent a storage space close to the
slaughtery. This reduces the chance that breakdown parts are used without being administrated.
However, storage costs and handling costs will increase. Per situation, these costs will have to be
analyzed.
Eventually, more slaughteries will have a full service contract, or another contract which takes in to
account providing of breakdown parts. Assuming that each main local warehouse (slaughtery or
logistic service provider) serves a certain region (based on transportation time), some slaughteries will
be situated within more than one region. For these slaughteries a default main local warehouse has to
be chosen.
7.4 Use of the program
Up to this moment, no decision has been made to change the network structure and to fully implement
the model. If Stork PMT decides to make use of main local warehouses the new planning algorithm
based on the multi-item approach can be used. If this is decided further steps has to be taken. The
steps are shortly described below.
•
•
•

•
•

Create a detailed implementation plan in close consultation with the employees that eventually
should execute the work.
Gain management commitment for the implementation plan.
Appoint a long-term responsible person for the implementation. At Stork PMT each function
has a backup person. This construction prevents a project from becoming too dependent on
one person.
Ensure that decisions based on the new planning algorithm are provided with feedback about
the actual performance at regular intervals.
If the implementation at Stork PMT is successful, other subsidiaries can implement the
planning algorithm.

It should be noted that not enough data is available to support the actual implementation of the new
planning algorithm in practice for a certain set of slaughteries, based on the region they are located.
If decided to make use of the planning algorithm in a larger scale, it is important to make inserting data
in the input files easier. Per SKU and per slaughtery the right input parameters have to be gathered
from the information systems. Possibly some parts of this data collection should be automated,
because this reduces time spent by employees. Furthermore, fewer mistakes can be made while
inserting the data. Users should be trained to make use of the new planning algorithm.
Failure rates have to be updated regularly. Changes in the failure rates influences the storing of
inventory at the slaughteries (and possibly the main local warehouses). The same holds for the
installed base information. At the moment the model only contains 23 breakdown parts. The runtime
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for a scenario with this dataset is only a few seconds. Adding more breakdown parts (and possibly
more slaughteries) to the model will increase the calculation time of the model.
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Chapter 8 Conclusions and recommendations
This chapter discusses the main conclusions and recommendations that follow from the research
project. This research project is based on the design assignment described in section 3.3.
“Define a clear (worldwide accepted) delivery performance measure. Calculate the costs of different
designs of network structures for certain regions to support the decision to possibly change the
network.”
A new planning algorithm has been developed during the project and its use is tested for the situation
at Stork PMT. Throughout the report the effects of this new planning algorithm are discussed. The
main conclusions and recommendations that follow from the research project are presented in this
chapter.
8.1 Conclusions
The model introduces a new performance measure, the time-based aggregate fill rate. This service
measure is described by Caggiano et al. (2007) and gives an insight of spare part availability in a
certain time frame.
The developed model in this report includes criticality, by making use of a feature already present in
the PhD study of Kranenburg (2006). Thereby, the model has been redesigned to fit the processes of
Stork PMT (to a large extent). The feature of Kranenburg is taken as basis to implement the Stork
PMT specific feature of criticality and therefore contributes to the research already done by
Kranenburg.
Chapter 5 has shown the planning algorithm works. If Stork PMT decides to make use of main local
warehouses within their network structure this planning algorithm based on the multi-item approach
can be used.
The developed model can be used for two goals:
• Firstly, the model can be used to calculate outcomes for several simplified scenarios of
network structures. The planning algorithm is able to provide a structured overview of the
needed basestock levels per inventory location to reach fill rate targets. Furthermore, the
model can be used to examine the effect of input parameter changes. The model can be used
to compare scenarios based on different network structures. These scenarios can be used to
support business cases. Examples of how these business cases can be defined, are shown in
Chapter 6. Based on these scenarios decision making about the right network structure can
be supported. Results of the scenarios show that using one slaughtery as main local
warehouse leads to the lowest total relevant costs. Choosing a large slaughtery will even
result in lower total relevant costs.
• Secondly, the model can be used for actual implementation in practice. Not enough data is
available to support the implementation of the inventory control method in practice. If this data
is available, the model can be used to help determining the right recommended spare parts
package. It uses a more objective way of determining the basestock levels than the current
working method and it is shown that the new planning algorithm leads to lower total relevant
costs as compared with the current way of planning basestock levels.
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8.2 Recommendations
As stated in the conclusions, the network structure with one slaughtery as main local warehouse leads
to the lowest total relevant costs. This network structure, however, does not exist in practice yet.
Therefore, it is recommended to examine this network structure in further detail.
Using a slaughtery as main local warehouse has some practical disadvantages. For instance,
slaughteries are not specialized in holding inventory. Furthermore, it can be difficult to explain the
slaughtery that functions as a local main warehouse that also other customers of Stork PMT can make
use of the inventory at its slaughtery, in case of breakdowns. A large advantage shown in Chapter 6 is
that slaughteries do not charge storage costs. Based on the large impact storage costs have, it is
recommended to ask a slaughtery to function as main local warehouse. Stork PMT can offer the
slaughtery that needs to become a main local warehouse, some financial advantages. Discounts on
spare parts can be offered, or even rent can be paid for the storage space. Furthermore, an
advantage for the slaughtery, is the fact that it has more breakdown parts at its site than compared
with the situation that slaughtery would not be a main local warehouse. This advantage should also be
mentioned to the slaughtery.
To fully implement the model in practice it is recommended to gather more data. This is also described
in chapter 7. At the moment the biggest lack of information for the model is on the failure rates of the
breakdown parts. Therefore, failure rates of more SKU’s have to be gathered. Furthermore, the model
needs good installed base information. When a part is no longer in the installed base, this should be
changed in the model. Otherwise the outcome of that scenario of the model possibly will advise to
store a part in a slaughtery which does not have that part in its installed base.
Good agreements about the availability targets should be made with slaughteries. Downtime in the
agreements should mean downtime caused by technical and technological failures. For instance, if a
line is stopped by veterinary inspectors (because of a large amount of unhealthy animals in a certain
time amount) this should not be counted as downtime as defined in the agreement.
Furthermore, it is wise to not take the total costs of a breakdown for a slaughtery as basis for the
(possible) penalty costs in the agreement. Otherwise no healthy relation will exist between the
customer and Stork PMT. For instance, a slaughtery can lose a big customer because the slaughtery
could not deliver on time. In a few situations this can be caused by a failure of a machine of Stork
PMT. When the slaughtery wants to charge this loss of income to Stork PMT this is not reasonable,
because these costs are many factors higher than the tariff Stork PMT can charge for the full service
agreement.
At this moment Stork PMT uses a program, named Slim4, for spare parts inventory management. This
program uses the single-item approach. An item approach determines the basestock level based on
the availability per item, irrespective of the item’s price. As discussed extensively in literature, a multiitem approach outperforms an item approach with respect to spare parts inventory control in most
situations based on the objective function. A multi-item approach makes sure targets are met for all
items together. Therefore, in a full service situation, it is better to make use of a multi-item approach
which keeps the system availability in mind instead of the item availability. Scenarios in chapter 6
show that the multi-item approach performs better than the item approach for the full service situation.
Therefore, it is recommended to further investigate if Slim 4 is the right program for spare parts
inventory management at the central warehouse.
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The model includes criticality. Eventually the criticality groups have to be further refined. That way
breakdown parts with the same impact on the functioning of the line are categorized in the same
criticality group. This refinement makes better steering with the targets for the fill rates per criticality
group possible.
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List of abbreviations

ABCDE-code:

Spare parts code

BOM:

Bill of Material

CTS:

Commerciële en Technische Service; a different name for the ODP
department of Stork PMT

EDB:

Engineering Database

ERP-system:

Enterprise Resource Planning system

Et al.:

Latin for and others

FSE:

Field Service Engineer

INNOP:

INNovatie en Ontwikkelings Proces (in Dutch)

I&U:

In- en Uitvoer; export department Stork PMT

KPI:

Key Performance Indicator

MRP:

Materials Requirement Planning

MTTF:

Mean Time To Failure

OEMer:

Original Equipment Manufacturer

ODP:

Onderdelen Diensten Proces; the service department of Stork PMT

OOP:

Offerte Order Proces, the sales department of Stork PMT

PLM:

Product Life cycle Management; a software system

SAM:

Service Area Manager of Stork PMT

PMT:

Poultry processing Machinery and Technology, Stork PMT is one of the
operating companies of Stork Food Systems

SAP:

Systems, Applications and Programs; an ERP-system

SGCTS:

Structural Group CTS; a department of Stork PMT

SKU:

Stock Keeping Unit

SFS:

Service Feedback System; a software system

SLA:

Service Level Agreement
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SLF:

Service Logistics Forum

TCO:

Total Cost of Ownership

WACC:

Weighted Average Costs of Capital
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List of variables
Input variables
J

Set of local warehouses, with j = 1,..., J .

K (⊆ J )

Subset of main local warehouses, with k = 1,..., K .

kj

The first main local warehouse that is checked for the demanded breakdown part,
once local warehouse j does not have the breakdown part on stock.

I

Set of SKU’s, with i = 1,..., I .

N

Set of criticality groups, with n = 1,..., N .

N j (⊆ N )

Subset of criticality groups that is assigned to local warehouse j.

mi , n

Demand rate of SKU i belonging to criticality group n.

M i, j

Total demand rate for SKU i at local warehouse j.

Mn

Total demand rate for criticality group n.

tireg

Required time for a regular replenishment from the central warehouse to a local
reg

warehouse for SKU i, with ti

t klatj

in days.

Required time for a lateral transshipment from main local warehouse k j to local
lat

warehouse j , with t k j in days.
lat

tj

Average required time for a lateral transshipment from all main local warehouses

k ∈ K to local warehouse j , with k ≠ k j

t em
j

Required time for an emergency shipment from the central warehouse to local
warehouse j.

C em
j

The additional costs for an emergency shipment from the central warehouse to
local warehouse j, compared with a regular replenishment

C jlat

Costs for a lateral transshipment from a main local warehouse to local warehouse
j.

C

S
i, j

Cih, j

Costs for storing SKU i at local warehouse j.
Total inventory costs for SKU i at local warehouse j, per year.

Si , j

Basestock level for SKU i in local warehouse j.

Si

Vector of the basestock levels for SKU i

β nobj .1

Target for the fraction of the demand of criticality group n that is delivered
immediately upon request.

β nobj .2

Target for the fraction of the demand of criticality group n that is delivered
immediately upon request or delivered by a lateral transshipment from main local
warehouse k j .
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β nobj .3

Target for the fraction of the demand of criticality group n that is delivered
immediately upon request or delivered by a lateral transshipment from a main
local warehouse.

β n1 ( S )

Fraction of the demand of criticality group n that is delivered immediately upon
request.

β (S )
2
n

Fraction of the demand of criticality group n that is delivered immediately upon
request or delivered by a lateral transshipment from main local warehouse k j .

β n3 ( S )

Fraction of the demand of criticality group n that is delivered immediately upon
request or delivered by a lateral transshipment from a main local warehouse.

β i1, j ( S i )

Fraction of the demand of SKU i at local warehouse j that is delivered immediately
upon request, i.e. from the stock in local warehouse j, also called the item fill rate.

β i2, j ( S i )

Fraction of the demand of SKU i at local warehouse j that is delivered immediately
upon request, i.e. from the stock in local warehouse j, or delivered by a lateral
transshipment from main local warehouse k j .

β i3, j ( S i )

Fraction of the demand of SKU i at at local warehouse j that is delivered
immediately upon request, i.e. from the stock in local warehouse j, or delivered by
a lateral transshipment from a main local warehouse.

α i , j ,k ( S i )

Fraction of the demand of SKU i at local warehouse j that is delivered from main
local warehouse k by means of lateral transshipment, k ∈ K , k ≠ k j

Ai , j ( S i )

Fraction of the demand of SKU i at local warehouse j that is delivered by means of
lateral transshipment.

θ i, j (Si )

Fraction of the demand of SKU i at local warehouse j that is delivered from the
central warehouse as an emergency shipment.

σ (k )

Vector showing the pre-specified order in which main local warehouses are
checked, if main local warehouse k does not have the breakdown part on stock.

f

Percentage for obsolescence for one year

g

Percentage for interest for holding a SKU on stock for one year

h

Percentage for holding a SKU on stock for one year, obtained by adding f and g

P

B100 price for SKU i.

~

M i,k

Total demand for SKU i at main local warehouse k.

θ i,k

Fraction of the demand for SKU i at main local warehouse k that is delivered from
the central warehouse.

β i,k

Fraction of the demand for SKU i at main local warehouse k that is delivered from
main local warehouse k.

∧

~

M i,k ,k

~

Demand rate for SKU I with which main local warehouse k requests a lateral
transshipment from main local warehouse k.
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∧

M i ,k

Demand rate for SKU i at main local warehouse k including all demand from other
local warehouses.

ej

Row vector of size J with the j-th element equal to 1 and all other elements equal
to 0.

∆C (i, j )

Cost difference if the basestock level for SKU i at local warehouse j would be
increased by one.

∆β 1 (i, j )

The decrease in distance to the set of feasible policies if for SKU i and local
warehouse j, the basestock level S i ', j ' will be increased by one.

∆β 2 (i, j )

The decrease in distance to the set of feasible policies if for SKU i and local
warehouse j, the basestock level S i ', j ' will be increased by one.

∆β 3 (i, j )

The decrease in distance to the set of feasible policies if for SKU i and local
warehouse j, the basestock level S i ', j ' will be increased by one.

R1 (i, j )

The ratio that calculates the increase in fill rate divided by the additional costs.

R2 (i, j )

The ratio that calculates the increase in fill rate divided by the additional costs.

R3 (i, j )

The ratio that calculates the increase in fill rate divided by the additional costs.

Output variables

Ci ( S i )

Total expected relevant costs for SKU i per year.
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Appendices
Appendix 1: Organization structure Stork NV
This appendix shows the organization structure of Stork NV and all operating companies and
departments relevant for this report. The organization structure of Stork NV and Stork Food Systems
in particular changes frequently, as can be seen in Appendix 2. The organization charts in this
appendix show the situation on July 30, 2007.
Figure A1.1 shows the organization structure of Stork NV and Stork Food Systems. The organization
structures of the operating companies of Stork Food System relevant for this graduation project are
described below and can be found in Figure A1.2 (Stork PMT), Figure A1.3 (Stork Titan), Figure A1.4
(Stork Gamco), Figure A1.5 (Stork Food Systems Brazil), Figure A1.6 (Townsend Engineering
Company), Figure A1.7 (Stork Townsend DesMoines), Figure A1.8 (Stork Townsend Oss) and Figure
A1.9 (Stork Food Systems International).

Stork NV
S. Vollebregt

Stork Technical
Services

Stork Food Systems
Th. Hoen

Stork Aerospace

Stork PMT BV
A. de Weerd

Stork Gamco Inc.
F. Nicoletti

Stork Titan BV
Th. Hoen

Stork Food Systems
Máquinas
Alimentícias Ltda.
G. de Bock

Townsend
Engineering
Company
Th. Bruinsma

Stork Food Systems
Australasia BV
K.H. Kroeger

Stork Food Systems
BV
H. van Konijnenburg

Stork Food & Dairy
Systems BV
W. de Haan

Figure A1.1: Organization chart Stork NV
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Stork Prints

Stork PMT
Stork PMT (Poultry processing Machinery and Technology) is the largest operating company of Stork
Food Systems. It manufactures equipment and systems for the worldwide poultry processing industry
(excluding North America and Brazil). Stork PMT has two locations in the Netherlands: the main plant
in Boxmeer (the Netherlands) and a second production facility in Dongen (the Netherlands). The
production facilities of Stork PMT are shared with Stork Titan. The Boxmeer plant has a central
warehouse, combined for production of new machines and spare parts sales. Stork PMT employs
around 600 employees. Stork PMT can serve the total processing of chicken, turkey, goose and duck.
The total product assortment consists of more than 350 product families, which can be delivered in
around 2500 variants. Stork PMT sells around 5000 machines per year. The installed base of Stork
PMT was estimated around 570 million euros at the end of 2006.

Stork PMT BV
A. de Weerd

HRM
G. van Tilburg

F&A
H. Lamers

ODP (CTS)
G. den Bok

Voortbrenging
F. Vijverstra

Facilitair
Management

I&U

Operations CTS

Helpdesk

CTS 1

CTS 2

OOP
A. Tulp

INNOP
W. Beeftink

PTO

SG CTS

Figure A1.2: Organization chart Stork PMT

Stork Titan
Stork Titan is active in developing, installing and maintaining systems for further processing of meat,
fish and potatoes into convenience food and creative snacks. Stork Titan shares the location in
Boxmeer with Stork PMT and has around 60 employees. The total product assortment of Stork Titan
consists of around 30 product families, which can be delivered in multiple variants. This results in a
large number of different products of which around 250 to 300 end products are delivered per year.

Stork Titan BV
Th. Hoen

ODP/ Sales
Engineering
F. Benders
(ad interim)

Finance
R. Rutjens

HRM
F. Luimes

OOP
H. Janssen

INNOP
P. K. Hopma Zijlema

Manufacturing
F. Vijverstra

Figure A1.3: Organization chart Stork Titan
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Titan US INNOP
H. van der Eerden

Stork Gamco
Stork Gamco produces poultry processing equipment for the North American market and a number of
South American countries. It has the same product assortment as Stork PMT. Stork Gamco serves its
customers from its plant in Gainesville (USA), including a central warehouse and from a second
warehouse in Delaware (USA). Stork Gamco employs around 175 employees. A separate business
unit of Stork Gamco (called Titan, like the further processing operating company in Boxmeer) is
working on introducing further processing equipment on the North American market.

Stork Gamco Inc.
F. Nicoletti

Personnel
K. Falls

Controller
M. Sales

Sales and Marketing
M. Ruscitti

Titan US
Bob Conklin

Technical
Engineering and
R&D
J. Usrey

Manufacturing
M. Barton

Service
G. Rivera

Purchasing &
Material Control

Spare parts

Manufacturing

Int. Sales

IT

Domestic Sales

Assembly Stockroom
Shipping

Finger Sales

Quality Assurance

Figure A1.4: Organization chart Stork Gamco

Stork Food Systems Brazil
Stork Food Systems Brazil (formally named Stork Food Systems Máquinas Alimentícias Ltda.) sells
and services poultry processing equipment and further processing equipment from its plant in
Piracicaba (Brazil). It employs around 30 employees. Stork Food Systems Brazil has a small
production facility and a warehouse. It has the same product assortment and service offering as Stork
PMT and Stork Titan.
Stork Food Systems
Máquinas
Alimentícias Ltda.
G. de Bock

Finance
F. Peruchi

Sale PMT
L. Rutten

Service PMT
F. Leandro

Figure A1.5: Organization chart Stork Food Systems Brazil
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Logistics
F. Rochelle

Sale/service Titan
H. van Tilburg

Townsend Engineering Company
Townsend Engineering Company and Nijal are the latest acquisitions of Stork Food Systems.
Townsend Engineering Company has two manufacturing locations, one in Des Moines (USA) and the
other in Oss (the Netherlands). Townsend is active in developing, producing, installing and maintaining
systems for the processing of red meat. Because the incorporation of Townsend in Stork Food
Systems is very recent, there is not much cooperation with the other companies of Stork Food
Systems yet; Stork Townsend at the moment still operates globally as a stand-alone business, with its
own production facilities, warehouses and service organization.
Townsend
Engineering
Company
Th. Bruinsma

Nijal
Th. Bruinsma
J. le Paih (DGD)

Stork Townsend BV
Th. Bruinsma

Stork Townsend Inc.
Th. Bruinsma

Figure A1.6: Organization Townsend Engineering Company

Stork Townsend Inc.
Th. Bruinsma

Innovation
D. McCloskey

Manufacturing
R. Beattie

Sales
B. Damstetter

Finance
M. van de Berg

HRM
P.P. Dings

Finance
P. Houtepen

HRM
P.P. Dings

Service
B. Wonderlich

Figure A1.7: Organization chart Stork Townsend DesMoines

Stork Townsend BV
Th. Bruinsma

Innovation
Vacancy

Manufacturing
J. Joordens

Sales
H. Verdonk

Service
B. Stams

Figure A1.8: Organization chart Stork Townsend Oss
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Stork Food Systems International and Stork Food Systems Australasia
Stork Food Systems has a number of branch offices and local sales agents. In total there are seven
branch offices. Two of these branch offices are part of Stork PMT (PMT Asia (Philippines) and PMT
Warsaw (Poland)). One branch office is a separate holding (Stork Food Systems Australasia,
Australia). The four remaining branch offices (Stork Food Systems Iberia (Spain), Stork Food Systems
France, Stork Food Systems Central Europe (Slovakia) and Stork Food Systems Moscow (Russia))
form a separate operating company: Stork Food Systems International. Stork Food Systems Moscow
and Stork Food Systems Australasia each have a warehouse, the others do not. Besides branch
offices, which are a part of Stork Food Systems, Stork Food Systems also uses local sales and service
agents. One of them is Stork Mexico, which is a part of Stork Prints. Sales agents do not belong to
Stork Food Systems.

Stork Food Systems
BV
H. van Konijnenburg

Russia

France

Poland

Slovakia

Asia

Spain

Figure A1.9. Organization chart Stork Food Systems International
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Appendix 2: History Stork Food Systems
This appendix describes the history of Stork Food Systems. A timeline that highlights the most
important events in this history is depicted in Figure A2.1. The history of Stork Food & Dairy is not
presented on this timeline.

1947
Stork & Co's
Apparatenfabriek (Amsterdam)
opens a machine
factory in Boxmeer

1955
De Wiericke starts
producing poultry
processing
equipment

1963
Stork starts
its
activities in
the
food sector by
taking over
De Wiericke

1989
NON is taken
over

1968
Poultry
processing
activities
move
to Dongen

1965
Stork takes over
Machine Fabriek
Van Luxemborg
(Dongen, NL)

1974
Gamco is
taken over

1976
Foundation
Stork do
Brasil

1987
Nijhuis Slachttechniek and
Early 1980's Tourpac are
taken over
Stork do
Brasil
becomes
agent

1978
Poultry activities
move from
Dongen to Boxmeer

1985
Stork PMT
moves to
new building

1999
Stork do
Brasil
is re-founded

1994
Focus on poultry
processing;
Stork sells other
food activities

2001
Stork
Protecon is
sold

2007
Nijal is taken
over

2006
Townsend is
taken over

1988
Titan and Market
are taken over

Figure A2.1: History Stork Food Systems

Stork started in the poultry business in 1955 when machine factory De Wiericke started producing
poultry processing equipment. De Wiericke was located next to the machine factory Stork & Co’s
Apparatenfabriek that started in 1947 in Boxmeer. In 1963, Stork acquired De Wiericke and the two
factories were combined. In 1985, the current Stork PMT factory was opened to expand the
manufacturing capacity for poultry processing equipment. To expand into turkey processing
equipment, Market was taken over by Stork PMT in 1988.
The production location in Dongen became part of Stork in 1965. At first, the two production locations
produced poultry processing equipment, textile equipment and anything else the main office in
Amsterdam told them to produce. In 1968, the poultry activities moved to Dongen and moved back to
Boxmeer in 1978. After that, Stork Dongen produced specialized parts for the poultry processing
equipment produced in Boxmeer.
In 1975, Gamco became part of Stork. With this take-over, Stork became the largest producer of
poultry processing equipment in the USA. In 2006, Gamco was renamed Stork Gamco. To expand into
the growing Brazilian market of poultry processing, Stork do Brasil was founded in the late 1970’s. Due
to a lack of knowledge and the poor monetary position of Brazil, the Brazilian activities were however
outsourced to an agent. In 1996, new life was poured into Stork do Brasil and in 1999, a small
production facility was opened.
Stork started its activities in further processing by taking over Titan in 1988. Production was integrated
in the Stork PMT production. In 1987, Tourpac was taken over and was soon integrated in Stork Titan
to gain knowledge on packaging.
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Stork first started expanding into red meat processing by taking over Nijhuis Slachttechniek in 1987
and NON in 1989. The results in the red meat market were disappointing and therefore in 1994 Stork
started concentrating on poultry processing only. As a result of that Stork Protecon was sold in 2001 to
Townsend Engineering. In 2006, Stork re-entered the red meat market by taking over Townsend
Engineering. In 2007 they acquired Nijal.
Appendix 3: After sales service organization other operating companies
The after sales organizations of the various operating companies are described in this appendix. Also
a more detailed description of the information systems that are used at Stork PMT is given.
Stork Titan
Stork Titan consists of three departments: OOP, ODP and INNOP (see Appendix 1). Service mainly
concentrates in the ODP department. This department does not have any sub departments. Titan
does not have a structural group; occasionally it uses the structural group of PMT. The service
employees of ODP are concerned with telephonic customer support, receiving and handling orders for
spare parts, selling and updating service agreements, installation, service visits, training and customer
relationship management. Customers can order spare parts at Titan during office hours. They can
order items or subassemblies. Titan does not offer service kits or upgrade kits. A customer can
request spare parts at Titan or at a local representative (branch office, sales representative, Stork
Gamco or Stork Food Systems Brazil).
Stork Gamco
Stork Gamco consists of six departments (see Appendix 1). The two departments concerned with
service are Titan US and Sales & Marketing. Titan US takes care of all service (including spare parts
sales) for further processing equipment. At the moment, the installed base for further processing
equipment in North America is very small, so Titan US mainly is concerned with sales. Sales &
Marketing does the service for poultry processing equipment. Sales & marketing has a number of sub
departments, three of them concerning with service: Spare parts, Sales and Service. The sub
department Spare parts handles all orders for spare parts and takes care of the stock control.
Customers can order spare parts at Gamco 24 hours a day, 7 days a week and is 24 hours per day
available to deliver the parts. They can order items or subassemblies. It is also possible to order all
parts for a certain overhaul at once in a so-called service kit or to order all parts for an upgrade.
Stork Food Systems Brazil
Stork Food Systems Brazil consists of five departments. The service department can be compared
with the CTS department of PMT. Stork Food Systems Brazil offers the same services as PMT. Most
services are performed by PMT, so the service department is strongly supported by the CTS
department of PMT for technical questions. The services Stork Food Systems Brazil performs by itself
are installation, mechanical support, spare parts provision and a part of the service visits, but even
these activities are strongly coached and supported by PMT. The tasks of the service department are
telephonic customer support, receiving and handling orders for spare parts, selling and updating
service agreements, installation, service visits, training and customer relationship management. For
further processing equipment, service is deployed from Boxmeer.
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Stork Townsend DesMoines
Stork Townsend DesMoines has a service department, named ‘UltraService’. This department handles
all orders for spare parts. The department is divided in customer regions for which each employee has
to take care of.
Stork Townsend Oss
Stork Townsend also has a service department, named ‘UltraService’. Within Townsend Oss the
service for the machines of the former Townsend are under the responsibility of the regional Business
Units. Service for the machines of the former Stork Protecon are under the responsibility of the service
engineers pool at Stork Townsend Oss. So, at Stork Townsend Oss there are two pools of service
engineers which are not or not much interchangeably employable.
Branch offices and sales agents
The branch offices and sales agents are the first contact point of the customer in a region, but often,
customers directly contact the operating company they need. Branch offices and sales agents are
concerned with telephonic customer support and handling and receiving of spare parts orders. The
sales departments are mainly concerned with sales and service comes on the second place.
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Appendix 4: Information systems
This appendix shows the information systems that PMT and the other operating companies use and
how these are related.
Information Systems at Stork PMT
PMT uses a number of information systems but these are not all used for service. The way these IS
systems fit in the IS structure is mentioned below. The most important information systems used for
service and their relationships, can be found in Figure A11.1 and will be discussed shortly.

Figure A4.1: Information systems related to the service organization at Stork PMT

Lotus Notes is an information system that is used as an email program and calendar, but it is also a
mainframe for other applications, like the Service Feedback System and the Knowledge Information
System (KIS). The Service Feedback System stores all information about customer visits. If an
engineer visits a customer to do a check-up on a machine or to perform some form of maintenance,
everything the engineer sees, hears and does is noted in the system. This information is used to
develop system upgrades and improvements. KIS is used to store all product information that is not in
the Engineering Database, like user manuals and information relevant to sales people. User manuals
are also found in PLM. The Engineering Database (EDB) stores technical information about the
machines Stork Food Systems produces. This includes drawings and Bills of Materials (BOM’s). The
Engineering Database is a Stork Food Systems-wide application; all operating companies use this
system. Slim4 is a software package that is used to forecast demand for spare parts and to calculate
safety stocks for spare parts inventory.
The Boxmeer warehouse is combined for production of new machines and spare parts sales. Slim4
only uses spare parts demand. Slim4 takes into account trends and seasonal patterns. It uses 24
months of historical demand to forecast. Item numbers and material breakdowns come from the
Engineering Database (through SAP). Demand data come from SAP. Stock is an application used on
one hand to operate the elevator-system used in the Boxmeer warehouse and on the other hand to
store information relevant to the warehouse, like locations of products. SAP is an ERP system. It is the
main system that links all the other systems. It forms the basis of the order processing and the
financial administration. SAP combines the demand forecast of Slim4 with the production planning for
new machines to generate production orders and supplier orders in order to control the stock in the
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warehouse. Additionally, it stores financial information that is input for the ordering process of spare
parts and it displays information from the other systems.
Stork Titan
Stork Titan uses the same combination of information systems as PMT does for service. A graphic
representation of the IS systems used at PMT and Gamco can be found in figure A11.2.

Figure A4.2: Information systems PMT and Titan

Stork Gamco
Gamco uses a number of information systems, but these are not all used for service, these can be
found in figure 11.3. The information systems used for service and their relationships can be found in
Figure A11.4. These will be discussed shortly. Aurora is an ERP system. It is the main system that
links the other systems and it is used for the master scheduling. Its functions can be compared with
those of SAP. For service it functions as a MRP-system for Gamco, linking information from Slim4 (the
old spare parts forecasting program Focus is only used as a link to distribute the data) and the
Engineering Database with the production planning for new machines in the same manner as SAP
does for PMT. Gamco uses the same Engineering Database and KIS system in Lotus Notes as PMT
does. There are 2 years and five months of data available of the demand rate of the spare parts.
Gamco will switch over and implement SAP in the near future.
Gamco uses 4 different types of structures for inventory control.
•

The MRP module in the ERP system Aurora is used for ordering parts. The majority of the
parts orders are suggested by MRP. MRP is used for parts for which good predictable data is
available.
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•
•

•

There is consignment stock (vendor-managed inventory) that has to be reordered every
quarter.
For some parts Gamco has a purchasing (framework) agreement with the supplier (delivery
programs on identified items), named letter of intents. These items are delivered at fixed time
intervals.
In Delaware min/max inventory levels are used (controlled by Gainesville).

Figure A4.3: Information systems Gamco

Figure A4.4: Information systems related to service Gamco.

Stork Food Systems Brazil
Stork Food Systems Brazil uses Proteus as ERP system. Every two weeks, data from PMT on BOM’s
is imported in Proteus. Every six months, data from PMT on prices is imported in Proteus. Proteus
produces purchase orders and production orders and does the stock control. Stork Food Systems
Brazil does not use a system to forecast spare parts demand, but it does use Lotus Notes with the KIS
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system. Field engineers from Brazil use the Service Feedback System from PMT. Stork Food Systems
Brazil has limited access to the Engineering Database. Some employees have access to the SAP
system of PMT. In the future, Stork Food Systems Brazil will place its spare parts orders from PMT
directly in the PMT SAP system. The following figure gives the service related information systems at
Stork Food Systems Brazil.

Figure A4.5: Information systems related to service Stork Food Systems Brazil

Stork Townsend DesMoines
Stork Townsend DesMoines uses the ERP system Symix for (spare parts) inventory control. There is a
sort of hybrid method of forecasting and ordering. Some forecasting is attempted by the average of the
last 12 months of demand being put in the system as a forecast, but most parts and machines
(estimation 97%) are not made until there is a customer order in the system. Safety stock is used as
reorder point, because the system otherwise does not tell them when to reorder. There is only 12
months of historical sales data in Symix. Stork Townsend DesMoines will switch over and implement
SAP in the near future.
In the future it is the goal to use the installed base for the spare parts forecast. For now the historical
demand is used of the parts to forecast the spare part sales.
Stork Townsend DesMoines uses 4 different types of structures for inventory control.
At manufacturing a sort of ‘visual kanban’ is used. Every work cell keeps track of the stock of these
parts and decides on the right order size. There is consignment stock that has to be reordered every
quarter. There are purchased parts that get a visual check once a week. Stork Townsend DesMoines
tries to hold a monthly demand in stock for these parts. The MRP module in the ERP system Symix is
used for ordering parts. The majority of the parts orders are suggested by MRP. MRP is used for parts
for which good predictable data is available.
When a part has no demand for a year Stork Townsend DesMoines does not stock that part anymore.
Stork Townsend Oss
Stork Townsend Oss uses the ERP system IFS for (spare parts) inventory control. Forecasting is
attempted by the weighted average of the last years of demand being put in the system as a forecast
(higher weighing factor for more recent years). That way the (safety) stock levels are determined.
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There are 48 months of historical sales data in IFS. Stork Townsend Oss will switch over and
implement SAP in the near future.
Appendix 5: Warehouses at other operating companies
Warehouses Gainesville and Delaware
The second central warehouse is the Gamco warehouse in Gainesville. This warehouse is also
combined for production of new machines and spare parts sales and contains parts for all equipment
Gamco sells and services. This is mainly equipment developed by Gamco, but also equipment
developed by PMT and Titan. The warehouse in Delaware is a second warehouse from Gamco.
Gamco does the stock control of Delaware and the two Gamco warehouses are treated as one in
calculating performance measurements.
For stock control, Aurora is used. Stock control can be compared with stock control in Boxmeer; spare
parts demand is forecasted by Slim4, safety stocks are calculated and these are combined with the
production planning for new machines. Currently, 58% of the parts are stocked. The decision to stock
an item is made based on the item code.
Warehouse DesMoines
The central warehouse in DesMoines also is combined for production of new machines and spare
parts sales. Some of the strategic customers have consignment stock (vendor managed inventory). It
is possible to take from this stock when another customer has a breakdown. It does not happen that
much that parts from consignment stock at a customer have to be used for other customers, but it is
possible.
Warehouse Oss
The central warehouse in Oss also is combined for production of new machines and spare parts sales.
Warehouse Brazil
The warehouse in Brazil contains spare parts for PMT, Gamco and Titan equipment and parts for
assembly of new equipment. Stork Food Systems Brazil uses Proteus for stock control. No software is
used to forecast demand or safety stocks. Only foreseen demand and manually forecasted demand is
on stock and safety stocks are manually set for items with expected demand.
Warehouse Moscow
The warehouse in Moscow only contains some spare parts from classifications A and B for PMT and
Titan equipment. A third party does the stock control.
Warehouse Australia
The warehouse in Australia contains spare parts from classifications A and B for PMT and Titan
equipment. Parts enter the warehouse from the warehouse in Boxmeer. Stork Food Systems
Australasia does stock control. Stock control is done intuitively by the employees of Stork Food
Systems Australia and is not supported by an information system.
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Appendix 6: Spare parts characteristics at other operating companies
The spare parts characteristics of other operating companies are presented in this appendix. These
characteristics are important when in the future the re-design is projected to these operating
companies. Above that, it gives a better and more complete understanding of the current logistics
strategy of Stork Food Systems.
Stork Titan
Classification spare parts
Titan offers around 1.600 different parts. In the past, it used different classification than PMT, but
because the stocks of PMT and Titan are combined and PMT and Titan share one information system,
Titan is forced to adapt to the PMT classification, which Titan is currently working on. Titan does not
use spare parts packages yet.
Demand characteristics
The costs of spare parts range from less than a eurocent to almost 20.000 euros per part. A Pareto
analysis reveals that the 80-20 rule (80% of the sales value is caused by 20% of the items) applies to
Titan: 80% of the sales value is caused by 20.7% of the items. The total sales revenue from spare
parts for Titan in 2006 was 1,4 million euros.
Stork Gamco
Classification spare parts
Gamco offers about 16.000 active spare parts. Almost 12.000 of them are in Slim4 and have a
demand history in Slim 4 and about 4.000 are not planned for (no stock) and therefore are not in
Slim4. In Slim4 there are 5.124 planned spare part numbers for Stork Gamco and Stork Titan (June
2007). Titan does not have that many parts on stock because their installed base is relatively small.
Gamco uses two classifications for its spare parts. The first one is used to make maintenance
schedules. It uses a code (see Appendix 9) and a replacement interval for each part in a certain
classification. The second classification is used for stock control and can be found in Appendix 9.
Demand characteristics
Gamco uses two classifications for spare parts. One classification is about if a spare parts is planned
to be on inventory or not. The other classification is about the usage frequency of the spare part.
Gamco does not have demand data available for the first classification, but for the second
classification it does (Figure A4.1 and Figure A4.2). No data is available on unit prices of parts at the
moment (this information can be gathered). The total sales revenue from spare parts for Gamco in
2006 was 27,5 million dollars.
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Figure A6.1: % of item numbers per class Gamco

Figure A6.2: % of demand per class Gamco

Stork Food Systems Brazil
Stork Food Systems Brazil uses the PMT spare parts data. Demand of Stork Food Systems Brazil is
incorporated in the PMT demand via Slim4. Demand of Stork Food Systems Brazil is also incorporated
in the Gamco demand via Slim4.
Stork Townsend DesMoines
Classification
Stork Townsend DesMoines has about 70.000 part numbers, from which about 13.000 are active
spare parts. Townsend DesMoines offers these active spare parts. It uses two ways to classify spare
parts. There is an ABC classification, which is based on inventory costs. Parts that resulted in 80% of
the inventory costs are A parts, the following 15% are B and the last 5% are C so it is a Pareto
analysis. There is also a SL (service level) classification, which is based on parts sales. Parts that
resulted in 80% of the sales are SL1 parts, the following 15% are SL2 and the last 5% are SL3 so it
also is a Pareto analysis. Some Stork Townsend DesMoines employees think the both classifications
do not differ much and are in concept the same.
Demand characteristics
60% of the total sales in North America are related to spare parts. The total sales revenue from spare
parts for Stork Townsend DesMoines in 2006 was 30 million dollars.
Stork Townsend Oss
Classification
Stork Townsend Oss has about 20.000 active parts.
Demand characteristics
50% of the total sales are related to spare parts. The total sales revenue from spare parts for Stork
Townsend Oss in 2006 was 30 million dollars.
Branch offices and sales agents
Demand of customers at branch offices or sales agents is forwarded to PMT or Gamco or Townsend
and is incorporated in their demand.
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Overlap between spare parts at different sites
“supplier”
“customer”
Boxmeer
Gainesville
DesMoines
Oss
Delaware
Brazil
Australia
Moscow

Boxmeer

Gainesville

X
++

++
X

DesMoines

X
+
++
++
++
++

Oss

Delaware

Brazil

Australia

Moscow

+
+

+
+

0
0

0
0

X
+
+
+

+
X
+
+

0
0
X
0

0
0
0
X

+
X

++
++
++
++

Figure A6.3: Matrix which shows overlap between spare parts at different sites

++
means able to deliver full assortment available at other warehouse (certainly for the new
machines)
+
means able to deliver full assortment available at other warehouse but not complete
0
means able to deliver certain part of assortment (only A and B items) available at other
warehouse and not complete
empty means very small overlap between spare parts available between the warehouses
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Appendix 7: Performance measurement at other operating companies
KPI’s Stork Titan
Stork Titan uses the same performance measures as PMT does for service. Measuring the delivery
performance of PMT and Titan for 2006 results in 73% for PMT and 69% for Titan. Another measure
used by PMT and Titan to measure delivery performance is the achieved delivery time. PMT and Titan
want to be able to deliver all spare parts orders within 15 working days. Whether they succeed cannot
be seen from the data PMT and Titan are able to extract from their current information systems. On
order line level, the performance can be determined; PMT delivers 64% of all order lines within 15
working days, Titan 49%.
KPI’s Stork Gamco
Delivery performance Gamco
Gamco uses the customer service level as a performance indicator, which is defined as the
percentage of order lines shipped within 24 hours. Gamco agrees with its customers that (almost) all
items are delivered within 24 hours. Therefore, the customer service level of Gamco can be compared
with the delivery performance PMT uses. The measurement of this delivery performance (fill rate)
takes place by averaging the fill rate per day by week. So the measurement checks if an item is
available when a customers calls. If a customer calls the part has to be delivered the same day
otherwise it is counted against the fill rate. Some of the parts need not to be delivered the same day.
However for simplicity their delivery performance is measured the same way. So, for these parts it is
possible that Gamco is does not reach the fill rate targets, though no real problem for the customer
exists.
Opposite to PMT customers, most Gamco customers are used to partial (incomplete) deliveries.
Complete deliveries are less than 10% of the orders and especially are orders from abroad. Complete
deliveries are used because they result in less transportation costs and costs for customs (less
paperwork). More information about the advantages about the way of ordering can be found in
Appendix 10. All items for incomplete deliveries are shipped when ready, so the customer service level
does give a much less distorted image than the delivery performance of the Boxmeer warehouse. The
goal is 95%, at the moment it is around 92%. One of the reasons the goal is not achieved is that some
items (the so-called U-items with no expected demand and therefore no stock) can never be delivered
within 24 hours.
KPI’s Stork Townsend DesMoines
Stork Townsend DesMoines uses the customer service level as a performance indicator, which is
defined as the percentage of order lines shipped the same day. Stork Townsend DesMoines agrees
with its customers that (almost) all items are delivered same day. Therefore, the customer service
level of Stork Townsend DesMoines can be compared with the delivery performance PMT uses. The
measurement of this delivery performance (fill rate/ parts availability) takes place by measuring the
number of lines that are shipped the same day as a percentage of the total lines ordered that day. So
the measurement checks if an item is available when a customers calls. If a customer calls the part
has to be delivered the same day otherwise it is counted against the fill rate. Some of the parts need
not to be delivered the same day. However for simplicity their delivery performance is measured the
same way. So for these parts it is possible that Stork Townsend DesMoines is being penalized against
the fill rate without a real existing problem for the customer. Customers can order parts between 7.00
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and 17.00. UPS however leaves at 16.30 so it is not possible to ship the orders, which arrive after or
just before that moment.
Opposite to PMT customers, most Stork Townsend DesMoines customers are used to incomplete
deliveries. All items for incomplete deliveries are shipped when ready, so the customer service level
does give a much less distorted image than the delivery performance of the Boxmeer warehouse.
In a research conducted during two weeks in 2007 is measured that around 96% of the components
could be delivered from inventory during that period, the percentage that actually got shipped was
lower. Reason for this is the earlier mentioned timeframe of taking orders. Within 24 hours 88% of the
ordered lines is shipped, within 48 hours 95% is shipped. Within a five day workweek 99% is shipped.
Each month an inventory report is generated. This report presents the inventory heights and the
inventory turnover rates, so in this aspect Stork Townsend DesMoines looks at the financial aspect.
Each planner reviews the inventory of the parts he or she is responsible for. The number of inventory
turns is used as KPI. A items have approximately 8 turns and 2 million dollars of inventory, B items 2
turns and 1 million dollars and C items 0,5 turns and 2,5 million dollars. At Stork Townsend DesMoines
there is no measurement that stimulates inventory reduction, there is no penalty on having too much
stock.
Other measurements are spare parts sales, cost reductions, machine costs, expenses (maintenance
and manufacturing) and capacity usage of the manufacturing department.
KPI’s Stork Townsend Oss
Stork Townsend Oss measures the delivery reliability of the manufacturing department. These
measurements determine the delivery reliability of whole machines, not of individual items. In the near
future Stork Townsend Oss will implement the measurement of delivery reliability of purchased parts
(August 2007), manufactured parts (August 2007) and service parts (September 2007). Service parts
here means a package of spare parts to fulfill a complete customer order (for example for an
overhaul). This also is the delivery time the customer observes when ordering complete deliveries.
Other measurements are spare parts sales and sold amounts for certain items. In the future Stork
Townsend Oss will measure inventory turnover rates and stock levels.
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Appendix 8: Process Layouts Customer
This appendix gives the process layouts for the poultry and further processing processes at the
customers of Stork PMT.
Poultry Processing

Figure A8.1: Typical poultry processing layout (Stork, unknown)

A.
B.
C.
D.
E.
F.
G.

H.

Birds arrive at the factory in crates or containers. They are shackled manually. The crates
or containers are cleaned.
The birds are stunned and the neck is cut. The birds bleed and are scalded. Finally, the
feathers are plucked. After that they are re-hung on different shackles.
The viscera pack is separated from the carcass and transferred to a separate pack shackle.
Not all customers process the viscera pack. Some don’t use it, other leave it inside
Feathers, heads, hocks, blood and other by-products are collected and processed. This is
not regarded part of the poultry processing process
Internal organs are separated and processed. Veterinary inspection of the organs takes place
to detect illnesses.
Birds and organs are chilled, either by air chilling or by water chilling.
Birds and portions are weighted at various points in the process. Weighting can take place
in line. Furthermore, quality of birds is graded, manually or with the help of vision systems.
Birds are allocated to the different parts of the process, based on weight and quality ratings.
Birds, or parts of the birds are packaged according to customer wishes.
The birds are proportioned. Bones are removed to get de-boned breast and leg meat for
retail and further processing.
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Figure A8.2: Poultry Processing Process (Stork, unknown)
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Further Processing

Figure A8.3: Two possible Further Processing layouts (Stork, unknown)

A.
B.

C.
D.
E.

Forming: Meat (or fish or potato) is formed into a specific shape. This is usually done in
batches with specific characteristics. The formed product is placed on transportation belts.
Coating: A coating, marinate or seasoning is applied to either a formed product or to a piece
of poultry. This can take place in-line in a poultry processing process, or on transportation
belts.
Frying: Formed products or pieces of meat are fried in oil.
Cooking: The product is heated in an oven
Cooling/freezing: The product is cooled or frozen.
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Appendix 9: Spare parts classifications
This appendix describes the different spare parts classifications that are in use at Stork Food Systems.

Figure A9.1: Spare parts classification PMT

Figure A9.2: Spare parts packages classification PMT

Figure A9.3: Spare parts classification Gamco
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Figure A9.4: Spare parts classification Gamco for stock control

Appendix 10: Advantages and disadvantages way of ordering
Advantages Incomplete Orders
Necessity for domestic orders: if there are for
example five parts of the same item available and
the customer ordered seven, the customer can
still get the five parts. That way the customers
can already use some of the parts and will
receive the other parts some time later.

Disadvantages Incomplete Orders
Incomplete deliveries result in high costs for
example caused by double handling.
Furthermore, a starting tariff has to be paid per
shipment (at least at PMT). So more shipments
per order result in higher costs (not all of these
costs are charged to customers).

The inventory gets turned faster and Stork Food
Systems can invoice quicker and receive
payment quicker.

It is frustrating when you just miss one part and
therefore still cannot do the job. When an
incomplete order is stocked at a slaughterhouse
there is the chance that items from that
incomplete order are already used somewhere
else. So when the rest of the order arrives not all
items are available anymore.

Advantages Complete Orders
Complete deliveries result in less transportation
costs and costs for customs (less paperwork).

Disadvantages Complete Orders
When you are waiting for the last part before
sending an order, some of the other parts are
again gone.

Figure A10.1: Advantages and disadvantages complete orders
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Appendix 11 Cost structure
This appendix gives an overview of the costs used in the scenarios in chapter 6.
Lateral transshipment costs
For the scenario with storage costs the lateral transshipment costs are set at € 150,- per part.
Emergency shipment costs
The emergency shipment costs are set at € 235,- per part.
The costs for emergency shipments and lateral transshipments are based on the distance traveled
(and the corresponding estimated time) and fixed costs per kilometer. An estimation for the costs per
kilometer is € 0,50. This estimation is based on an agreement with a courier service which takes care
of all the emergency shipments of Stork PMT.
Interest costs rate
In consultation with the financial manager the weighted average cost of capital, was chosen as interest
rate. This WACC was 8,26 % at the time the scenarios were run. The interest costs do not depend on
the location where part i is stored.
Obsolescence costs rate
In the past the obsolescence costs rate of inventory at Stork PMT was relatively high compared with
the current obsolescence costs rate. The last few years the obsolescence costs rate decreased about
15% (from 25% to 10%) as a result of some measures taken. It could be possible that this trend will
continue, however not to the same large extent. Stork PMT each year scraps inventory to keep the
obsolescence costs rate low. A percentage of 10% has been taken to cover for this obsolescence
costs rate.
Storage costs
The costs for storing a pallet place for one year at a main local warehouse of a logistics service
provider have been set at € 540,- per year. In the input file a division has been made between parts
that need a total pallet place and parts that need only 5% of a pallet place. The storage costs for these
last parts are set at € 27,-.
Regular replenishment lead time
Transportation times and costs are determined for the situation with the central warehouse in
Boxmeer, a main local warehouse near Paris and slaughteries on a distance of at most 100 kilometers
to the main local warehouse. Group transportation has been determined as the transportation mode
reg

for ti

reg

(regular transportation time). This will lead to a value of 1 or 2 days for ti

in Europe.

However, on Saturdays the transportation companies do not work. When a breakdown part is used
and a new part is ordered on Friday afternoon, the part arrives on Monday. Taking a value of 3 days
reg

for ti

is therefore the safest and best choice. Values for the regular replenishment time can differ

per breakdown part. In the scenarios the same value of 3 days is taken for all the breakdown parts.
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