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Abstract 

This master thesis describes the development of a performance measurement model for the service or
ganization of Stork Food .Systems, based on a number of Service Level Agreements. The model includes 
both Internal Performance Indicators ( expressing the efficiency of the use of internal resources) , and 
External Performance Indicators (expressing how the customer judges Stork Food Systems in its role 
as service provider), as well as the relationships between the two. The model is applied to one of the 
operating companies of Stork Food Systems and an implementation plan is provided. 
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Executive Summary 

This report is the result of a Master thesis project at Stork Food Systems. The research assignment for 
the project has been defined as: 

Develop a system of performance indicators that Stork can use to measure,and manage its 
performance on full-service Service Level Agreements at Stork PMT, Stork Gamco, Stork 
Titan, and Stork Brazil. 

First, a definition and measure for full service were determined. Full service is defined as the total bundle 
of products and services that fully satisfies the needs and wishes of a customer related to the performance 
of the Stork equipment. The measure most commonly used for full service is Operational Availability. 
This measure could not be used, because it is difficult to include line speed and product quality in 
this measure, while they are extremely important for the customers of Stork. Therefore, a different 
measure has been used: Operational Equipment Effectiveness (OEE) , originating from Total Productive 
Maintenance (TPM). 

No literature was found on application of this measure in Service Level Agreements. Therefore, we had 
to determine how to apply the measure in Service Level Agreements on the two types of equipment Stork 
produces: Poultry processing equipment 1 and further processing equipment 2 . For further processing 
equipment, the measure could be applied directly. For poultry processing equipment, we had to make 
the distinction between the performance of the production line and the performance of the machines on 
that line, so we split the measure into Operational Line Effectiveness (OLE) and Operational Machine 
Effectiveness (OME). 

After defining a measure, we looked at applicability of full service and concluded that Stork can only 
offer full service to a limited number of customers. Because we did not want to base our performance 
measurement model, and especially the measurement of the internal performance of Stork, on a limited 
number of customers, we have developed a number of additional service packages including partial-service 
Service Level Agreements, to include those customers that that were excluded from full-service Service 
Level Agreements. 

After defining full service and the Service Level Agreements that were to be the foundation of the model, 
we started developing the model. Literature only provided methods for developing a model based on 
current business processes. To develop a model based on Service Level Agreements, we had to develop 
our own method: 

1. Decompose the service measures from the Service Level Agreements into External Performance 
Indicators. 

2. Investigate what factors influence the performance of the External Performance Indicators and 
investigate if Stork can influence these factors. 

1 equipment used to slaughter and cut up birds 
2equipment used to process meat , poultry, potatoes and fish into snacks and meal components 
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3. Define Internal Performance Indicators for those factors Stork can influence and remove or combine 
Internal Performance Indicators that measure the same. 

4. Remove performance indicators that are not measurable. 
5. Summarize the Internal Performance Indicators, the External Performance Indicators and their 

relationship in a Performance Measurement Model. 

Applying the method at Stork Food Systems resulted in two Performance Measurement Models: one 
for Poultry Processing (Figure 1) and one for Further Processing (Figure 2). The differences between 
the two lie in the measure for full-service (OLE and OME for poultry processing versus OEE for further 
processing), and the absence of software problems for further processing 3 . After developing the general 
models for poultry processing and further processing, we determined how to make the model company 
specific for one operating company: Stork PMT. Furthermore, we developed an implementation plan for 
all operating companies. 

The following can be concluded from the project: 

• The project provides Stork with a proposal for service packages including the most important 
Service Level Agreements, which Stork can use to develop a number of service packages for its 
customers. 

• The service measure Operational Equipment Effectiveness has been applied in Service Level Agree
ments. This resulted into two service measures that describe the performance of a poultry pro
cessing plant with line production (OLE and OME), and in one service measure that describes the 
performance of a further processing plant with batch production (OEE). 

• A method for developing a performance measurement model based on service level agreements 
has been developed, which is based on the desired outcome of processes instead of on the current 
process design like current models for developing a performance measurement model. The method 
combines two types of performance indicators and includes the relationships between performance 
indicators. 

• Applying the method to Stork PMT resulted in two performance measurement models: one for 
poultry processing and one for further processing. The models shows the importance of performance 
measurement and are not sensitive to changes to the service packages, nor to process changes. 

• Implementation of the model does not require major process changes or investments. The model 
can be implemented in pieces and does not have to be implemented at all operating companies at 
once. 

• The project has created awareness of the importance of performance measurement at Stork Food 
Systems. 

The following is recommended: 

• Investigate application of the models to Stork Townsend and Stork Food & Dairy Systems. 

• Include services without Service Level Agreements in the model. 

• Develop a similar model for the sales organization. 

• Finish the Optimizer + @ project 4 and start a similar project for further processing. 

• Conduct a market research on service wishes of the customers. 

3 Stork only offers plant control software for poultry processing plants 
4 A project of Stork PMT related to Cost of Ownership 
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Figure 1: Performance Measurement Model for Poultry Processing 
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Introduction 

In recent years, Stork Food Systems has observed an increase in the demand for after sales services. It 
expects this trend to continue, so it is looking for opportunities to expand its service offering. Therefore, 
Stork has joined the Service Logistics Forum Research Program. As part of this program, a master 
thesis project was initiated at Stork Food Systems. This report describes the results of this master thesis 
project. 

Success in the contracted operations and maintenance area is increasingly dependent on the ability of 
the service provider to demonstrate the value of services rendered through the use of metrics (Ritchie, 
2003). One possibility for doing so is full-service Service Level Agreements: contracts in which one level 
of service is guaranteed that reflects the performance of the equipment. In order to guarantee a certain 
level of service, Stork Food Systems should be able to measure the level of service it is currently offering. 
Furthermore, it should have insight in what influences the level of service. 

This report describes the development of a performance measurement model based on Service Level 
Agreements. The model describes both internal and external performance indicators, as well as the 
relationships between performance indicators, and is based on both full-service Service Level Agreements 
and partial-service Service Level Agreements. Two important definitions for this report are: 

Full Service: The total bundle of products and services, that fully satisfies the needs and wishes of a 
customer related to the performance of the Stork equipment. 

Service Level Agreement {SLA): The part of a contract between a service provider and a customer 
that specifies, in measurable terms, what level of service will be provided. 

This report consists of three parts: Part one introduces Stork Food Systems and describes the research 
assignment for this project. Part two describes the model that has been developed in order to fulfill 
the research assignment and the analysis that was needed for this model. Part three describes the 
application of the model to Stork Food Systems, as well as an implementation plan, conclusions, and 
recommendations. Finally, a literature list is included, as well as a list of abbreviations and definitions. 
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Chapter 1 

Company Description 

This chapter discusses the relevant characteristics of Stork Food Systems. First, it gives an introduction 
to the organization, second it discusses the relevant market characteristics and developments in the 
market. Third, it discusses some characteristics of the customer process, and fourth, it discusses the use 
of Stork equipment in the customer process. 

1.1 Organization 

Stork NV is one of the oldest industrial concerns of the Netherlands. It consists of four strategic business 
units: Stork Food Systems, Stork Aerospace, Stork Prints, and Stork Technical Services (Appendix A). 
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 171 
million in 2005 with 839 employees. The key competencies 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, poultry meat, and other ingredients. 

• Expert knowledge on quality, hygiene, (food) safety, mechanization, automation and computeriza
tion 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 (Appendix B), 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. At the start of this project, Stork Food Systems consisted of five 
operating companies: Stork PMT, Stork Titan, Stork Gamco, Stork Brazil, and Stork Food Systems 
International. Each of them will be discussed below. During the course of the project , two more 
companies (Stork Townsend and Stork Food & Dairy Systems) have joined Stork Food Systems. These 
two companies are not incorporated in this project because they joined Stork Food Systems after the 
start and the definition of the project , and could not be included without changing the project drastically. 

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 four locations: the main plant in Boxmeer (The 
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Netherlands) , a second production facility in Dongen (The Netherlands) , a branch office 1 in Manilla 
(Thailand) , and a branch office in Warsaw (Poland). The production facilities of Stork PMT are shared 
with Stork Titan. The Boxmeer plant has a central warehouse, combined for production and service. 
Stork PMT employs around 600 employees. 

Stork PMT can serve the total processing of chicken, turkey, goose and duck. The total product assort
ment consists of around 300 product families, which can be delivered in 2000 variants. Stork sells around 
5000 machines per year. 

Stork Titan 

Stork Titan is active in developing, producing, 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 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 a second ware
house in Delaware (USA). Stork Gamco employs around 175 people. A separate business unit of Stork 
Gamco ( called Titan, like the further processing company in Boxmeer) is working on introducing further 
processing equipment on the North American market. 

Stork Food Systems Ltda 

Stork Food Systems Ltda (Stork Brazil) sells and services poultry processing equipment and further 
processing equipment from its plant in Piracicaba (Brazil) . It employs around 30 people. Stork 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 International en Stork Food Systems Australasia 

Stork Food Systems has a number of branch offices: local sales and service representatives. Two of these 
Branch Offices are part of Stork PMT (PMT Asia and PMT Warsaw), as mentioned before. 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. 

1.2 Market Characteristics and Developments 

Stork Food Systems is active in two markets: Poultry processing equipment and further processing equip
ment. Both markets are oligopolies. Stork Food Systems is world market leader in poultry processing. 
Other major players in this market are Meyn, Baader/Johnson, Linco, and Systemate Numafa. The 

1 Local sales and service representative 

6 
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market annually grows about 2 to 4%. Except from Asia, all geographic markets have growth expec
tations. Traditionally, North America and Western Europe are the most important market for poultry 
processing equipment. Brazil and Russia are fast growing markets. 

Stork Food Systems is the number 3 player in the further processing market. 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 Stork Food Systems has a very small market share 
in this market. 

Both for poultry processing equipment and for further processing equipment, a number of pirates are 
active on the spare parts market. Stork Food Systems is currently the market leader on spare parts, 
other global players are Hill and Rodon. Additionally, a number of local players 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; after sales service is becoming more important and will play a 
bigger role in future buy decisions. Not only demand on product support is increasing; companies 
are asking for more support on 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. Small companies go bankrupt or are taken over by big companies. 
Slaughterhouses are starting further processing activities. This means that not only the number of 
customers decreases, customers are also becoming more professional. 

1.3 Characteristics Customer Process 

Stork distinguishes two production processes: Poultry processing and further processing. Stork offers 
most equipment for poultry processing and further processing, or has strategic partners that offer it. 
This section discusses both processes briefly. 

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 can be 
passed-by by individual birds. 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 (Appendix C). 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 plant is different. Each production step can be automated or conducted manually 
and the customer has a choice in how far to process: Birds can be sold in one piece, or the bird 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 C shows two possible process layouts, but many layouts are possible. 
Further processing factories usually have flexible layouts, which can be adjusted to the product to be 
processed. 

7 
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Speed of further processing is usually measured in kilograms per hour and determined by the individual 
machines. The quality of the end product is mainly determined by the mix of input materials like season
ings 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 knives and picking fingers. Further processing equipment has few parts that 
wear. 

Use of the equipment varies between customers. Some plants produce 3 shifts a day, 6 days a week, 12.000 
birds per hour. Other plants 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, others have an 
extensive preventive maintenance program. This all affects the failure characteristics of 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. Poultry processing customers in other parts of the world have one supplier for (a large 
part of) the process. 

Stork equipment is usually critical to the customer 's process. High uptime and yield are therefore very 
important. Therefore, most customers have their own maintenance department , in which case Stork is 
only consulted for expert knowledge and to order spare parts. 
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Chapter 2 

Research Assignment 

Stork Food Systems is leading in service in the poultry processing market. Because service can provide 
a great competitive advantage, the company continuously tries to improve its service. Therefore, it has 
developed a strategic plan for service for 2006 to 2011. This plan consists of a number of issues that 
Stork Food Systems wants to work on the coming years. One of those issues is Service Level Agreements, 
which we discuss briefly. 

Stork PMT and Stork Gamco have started with service agreements in which a number of service visits 
are agreed upon. Stork Food Systems wants to increase its service by expanding the number of ser
vice agreements and by expanding the content of the service agreement. At the moment, some pilots 
are running with agreements that combine service visits with spare parts. Maintenance schedules for 
preventive maintenance are designed, and agreements are offered that include planning, supervision by 
Stork field service engineers, and spare parts for this periodic preventive maintenance. Currently, there is 
no standard agreement: each agreement is drawn up individually. Stork Food Systems wants to develop 
a number of global Service Level Agreements (SLA's) that can be used by all operating companies and 
adjusted to customer-specific details. It wants to investigate how service contracts have to be drawn up 
(payment for delivered service, payment for system availability, payment per finished product, etcetera) 
and what the consequences are for the organization (staff, organization structure, etcetera). 

Because Stork Food Systems is aware of the strategic importance of service, Stork PMT participates 
in the Service Logistics Forum (SLF) Research Program. The goal of the SLF Research Program is to 
deliver innovative products and concepts to improve the quality and reduce the cost of service logistics 
operations (Service Logistics Forum, 2005). As part of the research program, a Master's degree project 
was initiated. The initial assignment for this project was one of the research topics of the SLF research 
program and one of the issues of the strategic plan on service: design of service contracts (Appendix E). 
This report describes the results of this project. This chapter describes how the research assignment for 
this project has been developed. 

2 .1 Development of the Research Assignment 

The project was started by a literature study (Van Stratum, 2006) and orienting interviews. Stork PMT 
indicated that Stork Food Systems wants to offer all customers the same service, regardless of whether 
they are customer of Stork PMT, Stork Titan, Stork Gamco, or Stork Brazil. Therefore, Stork Gamco, 
Stork Titan, and Stork Brazil were included in the study. 

This orientation phase did not indicate a clear problem definition. Therefore, we conducted a broad 
analysis on the service of Stork Food Systems and the possibilities of offering Service Level Agreements. 
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To develop a research assignment for this analysis, the method of Doorewaard and Verschuren (2000) 
has been use to develop a research model (Appendix F). This research model resulted the following 
assignment for the analysis phase: 

Analyze the current service situation at Stork Food Systems, find opportunities for improve
ment, and investigate what role service agreements can play in improving the service of Stork 
Food Systems. Formulate a number of research topics for the remainder of the project. 

The assignment can be divided into two parts: 

1. Analysis of the current situation in order to find improvement opportunities for the service of Stork 
Food Systems 

2. Analysis of service agreements in order to investigate what role service agreements can play in 
improving the service of Stork Food Systems 

For the first part, two tools have been used: A service-profiling framework by Johansson and Olhager 
(2QQ.3).._ and a SWOT analysis. We used the semce=-profiling framework to see whether the -service 

products that are offered by Stork Food Systems match the service organization creating these services. 
An analysis of the created service profiles, and interviews conducted at Stork Food Systems (Appendix G) 
were input for the SWOT analysis to reveal opportunities for improving the service of Stork Food Systems. 
Two of these opportunities for improvement were service agreements and performance measurement. 
Appendix H provides a detailed description of this analysis. 

For the second part, two tools have been used as well: The service profiling framework mentioned earlier, 
and a framework by Oliva and Kallenberg (2003). We used the service-profiling framework to identify 
mismatches between the current service organization and the desired services. We used the Oliva and 
Kallenberg framework to predict organizational changes as a result of moving towards the desired service 
situation. The conclusions of this analysis were that offering serv.iceJey.el agreements will have a number 
.Qf_benefits for Stor..k Food Systems, but before being' able to offer them, a number of issues need further 
attention, one of them being performance moos:ureme.'IJ,t. Appendix H provides a detailed description of 
this analysis too. --- -

We discussed the analysis and the results of the two parts with Stork Food Systems and the university 
supervisors, as well as two research proposals: One related to performance measurement, and the other 
related to pricing of service level agreements. The first one was chosen in coordination with Stork Food 
Systems and the university supervisors, and ideas and remarks for the project were proposed, both by 
Stork Food Systems and by the university supervisors. These were all incorporated in the research 
assignment we developed for the remainder of this project: 

Develop a system of performance indicators that Stork can use to measure and manage its 
performance on full-service Service Level Agreements at Stork PMT, Stork Gamco, Stork 
Titan, and Stork Brazil. 

2.2 Research Project 

This report describes the research project resulting from the research assignment. Part II of this report 
describes how we fulfilled the research assignment by developing a performance measurement model. 
Part III describes how this model is applied to Stork Food Systems and what the conclusions and 
recommendations are. 
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Part II 

To develop a system of performance indicators based on full-service Service Level Agreements, we first 
determine what full service is and how this should be incorporated in a Service Level Agreement. This 
is described in Chapter 3 and Chapter 4: Chapter 3 analyses the current service offering of Stork Food 
Systems, Chapter 4 defines full service, what measure can be use, and how this measure should be used 
in Service Level Agreements of Stork Food Systems. 

In Chapter 4, we conclude that full service can only be offered to a small group of customers. Because 
we do not want to base the system of performance indicators only on this small group of customers, a 
number of Service Level Agreements on only a part of the service are included, that can be offered to 
the remaining group of customers. To determine what Service Level Agreements can be used for this, 
we develop a number of service packages in Chapter 5,J additional to the full-service package. These 
additional paclra_g_es result in a number of additional Service Level Agreements. 

These additional Service Level Agreements, combined with the full-service Service Level Agreement 
determined in Chapter 4, will be the foundation of our system of performance indicators. Chapter 6 
describes how we develop a performance measurement model based on these Service Level Agreement, 
and what the two resulting models are: One ~sing and one for further processing. 

Part III 

After developing the two models, they will be to Stork Food Systems to determine if the models are 
suitable, and to determine what changes are needed to implement the model. Due to time constraints 
we will only apply the poultry processing model to Stork PMT. Chapter 7 we describes this application 
by describing what process changes are needed in order to implement the model, how to obtain the 
data needed, how to measure each performance indicator, and how to use the model in daily operations. 
Furthermore, Chapter 8 describes a plan for implementing the models at all operating companies, and 
provides an estimation of the costs and effort needed for the implementation. Chapter 9 describes the 
conclusions, recommendations, and suggestions for further research. 
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Chapter 3 

Customer Support 

Stork has an extensive customer support network. This section describes the details. First, the services 
offered by each operating company are discussed. Second, the information systems that Stork Food 
Systems uses for customer support are discussed briefly. Third, some details of the service organization 
relevant to this project are discussed. Fourth, developments and trends in service are mentioned. 

3.1 After Sales Services 

Stork Food Systems offers a number of services to support both the equipment and the processes of 
the customer. The after sales service market for poultry processing equipment and further processing 
equipment is not very mature yet. This is reflected in the after sales support offered by Stork. Stork 
does not offer a complete support package; different services are offered separately: Some free of charge, 
others are priced based on the costs Stork has to make to offer the service. Each operating company 
offers its own services. These are summarized in Table 3.1 and described more extensively in Appendix 
D. Stork Brazil offers the same services as Stork PMT. 

3.2 Information Systems 

Stork Food Systems uses a number of information systems. Some are company-specific, others are used 
by more than one company. We discuss the information systems relevant for this project. 

• Stork PMT and Stork Titan use the ERP-system SAP. Stork Gamco uses a different ERP-system, 
but will implement SAP in the near future. Stork Brazil uses a different ERP-system, but has 
access to the SAP-system of Stork PMT. 

• All operating companies use the Engineering Database (EDB}. EDB stores technical informa
tion about equipment and includes drawings and bills of material. 

• Stork PMT, Stork Titan, and Stork Brazil use the Service Feedback System (SFS). SFS stores 
all service-related information of customers. Stork Gamco does not use SFS. 

• All operating companies use Product Lifecycle Management (PLM}. PLM stores customer
specific equipment information. 

• Stork PMT uses 'Iransparex. Transparex is a web-appli9ation that contains information on price 
and transportation time of the major transportation companies and is used to book transportation 
for spare parts and new equipment. 

• Stork PMT has developed a plant control system called PDSNT. This system is sold to customers 
who use it to operate their poultry processing plant. 
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Stork PMT 
Technical support 
Helpdesk support 24/7 
On-site consultancy 
Equipment inspections 

Electronic support 
Helpdesk support 24/7 
Online trouble shooting 

Process support 
Consultancy Stork (Demo Center) 
On-site consultancy 
Periodic service info 
Equipment inspections 

Training 
On operating equipment 
On maintenance 

Maintenance 
Maintenance supervision 
Maintenance plans 
P reventive, periodic maintenance 
Day-to-day maintenance 
Trouble shooting 

Spare parts 
Spare parts supply 24/ 7 
EDI ordering 
Prevent ive maintenance packages 
Upgrade packages 

Service agreements 
Service visits 
Spares periodic maintenance included 

+ offered 
Not offered 

+/- Partly offered (not available for all clients) 
N/a Not applicable 

+ 
+ 
+ 

+ 
+ 

N/a 

+ 
+ 
+ 

+ 
+ 

+ 
+/-
+/-

-

+ 

+ 
-
+ 
+ 

+/-
+/-

3.2. INFORMATION SYSTEMS 

Stork Titan Stork Gamco 

+ + 
+ + 
- + 

N/a + 
N/ a + 

+ N/a 

+ + 
- -
- + 

+ + 
+ + 

- + 
- + 
- + 
- -

- + 

+ + 
- + 
- + 
- + 

- + 
- + 

Table 3.1: Services offered 
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Visit 

Advice 
Engineer 

Engineer r---- -
I 

Start Analysis 
Feedback 

- Re!'ffliF- --t-. End 
customer I 

Advice I _ __ _ _ J 

Process Visit 
Specialist Process 

Specialist 

Figure 3.1: Telephonic support process calls 

3.3 Customer Support Process 

Although each operating company has its own organization structure and its own service organization, 
the customer support processes of each operating company are similar. We will discuss them briefly. 

Technical Support 

Customer support is divided into technical support and electronical support. Technical support deals 
with all problems related to the equipment. Electronical support deals with all problems related to 
software. The processes for the two types of support are similar (Figure 3.3). The only difference is that 
Stork actually solves software problems; for technical problems, Stork offers the customer a solution, but 
it is the responsibility of the customer to execute this solution. 

If a customer calls Stork with a problem, the employee answering the telephone tries to solve the problem 
by looking at drawings in PLM or by searching in SFS for similar problems. If the employee cannot 
solve the problem, he asks a colleague, a field service engineer or a process specialist for advice. If the 
problem is still not solved, a field service engineer or process specialist will visit the customer to diagnose 
the problem. If a solution is found , the customer is informed. 

Electronic Support 

Electronic support is offered in a similar way as technical support (Figure 3.3), only after diagnosing the 
problem, Stork will also solve the problem, where as for technical support, only a solution is suggested. 
Electronic support is only offered to poultry processing customers with a plant control system developed 
by Stork. 

Process Support 

No clear process can be distinguished for support to the customer's production process. Process support 
is offered on request of the customer and fulfilled customer-specific. Some customers have a service 
agreement that includes a number of visits per year. How the agreement is planned and executed 
depends on the Stork employee responsible for the agreement. 

Training 

Stork offers training both on operating equipment and on maintaining the equipment. Training on 
operating equipment is offered by the different sales departments, training on maintenance is offered by 
the service departments. The customer requests training. Stork plans the training sessions. 
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Order entry 

Purchase 
parts 

Order picking 

Delivery parts 

Create 
shipment 

Figure 3.2: Order process 

Transportation 

Maintenance 

On poultry processing equipment, Stork offers support on periodic preventive maintenance. Depending 
on the service agreement of the customer, Stork plans and supervises periodic preventive maintenance 
and provides spare parts packages for it. Stork does not offer day-to-day maintenance, nor all labor for 
periodic preventive maintenance. Currently, there is no default service agreement and each agreement is 
fulfilled customer-specific. 

Spare Parts 

At Stork PMT, Stork Brazil, and Stork Titan, the process of ordering spare parts is combined with 
telephonic support. Customers often do not know what parts they need, so they call Stork for assistance. 
Stork determines what parts are needed by looking at drawings in PLM, and by looking in SFS and in 
the ERP-system, and offers the customer a quotation for the parts. The customer confirms and the 
parts are ordered. Often, the customer adds parts to the order or changes the order after confirming. 
We regard advising the customer in what parts to order customer support; the spare parts process starts 
after an order is confirmed by the customer. Stork Gamco does have two distinct processes for customer 
support and for spare parts orders. 

The general order process (Figure 3.3) consists of 6 steps. First, an order is entered in the ERP-system. 
The ERP-system checks if all parts are on stock. If this is not the case, and parts are not yet ordered, 
a purchase order is placed for each part ( either internally or externally). Next, the parts are delivered 
to the warehouse. If all parts are on stock, the order is picked, shipment documentation is created and 
shipment is arranged. Finally, the package is shipped to the customer by an external carrier. 

The different operating companies have some minor changes to this general process: 

• Stork Gamco guarantees delivery of all parts within 48 hours to all customers, while Stork PMT, 
Stork Titan and Stork Brazil agree a delivery time with the customer depending on the availability 
of parts. 

• At Stork PMT and Stork Titan, not all parts have a price in the ERP-system. Therefore, upon 
entering the order, all items are checked for a price. If items do not have a price, a price is requested. 

• At Stork Gamco, some customers can order spare parts electronically by EDI (Electronic Data 
Interchange). This means that the order does not have to be entered in the ERP system. 

• Stork Gamco sends each part to the customer as soon as the part is available, Stork PMT, Stork 
Titan, and Stork Brazil only ship complete orders. 

3.4 Service Organization 

Stork Food Systems does not have a single, integrated after sales service organization: the different 
operating companies provide service to their own customers. For each operating company, this section 
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briefly discusses the departments that provide the services. Appendix A provides organization charts of 
all operating companies. 

Stork PMT 

Stork PMT has the largest service organization of all operating companies. This service organization 
performs the after sales service for the Stork PMT customers and supports the service department of 
Stork Brazil. Service mainly concentrates in the so-called CTS department. CTS is divided in a number 
of sub-departments. Relevant for this project are I&U, Helpdesk, CTSl, CTS2 and SG-CTS. 

I& U is the export department. This department is responsible for arranging shipment for both new 
equipment and spare parts. I&U makes sure that a transportation company will pick up a package, and 
provides transportation documentation and customs documentation. 

CTSl and CTS2 are responsible for taking spare parts orders and providing technical customer support. 
Both departments have the same tasks and responsibilities, but are responsible for customers in different 
geographical regions. CTSl and CTS2 both have a number of Service Area Managers (SAM); account 
managers for service. Each SAM is responsible for the customers in a certain geographical region and 
visits each customer periodically (regardless of whether the customer has a service contract). 

The Helpdesk is responsible for offering support on software problems. 

SG-CTS is responsible for improving the service of Stork PMT. It is concerned with developing new 
service concepts, pricing of spare parts, and publishing of periodical service info for the customer. 

Stork Titan 

At Stork Titan, service mainly concentrates in the OOP /ODP department, which is a combined sales 
and service department. This department does not have any sub departments. It is concerned with 
technical support and taking spare parts orders. Stork Titan uses the I&U department of Stork PMT. 
Stork Titan has a Service Manager, who has the same tasks as a Service Area Manager at Stork PMT. 

Stork Gamco 

At Stork Gamco, two departments are concerned with service: Titan (not to confuse with the operating 
company of Stork Food Systems with the same name) , and Sales & Marketing. The Titan-department 
is responsible for further processing customers in North America. At the moment, the installed base for 
further processing equipment in North America is very small, so Stork Titan is mainly concerned with 
sales. Sales & Marketing is responsible for the service for poultry processing equipment. It has a number 
of subdepartments, three of them concerning with service: Spare Parts, Sales, and Service. Spare Parts 
is responsible for spare parts sales, Sales is responsible for the sale of service contracts ( and the sale of 
new equipment), Service is responsible for telephonic support; both technical and electronical. Stork 
Gamco does not make the distinction between Sales Managers and Service Area Managers; the Sales 
Managers are also concerned with service. 

Stork Brazil 

Stork Brazil has three departments concerned with service: Service PMT, Logistics, and Sales/Service 
Titan. The Service PMT department of Stork Brazil is responsible for offering support on poultry 
processing equipment. It takes orders for spare parts and offers technical support. Electronical support 
is offered by the Helpdesk of Stork PMT. Logistics is the export department; it arranges the shipment 
of packages. Sales/Service Titan is responsible for service on further processing equipment. Stork PMT 
offers the other services and supports the Service PMT department. 
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Branch Offices and Sales Representatives 

The branch offices and sales representatives 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 representa
tives are concerned with telephonic customer support, and handling and receiving of spare parts orders. 
No details are available on their processes. 
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Chapter 4 

Definition of Full Service 

In Chapter 2, the research assignment for this project was defined as 'Develop a system of performance 
indicators that Stork can use to measure and manage its performance on full-service Service Level Agree
ments at Stork PMT, Stork Gamco, Stork Titan, and Stork Brazil.' In order to do so, we have to develop 
a measure for the full-service Service Level Agreements, and define related terms. 

Service Level Agreement (SLA): The part of a contract between a service provider and a customer 
that specifies, in measurable terms, what level of service will be provided. 

Service Measure: A measure used in Service Level Agreements to express the level of service. 
Service Level: The actual value of a certain service measure. 
Target Level: The value of a service measure that is agreed upon in a Service Level Agreement. 

If a Service Level Agreement states that each spare part order is delivered within 4 days, than the 
service measure is the order delivery time, the target level is 4 days, and the service level is the actual 
performance, for example the fraction of orders that actually is delivered within 4 days. 

After defining Service Level Agreement and related terms, we need to define full service. Stremersch et.al. 
(2001) define full service as "Comprehensive bundles of products and/or services, that fully satisfy the 
needs and wants of a customer related to a specific event or problem." The terms "total solutism selling" 
and "to~al sJek__m selling" are also commonly used for "full service". A term oftenu;-a in practice 
and re1ateclto fuU-service is turnkey. Van Weele (2002) defines turnkey subcontracting as placing the 
responsibility for the execution of the entire assignment with the supplier. As described in Section 1.2, 
Stork expects that their customers want a broader range of services in the future. Therefore, we will use 
the following definition of Full Service for Stork Food Systems: 

Full Service: The total bundle of products and services that fully satisfies the needs and wants of a 
customer related to the performance of the Stork equipment. 

4.1 Measure for Full Service 

A measure for full service that is often used in practice is Operational Availability. In literature, various 
definitions of (Operational) Availability can be found. Kumar et al. (2000) define Operational Avail
ability as the probability that the system will be in the state of functioning when used as specified, taking 
into account maintenance and logistic delay times. Sherbrooke (2004) defines Operational Availability 
as the fraction of time a system is not down because of maintenance or delivery delay of spare parts. 
These two definitions show that Operational Availability only includes whether the equipment is up or 
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down; including speed and quality is difficult. The only option is to include a lower bound of speed and 
quality in the definition of downtime. Since speed and quality are extremely important for the customers 
of Stork, we use a different measure that does include speed and quality, in addition to availability: 
Opemtional Equipment Effectiveness. 

Operational Equipment Effectiveness (OEE) 1 is a concept from Total Productive Maintenance (TPM) . 
TPM is an integrated approach to maintenance and production. It introduces measures to maximize the 
OEE, which is a function of the equipment availability, its speed efficiency, and the corresponding quality 
taking into consideration the equipment losses (Kumar et al., 2000). TPM has been developed in Japan 
by Nakajima (1988). Nakajima describes the six big losses that are obstacles to equipment effectiveness: 
Equipment failure, setup and adjustment, idling and minor stoppage, reduced speed, process defects, 
and reduced yield. 

TPM is used by many companies and literature on TPM is abundant, expanding the concept or applying 
it to a specific situation. Interesting for this project are Jeong and Philips (2001) , who have expanded 
the OEE concept to include ten big losses, Grando and Turco (2005) , who have developed a framework 
similar to the six big losses of Nakajima (1988) for a single machine case, and Leachman (1997), who 
has expanded the OEE to support the maintenance of capacity parameters for production planning in 
the semiconductor business. Wireman (2005) gives a useful definition of OEE: 

OEE =Availability * SpeedEfficiency * Quality Rate 

A 
.
1 

bil . Scheduled tim e - Actual downtim e 
vai a ity = -------------

Scheduled time 

S d Eff
. . Actual output scheduled time 

pee iciency = -----------
Design output scheduled time 

Q l
. R Total production - Defects 

ua ity ate = ------ ----
Total production 

4.2 Application of GEE-concept 

(4.1) 

(4.2) 

(4.3) 

(4.4) 

No literature has been found on using Operational Equipment Effectiveness in Service Level Agreements. 
Therefore, we have to determine how to apply the measure to Stork Food Systems based on the process 
characteristics and the characteristics of the measure. 

As described in Section 1.3, Stork equipment is used in two processes: poultry processing and further 
processing. These processes are sometimes present in one factory, but often a customer only has one of 
them or even just one or more subprocesses. Within a certain (sub )process, the layout of the factory 
can vary. Therefore, no two customers are alike. Not only the processes are different, the use of Stork 
equipment within the processes can also differ a lot, as described in Section 1.4. This means that a 
full-service measure must be flexible in order to use it in all situations. Furthermore, the measure must 
be applicable to a single piece of equipment but also to a (sub)process. 

Poultry Processes 

Poultry processing can be characterized as line production: Individual machines are positioned along 
a production line. The products pass by the individual machines and operations on the product are 
performed in line. The performance of the factory is therefore determined by the performance of the line 
and the performance of the individual machines along the line. 

1Some authors refer to OEE as Operational Equipment Efficiency 
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For the line itself, the first condition that has to be met in order to produce is that the line is running. 
Therefore, Line Availability is a very important factor in poultry processing. A second important factor 
is the speed at which the line is running. Speed efficiency in the OEE-definition consists of two factors: 
the speed at which the line is moving and the fraction of the line that is occupied. Only the first factor 
is determined by the production line. We call it Line Speed Efficiency. A third important factor is the 
percentage of the line that can be used (for poultry processing this is the fraction of shackles that is not 
broken), the Shackle Availability. We define Operational Line Effectiveness (OLE) as the product of the 
three factors: 

Operational Line Effectiveness (OLE): The product of Line Availability, Line Speed Efficiency, 
and Shackle Availability. 

Line Availability: The fraction of time a line is running (of the total time it should be running). 
A line is regarded running when the chain is moving, regardless of whether products are actually 
being produced. 

Line Speed Efficiency: The actual line speed divided by the ideal ( desired) line speed. 
Shackle Availability: The fraction of shackles on a line that can be used for production (regardless 

of whether they are actually being used). 

For individual machines, speed is not relevant, because this is determined by the line speed. What is 
relevant is Availability, Quality Rate and Occupation Rate , which we combine into Operational Machine 
Effectiveness (OME). Operational Machine Effectiveness can be determined per machine or per group 
of machines. 

Operational Machine Effectiveness ( OME): The product of Equipment Availability, Quality Rate, 
and Occupation Rate. 

Equipment Availability: The fraction of time ( a group of) equipment is available for production 
(of the total time it should be available). Equipment is regarded available for production if it is 
not shut down, even if this means that no birds are being processed or no birds meet the quality 
specifications. 

Quality Rate: The fraction of birds that meets the quality specifications. 
Occupation Rate: The fraction of birds that does not fall off the shackle within the equipment. 

The total performance of a poultry processing plant can now be described by the OLE of the lines and 
the OME of the different (groups of) machines. 

Further Processing 

For further processing, machines operate more stand-alone. Therefore, we do not have to make the 
distinction between the line and the machine as we did for poultry processing. This means that we can 
use OEE directly. We cannot use OME for further processing, because this ignores the speed aspect. 

Operational Equipment Effectiveness (OEE): The product of Equipment Availability, Speed Ef
ficiency, and Quality Rate. 

Equipment Availability: The fraction of time (a group of) equipment is available for production 
(of the total time it should be available). Equipment is regarded available for production if it is 
not shut down, even if this means that no products are being processed or no products meet the 
quality specifications. 

Speed Efficiency: The actual output per time unit divided by the ideal ( desired) output per time 
unit. 

Quality Rate: The fraction of end-products of (a group of) equipment that meet the quality specifi
cations. 
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4.3 Practical Use 

After determining the measure for full service for both poultry processing and further processing, we 
have to define in what situations it can be applied and in what situations not. To do so, we look at the 
customer characteristics and the characteristics of the measure. 

Chapter 1 showed that customers of Stork differ a lot in both size and in use of Stork equipment, and 
no two processes are the same. The failure characteristics of each piece of equipment depend heavily on 
the use of the equipment. The customer has a large influence on the performance of the equipment. If 
Stork wants to offer full-service, it has to include some restrictions on the use of the equipement in the 
contract (for example on the cleaning method). It is virtually impossible to check if the customer meets 
these restrictions unless a Stork employee is present on site. 

Full-service includes corrective maintenance. Stork customers are located all over the world and often at 
remote locations. This means that traveling times to the customer usually are very long. If Stork wants 
to guarantee a high performance, these long traveling times are unacceptable. Often only one customer 
is located in a region so it is often not possible to have an engineer within acceptable traveling distance 
of more than one customer. Therefore, to offer full service, a Stork engineer should be available on site. 

The full-service measure chosen is originally designed as a full service measure for a complete plant. 
Plants of Stork customers are not always completely Stork plants, however. This is especially true for 
further processing plants and poultry processing plants in the USA. Therefore, the measure has to be 
applied to parts of the process or to individual machines. 

This poses other problems however. Full service implies that a Stork engineer is present at the customer 
site, as we have seen before. If Stork offers full-service contracts on individual machines this means 
that a stork employee has to be full-time present at a customer plant for a single machine. This is 
not cost efficient and, therefore, we choose to only offer the full-service concept to those customers that 
are large enough to need a Stork engineer full-time on site. For poultry processing, Stork can offer full 
service contracts on sub-processes if the sub-process is large enough to need a full-time Stork engineer. 
For further processing, Stork can offer full services to large customers (large enough to need a full-time 
engineer) , or to customers who already have a full-service contract on poultry processing equipment 
(Further processing equipment can be included in the poultry processing contract) . 

Only offering full service to a limited number of customers poses some difficulties for the performance 
measurement system to be designed. The goal of this research is to develop a performance measurement 
system that Stork can use to measure and manage its performance on full-service Service Level Agree
ments. Because full service can only be offered to a limited number of customers, this would mean that 
Stork has to manage its internal performance based on the performance achieved on this small group 
of customers. Because this is not desirable, we will develop a number of additional service packages 
to include those customers that are not a candidate for full-service in the next chapter. An additional 
benefit of using more than one service package is that Stork can start expanding its service offering and 
gain experience on partial-service SLA's before offering full-service SLA's. 
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Chapter 5 

Service Packages 

Chapter 4 discussed that full service cannot be offered to all customers and that therefore we will develop 
a number of additional service packages including partial-service SLA's instead of one full-service SLA. 
In this chapter, we will discuss the developed service packages. 

Stork can determine for each customer what packages to offer, depending on the characteristics of the 
customer and his geographic location. The customer can choose between the packages offered. For some 
parts of the package, the customer can choose what equipment or group of equipment to include, other 
parts of the package apply to a plant, or a customer in general. 

In the current situation, Stork does not offer any SLA's. In order for the customer to see what the benefits 
of a service package are, he has to know what services he can expect from Stork without purchasing a 
service package. We refer to these services as the Basic package. This Basic package includes all services 
that Stork offers free of charge, and lists the purchase price for all other services that are offered. The 
package does not include any SLA's. It can be used as a marketing tool: it gives the customer an overview 
of the possibilities. Furthermore, it provides the customer with a clear overview of what to expect from 
Stork. Figure 5.1 summarizes the content of the Basic package. Appendix I provides a more extensive 
description. 

5.1 Packages including partial-service SLA's 

We developed two packages containing partial-service SLA's: the Extensive package and the Premium 
package. For each package, the customer pays a contract fee, depending on the process characteristics of 
the customer, the machines included in the contract and the geographic location of the customer. The 
two packages include a number of services in the contract fee. Figure 5.1 provides a summary of the 
content of both packages, this section provides a brief description, and Appendix I provides an extensive 
description. 

The packages include planning, supervision, and execution of periodic prevent ive maintenance on 
Stork equipment. The customer can choose what equipment to include in the agreement. The extensive 
and premium package both include a service measure related to periodic preventive maintenance: Total 
Cost of Additional Spares. 

Both packages include a guarantee on delivery time for consumable parts and breakdown p arts. 
This guarantee is also given for the parts for equipment outside the periodic preventive maintenance 
agreement. A montly paiment (equal to the total cost of spares) can be included in the contract fee to 
form a budget for spare parts . 
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The packages also include diagnostic support. The customer can call for questions on what spare 
parts to order or for problems with the equipment. For mechanical problems, Stork provides a solution, 
but does not implement this solution (I.e. Stork tells the customer how to solve its problem, but it is up 
to the customer to actually solve it). For electronic problems, Stork does not only provide a solution but 
also actually implements this solution. Furthermore, the package can include emergency service visits. 
Guarantees on diagnose time, solving time, visit time, and the fraction of problems solved by telephone 
can be included in the package. 

For software systems offered by Stork, the packages include different agreements on software mainte
nance: patches and updates, performance checks of the equipment, and version upgrades. 

In addition to maintenance, also technological support is offered in order to improve the performance 
of the equipment and the quality of the output. The customer can choose what equipment to include in 
the agreement. A number of service visits can be included, as well as a number of visits to the Demo 
Center of Stork 1. All visits include a performance report. 

The packages include training for both maintenance staff and operating staff. A number of training 
sessions per plant can be included in the package as well as certificates for each person attending the 
training sessions. 

The Basic package contains an online manual. In the Extensive package and Premium package this is 
expanded to an online documentation system including exploded views of the Stork equipment of the 
customer, a knowledge base, frequently asked questions, maintenance instructions and the possibility to 
order spare parts online. All information provided is customer-specific and a guarantee on the time to 
update the documentation after a change can be included. 

Finally, an annual or bi-annual summary of the performance of the equipment in a management report 
is included. 

5. 2 Full Service package 

The full-service package includes all services also included in the premium package. Furthermore, the 
daily maintenance of the customer is included. This enables us to use only one or two service measures 
instead of the different partial-service service measures of the premium package: Operational Line Ef
fectiveness and Operational Machine Effectiveness for poultry processing, and Operational Equipment 
Effectiveness for further processing. 

Machine performance and line performance depend on a lot of factors. Not all of these factors can be 
influenced by maintenance, and therefore by Stork. There are two ways of coping with this: 

1. Take the risks into account when determining the price of the contract. In this way, the customer 
pays for all factors that influence the performance, but that cannot be influenced by Stork. The 
contract can be seen as an insurance policy for those factors. 

2. Start a partnership with the customer. In this way the risks are shared, but also extra profit from 
performance better than agreed upon in the contract is shared between the customer and Stork. 

The second option has a number of advantages over the first: First, the second option is cheaper than the 
first because risks are shared and both Stork and the customer have incentives to optimize performance; 
in the first contract, Stork takes on all risk and all responsibility for the performance. Second, customers 
are not likely to give up all influence on the system performance and probably want to maintain an 
influence, for example, on when maintenance is conducted. Third, the costs of keeping the performance 

1The Demo Center is only avaiable to further processing customers 
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Periodic preventive maintenance 
Plannina & Supervision 
All labor 
Spare parts 
Report 
Safety check 
Installation system updates 
Performance guarantee 

Consumable parts 
Parts included? 

Performance guarantee 

Parts included? 

Performance guarantee 

Patches & u 

Version u rades 
Problem solvin 
SLA 

Technological support 
Technology visits 

Performance re ort 
Visit demo center 

Performance guarantee 

Basic 

Stork Tariff 
Stork Tariff 
Stork Tariff 

Included 
Included 

Stork Tariff 
. 

Stork tariff 

Included 
Stork tariff 

Extensive 

Included 
Stork Tariff 

Included 
Included 
Included 
Included 

The total cost of additional 
spares (TCAS) are below 

€ II 

... % of the calls is diagnosed 
by telephone, on average 

within ... hours, but always 
within ... hours. 

Included 
A problem is solved w ithin ... 

hours 

2 visits per year included 

Included 
1 visit per year included 

Possible 
Included 
Included 
Included 

Table 5.1: Packages partial SLA's 

STORK® 

Premium 

Included 
Included 
Included 
Included 
Included 
Included 

The total cost of additional spares 
(TCAS) are below€ .... annually 

TCAS is budget; subsequent 
calculation once a ear 

On average, an order is delivered 
within .. .. days, but always within . .. 

da s. 

N/A 

TCAS is budget; subsequent 
calculation once a ear 

On average the Downtime Waiting 
Parts is below ... hours, but never 
more than . .. hours er breakdown 

... % of the calls is diagnosed by 
telephone, on average within .. . 

hours, but always within ... hours. If 
no telephonic diagnose can be made, 

Stork will v isit the customer and 
dia nose the roblem within ... hours 

Included 
Included 

A problem is solved w ithin .. . hours 

4 visits per year included; 
transferable to next ear 

Included 

Possible 
Included 
Included 
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Potential costs 
Low High 

Strategic Low Any Outsourcing 
importance High Do yourself Partnership 

Table 5.2: Maintenance strategy according to Rozemeijer (1994) 

of the equipment at a high level are relatively high, as well as the strategic importance of keeping the 
performance at a high level. According to Rozemeijer (1994) , a partnership is preferred in this situation 
(Table 5.2) . Therefore, we choose the second option for our full service contracts: a partnership which 
results in an incentive contract . 

5.3 Service Measures 

Table 5.1 summarizes the two partial-service packages. These packages include some Service Level 
Agreements. These Service Level Agreements contain a number of service measures. Together with the 
service measures for full service, these can be summarized as: 

• Total Cost of Additional Spares 
• Maximum Order Delivery Time 
• Average Order Delivery Time 
• Maximum Downtime Waiting Parts 
• Average Downtime Waiting Parts 
• Maximum Call Diagnose Time 
• Average Call Diagnose Time 
• Fraction of Calls Diagnosed by Telephone 
• Maximum Service Visit Diagnose Time 
• Maximum Update Time of Online Documentation 
• Average Operational Line Effectiveness 
• Average Operational Machine Effectiveness 
• Average Operational Equipment Effectiveness 

5.4 Target Levels 

For each service level, Stork should determine a target level. This target level can be customer specific, 
or it can be a general target level for all customers. Currently, no Service Level Agreements are offered 
in the poultry processing market nor in the further processing market. Both Stork and the customer 
have to get used to this. Therefore, we suggest offering the customer only one target level to start with. 
If Stork has more experience on Service Level Agreement it can investigate the possibilities of customer 
differentiation. 

In order to keep the internal processes as simple as possible for Stork, we suggest determining one 
target level for each service level based on the internal processes, and add a customer-specific component 
if needed. For example, determine the target level for the order delivery time based on the internal 
processes, and add a customer-specific component for the transportation time in order to determine the 
target level offered to each customer. 
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Chapter 6 

Performance Measurement Model 

This chapter defines the performance indicators that are the heart of the performance measurement 
model. Before doing so, it first provides some definitions and an introduction to performance indicators 
and performance measurement. Performance indicator can be defined as: 

Performance indicator (PI), performance metric, performance measure: A variable that 
quantitatively expresses the effectiveness and/or efficiency of a part or whole process, or a system 
(Lohman et al., 2004). The variable itself is called the performance indicator; the value of the 
variable compared to a preset target expresses the performance. 

Fortuin (1988) distinguishes three types of PI's (figure 6.1), expressing the performance from a customer 
perspective, a supplier perspective, and an internal perspective. Since we are only interested in the 
performance of Stork as a service supplier, we only use the first and the last perspective, which results 
in two types of performance indicators: 

External Performance Indicator (EPI): Performance indicator telling how the customer judges 
Stork in its role of service supplier. Expresses the effectiveness of the efforts of Stork related to a 
specific customer and is therefore customer specific. 

Internal Performance Indicator, Key Performance Indicator (KPI): Performance indicator 
expressing how efficient internal resources are used. Expresses the efficiency of the efforts of Stork 
and is Stork-company specific. 

Supplier 

External Pl 
(customer aspect) 

Customer 

External Pl 
( supplier aspect) 

Figure 6.1: Types of PI's 



STORK® 6.1. METHODOLOGY 

The definition of performance indicator implies that the value of a PI can be influenced by the process or 
system (in our case, by Stork) . Factors that influence the performance, but cannot directly be influenced 
by Stork, are called external influences: 

External influence (EI): A factor that influences the performance of Stork but which Stork cannot 
directly influence. 

PI's are used to measure performance. Performance measurement (PM) can therefore be defined as: 

Performance measurement (PM): The activity of measuring performance using PI's (Lohman et 
al., 2004) . Performance measurement serves three basic functions, which are to coordinate, to 
monitor and to diagnose (Kutucuoglu et al. , 2001) . 

In order to measure performance, not only PI's are needed, but also a target value for each PL Chapter 
5 described the service measures for the two scenarios. The target levels for these service measures will 
be the target levels for the external performance indicators. For the internal performance indicators, the 
target levels should be derived from the related external PI's. Quantifying the target levels for each PI 
is outside the scope of this project. 

This chapter develops a model of performance indicators that Stork can use to coordinate, monitor, and 
diagnose its performance related to the service level agreements discussed in the previous chapter. The 
model is of a general nature in order to make it applicable to all operating companies of Stork Food 
Systems. We would like to stress out that the model is only intended to measure the performance of 
Stork related to the service level agreements. The model does not give a complete overview of how to 
measure the performance of Stork regarding service, because not all aspects of service are included in 
the performance measures defined in the previous chapter! 

Performance indicators have to be used with care. According to Wireman (2005), performance measures . 
have been misunderstood and misused in most companies today: Performance indicators are just that, 
an indicator of performance. They are not to be used to show someone is not doing their job in the 
company and how, now that they are eX'J)osed, they can be dismissed. Performance indicators are also 
not to be used for ego gratification, that is, to be used for comparison with another company to show how 
much better one company is than another. Nor are performance measures to be used to show 'we are 
just as good as anyone else in our market, so we don't need to change'. Properly utilized, performance 
indicators should highlight opportunities for improvement within companies today. 

Section 6.1 discusses how the performance measurement model will be developed. 

6.1 Methodology 

Literature on performance indicators and performance measurement is abundant (see for example Folan 
and Browne, 2005, Flapper et al., 1996, and Kutucuoglu et al., 2001) . This literature has in common 
that it takes the current processes in the company as foundation for the performance indicators. We call 
this an inside-out approach. 

In our opinion, this approach has a number of drawbacks: The model is not suitable for dynamic envi
ronments; if the internal processes change, the performance measurement model has to be reevaluated, 
because the current situation is the foundation of the model. Furthermore, this approach assumes that 
the current situation is a good way of doing business; a performance measurement model based on the 
current processes is not designed to question those processes to improve the performance, only to evaluate 
the performance given the current processes. 
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Systems 
Global PI 
set of PI's 
Structured PI list 

Advantages 
Compact 
More complete 
Standardized 

STORK® 
Disadvantages 
Tricky because of (too) strong aggregation 
Clear evaluation not always possible 
Follow-up not always easy 

Table 6.1: Performance Measurement with PI's (Pintelon and Van Puyvelde, 1997) 

In this chapter, we develop a performance measurement model with a certain purpose: to coordinate, 
monitor, and diagnose the performance of a Stork Food Systems company related to service level agree
m ents. This means that we are not so much interested in how the current processes perform, but more 
on how Stork can perform optimally on their service level agreements, independent of whether this is 
with the current processes or with completely redesigned processes. In fact, we expect the processes to 
change, as we have seen in the analysis phase of this project, described in Appendix H. Therefore, we 
cannot use the commonly used inside-out approach, but we have to develop a new method for developing 
our performance measurement model. 

The foundation of our model will be the set of Service Level Agreements defined in Chapter 5. We 
will use an outside-in approach, in contrast to the inside-out approach that is used in most literature. 
Furthermore, we are not only interested in the individual performance indicators, but also in the re
lationship between them: If we can show the relationship between the performance of the customer, 
the external performance indicators, and the internal performance indicators, we can show why it is 
important to measure the performance on each performance indicator. The relationships between the 
performance indicators show the relationship between internal processes of Stork and the performance 
of the customer. Therefore, they show the importance of performance measurement. This means that 
our model will exist of two types of performance indicators and their relationship. 

Pintelon and Van Puyvelde (1997) describe three different methods of measuring performance with 
PI's: One global PI, a set of PI's and a structured list of PI's (Table 6.1), each with advantages and 
disadvantages. Flapper et al. (1996) present a systematic method for designing a consistent performance 
management system to be used in practice where explicitly attention is paid to the relation between PI's. 
The method consists of three main steps: 

1. Defining PI's 
2. Defining relations between PI's 
3. Setting target values or ranges for PI's 

Fortuin (1988) discusses three types of performance indicators, as we have seen before, but does not 
provide a method for developing a performance measurement system that pays explicit attention to the 
relationship between them; he just uses the different types for categorizing the performance indicators. 

Stalk and Hout (1990) make the distinction between time-based PI's and cost-based PI's. They issue 
that time-based measures are more useful than cost-based measures because it is sometimes hard to say 
what cost really measures: Better real performance or just better utilization of sunk costs? Also, some 
costs add value for the customer, while others detract from value. Time is an objectively measurable 
current flow, not a calculation shaped by accounting conventions. Time is a common, direct measure. 

We choose to use a structured list of PI's (Table 6.1), because this is the only method of Pintelon and Van 
Puyvelde (1997) that also pays attention to the relationship between performance indicators. We try to 
use time-based measures if possible, as suggested by Stalk and Hout (1990). Furthermore, we explicitly 
make the distinction between internal performance indicators and external performance indicators in 
developing our performance measurement model. We will use an reverse approach of that of Flapper et 
al. (1996): We start with the target values of our external performance indicators: The target values for 
the service measures that result from the Service Level Agreements if the full-service and partial-service 
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packages, and define performance indicators for them. Next, we investigate the relationship between these 
performance indicators and the internal organization, and use them to define our internal performance 
indicators. 

We only define performance indicators for factors that Stork can actually influence (because we are 
only interested in the performance of Stork). Furthermore, we would like to keep our performance 
measurement model as simple as possible. Therefore, we want one performance indicator for each factor 
that influences the performance. To facilitate the use of the performance indicator and graphically 
illustrate the relationships between our performance indicators, we summarize them in a Performance 
Measurement Model. 

Literature is abundant on what constitutes a good performance indicator (for examples, see Neely et 
al. (1997), Fortuin (1988), Stalk and Hout (1990), and Band (1990); Folan and Browne (2005) give 
a good overview). All authors stress the importance of defining performance indicators in a clear and 
unambiguous way. We will use the performance measurement record sheet developed by Neely et al. 
(1997) as a guideline to define our performance indicators. It is developed by a literature review on what 
a 'good' performance measure constitutes and consists of ten elements: 

• title, 
• purpose, 
• relates to, 
• target, 
• formula, 
• frequency, 
• who measures, 
• source of data, 
• who acts on the data, 
• what do they do, 
• notes and comments. 

We expand the performance measurement record sheet with one extra element: A definition of the 
performance indicator. Furthermore, we broaden the element formula to calculation, because for some 
performance indicators, it is more useful to not provide an exact formula, but to provide guidelines on 
how to measure the performance indicator instead (for example a query on a database). 

A number of elements of the performance measurement record sheet are very specific to the situation in 
which the performance indicator is used. This is positive, since we would like to provide a definition as 
exact as possible. But it also means that we cannot fill in each element of the performance measurement 
record sheet in this chapter, because our performance measurement model is a general model for all Stork 
Food Systems operating companies. Therefore, we only provide a definition, title, purpose, and relates 
to in this chapter. In Chapter 7, we apply our model to Stork PMT and provide a complete definition 
of each performance indicator using the eleven elements for using the PI's at Stork PMT. 

To summarize our method: 
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1. Decompose the Service Levels from the Service Level Agreements into External Performance Indi
cators (Section 6.2). 

2. Investigate what factors influence the performance of the External Performance Indicators and 
investigate if Stork can influence those factors (Section 6.3). 

3. Define Internal Performance Indicators for those factors Stork can influence and remove or combine 
Internal Performance Indicators that measure the same (Section 6.3) 

4. Remove performance indicators that are not measurable (Section 6.4). 
5. Summarize the Internal Performance Indicators, the External Performance Indicators and their 

relationship in a Performance Measurement Model (Section 6.4). 
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6.2 External Performance Indicators 

Chapter 5 resulted in a number of service measures. For each of them, this section defines one or more 
external performance indicators (EPI's). Because target levels for the service levels are agreed upon by 
individual customers 1 , and in some cases for individual machines, the performance indicators defined in 
this section have to be measured per customer (and per machine if applicable). Appendix K describes 
how to measure the performance on each performance indicators. 

The extensive package and the premium package resulted in the performance measure Total Cost of 
Additional Spares for each customer on a predefined set of machines. 

EPI 1. Total Cost of Additional Spares: The total sum of money a customer has to spend on spare 
parts to correct breakdowns or to perform maintenance, on the (group of) equipment in the contract of 
the customer, excluding the parts for periodic preventive maintenance. 

The Extensive package and the Premium package include a service measure on delivery time for each 
order and an average delivery time over all orders of a customer in a given time period, for consumable 
parts and for breakdown parts. 

EPI 2. Order Delivery Time: The time between placing a spare parts order for consumable parts 
and/or breakdown parts and delivery of the order at the customer site. 

EPI 3. A vemge Order Delivery Time: The average time between placing a spare parts order of a 
customer at Stork and delivery of the order at the customer site over all spare parts orders for consumable 
parts and/ or breakdown parts in a certain time period. 

In the Premium package, Stork takes over the local stock of the customer. To ensure minimum downtime 
for the customer, the service measure Downtime Waiting Parts is introduced, both per downtime occasion 
and as an average over a given time period. 

EPI 4. Downtime Waiting Parts: The time a machine is down because of a breakdown, because the 
customer is waiting for spare parts from Stork to repair it. 

EPI 5. Average Downtime Waiting Parts: The average time a machine of a customer is down 
because of a breakdown, because the customer is waiting for spare parts from Stork to repair the machine. 

Both the Extensive package and the Premium package include a service measure on the diagnose time 
of problems. This can be different types of problems. For example, the customer has a breakdown and 
does not know what causes it, or a customer needs some spare parts (for example for a revision), but 
does not exactly know which ones. Both a maximum diagnose time per call and a average diagnose time 
on all calls are agreed upon, as well as a fraction of calls that Stork can diagnose per telephone. 

EPI 6. Call Diagnose Time: The time between taking a call of a customer and finishing the call. A 
call can be finished in two ways: A diagnose is made or a service visit is needed. 

EPI 7. Average Call Diagnose Time: The average time between taking a call of a customer and 
finishing the call. A call can be finished in two ways: A diagnose is made or a service visit is needed. 

EPI 8. Diagnose Fraction: The fraction of calls of a customer that is finished by diagnosing the 
problem by telephone in a given time period. 

The diagnose time is just that: the time to diagnose. A solution is given, but the time to execute that 
solution is not included! Only for software problems, the Extensive package and the Premium package 
include a service measure on the time to actually solve the problem. The solving time is not included in 
the diagnose time. Instead an additional service measure was introduced. 

1 In Chapter 5 we determined that we would offer each customer only one target level for each service measure, based on 
a Stork component and a customer specific component. Because of this customer specific component , and the possibility 
of customer differentiation in the future, the target levels for each customer are regarded different 
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EPI 9. Solving Time Software Problems: The time between diagnosing a software problem and 
fixing the problem. 

In addition to telephonic support, the Premium package also includes a service visit if no diagnose can 
be made by telephone. A service measure on the time it takes to diagnose a problem on-site is included. 
Again, this only includes making the diagnose! The visiting Stork engineer can decide to help the 
customer execute the solution proposed, but this is not included in the service measure. 

EPI 10. Diagnose Time Service Visit: The time between determining that a service visit is needed 
and diagnosing the problem on site. 

The Premium package includes a service measure on the maximum time it takes Stork to update the 
online documentation after a change in the equipment of the customer takes place. 

EPI 11. Update Time Online Documentation: The number of days between making a change to the 
equipment of a customer ( or if a customer changes the equipment himself: the number of days between 
reporting a change to Stork) and updating the online documentation. 

The full-service package for poultry processing includes a service measure on the performance of the 
production line. This service level only applies to the performance of the line itself, not on the machines 
on that line. The performance of a production line cannot be measured at Stork, but has to be measured 
at the customer site. This means that Stork needs access to the information system of the customer 
and that sensors and other measurement instruments have to be installed at the customer site. A good 
relationship with the customer and cooperation under mutual trust is therefore essential for this service 
measure! 

EPI 12. Average Operational Line Effectiveness (OLE): The average fractional performance of 
the production line. Operational Line Effectiveness is a combination of Line Availability (the fraction 
of time the line is running), Line Speed Efficiency (the average actual line speed in relation to the ideal 
(desired) line speed), and Shackle Availability (the average fraction of shackles on a production line that 
can be used for production). 

The full-service package for poultry processing also includes a service measure on the performance of 
(groups of) equipment. This service measure is used together with the Average Operational Line Effec
tiveness. For each (group of) equipment, the contract includes a target level. 

EPI 13. Average Operational Machine Effectiveness (OME): The fractional performance of 
(a group of) equipment in a production line. Operational Machine Effectiveness is a combination of 
Availability (the fraction of time the (group of) equipment can be used), Quality Rate (the fraction of 
products that meet the quality specifications), and Occupation Rate (the fraction of products that does 
not fall off the line while being inside the (group of) equipment). 

The full-service package for further processing only includes one service measure. This service measure 
can also only be measured at the customer site, which requires the same relationship and mutual trust 
as we discussed for poultry processing. 

EPI 14. Average Operational Equipment Effectiveness (OEE): The fraction of time a piece of 
equipment or a group of equipment can be used optimally. Operational Equipment Effectiveness is a 
combination of Availability (the fraction of time equipment can be used), Quality Rate (the fraction of 
products that meet the quality specifications), and Speed Efficiency (the actual output as a fraction of the 
ideal output). 
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6.3 Internal Performance Indicators 

After determining all external performance indicators, we try to find a relationship between them and 
the (general) internal processes at Stork. We do this by looking at what determines the average value of 
each EPI. This can be factors that Stork can influence, factors outside the influence of Stork, or factors 
that cannot be influenced at all (fixed values). For each influence of Stork, we try to develop an internal 
performance indicator in order to control it. 

Total Cost of Additional Spares 

EPI 1 is defined as Total Cost of Additional Spares. Total Cost of Additional Spares is a part of the 
Total Cost of Ownership of a piece of equipment. Total Cost of Ownership is composed of: 

• Purchase price of the equipment 
• Maintenance costs 

- Labor 
- External services 
- Spare parts 

* Consumable parts 
* Breakdown parts 
* Periodic preventive maintenance parts 

- Stocking costs spare parts 

• Disposal costs 
• Training 
• Etcetera 

To minimize Total Cost of Ownership (TCO), Stork PMT has started the project Optimizer+ @ (Ten 
Have and Laurijs, 2005). In this project, the relationship between TCO and preventive maintenance 
schedules, cleaning, number of production hours, line speed, quality of parts, bird size, customer location, 
etcetera is being determined. The goal of the project is to determine optimal preventive maintenance 
schedules that minimize TCO. These maintenance schedules also determine the Total Cost of Additional 
Spares. The Optimizer + @ project is expected to finish in 2008. For determining the relationship 
between the TCAS and the internal organization, we suggest waiting until the Optimizer + @ project 
is finished, because then more insight in what determines TCO ( and TCAS) will be available. 

(Average) Order Delivery Time 
EPI 2 is defined as Order Delivery Time, and EPI 3 is defined as Average Order Delivery Time. The 
delivery time of an order is determined by the internal processes of Stork and by the delivery times of the 
transportation company and external suppliers. Chapter 3 described the general order process of Stork 
Food Systems (Figure 3.3 on page 18). This process can be translated it into the Petri-net in Figure 6.3. 
This petri-net consists of a number of activities(□) with stages or waiting time (0) in between. Not all 
orders have to go through all activities; the routing of an order through the order process depends on the 
characteristics of the order and the characteristics of the organization. The Order Delivery Time, which 
equals start state H minus start state A in Figure 6.3, depends on this routing and on the duration 
of each activity. Chapter 5 described that only service levels on delivery time for consumable parts 
and breakdown parts are included in the service packages. Therefore, only have those parts have to be 
included in our measure. But since the expected duration of each activity is assumed equal for all types 
of orders, all orders are included in the measures for the expected durations of each activity. 

Each order has a number of order lines. Each order line represents the demand of a SKU 2 . This demand 
can be one, or more than one. The duration of most activities is composed of two parts: A fixed part per 

2Stock Keeping Unit 
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order, and a variable part that depends on the number of order lines in an order. For each subprocess, 
we determine what part is the largest. If the fixed part is the largest, we define a KPI per order. If the 
variable part is the largest, we define a KPI per order line. 

2: Purchase 
Parts 

3: Internal 
delivery 

4: External 
delivery 

0 State; no activity or process 

D Activity; (sub)process or production step 

Figure 6.2: Petri-net order process 

5: Order 
Picking 

6: Arrange 
shipment 

7: Transpor
tation 

Figure 6.3 shows that each order starts in state A and has to go through activity 1: Order Entry. Since 
determining what parts a customer needs is not part of the delivery time (but part of the telephonic 
support), the order entry time is limited to the actual entry of the order lines. Therefore, the expected 
order entry time equals the number of order lines in an order times the expected order entry time per 
order line (Equation 6.1). The time for actually entering an order is very small in relation to the total 
delivery time. Furthermore, it is regarded to be approximately fixed per order line. Therefore, we do 
not define a KPI for this. 

Expected Order Entry Time= Number of order lines* Entry time per order line (6.1) 

After activity 1, the order either goes to state E, or to state B: If all items in the order are on stock, the 
order goes to state E, if one or more items are not on stock, the order goes to state B. The probability 
that all parts of an order are on stock depends on the type of order and the stocking policy for parts 
of that type. The expected probability that an order needs ordering of parts equals the order fill rate 
(/30 ). This order fill rate equals the order line fill rate (f3r) raised to the power of the expected number of 
order lines per order (IE(OLO)) (Equation 6.2) . The order line fill rate in turn equals the item fill rate 
(/3i) raised to the power of the expected number of items per order line (IE(JO)) (Equation 6.3). The 
expected number of items per order line, and the expected number of order lines per order are determined 
by the order quantities of the customer, and therefore regarded external influences. The item fill rate is 
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determined by the stocking policy of Stork. Therefore, we define a KPI for the item fill rate per part 
type (consumable, consumable/breakdown, or revision). 

f3o = (J~ (OLO) 

fJr = ~(IO) 

(6.2) 

(6.3) 

KPI 1. Item Fill Rate Part Type: The fraction of parts from a part type {consumable, consum
able/breakdown, or revision) that Stork can deliver directly from stock. 

If an order is in state B this means that one or more items of that order are not on stock. These can be 
items that are not stocked by Stork, or items that usually are stocked, but have a stockout. Items that 
are not stocked need to be purchased for this order. For items that are stocked but have a stockout, 
we assume that Stork has already purchased these items when the stockout occurred (but they are not 
delivered yet), so these do not have to be purchased again for this order. If an item is stocked or not 
stocked depends on the part type, and the demand rate, and is determined by Stork and included in the 
KPI 1. 

If an order has one or more items are not stocked, the order goes from state B to activity 2: Purchase 
parts. The expected purchase time per order equals the number of different parts that have to be 
purchased, times the purchase time per part (Equation 6.4). The expected number of different parts 
that have to be purchased equals one minus the order line fill rate, times the expected number of order 
lines per order (Equation 6.5). We discussed both components of the latter equation earlier in this 
section. The purchase time per part to be purchased is determined by Stork. Therefore, we define a KPI 
for it. 

Purchase Time Order= Purchase Time Part* Number of Parts Purchased (6.4) 

E(Number of. Parts Purchased) = (1 - f3r ) * E(OLO) (6.5) 

KPI 2. Average Part Purchase Time: The average time that is spend on purchasing one SKU 3 

{independent of the order quantity of that SKU). 

Purchasing parts results in one or more production orders (state C) , and/or one or more purchase orders 
(state D). The delivery time of a customer order depends on the number of different parts that have 
to be purchased and on the expected delivery time of those parts. The number of different parts that 
need to be purchased depends on the item fill rate of the local stock and on the number of order lines in 
an order, as we determined above. The expected delivery time of an item to be purchased depends on 
whether the item has to be purchased internally or externally, and the expected internal and external 
delivery time. Whether a part is being purchased internally or externally is assumed to be determined 
by the characteristics of the part and therefore an external influence. 

If a part is purchased internally (at the production department), a production order is created (State 
C). The average time before an internally purchased part is delivered ( activity 3) is determined by the 
production department of Stork. Therefore, we define a KPI for it . 

KPI 3. Average Internal Part Delivery Time: The average time between ordering a part from the 
production department and delivery of the part. 

The external delivery time ( activity 4) is determined by the external supplier. Since Stork can choose 
this supplier, it has some influence on it. This influence is limited, however. Stork chooses its suppliers 
on product quality, reliability, and so on, and not just on delivery time. Therefore , we regard the external 
part delivery time an external influence. 

3 Stock Keeping Unit 
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If all parts of an order are available in the warehouse, the order is in state E. From this state, the order 
goes to activity 5: Order picking. Order picking includes some tasks that are general per order, but 
most time is spend on the actual picking of the order lines. Therefore, the expected order picking time 
approximates the number of order lines in an order times the expected order picking time per order line. 
The expected order picking time per order line approximates the average time per order line that an 
order spends at the expedition department, which is determined by Stork. Therefore, we define a KPI for 
the average order picking time per order line. The average number of order lines per order is determined 
by the order quantities of the customer and therefore regarded an external influence. 

KPI 4. A veroge Order Line Expedition Time: The average time an order spends at the expedition 
department, divided by the number of order lines in the order. 

After an order is picked, it goes to state F. From there, it goes to activity 6: Arrange shipment. The 
expected arrange shipment time equals the expected time that is needed to arrange the shipment for the 
order (this excludes the actual transportation!), and is independent from the number of order lines in 
the order. This expected arrange shipment time equals the average time an order spends at the export 
department, which is influenced directly by Stork and independent of the number of order lines in an 
order. Therefore, we define a KPI: 

KPI 5. Average Arrange Shipment Time: The average time spent on organizing transportation for 
an order and creating the necessary transportation documentation. 

After transportation is arranged, the order goes to state G, in which it waits to be picked up by the 
transportation company. If the order is picked up, it is transported to the customer ( activity 7). The 
expected transportation time is a function of the urgency of the order, the weight, the destination, and the 
size. Stork cannot influence the weight, the destination, or the size of an order, but can choose the urgency 
to get a transportation time that suits the needs of the customer ( or the contract). A higher urgency 
means higher cost. Therefore, the lowest urgency possible should be chosen. The urgency is therefore a 
decision variable and not a performance indicator. What is important however, is the minimum delivery 
time possible given a certain weight, destination, and size. There is no single relationship between the 
minimum transportation time, the weight, the destination, and the size. Therefore it is not useful to 
define KPI's related to the minimum transportation time or the average transportation time. 

After transportation, an order arrives at the customer site (state H). 

(Average) Downtime Waiting Parts 

EPI 4 is defined as Downtime Waiting Parts, EPI 5 is defined as Average Downtime Waiting Parts. In 
the Premium service package described in Chapter 5, Stork takes over the local stock of the customer. 
This can be done either by having a local stocking point at the customer site, or by having a regional 
stocking point for more than one customer (which we will also refer to as local stocking point). Which 
option is favorable, depends on the location of the customer and the number of customers in the region. 
In both cases, Stork guarantees a maximum and an average Downtime Waiting Parts. Figure 6.3 shows 
a petri net of the Downtime Waiting Parts process. Downtime Waiting Parts equals start state D minus 
end activity 1. 

If a breakdown occurs at the customer site, the customer reports the parts he need to fix the breakdown 
at Stork ( activity 1 ). If all parts are in the local stock, the breakdown goes to state B. If not al parts 
are in the local stock, the breakdown goes to state C. The probability that all parts for a breakdown are 
present in the local stock equals the local stock order fill rate, which depends on the item fill rate of the 
local stock, the number of items in an order line and the number of order lines in an order. The latter 
two are external influences, the item fill rate of the local stock is determined by Stork because Stork 
controls the local stock. Therefore, we define a KPI for the item fill rate of each local stock: 

KPI 6. Item Fill Rate Local Stock: The fraction of items that can be delivered directly from the local 
stock. 
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Figure 6.3: Petri-net Downtime Waiting Parts 

STORK® 

If all parts are present in the local stock (state B), delivery from this local stock takes place (activity 
2). The delivery time is composed of a small order picking time and a transportation time (which is 
zero if the local stocking point is located at the customer site). Because breakdown orders are usually 
very small, we regard the order picking time at the local stock to be neglectible. We assume that the 
transportation time from a local stocking point to a customer is fixed. The average transportation time 
from a local stocking point to a customer depends on the location of the stocking points and the allocation 
of customers to stocking points. The location of the stocking points and the allocation of customers to 
stocking points are both determined by Stork. Therefore, we define a KPI for the average transportation 
time from a stocking point to a customer: 

KPI 7. Averoge Transportation Time from a Stocking Point to a Customer: The average 
time it takes to transport a part from a local stocking point to a customer assigned to this stocking point, 
over all customers assigned to a local stocking point. 

If not all parts are available in the local stock ( state C), the breakdown order is fulfilled from the central 
stock. There are two options: either the entire order is fulfilled from the central stock, or just those parts 
that are not available from the local stock. In both cases, the delivery time is determined by the delivery 
time from the central stock, because it is assumed to be much larger than the delivery time from the 
local stock. The expected delivery time from the central stock can be calculated in a similar way as the 
expected order delivery time we calculated earlier, by using the fill rate for breakdown parts. 

Finally, if all parts are delivered, the breakdown arrives in state D. 

(Average) Call Diagnose Time 
EPI 6 is defined as Call Diagnose Time, EPI 7 is defined as Average Call Diagnose Time. Chapter 3 
described the general telephonic support process (Figure 3.3 on page 17) , which can be translated into 
the petri-net in Figure 6.3. The Call Diagnose Time equals end activity 5 minus start state A. All 
activities after activity 5 are part of the telephonic support process, but are not included in the diagnose 
time. 

Stork distinguishes two types of calls: mechanic calls and electronic calls. The process for both types of 
calls is almost the same. The difference is that software-related problems resulting from electronic calls 
are actually solved, while for mechanic calls, only a diagnose is provided. Because both types of calls 
have similar processes, we discuss them simultaneous. 

When a call arrives at Stork (state A), the problem of the customer is first analyzed. The expected 
analysis time depends on the type of call and the knowledge of the employee handling the call. The 
initial analysis can have three results: A diagnose is made (state D), advice from an engineer is needed 
(state B) , or advice from a process specialist is needed (state C). The fraction of calls that need advice 
( either from an engineer or a process specialist) is determined by the knowledge of the employee making 
the first analysis and by the nature of the call. 

Both the initial analysis time, and the fraction of calls that need advice are influenced by the nature 
of the call and by the employee making the first analysis. Furthermore, they are related: In any point 
of time during the analysis, the engineer can decide to keep looking for the diagnose himself or to ask 
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Figure 6.4: Petri net telephonic support process 

for support. Therefore, we combine them into one KPI. Because mechanic calls and electronic calls are 
handled by different employees, we define two KPl's related to the initial analysis: one for mechanic calls 
and one for electronic calls. whether a call that cannot be solved needs advice from a process specialist, 
or from an engineer, depends on the nature of the call and is therefore an external influence. 

KPI 8. Mechanic Diagnose Parameter: The fraction of calls for mechanic support that cannot be 
diagnosed without advice from an engineer or process specialist, times the average time it takes to make 
an initial analysis of an mechanical call. 

KPI 9. Electronic Diagnose Parameter: The fraction of calls for electronic support that cannot be 
diagnosed without advice from an engineer or process specialist, times the average time it takes to make 
an initial analysis of an electrical call. 

If an advice is needed (state B and state C), the engineer or process specialist diagnoses the problem 
( activity 2 and activity 3). Two diagnoses are possible: either a solution for the problem is found, or 
a visit to the customer is needed. The fraction of advice requests for which an engineer can provide 
a solution, and fraction of advice requests for which a process specialist can provide a solution are 
determined by the nature of the call and by the knowledge of the engineer or process specialist. The 
expected advice time of an engineer and the expected advice time of a process specialist also depend on 
the nature of the call and on the knowledge of the engineer/process specialist. Therefore, we combine 
them into one KPI, both for engineers and for process specialists. 

KPI 10. Engineer Advice Parameter: The average time an engineer needs to give an advice on a 
call, times the fraction of advice requests for which the engineer cannot provide a solution ( and therefore 
need a service visit). 

KPI 11. Process Specialist Advice Parameter: The average time a process specialist needs to give 
an advice on a call, times the fraction of advice requests for which the process specialist cannot provide 
a solution (and therefore need a service visit). 

The customer is informed about the diagnose (activity 5) . We assume that informing the customer has 
a fixed duration. Therefore, we do not define a KPI. 

Diagnose Fraction 
EPI 8 is defined as Diagnose Fraction. The expected fraction of problems diagnosed by telephone depends 
on the skills of the people making the initial analysis and on the skills of the people advising. For both, 
we defined KPl's above. 
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Diagnose Time Service Visit 

EPI 10 is defined as Diagnose Time Service Visit. Figure 6.3 describes the telephonic support process. 
Service visits for both engineers and process specialists have the same process. The visit diagnose time 
equals end activity V3 minus start state E or F. 

If a service visit is needed (state E or F), first the visit should be planned (activity VJ). The actual 
planning is assumed to have a fixed duration. The waiting time for an engineer or process specialist to 
become available not. The waiting time is determined by the number of engineers or process specialists 
and therefore determined by Stork. Therefore, we define a KPI for the waiting time for an engineer and 
for the waiting time for a process specialist (which equals end state VA minus start state E or F). 

KPI 12. Averoge Engineer Waiting Time: The average time before an engineer becomes available 
for a service visit. 

KPI 13. A veroge Process Specialist Waiting Time: The average time before a process specialist 
becomes available for a service visit. 

If an engineer or process specialist becomes available ( state VA), he has to travel to the customer ( activity 
V2). This traveling time depends on the location of the customer and the location of the engineer or 
process specialist. Stork cannot influence the location of the customer, but can influence the location of 
the engineer or process specialist. Therefore, we define KPI's for the traveling time. 

KPI 14. A vemge Engineer Traveling Time: The average time an engineer has to travel for a 
service visit. 

KPI 15. A veroge Process Specialist Traveling Time: The average time a process specialist has to 
travel for a service visit. 

If the engineer or process specialist arrives on site (state VB), he starts diagnosing the problem ( activity 
V3). The time to make a diagnose is determined by the problem, and by the quality of the engineer or 
process specialist. Therefore, we define KPI's for it. 

KPI 16. Avemge Engineer Visit Diagnose Time: The average time it takes an engineer to make 
a diagnose during a service visit. 

KPI 17. Averoge Process Specialist Visit Diagnose Time: The average time it takes a process 
specialist to make a diagnose during a service visit. 

Software Problem Solving Time 
EPI 9 is defined as Solving Time Software Problems. Figure 6.3 describes the telephonic support process. 
If a diagnose to a problem is made (either by telephone or on site), and the problem is software related 
(state G), Stork solves the problem. The software problem solving time equals end activity 9 minus start 
state G. The time to solve a software problem after the diagnose of the problem is made, depends on 
the problem itself, and on the engineer(s) or programmer(s) solving the problem. Therefore, we define a 
KPI for it: 

KPI 18. A vemge Software Problem Solving Time: The average time between diagnosing a software 
problem that should be solved by Stork and solving the problem. 

Update Time Online Documentation 
EPI 11 is defined as Update Time Online Documentation. The update time of online documentation is 
influenced directly by Stork, since Stork updates the documentation. Therefore, we define a KPI for it. 

KPI 19. Averoge Update Time Online Documentation: The average number of days between 
making a change to the equipment of a customer ( or if a customer changes the equipment himself: the 
number of days between reporting a change to Stork) and updating the online documentation. 
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Average Operational Line Effectiveness 
EPI 12 is defined as Average Operational Line Effectiveness. Chapter 5 defined OLE as the product 
of line availability, line speed efficiency, and shackle availability. Therefore, the expected value for the 
average OLE equals the product of the expected line availability, expected line speed efficiency and 
expected shackle availability. 

Expected Line Availability 

Kumar et al. (2000) define average availability as the expected fractional duration of an interval {0,tj that 
the system is in state of functioning. To determine the expected line availability, we have to measure the 
total time a line is up during an interval, and divide this by the interval length. The total time a line is 
up depends on: 

• The number of critical failures 
• The duration of each critical failure 
• The planned maintenance performed during production time. 

The expected number of critical failures is given by the failure rate, which Kumar et al. (2000) define 
as: 

f 
.l total number of failures in a sample 

ai ure rate = ---------='---=--------=---
cumulative operating time of the sample 

(6.6) 

The failure rate and the total planned maintenance time depend on a number of factors: The maintenance 
strategy, cleaning strategy, quality of the spare parts used, quality of the maintenance actions performed, 
machine configuration, use of the equipment, etcetera. Stork can influence most of these factors, but the 
exact influence of each factor on the failure rate is not known. The Optimizer + @ project discussed in 
the beginning of this section will give more insight in this. In the mean time, we define a KPI for the 
critical failure rate, and suggest waiting for the Optimizer + @ project results reevaluate the definition 
of KPI's related to expected line availability. 

KPI 20. Critical Failure Rate: The avemge number of critical failures of a line per time unit oper
ating. 

Analysis 
Order Spare 

Parts 

Telephonic 
Support 

Repair 

Figure 6.5: Downtime critical failure 

All critical failures are analyzed first. The expected analysis time depends on the problem and on the 
skills and experience of the engineer making the analysis. An analysis can have two results: a diagnose 
is made, or no diagnose is made. The expected fraction of analyses that end in a diagnose also depends 
on the problem to be analyzed and the skills and experience of the engineer and equals the average 
fraction of analysis that end in a diagnose. Therefore, we combine them into one KPI. We assume that 
the average analysis time and the average diagnose fraction are independent of the type of failure (line 
critical, machine critical or non-critical). 
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KPI 21. Engineer Diagnose Parameter: The average time it takes the engineer present at a cus
tomer to analyse a failure , times the average fraction of failures the engineer can diagnose without help. 

The expected telephonic support time for a critical failure is assumed to equal the expected diagnose 
time for any call, determined earlier. The expected time to order spare parts is assumed to equal the 
expected Downtime Waiting Parts, determined in earlier. The repair time for a critical failure, once a 
diagnose is made and all parts are available, is assumed to depend mainly on the failure itself and not 
so much on the engineer performing the repair. Therefore, we regard this an e.xternal influence. 

The expected periodic preventive maintenance time in a given time period depends on the maintenance 
schedule, on the equipment and on the production schedule. The maintenance schedules for each type 
of equipment are designed with the help of the Optimizer + @ project discussed in the beginning of 
this section. Therefore, we do not go into detail on the expected periodic preventive maintenance time. 
In general, if a customer produces more hours per day, less time is left for maintenance and therefore, 
maintenance will cause more downtime. Stork cannot influence the number of production hours per day. 
Therefore, we regard this an external influence. 

Expected Line Speed Efficiency 

Line speed efficiency is defined as the fractional deviation from the desired line speed in Chapter 5. This 
deviation can have different causes: a veterinarian inspector slows down the line, wear of parts prevent 
producing at maximum speed, or the breakdown of a piece of equipment causes more manual labor which 
requires lower speed. Veterinarians can decide to slow down the line speed because too many birds do 
not meet te specifications because one or more operations are not performed correctly ( or not performed 
at all) because of the wear or breakdown of a machine. Therefore, all causes of line speed deviation 
originate at wear or breakdown of equipment, which is the responsibility of Stork. Therefore, we define 
a KPI for it: 

KPI 22. Average Line Speed Efficiency: The average fractional deviation from the desired line 
speed of a line. 

Expected Shackle Availability 

The expected shackle availability equals the expected fraction of shackles on a line that can be used for 
production. Like line availability, the shackle availability depends on the failure rate of the shackles and 
on the repair time, but shackle availability also depends on the repair policy: Unlike critical breakdowns, 
shackle breakdowns are not repaired instantly, but on a time that is convenient to the engineer (for 
example, during a break, or once a month all broken shackles). Furthermore, shackle availability is less 
critical to the customer than line availability. Therefore, we decide not to define a separate KPI for 
shackle availability, but regard the shackles a piece of equipment and incorporate shackle availability in 
the equipment availability to be defined later in this section. 

Average Operational Machine Effectiveness 

EPI 13 is defined as Average Operational Machine Effectiveness. Chapter 5 defined OME as the product 
of equipment availability, quality rate, and occupation rate. The expected OME therefore equals the 
expected equipment availability times the expected quality rate times the expected occupation rate. 

Expected Equipment Availability 

For the expected equipment availability we use a similar approach as for the average line availability, 
which results in one KPI: 

KPI 23. Machine Critical Failure Rate: The average number of critical failures on a piece of 
equipment per time unit operating. We define a critical failure as a failure that prevents the equipment 
from operating, while the line the equipment is part of keeps running. 

The expected duration of each machine critical failure depends on the process to correct a critical failure. 
For machine critical failures, this process is somewhat different than for line critical failures, because 
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machine critical failures have a lower priority for the engineer than line critical failures. Therefore an 
engineer can decide to postpone the repair of a machine critical failure. Furthermore, the customer 
can decide to keep producing with a failed piece of equipment because this better fits the production 
plan. This results in the process in Figure 6.6. The average waiting time depends on the priorities of an 
engineer and on the other failures that take place around the same time. The other failures that take 
place are already measured by the failure rate of the equipment that fails. The priorities of an engineer 
should be based solely on the criticality of a failure. Defining a KPI for the average waiting time could 
influence the engineer in this decision and would therefore have a negative result. 

For the analysis time, we use the same KPI as we did for the line availability: the engineer rate defined 
in Section 6.3. The expected telephonic support time is assumed to equal the expected diagnose time 
for any call, determined in Section 6.3. The expected time to order spare parts is assumed to equal the 
expected Downtime Waiting Parts, determined in Section 6.3. The repair time for a machine critical 
failure, once a diagnose is made and all parts are available, is assumed to depend mainly on the failure 
itself and not so much on the engineer performing the repair. Therefore, we regard this a constant. 

Waiting Analysis 
Order Spare 

Parts 

Telephonic 
Support 

Repair 

Figure 6.6: Downtime machine critical failure 

Expected Quality Rate 

For each (group of) equipment, quality specifications are defined. Stork has a direct influence on the 
quality rate in the full-service package. Therefore, we define a KPI: 

KPI 24. Average Quality Rate: The average fraction of birds processed by (a group of) equipment 
that meets the specifications of the equipment. 

Expected Occupation Rate 

The expected occupation rate equals the fraction of birds that do not fall off a shackle during an operation. 
Birds fall off shackles because parts have broken down, machines are not adjusted well, or the bird is 
not hanging correct on the shackle (or is damaged). These are all consequences of the maintenance and 
adjustment of equipment, which is the responsibility of Stork in the full-service situation. Therefore, we 
define a KPI for the the average occupation rate: 

KPI 25. Average Occupation Rate: The average fraction of birds that does not fall off the shackle 
during the operations on the equipment. 

Average Operational Equipment Effectiveness 
EPI 14 is defined as Average Operational Equipment Effectiveness. Chapter 5 defined OEE as the 
product of equipment availability, speed efficiency, and quality rate. Therefore, the average Operational 
Equipment Efficiency equals the expected availability times the expected speed efficiency times the 
expected quality rate for further processing. 

Expected Equipment Availability 

For the expected equipment availability, we use the same approach as we did for poultry processing. 
For further processing, we do not make the distinction between line critical failures and machine critical 
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failures. We can use the same KPI as for poultry processing: the machine critical failure rate. For further 
processing, we define a critical failure as a failure that causes the machine to stop functioning. 

No preventive maintenance schedules are available for further processing. Furthermore, Titan does not 
participate in the Optimizer + @ project. Currently, the customer is responsible for planning and 
executing periodic preventive maintenance. If Stork takes over this responsibility, some knowledge has 
to be developed on what influences downtime and maintenance time and costs. Therefore, we suggest 
Titan to participate in the Optimizer + @ project, or a similar project, before developing KPl's on 
downtime caused by planned maintenance. 

Expected Speed Efficiency 

Speed efficiency was defined as the actual output per time unit divided by the desired output per time 
unit. Any deviations from the desired output are caused by the equipment not functioning properly. 
Therefore, we define a KPI for the average speed efficiency: 

KPI 26. Average Speed Efficiency: The average of the actual output divided by the desired output. 

Expected Quality Rate 

Like we did for poultry processing, we also define a KPI for the average quality rate for further processing: 

KPI 27. Average Quality Rate .Further Processing: The average fraction of batches that meets 
the specifications of the equipment. 

6.4 Performance Measurement Model 
If we look at measurability of the performance indicators (Appendix K), we can see that all performance 
indicators but one are measurable: the engineer parameter. Therefore, this performance indicator is 
eliminated. The remaining performance measures can be summarized in two performance measurement 
models: one for poultry processing (Page 46) and one for further processing (Page 48). The differences 
between the two models lie in the service level for full service (OLE and OME for poultry processing 
and OEE for further processing) , and the absence of software problems that need solving for further 
processing. 
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STORI~® Performance Measurement Model Poultry Processing 

External Performance Indicators 

Performance indicator 
Total Cost of Additional Spares 

Order Delivery Time 

Average Order Delivery Time 

Downtime Waiting Parts 
Average Downtime Waiting Parts 

Call Diagnose Time 

Average Call Diagnose Time 

Diagnose Fraction 
Solving Time Software Problems 
Diagnose Time Service Visit 
Update Time Online 
Documentation 
Average Operational Line 
Effectiveness {OLE) 
Average Operational Machine 
Effectiveness (OME) 

Definition 
The total sum of money a customer has to spend on spare parts to correct breakdowns or to perform maintenance, on the (group 
of) eauipment in the contract of the customer, excludina the parts for periodic oreventive maintenance. 
The time between placing a spare parts order for consumable parts and/or breakdown parts and delivery of the order at the 
customer site. 
The average time between placing a spare parts order of a customer at Stork and delivery of the order at the customer site, over 
all spare parts orders for consumable parts and/or breakdown parts in a certain time period. 
The time a machine is down because of a breakdown, because the customer is waiting for spare parts from Stork to repair it. 
The average time a machine of a customer is down because of a breakdown, because the customer is waiting for spare parts 
from Stork to repair the machine. 
The time between taking a call of a customer and finishing the call. A call can be finished in two ways: A diagnose is made or a 
service visit is needed. 
The average time between taking a call of a customer and finishing the call. A call can be finished in two ways: A diagnose is 
made or a service visit is needed. 
The fraction of calls of a customer that is finished by diagnosing the problem by telephone in a given time period. 
The time between diagnosing a software problem and fixing the problem. 
The time between finishing the call that causes the service visit and diaanosina the problem on site. 
The number of days between making a change to the equipment of a customer (or if a customer changes the equipment himself: 
the number of days between reporting a change to Stork) and updating the online documentation. 
The average fractional performance of the production line. Operational line Effectiveness is a combination of Line Availability, 
Actual Speed Efficiencv, and Shackle Availabilitv. 
The fractional performance of (a group of) equipment in a production line. Operational Machine Effectiveness is a combination of 
Availability, Quality Rate, and Occupation Rate. 

Critical 
Failure Rate 

Electronic 
Diagnose 
Parameter 

Quality Rate 

Units 
€/customer/year, or 
$/customer/year 
Hours/order 

Hours/order measured per order 
type per customer per vear 
Hours/breakdown 
Hours/breakdown measured per 
customer oer vear 
Hours/call 

Hours/call measured per 
customer per year 
- measured per customer per year 
Hours/problem 
Hours/visit 
Days/change 

- measured per line per year 

- measured per (group of) 
equipment per year 

--. ·- . 
' . - -

___ , Ill-
., . 

- :. ' 
' 

. ,:. . 

Performance Stork - . 111-... . . . 
' 

Related package 
Extensive, Premium 

Extensive, Premium 

Extensive, Premium 

Premium 
Premium 

Extensive, Premium 

Extensive, Premium 

Extensive, Premium 
Extensive, Premium 
Premium 
Premium 

Full Service 

Full Service 



ST□RI~® 
Performance Measurement Moae1 tJou,rry tJrocess,ng 
Internal Performance Indicators 

Performance indicator Deflnit,on Units Purpose 
Item Fifi Rate Part The fraction of parts from a part type (consumable, consumable/breakdown, or revision) that - Measured over all demand in a year Control stock 
Tvoe Stork can deliver directly from stock. 
Average Part The average time that has to be spend to purchase one SKU (independent of the order Hours/SKU, measured over all purchases in Control planners 
Purchase Time quantity of that SKU). a year 
Average Internal Part The average time between ordering a part from the production department and delivery of the Hours/order, measured over a year Control production department 
Deliverv Time part. 
Average Order Line The average time an order spends at the expedition department, divided by the number of Hours/order line, measured over all order Control expedition department 
Exoedition Time order lines. lines in a year 
Average Arrange The average time spend on arranging transportation for an order. Hours per order, measured over all orders in Control export department 
Shipment Time a year 
Item FIii Rate Local The fraction of items that can be delivered directly from the local stock. - Measured over all demand at a local Control local stocks 
Stock stockina point in a year 
Average The average time it takes to transport a part from a local stocking point to a customer Hours, measured over all customers Control performance local stocking 
Transportation Time assigned to this stocking point. assigned to a local stocking point po ints 
Stocking Point -
Customer 
Mechanic Diagnose The fraction of calls for mechanic support that cannot be diagnosed without advice times the Hours, measured over all breakdowns in a Control mechanic helpdesk 
Parameter averaae time it takes to make an initial analvsis of a mechanical call. year 
Electronic Diagnose The fraction of calls for electronic support that cannot be diagnosed without advice times the Hours, measured over all breakdowns in a Control electronic helpdesk 
Parameter average time it takes to make an initial analysis of an electrical call. year 
Engineer Advice The average time an engineer needs to give an advice on a call times the fraction of advice Hours, measured over all breakdowns in a Control performance engineers 
Parameter requests the engineer cannot diagnose (and therefore need a service visit). year 
Process Specialist The average time a process specialist needs to give an advice on a call times the fraction of Hours, measured over all breakdowns in a Control performance process 
Advice Parameter advice reauests the process specialist cannot diaanose (and therefore need a service visit) . vear specialists 
Average Engineer The average time a customer has to wait for an engineer to become available for a service Hours, measured over all engineer visits in a Control reaction speed engineers 
Waiting Time visit. year 
Average Process The average time a customer has to wait for a process specialist to become available for a Hours, measured over all process specialist Control reaction speed process 
Specialist Waiting service visit. visits in a year specialists 
Time 
Average Engineer The average time an engineer has to travel for a service visit Hours, measured over all engineer visits in a Control waiting time for service visit 
Travel/na Time year 
Average Process The average time a process specialist has to travel for a service visit Hours, measured over all process specialist Control waiting time for service visit 
Specialist Traveling visits in a year 
Time 
Average Visit The average time it takes an engineer to make a diagnose during a service visit. Hours, measured over all engineer visits in a Control local performance 
Diagnose Time year engineers 
Enaineer 
Average Visit The average time it takes a process specialist to make a diagnose during a service visit. Hours, measured over all process specialist Control local performance process 
Diagnose Time visits in a year specialists 
Process Soecialist 
Software Problem The average time between diagnosing a software problem that should be solved by Stork and Hours, measured over all problems that are Control performance programmers 
Average Solving Time solving the problem. solved by Stork in a year 

Average Update Time The average time it takes Stork to update the online documentation after a change to the Days, measured over all changes in a year Control accuracy installed base 
Online equipment of the customer. 
Documentation 
Critical Failure Rate The average number of critical failures of a line per time unit operating. Failures per hour, measured over a year per Control performance line 

line 
Average Line Speed The average fractional deviation from the desired line speed of a line. - measured over a year per line Control performance line 
Efficlencv 
Machine Critical The average number of critical failures on a piece of equipment per time unit operating. We Failures per hour, measured over a year per Control performance equipment 
Failure Rate define a critical failure as a failure that prevents the equipment from operating, while the line equipment 

the equipment is part of keeps runnin.a. 
Average Quality Rate The average fraction of birds processed by (a group of) equipment that meets the - measured over a year per equipment Control performance equipment 

soecifications of the equipment. 
Average Occupation The average fraction of birds that does not fall off the shackle during the operations on the - measured over a year per equipment Control performance equipment 
Rate equipment. 

Related EP/'s 
Order Delivery Time; 
DWP; OME; OLE 
Order Delivery Time; 
DWP; OME; OLE 
Order Delivery Time ; 
DWP; OME; OLE 
Order Delivery Time; 
DWP; OME· OLE 
Order Delivery Time; 
DWP; OME; OLE 
DWP; OME; OLE 

DWP; OME; OLE 

Call Diagnose Time ; 
OME; OLE 
Call Diagnose Time; 
OME; OLE 
Call Diagnose Time; 
OME; OLE 
Call Diagnose Time; 
OME; OLE 
Visit Diagnose Time; 
OME; OLE 
Visit Diagnose Time; 
OME;OLE 

Visit Diagnose Time; 
OME; OLE 
Visit Diagnose Time ; 
OME;OLE 

Visit Diagnose Time; 
OME; OLE 

Visit Diagnose Time ; 
OME; OLE 

Software Problem 
Solving Time; OME; 
OLE 
Update Time Online 
Documentation 

OLE 

OLE 

OME 

OME 

OME 



ST□RI~® 
Performance Measurement Model Further Processing 

External Performance Indicators 

Performance indicator 
Total Cost of Additional Spares 

Order Delivery Time 

Average Order Delivery Time 

Downtime Waiting Parts 
Average Downtime Waiting Parts 

Call Diagnose Time 

Average Call Diagnose Time 

Diagnose Fraction 

Diagnose Time service Visit 
Update Time Online 
Documentation 
Average Operational Equipment 
Effectiveness 

Definition 
The total sum of money a customer has to spend on spare parts to correct breakdowns or to perform maintenance, on the (group 
of) equipment in the contract of the customer, excluding the parts for periodic preventive maintenance. 
The time between placing a spare parts order for consumable parts and/or breakdown parts and delivery of the order at the 
customer site. 
The average time between placing a spare parts order of a customer at Stork and delivery of the order at the customer site, over all 
spare parts orders for consumable parts and/or breakdown parts in a certain time period. 

The time a machine is down because of a breakdown, because the customer is waiting for spare parts from Stork to repair it. 
The average time a machine of a customer is down because of a breakdown, because the customer is waiting for spare parts from 
Stork to repair the machine. 
The time between taking a call of a customer and finishing the call. A call can be finished in two ways: A diagnose is made or a 
service visit is needed. 
The average time between taking a call of a customer and finishing the call. A call can be finished in two ways: A diagnose is made 
or a service visit is needed. 
The fraction of calls of a customer that is finished by diagnosing the problem by telephone in a given time period. 

The time between finishing the call that causes the service visit and diagnosing the problem on site. 
The number of days between making a change to the equipment of a customer (or if a customer changes the equipment himself: 
the number of days between reporting a change to Stork) and updating the online documentation. 
The fraction of time a piece of equipment or a group of equipment can be used optimally. Operational Equipment Effectiveness is a 
combination of Availabifitv, Quality Rate, and Speed Efficiencv. 

Units 
€/customer/year, or 
$/customer/year 
Hours/order 

Hours/order measured per 
order type per customer per 
year 
Hours/breakdown 
Hours/breakdown measured 
per customer per year 
Hours/call 

Hours/call measured per 
customer per year 
- measured per customer per 
year 
Hours/visit 
Days/change 

- measured per machine per year 

Update Time 
Online 

1 Process 

I 

Specialist 
Traveling Time . 

Related package 
Extensive, Premium 

Extensive, Premium 

Extensive, Premium 

Premium 
Premium 

Extensive, Premium 

Extensive, Premium 

Extensive, Premium 

Premium 
Premium 

I Full Service I 



ST□RI~® 
Performance Measurement Model Further Processing 

Internal Performance Indicators 

Performance indicator Definition Units Purpose 
Item Fill Rate Part The fraction of parts from a part type (consumable, consumable/breakdown, or revision) that - Measured over all demand in a year Control stock 
Tvoe Stork can deliver directly from stock. 
Average Part The average time that has to be spend to purchase one SKU (independent of the order Hours/SKU, measured over all puchases in a Control planners 
Purchase Time auantitv of that SKUJ. vear 
Average Internal Part The average time between ordering a part from the production department and delivery of the Hours/order, measured over a year Control production department 
Deliverv Time Dari. 
Average Order Line The average time an order spends at the expedition department, divided by the number of Hours/order line, measured over all order Control expedition department 
Expedition Time order lines. lines in a year 
Average Arrange The average time spend on arranging transportation for an order. Hours per order, measured over all orders in Control export department 
Shioment Time a year 
Item Fill Rate Local The fraction of items that can be delivered directly from the local stock. - Measured over all demand at a local Control local stocks 
Stock stockina ooint in a vear 
Average The average time it takes to transport a part from a local stocking point to a customer Hours, measured over all customers Control performance local stocking 
Transportation Time assigned to this stocking point. assigned to a local stocking point points 
Stocking Point -
Customer 
Mechanic Diagnose The fraction of calls for mechanic support that cannot be diagnosed without advice times the Hours, measured over all breakdowns in a Control mechanic helpdesk 
Parameter averaae time it takes to make an initial analysis of a mechanical call. vear 
Electronic Diagnose The fraction of calls for electronic support that cannot be diagnosed without advice times the Hours, measured over all breakdowns in a Control electronic helpdesk 
Parameter averaae time it takes to make an initial analysis of an electrical call. vear 
Engineer Advice The average time an engineer needs to give an advice on a call times the fraction of advice Hours, measured over all breakdowns in a Control performance engineers 
Parameter reauests the engineer cannot diagnose (and therefore need a service visit) . vear 
Process Specialist The average time a process specialist needs to give an advice on a call limes the fraction of Hours, measured over all breakdowns in a Control performance process 
Advice Parameter advice requests the process specialist cannot diagnose (and therefore need a service visit) . year specialists 
Average Engineer The average time a customer has to wait for an engineer to become available for a service Hours, measured over all engineer visits in a Control reaction speed engineers 
Waitina Time visit. vear 
Average Process The average time a customer has to wait for a process specialist to become available for a Hours, measured over all process specialist Control reaction speed process 
Spec/al/st Waiting service visit. visits in a year specialists 
Time 
Average Engineer The average time an engineer has to travel for a service visit Hours, measured over all engineer visits in a Control waiting time for service visit 
Travelina Time vear 
Average Process The average time a process specialist has to travel for a service visit Hours, measured over all process specialist Control waiting time for service visit 
Specialist Traveling visits in a year 
Time 
Average Visit The average time it takes an engineer to make a diagnose during a service visit. Hours, measured over all engineer visits in a Control local performance 
Diagnose Time year engineers 
Enaineer 
Average Visit The average time it takes a process specialist to make a diagnose during a service visit. Hours, measured over all process specialist Control local performance process 
Diagnose Time visits in a year specialists 
Process Soecialist 
Average Update Time The average time it takes Stork to update the online documentation after a change to the Days, measured over all changes in a year Control accuracy installed base 
Online equipment of the customer. 
Documentation 
Average Speed The average of the actual output divided by the desired output. - measured over a machine per year Control performance line 
Efficiency 
Machine Critical The average number of critical failures on a piece of equipment per time unit. We define a Failures per hour, measured over a year per Control performance equipment 
Fa/lure Rate critical failure as a failure that prevents the equipment from operating, while the line the machine 

equipment is part of keeps running. 
Average Quality Rate The average fraction of batches that meets the specifications of the eauioment. - measured over a vear oer machine Control oerformance eauioment 

Related EP/'s 
Order Delivery Time ; 
DWP; OME; OLE 
Order Delivery Time ; 
DWP; OME; OLE 
Order Delivery Time ; 
DWP; OME; OLE 
Order Delivery Time ; 
DWP; OME; OLE 
Order Delivery Time ; 
DWP; OME; OLE 
DWP; OME; OLE 

DWP; OME; OLE 

Call Diagnose Time ; 
OME; OLE 
Call Diagnose Time; 
OME; OLE 
Call Diagnose Time; 
OME; OLE 
Call Diagnose Time ; 
OME; OLE 
Visit Diagnose Time ; 
OME; OLE 
Visit Diagnose Time ; 
OME; OLE 

Visit Diagnose Time ; 
OME; OLE 
Visit Diagnose Time ; 
OME; OLE 

Visit Diagnose Time ; 
OME; OLE 

Visit Diagnose Time ; 
OME; OLE 

Update Time Online 
Documentation 

OEE 

OEE 

OEE 
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STORK® 

Chapter 7 

Application 

The previous chapter described the development of two performance measurement models. They are 
general models that can be used by Stork PMT, Stork Gamco, Stork Brazil and Stork Titan. This 
chapter describes how the model can be made company-specific. We have decided to do this only for 
one company: Stork PMT, for a number of reasons: 

• It is wise to first implement the changes at one operating company, evaluate the implementation, 
and adjust the plan before implementation at the other operating companies. 

• Stork PMT is the largest operating company with the most facilities and knowledge on implement
ing new concepts in the organization. Furthermore, Stork PMT has the most developed service 
organization of all operating companies (as we can see in Figure H.8 in Appendix H). 

• The other operating companies are not ready to implement the model yet: 

- Stork Titan is still working on how to develop maintenance schedules and on how to change 
their way of working to that of Stork PMT. 

- Stork Brazil is working very hard to cope with the large growth in their market. This requires a 
lot of effort from the organization. Implementation of the model would put even more pressure 
on the organization. Furthermore, the ERP system of Stork Brazil is not fully functioning as 
desired, which complicates implementation. 

- Stork Gamco has plans in the near future to implement a new ERP system. It would not be 
wise to develop a company-specific model for the current system if this system is likely to be 
replaced soon. 

This chapter describes the translation from the general poultry processing model to a company-specific 
model for Stork PMT. The performance measurement model is based on a number of Service Level 
Agreements resulting from service packages that are not yet offered by Stork PMT. Implementing these 
packages will change the operations at Stork PMT. We do not discuss all changes resulting from im
plementing the service packages, but only those related to the performance measurement model. The 
performance indicators should not be implemented all at once; Stork PMT should start by implement
ing performance indicators from the extensive package and expand this gradually to the full-service 
performance indicators. 

The performance indicators from the different packages can be divided into five groups (Table 7.1). The 
performance indicators from the different packages within a group are often related and need the same 
process, data, and information system to be calculated. Therefore, we suggest also taking into account 
the performance indicators from different service packages in the same group upon implementing each 
package, and suggest the following approach: 

1. Implement the financial performance indicators 



STORK® 7.1. PROCESS CHANGES 

External Performance Indicator Internal Performance Indicator 
Financial • Total Cost of Additional Spares -

• Average Order Line Expedition nme 
• Average Export Time 

• Order Delivery nme • Item Fill Rate Part Type 

• Average Order Delivery nme • Average Part Purchase Time 
Spare • Item Fill Rate Local Stock 
Parts • Downtime Wailing Parts 

• Average Transportation nme Stocking • Average Downtime Waiting Parts Point - Customer 
• Average Internal Part Delivery nme 
• Average External Part Delivery Time 

• Mechanic Diagnose Parameter 

• Call Diagnose nme • Electronic Diagnose Parameter 

• Average Call Diagnose lime • Engineer Advice Parameter 

Calls • Diagnose Fraction • Process Specialist Advice Parameter 

• Software Problem Solving Time • Average Solving nme Software Problems 

• Service Visit Diagnose Time • Average Engineer Waiting Time 
• Average Process Specialist Waiting nme 
• Average Visit Diagnose Time 

Online 
• Update nme Online Documentation • Average Update nme Online 

Document. Documentation 

• Average Operational Line Effectiveness • Critical Failure Rate 

Full- • Average Operational Machine • Average Line Speed Efficiency 

service Effectiveness • Machine Critical Failure Rate 
• Average Operational Equipment • Average Quality Rate 

Effectiveness • Average Occupation Rate 

Table 7.1: Groups of Performance Indicators Poultry Processing 

2. Implement the performance indicators related to spare parts except those related to taking over 
the local stock ((Average) Downtime Waiting Parts, Item Fill Rate Local Stock, and the average 
transportation time from a local stocking point to a customer) 

3. Implement the performance indicators related to calls 
4. Implement the performance indicators related to online documentation 
5. Implement the remaining performance indicators related to spare parts (those related to taking 

over the local stock) 
6. Implement the performance indicators related to full service 

We suggest implementation in this order, because it reflects the priorities of Stork, the relationships 
between performance indicators, and the development from the current situation to full-service. However, 
each group can be implemented independently, so a different order is possible. 

The structure of this chapter is as follows. Section 7.1 describes the process changes that are needed to 
implement the model. Section 7.2 describes how to obtain the data needed to make the calculations. To 
measure each performance indicator, we suggest extracting data from the current information systems 
(or new information systems if needed), and importing this data in a performance measurement tool 
that actually makes the calculations. Section 7.3 describes how the performance measurement tool 
should calculate the performance indicators from the data. Section 7.4 describes how the performance 
indicators should be used in the daily operations. Appendix N and Appendix O summarize the use and 
measurement of each performance indicator in a Performance Measurement Record Sheet. 

7.1 Process Changes 
In order to implement the model, a number of process changes are needed. Using the performance 
measurement model should change the daily operations as little as possible. Therefore, ideally, the 
performance measures should be calculated by the information systems in use without any effort from 
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7.1. PROCESS CHANGES STORK® 

the staff of Stork PMT. However, some changes in the processes are still needed. Two types can be 
distinguished: Changes needed in order to obtain the data needed to calculate the performance in each 
performance indicator, and changes related to the use of the model. In this section, we discuss the first 
type. We will only discuss those performance indicators that actually require changes. The second type 
will be discussed in Section 7.4. 

Financial Performance Indicator 
No process changes are needed to obtain the data needed to calculate the financial performance indicator. 

Performance Indicators Spare Parts - 1 
The performance indicators related to spare parts but not directly related to taking over the local stock are 
all spare parts performance indicators from Figure 7.1, except (Average) Downtime Waiting Parts, Item 
Fill Rate Local Stock, and the average transportation time from a local stocking point to a customer. To 
calculate these performance indicators, a number of changes are needed in the order process. Appendix 
M contains the current process model of the order process of Stork PMT. This section only discusses the 
changes. 

The first change is that the order process and the telephonic support should be completely separated. 
This means that only complete orders should be entered in the system. It is possible to change an order, 
but this implies that the start time of an order is changed to the time the order is changed. If this 
happens a lot, customers do not know anymore what delivery time to expect. The advantage of giving 
guarantees on delivery time is that the customer has more certainty, and that the customer can plan his 
orders better. If each order is changed several times, this advantage is lost. In the current situation, 
Stork often determines what parts a customer needs, and checks an order to see if the right parts are 
ordered. This makes it not clear to the customer what the start time of an order is. 

The second change is that for each order, an arrival time should be entered in SAP. Currently, this does 
not happen. 

The third change is that upon entering an order, the order type should be entered. Currently, Stork 
does not work with different order types within spare parts orders. Furthermore, no delivery time has to 
be agreed upon with the customer, as is the case in the current situation. Each order of a certain order 
has the same (internal) delivery time. This simplifies planning, both for the material planners, and for 
CTSl, and CTS2. In the current situation, CTSl and CTS2 check if parts for an order are delivered on 
time. If this is not the case, they call the planner to see if parts can be delivered earlier (this is called 
manco persecution at Stork PMT). This increases the work of CTSl, and CTS2, and gives pressure 
to the planners. Furthermore, in this situation, the customer that has placed his order at the person 
who pressures the planner the most, gets the best service. If all orders of a certain type have the same 
urgency, planners know better when parts should be available, so less manco persecution is needed. If an 
order has a high priority, it will have order type Emergency, which will automatically alert the planner. 
In all other cases, the planner does not have to be reminded of the priority of the order. 

Performance Indicators Calls 
In order to implement the performance indicators related to calls, all calls should be logged in an 
information system. Currently, this is only the case for Electronic calls by the Helpdesk, not for the 
remainder of calls that are answered by CTSl and CTS2. In order to calculate all performance indicators, 
the logging of calls by the Helpdesk should also by expanded. What exactly should be recorded will be 
discussed in Section 7.2. 

Performance Indicators Online Documentation 

Currently, no online documentation is offered. In order to measure the performance indicators related 
to online documentation, an online documentation system should be implemented and the changes to 
the customer documentation should be recorded. What exactly should be recorded will be discussed in 
Section 7.2. 
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STORK® 7.2. OBTAINING REQUIRED DATA 

Performance Indicators Spare Parts - 2 

Taking over the local stock of the customer resulted in the performance indicators (Average) Downtime 
Waiting Parts, Item Fill Rate Local Stock, and the average transportation time from a local stocking 
point to a customer. To implement these performance indicators, new processes should be developed. 

7.2 Obtaining Required Data 
This section describes for each type of performance indicator, what data is needed to calculate the perfor
mance, and how to obtain this data. Appendix K provides a complete overview on how to measure each 
performance indicator. Ideally, all data for measuring the performance indicators should be extracted 
from existing information systems (we discussed the most important ones in Chapter 3). If this is not 
possible, changes should be made to the current systems, or new systems should be implemented. 

Financial Performance Indicator 

The performance measurement model only includes one financial performance indicator: Total Cost of 
Additional Spares. In order to calculate Total Cost of Additional Spares, a number of changes to the 
information systems of Stork PMT are needed. We suggest developing a measurement method that 
facilitates a more broad range of measures than just Total Cost of Additional Spares per customer; 
also Total Cost of Additional Spares per machine, the actual cost of spares for periodic preventive 
maintenance, and the planned cost of spares of periodic preventive maintenance (resulting from the 
maintenance schedules) should be included. Expanding measurement has a number of advantages: It can 
also be used for the current contracts on Total Cost of Spares, and it can be used for analytical purposes, 
like determining if the customer purchased all its parts at Stork, and if the customer is performing 
maintenance that maximizes the performance of the equipment. 

The data needed for the measurements can be extracted from PLM and SAP (Figure 7.1). To do so, a 
number of adjustments to both systems are needed: 

• PLM should be changed to provide a table of all parts present in a piece of equipment of a customer, 
the quantity, and the quantity in other equipment of the customer (tablel.article, tablel.quantity, 
and tablel.quantitya). 

• Periodic preventive maintenance schedules should be included in PLM to provide a list of the 
planned spare part use (table2.ppms). This is already planned. 

• SAP should be changed to provide a table of all parts delivered within a certain time period 
under contract and a table of all parts ordered not under contract (table3.article, table3.quantity, 
table3. price, table4.article, table4.quantity, and table4. price). 

• SAP should record what machines are in the contract of a customer and what not ( table5.incontract). 

After making these adjustments, SAP and PLM are able to provide the data needed to calculate Total 
Cost of Additional Spares per machine over a given time period, as well as total cost of spare for periodic 
preventive maintenance and planned cost of spares for periodic preventive maintenance. The sum of the 
Total Cost of Additional Spares and the Total Cost of Spares for periodic preventive maintenance equals 
the Total Cost of Spares, which is currently used in contracts of Stork PMT (for example, with Sadia). 

Performance Indicators Spare Parts - 1 

The data required to calculate the performance indicators related to spare parts but not directly related 
to taking over the local stock should be extracted from SAP: 
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• The order arrival time for each order (OAT0 ). Discussed below. 
• The order type of each order (Revision, Consumable/breakdown, Emergency)(OT0 ). Discussed 

below. 
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PLM SAP 
Per Machine 1 Per Machine 3 

Per Customer Per Time Interval 
'Under Contract' 

- Article 
-Quantity -Article 

- Quantity in other equipment of -Quantity 

the customer - PMce 

Per Machine 2 
Per Machine 4 

Per Time Interval 
Per Customer 

Not 'Under Contract' 

- Periodic Preventive Maintenance 
-Article 

Schedule 
-Quantity 
- Pnce 

Per Machine 5 
Per Customer 

- In Contract? 

Figure 7.1: Required data to measure Total Cost of Additional Spares 

• The time 'create delivery for due orders' (Figure M.2 in Appendix M) is finished (ODT0 ) . Already 
in SAP 

• The time 'insert L*B*H and weight in SAP' (Figure M.2 in Appendix M) is finished (OLT0 ). 

Already in SAP 
• The number of order lines in an order (R0 ). Already in SAP 
• The time 'print invoices' (Figure M.2 in Appendix M) is finished (OIT0 ). Already in SAP 
• The order quantity of each order line (OQr)- Already in SAP 
• The Stock level of the SKU of an order line upon entering the order line ( S Lr). Already in SAP 
• The ABCDE code of each order line (ABCr ). In SAP by the end of the year. 
• The order line input time ( I Rr). Already in SAP 
• The time an internal order is placed for a purchase request (IO Ir). Already in SAP 
• The time an external order is placed for a purchase request (IOEr)- Already in SAP 
• The time an internal order is delivered (IDir)- Already in SAP 
• The time an external order is delivered (ID Er). Already in SAP 

Furthermore, Transparex, the information system of the I&U department , should export the following 
data to SAP: 

• The time an order is picked up by the transportation company (OPT0 ). Already in Transparex. 
• The time an order is delivered at the customer site (ODC0 ). Already in Transparex. 

A link between SAP and Transparex will be available within a year. This means that the information 
from Transparex can also be extracted from SAP within a year. To record the order arrival time and 
the order type, a number of changes to SAP are needed: 

• The person entering the order should be asked for an order arrival time. This has to be programmed. 
• If a person adds order lines to an existing order, a pop-up should appear that asks if the parts 

should be entered in the existing order delaying the delivery of the entire order, or in a new order. 
This has to be programmed. 

• If a person decides to add order lines to an existing order, SAP should ask for a new order arrival 
time. This has to be programmed. 

• Upon entering an order, a choice should be made for the order type. This means that additional 
order types have to be added to SAP. 

If the changes to SAP are made and the link between SAP and Transparex is available, the data required 
to calculate the performance indicators can be exported by SAP. 
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Performance Indicators Calls 

To calculate the performance indicators related to calls, Stork should implement a call registration 
system based on the telephonic support process (Figure 6.3 on Page 40). In this system, the path of a 
call through the organization should be recorded: What sub-processes each call passes through and the 
time each call is in each sub-process. This call registration system could be part of the CRM-system 1 

Stork PMT is planning to purchase. The call registration system should register the following data: 

• The start time of a call (Tstartc) 
• The end analysis time of a call (Tac) 
• The end advice time of a process specialist (Tpc) 
• The end advice time of an engineer (Tee) 
• The diagnose time of a call (Tdc) 
• The time an engineer is available for a visit (Tvec) 
• The time a process specialist is available for a visit (Tvpc) 
• The time an engineer is on site for a visit (Toee) 
• The time a process specialist is on site for a visit (Tope) 
• The end visit time (Tvc) 
• The end time of a call (Tende) 
• The call type (Ttypee) 
• The customer calling (custe) 
• The number of calls with initial analysis advice process specialist, advice engineer, and diagnose in 

a certain time interval (anaap, anaae, anadi) 
• The number of calls with diagnose of an advising engineer being visit needed and diagnose in a 

certain time interval ( eanav,eanad) 
• The number of calls with diagnose of an advising process specialist being visit needed and diagnose 

in a certain time interval (panav ,panad ) 
• For each diagnose made: if solving is needed (solve) 

The call registration system should be able to export this data in order to calculate the performance 
indicators. 

Performance Indicators Online Documentation 
The performance indicators related to online documentation should be extracted from the online doc
umentation system. Upon entering a change in the system, the system should record the day of the 
change in the system (Tu.,) and should ask for the day that the equipment is changed (Tch.,). Because 
currently there is no online documentation system, these requirements should be taken into account 
when developing or purchasing a system. 

Performance Indicators Spare Parts - 2 

Taking over the local stock of the customer resulted in the performance indicators (Average) Downtime 
Waiting Parts, Item Fill Rate Local Stock, and the average transportation time from a local stocking 
point to a customer. To implement these performance indicators the following data is needed: 

• The local stocking point to which each customer is assigned (sk) 
• The order quantity of each order line ( OQ r) 
• The Stock level of the SKU of an order line upon entering the order line (SLr,s) 
• The transportation time from each customer to the local stocking point.(TTk) 
• The delivery time of a spare parts order from the central stock, determined earlier 

In order to calculate the performance indicators, the local stocks should be controlled centrally. This 
can be done by creating an extra warehouse for each local stocking point in SAP. The order line quantity 

1 Customer Relationship Management system 
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and stock level can now be extracted from SAP like we did for the central stock. The local stocking 
point to which each customer is assigned, and the transportation time between the local stocking point 
and the customer should be added to SAP in order to calculate the performance indicators. 

Performance Indicators Full-Service 

The Full-service package for poultry processing includes two external performance indicators: Average 
Operational Line Effectiveness and Average Operational Machine Effectiveness. In order to measure 
and monitor the performance centrally, data from the plant control system of the customer should be 
extracted. If data is not available in the plant control system of the customer, additional sensors are 
needed to create the data. To extract the data, a link is needed between the plant control system and 
the internal organization of Stork. This link can be a maintenance control system (OBS) . We suggest 
combining a full-service contract with the purchase of an OBS of Stork and the use of PDSNT as plant 
control system in order to have a uniform link for all customers. PDSNT should provide the following 
data: 

• The time the line is switched on in a given time interval (Toni) 
• The time a line is stopped by an emergency switch or sensor in a given time interval (Tst0JJ1) 
• The average line speed if the line is running, measured every time interval (v1 ,av) 
• The average number of shackles in a line that cannot be used (SH of fz ,av) 
• The ideal line speed (V ideal1) 
• The number of shackles on a line (SH1) 
• Total production time (T Pe) 
• The time equipment is switched on in a given time period (Tnone) 
• The number of birds entering the equipment in a time interval (NOBine) 
• The number of birds leaving the equipment in a time interval (NO Baute) 
• The number of birds leaving the equipment in a time interval that meet the quality specifications 

(NOBqe) 
• The number of critical failures in a time interval (CFi) 
• The number of machine critical failures in a time interval (CFe) 

7.3 Measurement 
· For the measurement of the performance indicators, we suggest using a Performance Measurement Tool. 

This tool will be the control board for performance measurement: The required information, like cus
tomer, time interval, production line, etcetera is entered and the tool will provide the value of the 
available performance indicators (Figure 7.2). The formulas or queries the performance measurement 
tool should use are summarized in the performance measurement record sheets in Appendix N and Ap
pendix 0. The performance measurement tool should be part of the management information system. 
In order to calculate the performance indicators, it should be linked to SAP, PLM, the PDSNT-systems 
of the customers with a full-service contract, the online documentation system, and the call registration 
system. 

7 .4 Using the Model 
Using the performance measurement model means measuring each performance indicator periodically, 
comparing the result with the pre-set target, and act on the results. This section discusses how often 
this should be done, by whom, and what he should do with the results. Appendix N and Appendix 0 
summarize this for each performance indicator individually. 

External Performance Indicators 

For the external performance indicators, annual target levels are set in the Service Level Agreements 
with the customer. We suggest measuring each performance indicator quarterly in order to provide the 
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erformance easurement ool 

KP/ 

Monthly 

- Average Order Line Expedition Time 
- Average Export Time 
- Item Fill Rate 

-A parts 
- B parts 
-COE Parts 

- Average Part Purchase Time 
- ltem Fill Rate Local Stock 
- Average Transportation Time Customer Local Stock 
- Average Internal Part Delivery Time 
- Average External Part Delivery Time 
- Mechanic Diagnose Parameter 
- Electronic Diagnose Parameter 
- Engineer Advice Parameter 
- Process Specialist Advice Parameter 
- Average Solving Time Software Problems 
- Average Engineer Waiting Time 
- Average Process Specialist Waiting Time 
- Average Visit Diagnose Time 
- Average Update Time Online Documentation 

Monthly 
Per line/e ui ment 

- Critical Failure Rate per Line 
- Average Quality Rate per Equipment 
- Average Occupation Rate per Equipment 

PDSNT 
Time Switched On line 
Time Stopped line 
Line speed line, time 
Defect Shadtles line, time 
Ideal Speed line 
Number of Shadtles line 
T otaJ Production rme equipmeol 
Time Swi1ched On equipment 
Time Switched Off equipment 
Number of Birds Entering equipment 
Number of Birds Leaving equipment 
Number of birds Leaving and Quality equipment 
Number of critical failures line 
Number of machine critical faihres 

EPI 

Quarterly 
Per Customer 

• Total Cost of Additional Spares per Machine 
• Number of on::lei-5 that exceed agreed delivery time 
• Average Order Delivery Time 
• Number of breakdowns that exceed agreed Downtime 
Waiting Parts 
• Average Downtime Waiting Parts 
• Number of calls that exceed diagnose time 
• Average call diagnose lime 
- Diagnose Fraction 
• Number of calls that exceed Software Problem Solving 
Time 
• Number of calls that exceed service visit diagnsoe time 
• Number of system changes that exceed update time 
online documentation 
• Average Operational Une Effectiveness 
• Average Operational Machine Effectiveness 

PLM 

Table 1 (Article, quantity, quantity other eq.) 
Table 2 (Periodic Preventive Maintenance Schedule 

Online Documentation System 

Change Time change 
Update Time change 

7.4. USING THE MODEL 

Transparax 

Order Pickup Time 
Order Delivery Time 

SAP 
Table 3 (Anicle, Price, Quantity; l>'lder contract) 
Table 4 (Miele, Price, Quantity; not under contract) 
Table 5 (Machines In contract) 
Order Arrival Time order 
Order Type order 
Create Dellve,y order 
L'B"Horder 
Number of order lines order 
Print Invoice order 
Order Quantity order line 
Order Line Input Time 
Internal Purthase Order Time order line 
External Purchase Order Time order line 
Internal Dellve,y Time order line 
External Delivery Time order line 
Local Stocking Point rustomer 
Transporlalion Time Customer Stocking Point 

Call Registration System I CRM 
Start Time call 
End Analysis Time call 
End Advice Time Process Speclelist call 
End Advice Time Engineer call 
Diagnose Time call 
Time Engineer Available call 
Time Process Speclallst AvaJlable call 
Time On Site call 
End Visit Time call 
Call Type call 
Customer call 
Nurrber of calls wilh Initial Diagnose 
Diagnose Engineer call 
Diagnose Process Specialist call 
Solving Needed? call 

Figure 7.2: Performance Measurement Tool 

customer with more detailed information and in order to signal deviations early so that counter measures 
can be taken. 

The external performance indicators should be monitored by the responsible Service Area Manager 
(SAM) . If deviations from the target are observed, the SAM should inform the head of the service 
department of the deviations. The head of the service department can investigate the cause of the 
deviations with help of the Internal Performance Indicators and can start initiatives to improve the 
performance. In addition, Total Cost of Additional Spares, Average Operational Line Effectiveness and 
Average Operational Equipment Effectiveness should be discussed at least twice a year with the customer 
in order to see how the performance can be improved by the customer. 

Internal Performance Indicators 
The internal performance indicators should be measured monthly in order to respond quickly to abnor
malities. The head of the service department should monitor the performance indicators. If deviations 
from the target are observed, he should respond by investigating the cause of the deviation and by initi
ating improvement initiatives. Not all internal performance indicators measure performance of activities 
that are part of the service department. If performance of other departments deviates from the target, 
the head of service should discuss this with the responsible manager. We choose to have all internal 
performance indicators monitored by the service department, because they all influence the quality of 
the service. 
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Chapter 8 

Implementation 

Chapter 6 described the two performance measurement models for Stork PMT, Stork Titan, Stork 
Gamco, and Stork Brazil. Chapter 7 described application of the model to Stork PMT. This chapter 
provides a plan for implementing the model at all operating companies of Stork PMT. Furthermore, it 
provides an estimation of the required costs and efforts for implementing the model at the first operating 
company: Stork PMT. We suggest evaluating this implementation and adjusting the plan if needed for 
implementing the performance measurement model at the other operating companies. 

8.1 General Implementation Plan 
The previous chapter already briefly discussed implementing the Performance Measurement Model. We 
discussed that we would first implement the model at Stork PMT, mainly because Stork PMT has the 
most developed service organization (Figure H.8 in Appendix H). For implementing the Performance 
Measurement Model at the other operating companies, we use the same criteria, which results in the 
following order: Stork PMT, Stork Gamco, Stork Titan, Stork Brazil. 

Chapter 7 divided the model into six groups: Financial performance indicators, performance indicators 
related to spare parts, performance indicators related to calls, performance indicators related to online 
documentation, performance indicators related to taking over the local stock, and performance indicators 
related to full service. Each group can be implemented independently. We discussed implementation at 
Stork PMT for each group. 

Implementing the performance measurement model cannot be seen separately from implementing the 
Service Level Agreements that are the foundation of the model (Chapter 5). Because some Service 
Level Agreements will not be implemented in the near future (for example, the full-service Service Level 
Agreements) , we suggest not to wait with starting the implementation at Stork Gamco, Stork Titan 
and Stork Brazil until the model is fully implemented at Stork PMT, but to see the implementation 
of the different groups as separate projects. This means that Stork can already start implementing 
the financial performance indicator at Stork Gamco as soon as the implementation of the financial 
performance indicators at Stork PMT is completed, for example. 

The implementation plan is summarized in Figure 8.1. The plan ends at the first quarter of 2009. 
Not all parts of the performance measurement model are implemented by then. Some parts can only 
be implemented after a certain milestone (for example, the performance indicators related to online 
documentation can only be implemented after the implementation of an online documentation system) . 
Because Stork has not yet planned each milestone, we cannot plan the performance indicators that need 
the milestone. We can, however, estimate how long implementation would take, once the milestone 
has been achieved. This is modeled in Figure 8.1 by leaving out the time indication at the end of the 
chart, and by positioning these performance indicators (including the milestones) in the part of the chart 
without time indication. The milestones for which Stork did provide an estimation are included in the 
chart on the estimated time. 
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The implementation plan for each type of performance indicator is discussed below. 

Financial Performance Indicator 

To implement the financial performance indicator at Stork PMT, a number of changes to SAP, PLM, 
and the management information system are needed. One of these changes is including the periodic 
preventive maintenance schedules in PLM. Stork PMT has already planned this to be completed by the 
end of this year. Because the limited resources of Stork PMT and the projects that are already planned, 
we suggest starting the implementation of the financial performance indicators in the second quarter of 
2007. The project is expected to take three months. 

Stork Gamco is planning to change its ERP-system to SAP. Because implementing the financial per
formance indicators means changes to the ERP-system, we suggest either to wait until SAP has been 
implemented, or to take the requirements for implementing the financial performance indicators into ac
count for implementing SAP. Stork expects the implementation in 2007. For implementing the financial 
performance indicator (both in SAP and in PLM), Stork Gamco can use the experiences and solutions 
of Stork PMT. Therefore, we expect the project to last only two months. 

Stork Titan does not have any periodic preventive maintenance schedules for their equipment yet. These 
are needed to implement the financial performance indicator. Stork expects them to become available in 
2007. Implementing the financial performance indicator if the periodic preventive maintenance schedules 
are available will not require a lot of effort , because Stork Titan uses the same SAP and PLM system as 
Stork PMT. 

Implementing the financial performance indicator at Stork Brazil requires some additional efforts, because 
Stork Brazil does not use SAP. We do not know if it is possible to obtain the desired information from their 
ERP system, and what efforts are required. Therefore, we suggest investigating this first before making 
an implementation plan. Furthermore, we suggest waiting with implementing the financial performance 
indicators until more urgent matters are solved, since Stork Brazil can ask Stork PMT to calculate the 
performance indicators for them. Therefore, it is not included in Figure 8.1. 

Performance Indicators related to Spare Parts 

In order to calculate the performance indicators related to spare parts at Stork PMT, some changes to 
SAP and a link between SAP and Transparex are needed. This link is expected to be available within a 
year. Furthermore, the ABCDE-codes of spare parts have to be available in SAP. This is expected to be 
available before the end of 2006. Stork PMT can start implementing the performance indicators related 
to spare parts as soon as time is available. Therefore, we suggest starting after the implementation of 
the financial performance indicator. We expect the project to take 5 months. 

To implement the performance indicators at Stork Gamco, we suggest waiting until SAP is implemented. 
Therefore, we suggest starting the implementation of the performance indicators related to spare parts 
after the implementation of the financial performance indicator. Because Stork Gamco can use the 
experiences and solutions of Stork PMT, we expect the project to take 5 months. 

Stork Titan can use most of the solutions that Stork PMT developed to measure the performance 
indicators related to spare parts. Therefore, we suggest starting the implementation as soon as Stork 
PMT has finished. We expect the implementation at Stork Titan to take 3 months. 

Implementing the performance indicators related to spare parts at Stork Brazil requires some additional 
efforts, because Stork Brazil does not use SAP. We do not know if it is possible to obtain the desired 
information from their ERP system, and what efforts are required. Therefore, we suggest investigating 
this fist before making an implementation plan. Furthermore, we suggest first to implement the financial 
performance indicator. Therefore, Stork Brazil is not included in Figure 8.1. 

Performance Indicators related to Calls 

To implement the performance indicators related to calls, Stork has to implement a call registration 
system. This means implementing a new piece of software, as well as changing the processes. Because 
the telephonic support process at Stork Gamco is less complicated than the telephonic support process 
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at Stork PMT, and because the processes at Stork Gamco are closer to the desired processes for the 
call registration system, we expect the implementation at Stork Gamco to take less time than the 
implementation at Stork PMT. Because the implementation at Stork Gamco is expected to be less 
complicated than the implementation at Stork PMT, and Stork Gamco can already start with this 
without having to wait for SAP to become available, we suggest implementing the call registration 
system at Stork Gamco first '. Stork Gamco can start the implementation as soon as time is available. 
The project is expected to take 15 months. 

Implementing the call registration system at Stork PMT is expected to take also 15 months. Stork 
PMT can learn from the implementation at Stork Gamco, but has more complex processes. We suggest 
starting after implementing the performance indicators related to spare parts, and after evaluating the 
implementation at Stork Gamco. 

Implementing the call registration system at Stork Titan is expected to be less complicated than at Stork 
PMT. We suggest starting the implementation after the implementation at Stork PMT is evaluated. 
Stork Titan can use most of the solutions that Stork PMT developed to implement the call registration 
system. Therefore, we expect implementation at Stork Titan to take 6 months. 

Implementing the call registration system at Stork Brazil is expected to take 12 months. We suggest 
starting after implementing the performance indicators related to spare parts, and after implementation 
at the other operating companies. Because these are not yet planned, Stork Brazil is not included in 
Figure 8.1. 

Performance Indicators related to Online Documentation 
Implementing the performance indicators related to online documentation should be part of the imple
mentation of an online documentation system. This online documentation system will be implemented 
for all operating companies at once. When the implementation will take place is not yet decided, but we 
do not expect it to be available within the next 5 years. Because the implementation of the performance 
indicators will be part of the implementation of the system, we will not calculate additional time for the 
implementation. 

Remaining Performance Indicators 
Implementing performance indicators related to taking over the local stock and full-service only is useful 
when Stork takes over the local stock of customers and offers full-service Service Level Agreements. 
When this will take place has not yet been decided, but we do not expect it to be within the next 5 to 
10 years. 

Implementing the performance indicators related to taking over the local stock, given that the local stock 
is controlled by SAP, we expect to take two months. Implementing the performance indicators related to 
full-service for a customer who uses PDSNT and has all necessary sensors available is expected to take 
3 months. 

8.2 Implementation at Stork PMT 
Implementing the performance measurement model at Stork PMT requires a number of changes to both 
the organization and the information systems, as we have seen in Chapter 7. Some of these changes 
are already planned by Stork. To avoid costs to be budgeted double, we will not include them in our 
cost estimation. The changes can be made by employees of Stork PMT, or by external consultants. 
Additionally, some sensors have to be purchased. Stork PMT has given an estimate of the required 
days of work, both internal and external (consultancy) , and of the costs for additional software, and 
sensors, that have to be purchased. Stork does not express internal hours in money, because it is used 
to budgeting the money it has to spend instead of the costs. Therefore, we only budget expenses and 
days needed for the implementation, and not the total costs of implementation. To translate external 
hours in euro's we also use an estimate of Stork: Stork has estimated that an external (consultancy) day 
costs -€1,000. The total expenses and days needed to implement the performance measurement model 
are summarized in Figure 8.2. 
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Internal Consultancy 
Days Davs Purchase 

Financial Performance Indicator 
Table items in equipment PLM 35 35 
Tables use spare parts SAP 15 15 
Machines in contract SAP 15 15 

Spare Parts Performance Indicators 
Order Arrival Time SAP 5 15 
Order types SAP 10 10 

Performance Indicators Calls 

Performance Indicators Onllne Documentation 

Performance Indicators Local Stock 
link customer stocking point SAP 10 15 
Extra warehouses SAP 10 10 

Performance Indicators Full Service 
Link customer Stork 15 15 

Performance Measurement Tool 
Links information system + calculations 100 100 

Total days implementation 215 225 
Euro 's implementation € 225,000 

Extra warehouse SAP per warehouse 5 5 
Total days implementation 5 5 

Euro 's implementation €5,000 

Additional sensor full-service 2 € 5,000 
Total days implementation 2 

Euro's implementation € 5,000 

Extra customer full-service 10 
Total days implementation 10 

Euro 's implementation 

Figure 8.2: Implementation at Stork PMT 
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Chapter 9 

Conclusions and Recommendations 

Chapter 2 described the research assignment for this project: 

Develop a system of performance indicators that Stork can use to measure and manage its 
performance on full-service Service Level Agreements at Stork PMT, Stork Gamco, Stork 
Titan, and Stork Brazil. 

In order to fulfill this research assignment we developed a performance measurement model. We ap
plied the model to Stork PMT and provided an implementation plan for implementing the model at 
all Stork Food Systems operating companies. This chapter describes our most important conclusions, 
recommendations, and suggestions for further research related to the project. 

9.1 Conclusions 
• The project provides Stork with a proposal for service packages including Service Level Agreements. 

Stork can use this proposal as a starting point for developing a number of service packages it wants 
to offer its customers. The proposal provided in this project includes the most important Service 
Level Agreements for Stork, ranging from partial service to full service. Therefore, it provides 
Stork with the most important building blocks for developing service packages including Service 
Level Agreements 

• For full-service Service Level Agreements, usually the service measure Operational Availability is 
used. We have used a different measure: Operational Equipment Effectiveness. This measure 
combines Operational Availability with line speed and product quality. No previous application of 
this measure in Service Level Agreements has been found; the measure has been developed as a 
plant performance measure in Total Productive Maintenance. We applied the measure in Service 
Level Agreements, both for poultry processing and for further processing, which resulted in two 
new measures for Service Level Agreements for poultry processing: Operational Line Effectiveness 
and Operational Machine Effectiveness. These two combined describe the performance of a poultry 
processing plant with line production and different pieces of equipment along the line. By applying 
the measure for further processing, we concluded that we can use the measure Operational Equip
ment Effectiveness directly in Service Level Agreements for further processing plants with batch 
production. 

• In the project, we developed a method for developing a performance measurement model based on 
Service Level Agreements. Current methods for developing performance indicators or a performance 
measurement model are based on the current processes in a company. This approach assumes that 
the current situation is a good way of doing business; a performance measurement model based on 
processes is not designed to question those processes to improve the performance, only to evaluate 
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the performance given the current processes. Our model takes a customer approach and is based 
on the desired performance of a company. This is a reverse approach from the current approaches 
and evaluates the current processes. The Service Level Agreements that are the basis of the model 
are not yet offered by Stork. Therefore, we expect process changes and need a method that can 
cope with this. 

• Our method for developing a performance measurement model combines two types of performance 
indicators: Internal Performance Indicators and External Performance Indicators. Furthermore, 
it includes the relationships between performance indicators, and between the performance of the 
customer ( measured by the Eternal Performance Indicators resulting from the full-service Service 
Level Agreements) and the performance of internal processes of Stork (measured by the Internal 
Performance Indicators) . 

• Applying the method to Stork Food Systems resulted in two performance measurement models: 
One for poultry processing and one for further processing. Because the models relate the per
formance of the customer to the performance of (sub)processes of Stork, the model shows the 
importance of measuring performance. The models are based on the Service Level Agreements 
resulting from the service packages, not on the service packages itself. Therefore, the model is 
not sensitive to changes in the service packages. Because the model is based on service measures 
for both full service and partial service, Stork can start using the model today, and keep using it 
during the development of full-service Service Level Agreements. 

• We applied the model to Stork PMT. This resulted in a number of process changes and changes in 
the information systems that are required to implement the model. The process changes are very 
limited, the changes in the information systems are somewhat more extensive, but implementing 
the model at Stork PMT can still be done at very reasonable costs. The implementation plan for 
all operating companies shows that the model can be implemented in parts and that the parts 
can be used independently. This means that Stork does not have to implement the model all 
at once, but can start with the parts that have most priority. Furthermore, the (parts of the) 
model do not have to be implemented at all operating companies simultaneously; Stork can start 
by implementing the model at one operating company, evaluate this implementation, and use the 
experiences for implementation at the other companies 

• The project has created awareness of the importance of performance measurement at Stork Food 
Systems. 

9. 2 Recommendations 
We recommend the following to Stork Food Systems: 
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• The performance measurement models are developed for Stork PMT, Stork Titan, Stork Gamco, 
and Stork Brazil. Chapter 1 described that two more companies have joined Stork Food Systems 
during the project. We recommend investigating whether the performance measurement models 
can be applied to these companies as well. If this is not the case, we recommend developing new 
models for these companies by the method developed in this project. 

• The performance measurement models are based on Service Level Agreements. Stork offers a num
ber of services for which no Service Level Agreement was developed (like training). We recommend 
including these services as well in the performance measurement model, by developing internal 
performance indicators for it. 

• The performance measurement models only include after sales services. We recommend following 
a similar approach to develop a performance measurement model for the sales process. For this 
process, no Service Level Agreements are available to form the foundation of the model. Therefore, 
we recommend investigating what the goals of the process are and determining measures for these 
goals that can be the foundation of the model. 



9.3. SUGGESTIONS FOR FURTHER RESEARCH STORK® 
• The performance measurement models relate the performance of the equipment of the customer 

to the processes of Stork. The customer himself also has a large influence on the performance of 
this equipment. We recommend investigating the factors of influence of the customer in order to 
get a complete picture. The Optimizer + @ project started at Stork PMT determined the major 
influences for poultry processing. We recommend finishing this project to validate the influences. 
Furthermore, we recommend Stork Titan to start a similar project to determine the influences for 
further processing. 

• This project has provided Stork a proposal for service packages including Service Level Agreements 
that Stork can use as a starting point for developing a number of service packages for the customers. 
We recommend conducting a market research before developing these service packages. 

9.3 Suggestions for Further Research 
Further research can be conducted in the following areas: 

• In this project, a method for developing a service measurement model has been developed. This 
model has been applied to both poultry processing and further processing, which resulted in two 
models. Both models are very similar; in the further processing model a number of performance 
indicators are eliminated from the poultry processing model, and the poultry processing model 
includes two performance indicators for full-service, which are combined into one measure for 
further processing. So both models are almost the same, while the production processes of the 
two situations are very different. This raises the question whether a more general model can be 
developed that applies to several companies. Further research is needed to answer this question. 

• The service measure that has been used for full-service in this project is Operational Equipment 
Effectiveness. We applied this measure in Service Level Agreements for both poultry processing and 
further processing. For poultry processing, this resulted in two service measures: Operational Line 
Effectiveness and Operational Machine Effectiveness. For further processing, we could apply the 
measure directly. Poultry processing can be characterized as line production, further processing 
as batch production. Further research is needed to determine if the combination of OLE and 
OME can always be used to describe the performance of a production process characterized as line 
production, and if OEE can always be used to describe the performance of a production process 
characterized as batch production. 
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Abbreviations and Definitions 

Abbreviations used in text 
ABCDE-code 
ATP-check 
Brazil; Stork Brazil 
CAS-system 
CRM 
CTS 

DWP 
EDE 
EDI 
EI 
EPI 
ERP-system 
et al. 
Gamco 
HQF 
IB 
IO 
I&U 
KPI 
OBS 
ODP 
OEE 
OLE 
010 
OME 
OOP 
PDSNT 
PI 
PLM 
PM 
PMT 
SAM 
SAP 
SFS 
SGCTS 
SKU 
SL 
SLA 
SLF 

Spare parts code, (Appendix J) 
SAP-chack if the ordered parts are on stock 
Stork Food Systems Ltda, Piracicaba Brazil 
Controlled Atmosphere Stunning System 
Customer Relationship Management 
Commerciele en Technische Service; a different name for the ODP department of 
Stork PMT 
Downtime Waiting Parts 
Engineering Database, a software system (Appendix L) 
Electronic Data Interchange 
External Influence 
External Performance Indicator 
Enterprise Resource Planning system 
Latin for and others 
Stork Gamco 
Hellenic Quality Foods, a customer of Stork PMT 
Installed Base 
The number of Items per Order Line 
In- en Uitvoer; export department Stork PMT 
Internal Performance Indicator, or Key Performance Indicator 
Onderhoud Beheer Systeem; Maintenance Management System 
Onderdelen Diensten Proces; the service department of Stork PMT 
Operational Equipment Effectiveness 
Operational Line Effectiveness 
The number of Order Lines per Order 
Operational Machine Effectiveness 
Offerte Order Proces, the sales department of Stork PMT 
A plant control system sold by Stork 
Performance Indicator 
Product Life cycle Management; a software system (Appendix L) 
Performance Measurement 
Stork PMT 
Service Area Manager of Stork PMT 
Systems, Applications and Programs; an ERP-system 
Service Feedback System; a software system (Appendix L) 
Structural Group CTS; a department of Stork PMT 
Stock Keeping Unit 
Service Level 
Service Level Agreement 
Service Logistics Forum 
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SWOT-analysis 
TCAS 
TCO 
Titan 
TPM 
/3o 
f3r 
f3i 

Definitions 

Strength, Weaknesses, Opportunities, and Threads analysis 
Total Cost of Additional Spares 
Total Cost of Ownership 
Stork Titan 
Total Productive Maintenance 
Order Fill Rate 
Order Line Fill Rate 
Item Fill Rate 

In this report, we have used the following definitions. For definition of the performance indicators of the 
performance measurement model developed in this report, we refer to Chapter 6. 

Equipment Availability: The fraction of time ( a group of) equipment is available for production 
( of the total time it should be available). Equipment is regarded available for production if it is 
not shut down, even if this means that no products are being processed or no products meet the 
quality specifications. 

External influence (EI): A factor that influences the performance of Stork but which Stork cannot 
directly influence. 

External Performance Indicator (EPI): Performance indicator telling how the customer judges 
Stork in its role of service supplier. Expresses the effectiveness of the efforts of Stork related to a 
specific customer and is therefore customer specific. 

Fill Rate (/3): The percentage of demands that are met from the stock on hand for a stated period 
of time (Kumar et al., 2000). We distinguish Item fill rate, Order line fill rate, and Order fill rate: 
The item fill rate represents the percentage of items that can be delivered from the stock on hand, 
the order line fill rate represents the percentage of order lines that can be completely delivered from 
the stock on hand, and the order fill rate represents the percentage of orders that can completely 
delivered from the stock on hand. 

Full Service: The total bundle of products and services that fully satisfies the needs and wants of a 
customer related to the performance of the Stork equipment. 

Internal Performance Indicator (KPI): Performance indicator expressing how efficient internal 
resources are used. Expresses the efficiency of the efforts of Stork and is Stork-company specific. 

Line Availability: The fraction of time a line is running (of the total time it should be running). 
A line is regarded running when the chain is moving, regardless of whether products are actually 
being produced. 

Line Speed Efficiency: The actual line speed or output divided by the ideal (desired) line speed or 
output. 

Occupation Rate: The fraction of birds that does not fall off the shackle within the equipment. 

Operational Equipment Effectiveness (OEE): A measure that reflects the performance of equip
ment. OEE originates in TPM and equals Equipment Availability times Speed Efficiency times 
Quality Rate. 

Operational Line Effectiveness (OLE): A measure derived from OEE to measure the performance 
of a production line. OLE equals Line Availability times Line Speed Efficiency times Shackle 
Availability. 

74 



STORK® 

Operational Machine Effectiveness (OME): A measure derived from OEE that reflects the per
formance of equipment on a production line. OME equals Equipment Availability times Quality 
Rate times Occupation Rate. 

Performance indicator (PI), performance metric, performance measure: A variable that 
expresses quantitatively the effectiveness and/or efficiency of a part or whole process, or a system 
(Lohman et al., 2004). The variable itself is called the performance indicator; the value of the 
variable compared to a preset target expresses the performance. 

Performance Measurement (PM): The activity of measuring performance using PI's (Lohman et 
al., 2004). Performance measurement serves three basic functions, which are to coordinate, to 
monitor and to diagnose (Kutucuoglu et al., 2001). 

Performance measurement record sheet: A sheet developed by Neely et al. (1997) containing ten 
items that together define a performance indicator. 

Quality Rate: The fraction of end products that meet the quality specifications of ( a group of) 
equipment. 

Shackle Availability: The fraction of shackles on a line that can be used for production. 

Service Level: The actual value of a certain service measure. 

Service Level Agreement (SLA): The part of a contract between a service provider and a customer 
that specifies, in measurable terms, what level of service will be provided. 

Service Measure: A measure used in Service Level Agreements to express the level of service. 

Target Level: The value of a service measure that is agreed upon in a Service Level Agreement. 

Total Productive Maintenance (TPM): A proactive equipment maintenance strategy designed to 
improve Overall Equipment Effectiveness. TPM is an integrated approach to maintenance and 
production. (Kumar et al., 2000) 

Variables 
The following variables are used to define measurement of the performance indicators: 

ABCr ABC])E-code of order liner (Appendix J) 
anaae, The number of calls with initial analysis advice engineer within a time interval 
anaap , The number of calls with initial analysis advice process specialist within a time 

interval 
anadi, 
C 

CDTc 
CDTav,k 
CFel 
CF1 
CFRe 
CFR1 
CSSav 
CSSc 
custc 
CVTc 
DFk 
DTav, k 
DTo 
DWPav,k 
DWPOk 

The number of calls with initial analysis diagnosed within a time interval 
Call. c = {1...C} 
Diagnose time call c 
Average call diagnose time customer k 
The number of machine critical failures on equipment e in a time interval 
The number of critical failures on line l in a time interval 
Machine critical failure rate of equipment e over a time interval 
Critical failure rate of line l over a time interval 
Average software problem solving time 
Software problem solving time call c 
The customer making call c 
Service visit diagnose time call c 
Diagnose fraction customer k over time interval 
Average order delivery time customer k 
Delivery time order o 
Average Downtime Waiting Parts customer k 
Downtime Waiting Parts order Ok 
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eanav 

EAP 
ELDP 
EPDav 
ETTav 
EWTav 
IDEr 
IDir 
IOEr 
IOir 
IPDav 
IRr 
k 
LSE1 
MDP 
NOBine 
NOBoute 
NOBqe 

0 

OAT0 

OETav 
OEXTav 
OIT0 

ODT0 

OLE1 
OLT0 

OMEe 
OPPTav 
OPT0 

OQr 
ORe 
OTo 
panad 

panav 

PAP 
PTTav 
PWTav 
QRe 
ro 
s 

Sk 
SH1 
SH of ft,av 
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The number of calls with the diagnose of the advising engineer being diagnosed 
within a time interval 
The number of calls with the diagnose of the advising engineer being visit 
needed within a time interval 
Engineer advice parameter over a time interval 
Electronic diagnose parameter over a time interval 
Average external part deliver time 
Average engineer traveling time 
Average engineer waiting time 
Delivery time of the external purchase order for the SKU of order line r 
Delivery time of the internal purchase order for the SKU of order line r 
The time an external order is placed for purchasing the SKU of order line r 
The time an internal order is placed for purchasing the SKU of order line r 
Average internal part delivery time 
Input time order line r 
Customer. k = {l...K} 
Average line speed efficiency line l over a time interval 
Mechanic diagnose parameter over a time interval 
The number of birds entering equipment e in a time interval 
The number of birds leaving equipment e in a time interval 
The number of birds leaving equipment e in a time interval and meeting the 
quality specifications 
Order. o = {1.. . .0} 
Arrival time of order o 
Average order line expedition time 
Average Order Export Time 
The time 'print invoices' is finished for order o (Appendix M) 
The time 'create delivery for due orders' is finished for order o (Appendix M) 
Operational Line Effectiveness line l over a time interval 
The time 'insert L*B*H and weight in SAP' is finished for order o (Appendix 
M) 
Operational Machine Effectiveness equipment e over a time interval 
Average Purchase Part Time 
The time order o is picked up by the transportation company 
Order Quantity of order line r 
Average occupation rate equipment e over a time interval 
Order Type of order o ( Revision, Consumable/breakdown, or Emergency) 
The number of calls with the diagnose of the advising process specialist being 
diagnosed within a time interval 
The number of calls with the diagnose of the advising process specialist being 
visit needed within a time interval 
Process specialist advice parameter over a time interval 
Average process specialist traveling time 
Average process specialist waiting time 
Average quality rate equipment e over a time interval 
Order line of order o. r0 = {l.. .. R0 } 

Local stocking point. s = {l...S} 
The stocking point assigned to customer k 
The number of shackles on line l 
The average number of shackles on line l that cannot be used 



SLr 
SLr,s 

tablel .article 
tablel .quantity 

tablel.articlea 

table2.pmms 
table3.article 

table3.quantity 

table3.price 

table4.article 

table4.quantity 

table4. price 

table5.incontract 

Tac 
Tchu 
Tdc 
Tee 
Tendc 
Toec 
Tope 
Toni 
Tnone 
Tpc 
TPe 
TSCav 
Tstartc 
Tstop1( 

Ttypec 
Tuu 
Tvc 
Tvec 
Tvpc 
u 
UTDav 
UTDu 
VDTav 
Videal1 
Vt ,av 

f3abc 
f3s 
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Stock level of the SKU of order line r upon entering the order line in SAP 
Stock level of the SKU of order line r in local stocking point s upon entering 
the order line in SAP 
1 if call c needs solving by Stork PMT, 0 if call c does not need solving by 
Stork PMT 
Article number in the table of all parts present in a piece of equipment (PLM) 
number of times an article is present in the equipment, in the table of all parts 
present in a piece of equipment (PLM) 
number of times an article is present in other equipment of the same customer, 
in the table of all parts present in a piece of equipment (PLM) 
Periodic Preventive Maintenance Schedule (PLM) 
Article number in the table of spare parts orders ordered under contract from 
a customer (SAP) 
Order quantity in the table of spare parts orders ordered under contract from 
a customer (SAP) 
Purchase price in the table of spare parts orders ordered under contract from 
a customer (SAP) 
Article number in the table of spare parts orders not ordered under contract 
from a customer (SAP) 
Order quantity in the table of spare parts orders not ordered under contract 
from a customer (SAP) 
Purchase price in the table of spare parts orders not ordered under contract 
from a customer (SAP) 
Machines of a customer that are in its service contract for periodic preventive 
maintenance (SAP) 
End Analysis time of call c 
The day that change u is made to the equipment 
Diagnose time call c 
End advice time for an engineer of call c 
The end time of call c 
The time an engineer is on site for the visit resulting from call c 
The time a process specialist is on site for the visit resulting from call c 
The time line l is switched on during a time interval 
The time equipment e is switched on during time interval 
End advice time for a process specialist of call c 
The total production time for equipment e in a time interval 
Average transportation time from a local stocking point to a customer 
Start time of call c 
The time line l is stopped by an emergency switch or sensor on during a time 
interval 
Transportation time from customer k to the local stocking point customer k is 
assigned to 
The call type of call c 
The time change u is updated in the online documentation system 
End visit time of the visit resulting from call c 
The time an engineer is available for the visit resulting from call c 
The time a process specialist is available for the visit resulting from call c 
Change to equipment. u = {l...U} 
Average update Time Online Documentation 
Update time online documentation change u 
Average visit diagnose time 
The ideal line speed of line l 
The average line speed of line l 
Item Fill Rate part type abc 
Item Fill Rate local stocking point s 
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Appendix A 

Organization Structure 

This appendix shows the organization structure of Stork NV and all operating companies and depart
ments relevant for this report. The organizational structure of Stork NV and Stork Food Systems in 
particular changes frequently, as can be seen in Figure B.l in Appendix B. The diagrams in this appendix 
show the situation on July 15, 2006. 

Figure A.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 master thesis can be found 
in figure A.2 (Stork PMT) , Figure A.3 (Stork Titan), Figure A.5 (Stork Food Systems International) , 
Figure A.6 (Stork Brazil) and Figure A.4 (Stork Gamco) 

Stork Titan BV 
Th. Hoen 

Stork Food & Dairy Systems 
BV 

Stork NV 

Stork Food Systems 
Australasia 

K.H. Kroeger 

Stork Food Systems BV 
H. van Konijnenburg 

Towrisend Engineering 
Company 

T. Bruinsma 

Stork Gamco Inc 
F. Nicoletti 

Stork Prints 

Figure A.1: Organization chart Stork NV 
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Sales and marketing 
M. Ruscitti 
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Personnel 
K. Falls 

SlorkPMTBV 

CTS2 PTO 

Figure A.2: Organization chart Stork PMT 

Stor1< Titan BV 
Th. Hoen 

INNOP 
H. van der Eerden 

P.K. Hopma Zijlema 

Figure A.3: Organization chart Stork Titan 

Stork Gamco Inc. 
F. Nicoletti 

Technical Engineering 
and R&D 
J . Ur.;ey 

OSG 

Technical 
Engineering 

R&O 

Titan 
B. Connklln 

Manufacturing 
M. Barton 

Quality Assurance 

Figure A.4: Organization chart Stork Gamco 

Controller 
M.Sales 
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Stork Food Systems BV I H. van Konijnenburg 

I 
I I I 

Stort<. Food Systems Storl< Food Systems Stort<. Food Systems Storl< Food Systems 
Iberia Moscow Central Europe France 

Figure A.5: Organization chart Stork Food Systems BV 

Storie Food Systems 
Maquinas Alimenticias 

Ltda. 
S. van Ochten 

I I 
I I I I I 

Finance Service PMT SalePMT 
Sales/service 

Logistics 
Titan F. Peruchi F. Leandro L.Rutten 

H. van Tilburg 
F. Rochelle 

Figure A.6: Organization chart Stork Brazil 
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Appendix B 

History Stork Food Systems 

1947 
Stork & Co's Apparaten

Fabriek (Amsterdam) 
opens a machine 
factory in Boxmeer 

1947 
1955 

De Wiericke starts 
producing poultry 

1968 
Poultry processing 

activities move 
1963 to Dongen 

Stork starts its 
activities in the 
Food sector by 1974 

taking over Gamco is 
De Wiericke taken over 

1965 1976 
Stork takes over Foundatio 
Machine Fabriek Stork do 

1989 
NON is taken 

over 
1987 

Nijhuis Sia t
techniek a d 
Tourpac a e 
taken ov 

Early 1980's 
Stork do Brazil 
Becomes agent 

1985 

1999 2006 
Stork do Brazil Townsend is 
is re-founded taken over 

1994 
Stork PMT Focus on poultry 
moves to processing; 

processing equipment Van Luxemborg Brazil new building Stork sells other 
(Dongen, NL) 1978 food activities 

Poultry activities 1988 
Move from Titan and Market 

Dongen to Boxmeer are taken over 

Figure B.l: 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 Ap
paratenfabriek that started in 1947 in Boxmeer. In 1963, Stork takes over De Wiericke and the two 
factories were combined. In 1985, the current Stork PMT factory was opened to expand the poultry 
processing equipment capacity. To expand into turkey processing equipment, the company 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 loca
tions 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 a part of Stork. With this takeover, 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 Brazil was founded in the late 1970's but 
for lack of knowledge and the poor monetary position of Brazil the Brazilian activities were outsourced 
to an agent. In 1996, new life was poured into Stork do Brazil and in 1999, a small production facility 
was opened. 
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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 soon integrated in Stork Titan to 
gain knowledge on packaging. 

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 Stork started 
concentrating only on poultry processing in 1994. In 2006, Stork re-entered the red meat market by 
taking over Townsend Engineering. 
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Appendix C 

Process Layouts Customer 

Poultry Processing 

I I D •• •• 

A 

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

A. Birds arrive at the factory in crates or containers. They are shackled manually. The crates 
or containers are cleaned. 

B. 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. 

C. 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 

D. Feathers, heads, hocks, blood and other by-products are collected and processed. This is 
not regarded part of the poultry processing process 

E. Internal organs are separated and processed. Veterinary inspection of the organs takes place 
to detect illnesses. 

F . Birds and organs are chilled, either by air chilling or by water chilling. 
G. 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. 

H. The birds are proportioned. Bones are removed to get de-boned breast and leg meat for 
retail and further processing. 
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STORK" 

Feathers 
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Figure C.2: Poultry Processing Process (Stork, unknown) 
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Further Processing 

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

A. 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. 

B. 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. 

C. Frying: Formed products or pieces of meat are fried in oil. 
D. Cooking: The product is heated in an oven 
E. Cooling/freezing: The product is cooled or frozen. 
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Appendix D 

Current Service 

Installation 
When a customer buys Stork equipment, engineers of Stork can install the equipment. This is agreed 
upon in the purchase contract. Installation is done by field service engineers of the operating company 
that sells the equipment, or by field service engineers of a local agent or branch office. The customer 
pays labor and expenses of the field service engineer for this service. 

Technical support 
Stork offers technical support to its customers. 24 hours a day, 7 days a week, a customer can call 
Stork for mechanical questions. This service is free of charge. If needed, a field service engineer of 
Stork will come to visit the customer. Stork PMT, Stork Gamco and Stork Brazil also offer periodic 
preventive service visits. During these visits, a field service engineer inspects the equipment and consults 
the customer on improvements. Stork Titan offers this service on request of the customer, but in practice 
customers never request it. For service visits, the customer pays travel costs and labor costs of the field 
service engineer. 

Sales and service managers of Stork PMT, Stork Gamco and Stork Brazil visit customers periodically 
and offer consultancy on existing and new equipment. This service is free of charge. Stork Titan only 
visits the customer at his request. 

If Stork detects an error to the equipment that can cause danger to the people operating the equipment 
or to people consuming the products produced on the equipment, the customer is notified instantly and 
the equipment is adjusted free of charge. 

Electronic support 
-Stork PMT has a helpdesk available 24 hours a day, 7 days a week for computer related problems of 
customers of Stork PMT and Stork Brazil. Stork PMT wants the customers to have a software support 
contract, which gives them unlimited use of the helpdesk for a fixed amount per year. Customers who do 
not have a service agreement are not helped outside office hours and have a lower priority than customers 
with a service contract. They are charged an hourly rate for the use of the helpdesk. 

Stork Gamco also has a helpdesk available 24 hours a day, 7 days a week for computer related problems. 
This service is free of charge. For further processing, less electronic support is needed. The support is 
therefore integrated in the technical support. 
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Process support 
In addition to support to the products, Stork also offers the customer support on its processes. Field 
service engineers of Stork can inspect equipment and advise the customer on how to improve the per
formance. Stork Titan also offers the customer support in product development. Stork Titan has a 
Demo Center to show the customer the possibilities on product development, product presentation and 
packaging or Stork Titan can come to the customer's site to show what is possible on its own equipment. 

Training 
Stork gives training for the maintenance personnel of the customer on how to perform day-to-day main
tenance and periodic maintenance. Additionally, it gives training on how to optimize the performance 
of the machines and on how to operate them. 

Spare parts provision 
Customers can order spare parts at Stork 24 hours a day, 7 days a week. They can order items or 
subassemblies. It is also possible to order all parts for a certain revision at once a so-called service kit. 
Stork Titan does not offer service kits. A customer can request spare parts at 3 different places: The 
branch offices, the sales representatives and the Stork offices. 

Stork Gamco, Stork Brazil and Stork PMT also offer retrofit kits. These are packages to upgrade a 
machine. Stork PMT informs the customer in a service letter, also Stork Brazil customers. Stork Gamco 
does not periodically inform its customers. The ordering process of retrofit kits is the same as for spare 
parts. Stork Titan does not offer retrofits nor service letters. 

Service agreements 
Customers can request service visits. Poultry processing customers have the option to agree on a number 
of visits a year in a service agreement. During these visits, the customer can ask the service engineer 
anything he likes. Usually, the engineer checks the state and functioning of the equipment and gives 
advises on how to optimize this. Customers can request for engineers with certain kind of skills; some 
engineers are generalists, others are specialists. The customer can choose the number of days a visit will 
last and when the visit will take place. There are no service contracts with further processing customers. 

At the moment, Stork PMT has one default service agreement with about 10% of the customers, which 
includes a number of service visits a year. There is no standard agreement, each area manager uses its 
own contract, but the agreement is quite common for all sales areas. In addition, Stork PMT has a 
number of agreements that are made customer specific and include more than just labor: 

• Sadia. The contract with Sadia also includes planning of periodic preventive maintenance and 
supervision of this maintenance. In the agreement, Stork PMT guarantees a maximum total cost 
of spares per year. 

• Hellenic Quality Foods (HQF). The stock at the HQF production site belongs to Stork. HQF 
controls this stock and orders new parts if it thinks this is necessary. Stork checks all orders to 
make sure the orders are reasonable before sending things to HQF and checks the stock at the 
HQF site whenever a Stork engineer is present. The contract includes a guarantee of delivery time 
and a guarantee of system availability 

• Z.A.O. Poultry Factory Petelinskaya. Stork makes sure that the spare parts for preventive main
tenance are available and supervises the maintenance activities during service visits. The contract 
agrees on a fixed fee per service visit, including all overhaul-parts. 

Stork Gamco has a standard service agreement with 21 customers (and 10 more pending): 
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• On Friday, the field service engineer arrives at the customer's site, observes the machines in oper
ation and coordinates areas of concentration for the weekend. The plant is responsible to assign 
a coordinator for weekend's activity. The field service engineer and coordinator meet Friday and 
discuss the program for the weekend and define all persons to be involved and exactly where the 
efforts will be concentrated. 

• On Saturday and Sunday, all equipment under the service agreement is evaluated with the field 
service engineer and plant personnel. Plant personnel are coached and directed on proper techniques 
to perform preventive maintenance and operational adjustments. The Stork Gamco field service 
engineer will be available to supervise and assist in the actual maintenance work as required. The 
customer is responsible for the necessary parts. 

• On Monday, the field service engineer will return to the plant and re-evaluate the performance 
of the equipment covered under the contract and reviews the weekend's activities with the plant 
coordinator. Furthermore, the field service engineer will give advice on maintenance actions to 
perform before the next visit. This can be actions that could not be performed because spare parts 
were not available during the visit , or actions to ensure high performance. 

In the agreement, the equipment covered, the number of visits, and the number of field service engineers 
per visit is agreed upon. A written report on all equipment covered under the contract will be provided 
to the customer in the week following the visit. 

With one customer, Stork Gamco has an adjusted agreement: Holmes Foods. This customer has a 
5-years service agreement. In addition to the service visits agreed upon in the default contract, the 
Holmes contract also includes spare parts for the overhauls performed during the visits. Stork Gamco 
has scheduled the preventive maintenance jobs for Holmes Foods and ensures that all spare parts are 
available at the plant the Wednesday before the service visit. Holmes Foods pays a fixed amount per 
month that covers the labor and spare parts. 
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Appendix E 

Original Assignment 

Design of service contmcts 

Due to ongoing technological innovation, technical systems become more and more complex. Increasing 
numbers of part types make it difficult and costly for end-users to service systems themselves. This has 
lead to a trend in many industries to outsource the service to either the Original Equipment Manufacturer 
or a third party. What is expected from them is specified in service contracts. 
Questions that play for both the end-user and the party that offers service contracts are: 

• What service measures are specified in service contracts? (E.g. , response times, inventory levels, or 
availability of systems.) 

• What is covered precisely by a service contract? 

• Are there standard contracts only, or is customization common practice? 

• What price is asked for a service contract? 

Given the answers to these questions, an end-user can decide what is more attractive for him, to organize 
support by himself or to close a service contract, and, if a service contract is closed, which contract 
precisely? The party that offers service contracts, may assume rational behavior of customers, and has 
to decide on which service contracts are being offered and on a pricing policy. The pricing policy has to 
be such that the profit is equal to or higher than the profit in the old situation. For these issues, concepts 
of revenue management and game theory may be applied. 
(Service Logistics For-um, 2005) 
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Research Model Analysis 
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Figure F.1: Research model analysis phase by Doorewaard and Verschuren (2000) 
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Appendix G 

Interviews 

During the orientation phase and analysis phase, the following people have been interviewed: 

Stork PMT 
Frans Benders 
Anton de Weerd 
Gerrit den Bok 

Manager CTS 

Henny van Konijnenburg 
Wim Beeftink 

Vice president of Sales 
Manager Operations CTS 
SU controller 
Manager engineering (sectorhoofd techniek) 

Jan Melssen 
Sjoerd Willems 
Sjaak Wintjes 
Steef Laurijs 
Bart Zoon 
Bart van Hoof 

Employee Structural Group Service; Project supervisor 
Employee SG-CTS; responsible for pricing 
Employee SG-CTS; responsible for SAP and spare parts forecasting 
Employee SG-CTS; responsible for preventive maintenance concepts 
Service Area Manager 
Service Area Manager 

Thijs Uijttenboogaart 
Han Wassing 

Service Area Manager 
Customer Service Coordinator 

Marcel Linders 
Antoine Janssen 
Martin Loonen 

Customer Service Coordinator; field service engineer planner 
Customer Support Engineer; Employee E-helpdesk 
Coordinator Gamco & Brazil 

Christ van Zantvoort 
Ernst-Jan Huijbers 
Arie Tulp 

Export manager 
Area Sales Manager; project manager customer key account project 
Area sales manager 

David Wilson Area sales manager 

Stork Gamco 
Mike Ruscitti 
Bob Conklin 
David Gray 
Kinloch Dunlap 
Frank Nicoletti 
Dan Garner 
Mike Barton 
Jeff Davis 
Bob Melancon 
Randy Wilson 

Director of Sales and Marketing 
Director of Titan 
Manager of Sales Engineering 
IT manager 
Executive Vice President 
Spare Parts Manager 
Vice President of Manufacturing 
Manager of Sales 
Service Representative 
Sales Representative 
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Stork Titan 
Henri Janssen 
Harald Janssen 
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Appendix H 

Analysis 

This appendix describes the analysis for defining a research assignment. This analysis can be divided into 
two parts: An analysis of the current situation in order to identify opportunities for improvement, and 
an analysis of service agreements in order to identify what role service agreements can play in improving 
the service of Stork Food Systems. We will discuss both parts 

Analysis service Stork Food Systems 
The current situation will be evaluated in this section. For this evaluation, a number of tools are used. 
first , the service profiling model by Johansson and Olhager (2003) is explained and applied to reveal 
misfits between the services offered and the service organization producing these services. Second, a 
SWOT analysis is made to evaluate the current situation, based on interviews with employees of Stork 
Food Systems and the service profiles created. 

Johansson and Olhager (2003) model 
Johansson and Olhager (2003) create in their paper an industrial service profile, which allows for an 
analysis of the fit between the service product and the service process. The authors define industrial 
service as "the supply of after-sales services, including tangibles such as spare parts and consumables, 
related to the maintenance of capital goods" . In this analysis, we used the service profiling framework 
to identify mismatches between the current service and the service organization and to identify a profile 
for the service organization that matches the desired services. 

We distinguished a number of different types of services: 

• Spare parts supply. (The ordering of spare parts by the customer and fulfilment of this order by 
Stork Food Systems) 

• Problem solving. (Trouble shooting, for example telephonic support and emergency service visits) 
• Operational support. (Plannable services, for example training, installation, preventive service 

visits, and maintenance scheduling) 

Relationship management is not regarded an industrial service since it is not directly related to the 
maintenance of capital goods. Furthermore, the customer has no demand, no profit is made on the 
service offered ( only on the sales resulting from it), the benefits are to a large extend for Stork Food 
Systems and not so much for the customer and there is no service product. Therefore, the service profile 
cannot be applied to relationship management. However, relationship management plays an important 
role in the service structure of Stork Food Systems and therefore some statements about it are made and 
characteristics of the different operating companies are mentioned. 

Each of the types of services has a different process and will be evaluated separately. The first thing 
that characterizes the current service is that there is not one current service: each operating company 
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offers its own services. Some of the operating companies offer the same service, and can be seen as one 
in characterizing their services. This results in three service organizations: Stork PMT (including Stork 
Brazil and Stork Food Systems International),Stork Titan, and Stork Gamco. 

Stork Brazil is not evaluated separately because its activities are heavily supported by Stork PMT since 
Stork Brazil is a relatively young company. Therefore, its activities can not be seen separately from 
Stork PMT. 

Spare parts supply 

Aspects 
Service offering 
Markets and services 
Degree of customer/server contact 
Customization 
Diagnosis offered 
Range of services 
Demand variability 
Demand volume 
What do we sell 
Criticality for customer 
Profit generator 
Rate of new product introduction 
How are orders won 
Order winners 

Aspects 
Service process 

Production 
Degree of customization 
Degree of discretion 
Capability of handling variability 
Organization 
Technology focus 
Worker requirements 

Technical skills 
Diagnostic skills 
Interpersonal skills 

Facilities 
Location 
layout 

Key production task 

6. = PMT, □ = Titan, * = Gamco, 

Range 
Unique Selective Restrictive 

High 
High 

Complex 
Wide 
High 
Low 

Capability 
High 

Profit margin 
High 

Availability of 
know-how, 

flexibility 

Range 
Professional Service Mass 

service shop service 

High 
High 
High 

Flexible 
Effectiveness 

High-level 
High-level 

High 

Generic 

Low/none 
Low 
none 
Narrow 
Low 
High 
Commodity 
Low 
Volume 
low 

Speed 

Service factory 

Low 
Low 
Low 
Rigid 
Efficiency 

Basic 
Basic 
Low 

Centralized 
For production 

Distributed 
For customer 

needs 
Responsiveness 

--1111.---eo~ efficiency 
Dependability 

Figure H.1: Profiling Current Situation - Spare Parts Supply 

Figure H.1 shows the profile for spare parts supply. For Stork PMT, the service offering can be char
acterized as Restrictive with some Selective aspects: The degree of contact with the customer is high, 
the variability of the demand is also high and orders are won more on availability of know-how than on 
speed. 

When looking at the service processes, a derivation from mass service (which matches with Restrictive 
services) can be noted. The service processes are designed for a more Selective type of service. Another 
deviation from mass service can be seen in the facilities; spare parts supply is very centralized. 
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For Stork Titan, the services have no clear character; most service aspects are either Selective or Restric
tive but there are also a number of Generic aspects. The same deviations from Restrictive can be seen 
as for Stork PMT: high degree of customer contact, high demand variability and orders are won more 
on flexibility and availability of know-how than on speed. Additionally, Stork Titan has a low demand 
volume. The degree of customization of products is low; most spare parts are commodity items. New 
products are not frequently introduced. 

The service processes for Stork Titan show the same pattern as those for Stork PMT. The service shop 
character of the processes fit Stork Titan better than Stork PMT, but still deviates from the service 
offered. 

When looking at Stork Gamco, a more clear character can be found in the service offerings; only the 
demand variability deviates from a Restrictive type of service. The service processes are adapted to this 
type of service and show a clear mass-service character. 

Problem solving 

Aspects 
Service offering 
Markets and services 
Degree of customer /server contact 
Customization 
Diagnosis offered 
Range of services 
Demand variability 
Demand volume 
What do we sell 
Criticality for customer 
Profit generator 
Rate of new product introduction 
How are orders won 
Order winners 

Aspects 
Service process 

Production 
Degree of customization 
Degree of discretion 
Capability of handling variability 
Organization 
Technology focus 
Worker requirements 

Technical skills 
Diagnostic skills 
Interpersonal skills 

Facilities 
Location 
layout 

Key production task 

ll. = PMT, □ = Titan, * = Gamco, 

Unique 

High 
High 

Complex 
Wide 

Range 
Selective Restrictive 

High ....... ...,......:-
Low ~..,,.S-..f".P-t: 

Capability AA" _......,.,... 
High 

Profit margin 
High 

Availability of 
know-how, 

flexibility 

Professional 
service 

Responsiveness 

Range 
Service Mass 

shop service 

Figure H.2: Profiling Current Situation - Problem Solving 

Generic 

Low/none 
Low 
none 
Narrow 
Low 
High 
Commodity 
Low 
Volume 
low 

Speed 

Service factory 

Low 
Low 
Low 
Rigid 
Efficiency 

Basic 
Basic 
Low 

Centralized 
For production 
efficiency 
Dependability 

All three operating companies have the same profile for the services they offer (Figure H.2). The services 
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are Unique, only the demand volume is Selective for all three. This means that all three operating 
companies get a lot of problem solving requests. 

For the service organization, the three operating companies also show similar patterns that show a 
service organization between professional service and service shop. All three have problems with handling 
variability and with flexibility. This is caused by the problems with field engineer planning. The field 
engineers are also responsible for the derivation from professional service ion interpersonal skills. Not all 
field engineers have the character a service engineer needs; having technical skills and diagnostic skills 
is not sufficient for a service engineer; interpersonal skills are very important for a service engineer, in 
contrary to for an installation engineer. The derivation from professional service in location and layout 
for Stork PMT and Stork Titan is also caused by the field engineers. Because a lot of Stork PMT and 
Stork Titan field engineers operate from Boxmeer, they have long traveling times. Stork Gamco has 
it field engineers situated in the region they operate, but because of the high occupation of the field 
engineers a local engineer is often not available for emergency visits. 

Operational support 

Aspects 
Service offering 
Markets and servkes 
Degree of customer/server contact 
Customization 
Diagoosis offered 
Range of services 
Demand variability 
Demand volume 
What do we sell 
Criticality for customer 
Profit generator 
Rate of new product introduction 
How are orders won 
Order winners 

Aspects 
Service process 

Production 
Degree of customization 
Degree of discretion 
Capability of handling variability 
Organization 
Technology focus 
Worker requirements 

Technical skills 
Diagnostic skills 
Interpersonal skills 

Facilities 
Location 
layout 

Key production task 

l::,,. = PMT, □ = Titan, -tr = Gamco, 

Unique 

High 
High 

Complex 
Wide 
High 
Low 

Capability 
High 

Profit margin 
High 

Availability of 
know-how, 

flexibility 

Professional 
service 

Hig 

Range 
Selective Restrictive 

Range 
Service 1-J.ass 

shop service 

Hig lls..L"::t---._ 

High ~~~ 

Flexible 
Effectiveness 

High-level 
High-level 

High 

Distributed 
For customer 

needs 
Responsiveness 

Generic 

Low/none 
Low 
none 
Narrow 
Low 
High 
Commodity 
Low 
Volume 
low 

Speed 

Service factory 

Low 
Low 
Low 
Rigid 
Efficiency 

Basic 
Basic 
Low 

Centralized 
For production 
efficiency 
Dependability 

Figure H.3: Profiling Current Situation - Operational Support 

The profiles for the services offered (Figure H.3) match for Stork PMT and Stork Gamco. Stork Titan 
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has some derivations. For all three, the services are mainly Selective. Stork Titan shows a Restrictive 
character on the range of services and demand volume. Stork Titan does not offer preventive service 
visits, which form a considerable portion of the service offering and demand of Stork PMT and Stork 
Gamco. On profit generator, all three deviate form Selective to Restrictive. This indicates that the 
pricing of the services could use some attention. Orders are purely won on availability of knowledge. 
This forms a derivation to Unique. 

The service organizations for all three operating companies match the Selective character of the services 
reasonably well. Stork PMT and Stork Titan derive from service shop to professional shop on degree of 
customization and degree of discretion because the content of their service visits largely depends on the 
customer and the service engineer. Stork Gamco has a more fixed content of service visits and therefore 
does not derive on customization. 

Relationship management 

When comparing the three operating companies, Stork PMT has by far the most relationship manage
ment activities. Service managers and sales managers frequently visit the customer. Stork Titan is less 
frequent at the customer's site. Stork Gamco does not have a service manager, only sales managers. 
These visit the customer regularly. For Stork Gamco and Stork Titan, relationship management is 
regarded a weakness. 

SWOT 
A SWOT-analysis on service is made, combining the findings of the service profiling in the previous sub 
section with insights obtained by the author of this report during interviews with various people at Stork 
Food Systems (Figure H.4). Ideally, a firm should look to convert weaknesses into strengths and threads 
into opportunities, at the same time matching the strengths to the opportunities (Perreault et al, 2000). 

Strengths 

Market position 
Knowledge and experience 

Knowledge transfer 
Global presence 

Customer relationship management PMT 

Opportunities 

Growth expectations 
Knowledge network 

Competitor equipment 
Expanding service demand 

Companies are getting professionalized 

Weaknesses 

Service focus 
Organization structure 

Stock control and service logistics network 
Spare parts supply PMT /Titan 

Pricing policies 
Field engineers 

Marketing 
Performance measurement 
Structural problem solving 

Flexibility 
1B management 
Documentation 

Service agreements 
Customer relationship management Gamco/Titan 

Threats 

Growth expectations 
Local differences 

Pirates, 3rd party maintainers, competition 
Customers expand working hours 

Political and economical developments 

Figure H.4: SWOT analysis 
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Analysis Service Agreements 
The evaluation in the previous section agrees with the strategic plan in that service agreements are an 
opportunity for improvement. Therefore, service agreements are a useful field of study. In this section, 
we analyse what role service agreements can play in improving the service. This is done by applying the 
service profiles of Johansson and Olhager (2003) on the desired situation, and by applying the model of 
Oliva and Kallenberg (2003). 

In the strategic plan, Stork Food Systems has discussed to which extend it wants to increase its ser
vice. This resulted in a maximum service offering: Stork Food Systems wants to deliver spare parts, 
installations, training of the customer's personnel, maintenance scheduling, maintenance supervision and 
execution of periodic preventive maintenance. Stork Food Systems does not want to take over day-to-day 
maintenance and operation of the customer nor corrective maintenance ( except from trouble shooting). 

In pricing these services, there are a number of possibilities: 

• The customer pays per service: each service has its price. 
• The customer pays a total price for all services: individual prices are not visible to the customer, 

but prices are based on cost prices. Payment can occur per time period or on delivery of the 
services. 

• Performance based pricing: Stork Food Systems gets a part of the profit the customer gains from 
the performance increase. 

• Leasing: The customer pays per hour of usage of the equipment, per chicken/kilogram processed, 
etc. instead of a purchase and service price. 

For the current strategic planning period (until 2011) , Stork Food Systems does not want to go into 
leasing. 

For the contractual form, there are two options: service agreements, which are not legally binding, and 
service contracts, which are. Whether or not the desired service agreement should be a contract is not 
stated in the strategic plan. Therefore, the more general agreement is chosen as desired situation. 

This results in a desired service agreement that is performance based and includes spare parts, instal
lation, training, maintenance scheduling, maintenance supervision and execution of periodic preventive 
maintenance 

Johansson and Olhager (2003) model 

The impact of this desired service agreement on the current situation ( all other things equal) is analyzed 
based on the service profile of the desired situation ( Johansson and Olhager, 2003) and by the model of 
Oliva and Kallenberg (2003) . This is described in this section. 

Implementing the desired service agreements in the current organization structure can have implica
tions on spare parts supply, problem solving, operational support and relationship management. These 
implications are discussed for each type of service separately. 

Spare parts supply 

Introducing the desired service agreement reduces the demand variability. This leads to in a more 
uniform profile of the service offered. The problems with the service offered by Titan are not solved by 
introducing service agreements, neither are the differences in service and process for PMT and Titan 
nor the centralized layout. The service profile for spare parts supply when using the desired service 
agreements is illustrated in Figure H.5. 

Problem solving 

If customers start using the desired service agreements, they will do more preventive maintenance and 
therefore fewer breakdowns will occur. This reduces the demand for problem solving activities and for 
flexibility. This leads to the service profile in Figure H.6. 

Operational support 
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Aspects 
Service offering 
Markets and services 
Degree of customer /server contact 
Customization 
Diagnosis offered 
Range of services 
Demand variability 
Demand volume 
What do we sell 
Criticality for customer 
Profit generator 
Rate of new product introduction 
How are orders won 
Order winners 

Aspects 
Service process 

Production 
Degree of customization 
Degree of discretion 
Capability of handling variability 
Organization 
Technology focus 
Worker requirements 

Technical skills 
Diagnostic skills 
Interpersonal skills 

Facilities 
Location 
layout 

Key product ion task 

t::,,. = PMT, □ = Titan, -If = Gamco, 

Range 
Unique Selective Restrictive 

High 
High 

Complex 
Wide 
High 
Low 

Capability 
High 

Profit margin 
High 

Availability of 
know-how, 

flexibility 

Range 
Professional Service Mass 

service shop service 

High 
High 
High 

Flexible 
Effectiveness 

High-level 
High-level 

High 

Generic 

Low/none 
Low 
none 
Narrow 
Low 
High 
Commodity 
Low 
Volume 
low 

Speed 

Service factory 

Low 
Low 
Low 
Rigid 
Efficiency 

Basic 
Basic 
Low 

Centralized 
For production 

Distributed 
For customer 

needs 
Responsiveness 

___,Jll-es'l'-' efficiency 
Dependability 

Figure H.5: Profiling Service Agreements - Spare Parts Supply 

Introducing the desired service agreements will increase the range of services offered, especially for Stork 
Titan. The demand volume for operational support will also increase, which is again for Stork Titan an 
advantage, because in the current situation, its demand volume is relatively low. 

Another result from introducing service agreements is that profit margins can be larger when prices are 
less transparent and pricing is based on the profit of the customer instead of on costs of Stork Food 
Systems with a margin that is open for discussion. 

These two effects result in the sit uation in Figure H. 7 

Customer relationship management 

Service agreements will increase the contact with the customer and will therefore have a positive impact 
on the relationship with the customer. 

Oliva and Kallenberg (2003) framework 
The article by Oliva and Kallenberg (2003) describes the transition from a product-oriented organization 
to a service-oriented organization . The article includes a study of 11 capital equipment manufacturers 
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Aspects 
Service offering 
Markets and services 
Degree of customer/server contact 
Customization 
Diagnosis offered 
Range of services 
Demand variability 
Demand volume 
What do we sell 
Criticality for customer 
Profit generator 
Rate of new product introduction 
How are orders won 
Order winners 

Aspects 
Service process 

Production 
Degree of customization 
Degree of discretion 
Capability of handling variability 
Organization 
Technology focus 
Worker requirements 

Technical skills 
Diagnostic skills 
Interpersonal skills 

Facilities 
Location 
layout 

Key production task 

A = PMT, 0 = Titan, -tc = Gamco, 

Range 
Unique Selective Restrictive 

High 
High 

Complex 
Wide 
High 
Low 

Capability 
High 

Profit margin 
High 

Availability of 
know-how, 

flexibility 

Range 
Professional Service Mass 

service shop service 

Responsiveness 

Figure H.6: Profiling Service Agreements - Problem Solving 

Generic 

Low/none 
Low 
none 
Narrow 
Low 
High 
Commodity 
Low 
Volume 
low 

Speed 

Service factory 

Low 
Low 
Low 
Rigid 
Efficiency 

Basic 
Basic 
Low 

Centralized 
For production 
efficiency 
Dependability 

and identifies four major steps in this transition. Each step has a number of triggers, goals and actions 
and companies are found to come across a number of problems in each step. The four steps are: 

• Consolidating product-related services 
• Entering the Installed Base (IB) service market 
• Expanding the IB service offering 
• Taking over the end-user's operation 

The current situation is evaluated separately for each operating company. Again, Stork Food Systems 
Brazil is not evaluated separately. The desired situation is equal for all operating companies. Therefore, 
only one desired situation is evaluated. The evaluation is summarized in Figure H.8 and will be explained 
shortly. 

Stork PMT 

Stork PMT has finished the first stage. The existing service offering is already consolidated under one 
organizational unit as Oliva and Kallenberg suggest: the CTS department. The strong initiative to 
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Figure H.7: Profiling Service Agreements - Operational Support 
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Figure H.8: Oliva and Kallenberg (2003) profile of the current situation 

service-oriented 
organization 

improve efficiency, quality and delivery time can also be seen at PMT. Externally, a reputation amongst 
clients as a reliable service provider is being established although this is better in some regions than in 
others. 

Managers realize the size of the service market , although a clear monitoring system is not in place. 
The 't ransparency of numbers' Oliva and Kallenberg (2003) mention are not present at Stork PMT; 
numbers are mainly estimated. The profit from service is clear, there is some insight in the relationship 
between different processes (for example between relationship management and spare parts sales), but 
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exact figures are not present. 

In the second stage, Stork PMT has made a start, but has not finished yet . At the moment, the 
organization is changing from product-oriented to service oriented. Most employees have a highly service
oriented approach, while others still think in terms of products. 

The creation of a separate service organization has not yet started. There are plans to integrate services 
from different operating companies and some collaboration already takes place. No decisions have been 
made on how this integration will take place. 

Another challenge Stork PMT has difficulties with is the creation of a global infrastructure. Stork PMT 
has started this process by the formation of branch offices and by contracting sales representatives. The 
global infrastructure is not functioning optimally yet and improvements can be made. The necessary 
capability to diffuse knowledge across the network is a challenge for Stork PMT. 

Oliva and Kallenberg (2003) suggest that in the second stage, the internal focus is on building a well
functioning service organization and on developing metrics needed to measure customer satisfaction, 
employee satisfaction, and business success. The focus on building a well-functioning service organization 
is present at Stork PMT. The development of metrics has had some attention in the past but good metrics 
have not been developed yet. Customer satisfaction is not measured in a structural manner. Metrics for 
(service related) business success can use some improvements. 

Concluding, it can be said that Stork PMT has finished the fist stage almost completely. The current 
state of Stork PMT is in the second half of the second stage (Figure H.8). 

Stork Titan 

Stork Titan is still in the first phase. It has not consolidated the existing service offering under a single 
organizational unit. The initiative to improve efficiency, quality and delivery time is starting to grow. 
The Stork Titan management realizes the importance of service and the organization is becoming more 
service-oriented. Stork Titan does not have a reputation as a reliable service provider yet . 

Stork Gamco 

Stork Gamco has still a number of issues to work on in the first phase. At the moment it is working 
on a consolidation of the existing service offering under a single organizational unit : Service and Spare 
parts are grouped in a single service department, which will also be responsible for training. This 
is accompanied by a strong initiative to improve efficiency, quality and delivery time, like Oliva and 
Kallenberg suggest. Monitoring systems are already in place to monitor the effectiveness and efficiency 
of spare parts sales, but for the other services no monitoring service is in place yet. Stork Gamco is 
establishing the reputation amongst clients as a reliable service provider. 

Although Stork Gamco has not yet finished the first phase, it already is working on a number of issues 
in the second phase. Stork Gamco clearly sees the profit opportunity within the service and is setting 
up structures and processes to exploit it. It is struggling with the cultural change for a product-centered 
organization to become service oriented, even more than Stork PMT is. Towards a global service orga
nization, some initiatives are proposed, like a global service pool. 

If Stork Gamco finishes the consolidation of service under a single organizational unit, the first phase is 
finished. Gamco is clearly active in issues of the second phase. Therefore, Stork Gamco is positioned in 
the first half of the second phase, although the first phase is not yet fully completed. 

Desired situation 

The desired situation is the end of phase 3. Stork Food Systems wants to offer all customers, whether 
they are Stork Titan, Stork Gamco, Stork Brazil or Stork PMT customers, the same services. It wants to 
go towards pricing of services in terms of availabilities and cost advantages through economies of scale, 
learning curve and network effects. Additionally, it wants to expand the consulting capabilities and give 
the customer a full range service in maintaining and supporting the installed base. 

Stork Food Systems has no intention in taking over the end user's operation; day-to-day maintenance 
and operation will remain the responsibility and task of the customer. Therefore, Stork Food Systems 
will not move to phase 4. 
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Appendix I 

Description Packages 

Basic package 
The basic package basically does not include any services except from a helpdesk to diagnose problems 
within office hours and a basic online manual. All other services the customer wants on top of that are 
charged separatly. The package does however show the customer what services are offered and what 
the prices are for these services. This offers the customer a clear view of the possibilities and of the 
advantages of upgrading to a higher contract. Therefore, the basic package can be seen as a marketing 
instrument for the other packages and for the services that Stork offers separatly. 

The package includes planning for periodic preventive maintenance. This is only offered in combination 
with a Stork engineer supervising the maintenance, like in the current situation at Stork PMT. For each 
piece of equipment in the agreement, a maintenance schedule is made up. Stork agrees with the customer 
on when a Stor_k engineer will come to v~sit the plant. During this visit, the engineer will supervise the 
scheduled maintenance job and assesses the system for safety issues. The customer will receive a detailed 
report of the visit . This report can include a quotation for advised maintenance actions, spare parts 
and/or services. The customer pays for the supervision engineer and is responsible for ordering the right 
spare parts. Stork does not make any guarantees on service levels. 

Spare parts are ordered by the customer when needed. No guarantees on availability or delivery time of 
spare parts are given. 

The Basic package includes assistance in diagnosing problems with the equipment. These can be elec
tronic or mechanic problems, or problems with the software offered by Stork. The Basic package only 
includes telephonic support during office hours, and does not include the actual solving of the problem! 
No guarantees are made on whether Stork can diagnose the problem or not. If the Stork cannot give 
the customer a diagnose the customer can request a service visit that will be charged additionally. If the 
customer has a software problem Stork can solve it, but also at extra expenses. 

Stork offers the customer support in optimizing the process or in developing new products. A process 
specialist can visit the customer on request. The customer always receives a report of the visit. For further 
processing equipment, Stork has a Demo Center. The Basic package does not include any technology 
visits or visits to the Demo Center. The customer can request them and will be charged accordingly. 

Stork offers training to both maintenance staff and operational staff of the customer. The customer can 
request training sessions and pays per session. No training sessions are included in the Basic contract. 

Only limited online documentation is included in the Basic package: the manuals the customer receives 
when buying equipment will be available to the customer online. 
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Extensive package 
The Extensive package is an extension to the Basic package. Some services are included in the contract 
fee and on some services performance guarantees (service levels) are given. In return, the customer has 
to pay a monthly contract fee for the package. 

In the Extensive package, periodic preventive maintenance is included. This means that Stork plans the 
periodic preventive maintenance and supervises it, just like in the Basic contract, but in the extensive 
contract, the engineer is included in the contract fee, as well as the spare parts for the periodic preventive 
maintenance. The customer no longer has to order these parts; Stork will take care of the delivery. 
Furthermore, installation of system updates are also included in the package (if the customer buys any). 
The Extensive package also includes a Service Level Agreement on periodic preventive maintenance: The 
total cost of spare parts the customer has to order to keep the equipment performing is guaranteed. This 
Total Cost of Additional Spares excludes the spare parts for periodic preventive maintenance because 
these are already included in the package ( and therefore, the customer does not have to order them or 
pay for them). 

The spare parts other than for periodic preventive maintenance are still paid for per item, but the Exten
sive package includes a SLA on the delivery time: The maximum delivery time per order is guaranteed, 
as well as the maximum average delivery time over all orders of a customer within a certain time period 
( one year). This delivery time only applies to consumable parts and breakdown parts, since the parts for 
periodic preventive maintenance are not ordered anymore by the customer. Furthermore, the customer 
is offered the possibility to sell back breakdown parts to Stork within a certain time period after buying 
them, for a predefined fraction of the original purchase price. In return, the customer is obligated to 
order all spare parts at Stork. 

Diagnostic support is expanded to 24 hours a day, 7 days a week in the Extensive package and a number 
of SLA's on diagnostic support are included: The maximum diagnose time, and the fraction of problems 
that is diagnosed by telephone. Since a customer is expected to only need a limited number of service 
visits per year, a maximum average visit time is not useful. 

Software maintenance is expanded to include annual performance checks of the system of the customer. 
Furthermore, for E-problems, the actual solving of the problem (in addition to only making a diagnose) 
is also included in the contract fee. A maximum solving time is agreed upon. 

Technological support is expanded by including two technology visits and one visit to the Demo Center 
per year. These visits are planned by Stork and the customer together. If a customer does not use its 
visits in a year, it is not possible to transfer them to the next year. 

Training is expanded to include a performance guarantee: Each employee taking a certain training gets 
a certificate. These certificates indicate the skills and knowledge of an employee and can be used to 
indicate what skills and knowledge is needed for certain (maintenance) actions. 

Documentation is significantly expanded in the Extensive contract. The online manual of the Basic 
contract is replaced with an extensive online support portal. The customer can log on to a website and 
order spare parts, consult Frequently Asked Questions, a knowledge base, exploded views of equipment 
and maintenance instructions, all specific to his equipment. 

Finally, the extensive package contains an annual summary for the management of the customer on the 
performance of the equipment (for as far as his can be judged by Stork). 

Premium package 
The premium contract is the most complete partial service package. It includes all services Stork can 
offer without fulltime being present at the customer site. If possible, it includes a SLA for each service 
or groups of services. 

Periodic preventive maintenance is completely planned, supervised and executed by Stork. The Total 
Cost of Additional Spares SLA of the Extensive package is also part of the Premium package, as well as 
the installation of system updates. 
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For the remaining spare parts, the Premium package includes a budget equal to the Total Cost of 
Additional Spares. All parts the customer orders are subtracted from this budget and at the end of the 
year, subsequent calculation will take place: If the customer has ordered more that the budget , he has 
to pay for the overspending, if he orders less, he will get money back. The budget is part of the package 
fee. 

For Breakdown parts, Stork will take over the local stock, either at the customer site or at a local 
warehouse for more than one customer. If the customer has a breakdown he reports to Stork what parts 
are needed and Stork will supply them, either from the local stock or from a central stock. The package 
includes two SLA's on downtime caused by waiting for spare parts: a SLA per breakdown and a SLA 
for the average downtime over all breakdowns in a certain time period. For consumable parts, a delivery 
time is agreed upon like in the Extensive package. 

Diagnostic support is expanded to include emergency service visits in the package, as well as a SLA on 
these visits: the maximum diagnose time per visit. The technological support is expanded with two more 
technology visits per year and one extra visit to the the Demo Center. Furthermore, visits that are not 
used in a year ( either service visits or visits to the Demo Center) can be used the next year. Training is 
expanded by including a number of training sessions per year. 

For the online documentation, an SLA is included to guarantee the customer that the system is up to 
date within X days after a change. Finally, the management performance report is provided twice a year 
in the premium package. 
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Appendix J 

Spare Parts Classification 

Code Explanation 

A 

B 

C 

D 

E 

A-parts are consumption parts, also known as consumables. These parts are in direct contact 
with the product and as such suffer from wear-out. They need to be replaced or refined 
periodically requiring easy accessibility. 

B-parts are Breakdown parts. This means that by failure of these parts, continuation of the 
production process is jeopardized. Pure B-parts are not replaced preventively but only on 
failure. Often, composed units are classified as B-part so they can easily be exchanged and 
replaced or overhauled while production continues. 

C-parts are small overhaul parts. These are subject to moderate wear out and have to be 
replaced at least once per 2 years and at most twice a year to guarantee correct working. The 
difference with A-parts is the relatively long inter-replacement time. 

D-parts are large overhaul parts that need to be replaced every 3 to 5 years to assure correct 
working. They differ from C-parts only in the period of replacement. 

E-parts are condition dependent parts. Depending on their condition, it is plausible that these 
parts are replaced during an overhaul. During such a total check-up, inspection should 
demonstrate that it is necessary to replace these parts. E-parts are sometimes appended 
standard to an overhaul set. 

Figure J .l: Spare Parts Classification Stork PMT 
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Appendix K 

Measurement of the Performance 
Indicators 

In this appendix we describe how to measure each performance indicator at Stork PMT, what difficulties 
arise in measuring it and how to cope with those difficulties. 

Total Cost of Additional Spares 
To measure the Total Cost of Additional Spares, we have to record all spare parts the customer uses, as 
well as the price of each part. To do so, we have to know what parts the customer uses. We assume that 
the use of the customer equals what he orders. For the premium package, this assumption is valid, since 
Stork controls the local stock. For the extensive package, this assumption is valid only if the customer 
either has no local stock, or has a local stock that is kept at more or less the same level. Since the 
customer has to pay per part in the extensive package, he has no incentive to order more parts than he 
believes he needs, so therefore the assumption holds if the customer already has a local stock. If the 
Extensive agreement is sold together with new equipment, or new equipment is added to the agreement, 
we suggest adding a paragraph to the contract that obligates the customer to first order the advised 
spare parts stock before the agreement becomes valid. 

Now we can assume that the orders of a customer equal the use and if each order line is given a code to 
specify if the order line contains spare parts, services, new equipment, etc. we can extract the total cost 
of all spare parts ordered within a year from the ERP-system in use. 

However, Total Cost of Additional Spares does not include all spare parts: only those intended for 
equipment within the contract are included. Most SKU's are only present in one type of machine, but 
this is not true for all SKU's. Furthermore, the customer can have more than one machine of a certain 
type, which are not all included in the contract. Therefore, we cannot always see from an order line for 
which machine it is ordered. This is a problem for calculating the total cost of additional spares. To 
work around this problem, we suggest an approximation algorithm: 

1. Generate a list of all spare parts present in the equipment within the contract, together with the 
number of times that the part is present in the equipment within the contract. 

2. Generate a list of all spare parts present in the equipment within the contract, but also within 
equipment of that same customer outside the contract, together with the number of times the part 
is present in the other machines . 

3. Calculate the total spending of the customer on the parts of step 1. 
4. Calculate the total spending of the customer on the parts of step 2. 
5. For each part of step 2, divide the total spending by the total number of times the part is present 

in any machine (inside and outside the contract), and multiply it by the number of times the part 
is present in machines outside the contract. 
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6. Subtract the total value calculated in step 5 from the total value calculated in step 3 to get the 
total cost of additional spares. 

Because the number of parts present in more than one machine is relatively small, an a customer is 
likely to have a periodic preventive maintenance agreement in his contract on most equipment, this 
approximation algorithm is expected to approximate the actual value relatively well. In order to avoid 
discussion with the customer, we suggest including the calculation method in the agreement. 

Applying this to Stork PMT means that we have to extract data from SAP and PLM. 

Order Delivery time 
If a customer has a periodic preventive maintenance agreement on all his equipment, each spare parts 
order is a spare parts order for consumable parts and/or breakdown parts. If this is not the case, an 
order can also contain revision parts on which no delivery time is guaranteed. Therefore, we have to 
develop a way of dealing with these mixed orders in order to calculate the delivery time. 

One possible solution would be guaranteeing the delivery time on all spare parts. This is not desirable 
however because the big advantage of the periodic preventive maintenance package is the predictability 
of the demand for spare parts for revisions. This means that demand is known long on advance and 
parts can be made to order and do not (or less anyway) have to be stocked. This advantage would be 
lost if the same (short) delivery time is guaranteed on revision parts. 

A second solution would be splitting mixed orders in a revision order and a breakdown/ consumable 
order. This would solve the problem, but splitting is not es easy as it sound, because customers do 
not always order a revision as such; sometimes they just order the individual parts for a revision. We 
therefore have to find a way to split the orders for this solution. 

A third solution would be not guaranteeing a delivery time on mixed orders. For this solution the same 
holds as for the second: we would have to develop a way to identify a mixed order. This solution has 
the additional drawback for the customer that a lot of orders are possibly excluded from the measure, 
and therefore, delivery times are not as predictable as the contract would suggest. 

Evaluating the advantages and disadvantages of the three possible solutions, we suggest using the second 
solution. To identify and split mixed orders, we suggest using the spare parts classification of Stork PMT 
( appendix J; Brazil also uses this classification, Titan and Gamco have plans to start using it in the near 
future). First we have to identify an order as being mixed. This can be done by the person entering the 
order if the customer indicates he is ordering a revision kit. Otherwise, a mixed order can be recognized 
by the number of spare parts only having the code C,D or E ( a part can have code B in combination 
with C, D and E). If only one part of an order has code C, Dor E, this part could accidently have broken 
down. If there are a number of parts with code C,D or E, it is more likely to be an order for periodic 
preventive maintenance. The number of C, D and E parts in an order before regarding it a revision order 
should be determined exactly. 

For all orders not regarded revision orders, we can now calculate the delivery time. To do so, we have 
to measure the time an order arrives at Stork, and the time the same order is delivered at the customer. 
Unfortunately, this is also not as straightforward as it sounds either. 

If a customer orders parts at Stork, he usually does not exactly know what parts to order. Therefore, 
Stork usually determines what parts the customer needs according to the description of the customer 
and gives a quotation for the parts. The customer then confirms the order. We regard this as an 
additional service of Stork and do not include this in the delivery time, because we believe that it is the 
responsibility of the customer to determine what to order. Therefore, we take the time that a customer 
confirms an order ( or in other words, the time the customer actually orders a set of part numbers with 
a certain quantity) as the start time for calculating the delivery time. This start time can be measured 
in a number of ways, depending on how the order is placed. If a customer places an order by email or 
by fax, the receive time of the order is the start time. If the customer orders (or confirms) by telephone, 
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the person taking the order has to write down the end time of the call, which is regarded the start time. 
To avoid confusion of the customer, this should be explained in the agreement. 

A second difficulty is how to handle changes to an order. Customers often add or change thing to existing 
orders. We suggest the following way of dealing with this regarding the delivery time: If a customer 
wants to change its order after placing it, he will be offered two options: (i), the order placement time 
is changed to the time of the change in the order, or (ii) the changes are entered into a new order. The 
first option is available for all changes, the second option only for adding parts to an existing order. 

Application at Stork PMT poses a third difficulty: Customers can be blocked by credit management: If 
a customer has not payed his bills , he cannot order new parts. Because the delay of the order caused 
by this is caused by the customer, we suggest changing the order placement time to the time that the 
block is removed for orders that are blocked by credit management. This should be done automatically 
by SAP. 

So to measure the Order Delivery Time at Stork PMT, we need data from SAP. 

Average Order Delivery Time 
We can calculate the average delivery time by taking the average of the delivery times of each order of a 
customer within a certain time period. The Extensive package includes a guarantee on average delivery 
time for both consumable parts and breakdown parts. Therefore, for the extensive package, we can use 
the orders as specified above. 

For the Premium package, the delivery time only includes consumable parts, because breakdown parts 
have a Downtime Waiting Parts agreement. Therefore, we have to separate the orders that have a 
downtime waiting parts agreement from the other orders. This can be done by adding a third order 
type: emergency. 

The average delivery time for the Premium package is only calculated over the orders with order type 
consumable/breakdown (and not the orders with order type revision or emergency); average delivery 
time for the Extensive package also includes emergency orders (if any). 

The average delivery time can ~ow also be calculated with data from SAP at Stork PMT. 

Downtime Waiting Parts 
If a customer has a breakdown for which he needs spare parts to correct it, he orders these parts at 
Stork. Stork checks if the needed parts are in the local stock. If this is the case, the parts are delivered 
from the local stock. If this is not the case, the parts are delivered from a central stock. 

To measure downtime waiting parts, we first have to make the distinction between regular orders and 
downtime orders in the information system. This is done by the emergency order type. Next , we have to 
measure the time a downtime order arrives. We suggest a similar approach as we used for measuring the 
start of the delivery time for this. Next, we have to check if the spare parts needed are in the local stocking 
point. Therefore, this stocking point has to be controlled by a central information system. If the parts 
are in the local stocking point they have to be picked, packed and transported to the customer. If the 
local stocking point is at the customer site, this time will be relatively small. If not, some transportation 
time is incurred. Because breakdown orders are usually relatively small, and a customer only uses one 
local stocking point, we assume the picking, packing and transportation time from a local stocking point 
to a customer to be fixed. This fixed time should be recorded in the information system. 

If spare parts have to be delivered from the central stock, we can use the same procedure for measuring 
the end time as we did for the delivery time of orders. 

Applying this method at Stork PMT means that we will have a different process for DWP orders than for 
other orders: If an order is marked emergency, SAP should do an ATP-check at the local stock assigned 
to the customer instead of at the central stock. This means that SAP has to know what customer is 
assigned to what local stock, and that SAP can actually perform an ATP-check at the local stock. The 
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first can be stored in SAP or in a linked database, or can be entered by the employee handling the order. 
The second means that the local stock should be controlled by a system linked to SAP. If the result of 
the local ATP-check is negative (not all parts are on stock), SAP should conduct an ATP-check at the 
central stock. If this result is also negative, the planner should be contacted automatically to ensure 
that the parts are available on time. Furthermore, the import and export department should be able to 
see the order type, because they will have to choose the fastest transportation option at all costs. 

Emergency orders have therefore a number of advantages over regular orders: The planner is contacted 
automatically, the import and export department are informed to choose the fastest option possible, and 
the order has an extremely high priority for the planners, resulting in faster delivery times. If we want 
to use the emergency order-option for all customers ( also those without contract), we can do this by 
assigning the customers without a Premium contract to a 'dummy' local stocking point: A local stocking 
point with zero stock. In this case, the local ATP-check is always negative and the remainder of the 
process is approximately the same, except from the advantages. 

Finally, to implement the DWP measure at Stork PMT, some additional information should be stored: 
The delivery time from a local stocking point to a customer. 

Average Downtime Waiting Parts 
We can determine the average downtime waiting parts by taking the average of all downtime occasions 
of a customer. At Stork PMT, this can be done by taking all orders with order type emergency. In 
order to get a reliable measure, orders of customers with a premium contract should only be given order 
type emergency if the order is a DWP-order. It would not be logical to give other orders order type 
emergency however, because orders are only emergency orders if the customer cannot produce without 
the parts. These orders are DWP-orders. 

(Average) Call Diagnose Time 
The diagnose time per call can be calculated by subtracting the begin time of a call from the end time 
of the same call. Both can be measured by the employee taking the call and should be recorded in 
the information system. Stork PMT has a database in Lotus Notes to record calls to the E-helpdesk. 
Calls of mechanic nature are not recorded. In order to calculate the diagnose time per call, for all calls, 
the start-time and end-time should be recorded. This means implementing a call registration system at 
CTSl and CTS2. Furthermore, the system at the E-helpdesk should be adjusted to record the actual 
time; in the current situation, a call duration is rounded to half hours. It is advisable to use one system 
for both the clusters and the E-helpdesk. This system can also function as a knowledge base on all 
telephonic contact with the customer and on solutions to problems. 

In order to facilitate use of the PI's, the call registration system should be able to give an annual summary 
of all calls of a customer that are late in a year, and all calls that are on time. Not all parts are needed 
tt calculate the external PI's, but since a new system is implemented it is advisable to also facilitate the 
measurement of the internal PT's discussed later. 

The average diagnose time can be calculated by taking the average of the diagnose times of all calls of 
a customer in a given period of time. 

Diagnose Fraction 
To calculate the percentage of calls diagnosed by telephone, the employee taking the call has to 1dentify 
if a diagnose has been made or not upon ending a call. If a diagnose is made, this diagnose is recorded 
in the system. If no diagnose is made, a service visit is suggested. In order to measure the diagnose 
fraction, the diagnose should be recorded in the information system. We can now calculate the diagnose 
fraction by dividing the number of calls that are diagnosed by telephone by the total number of calls. 
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To implement this at Stork PMT, an employee should enter the diagnose in the call registration system 
upon ending the call. The diagnose can be Diagnosed or Service Visit Needed. 

Software Problem Solving Time 
Because this EPI only applies to software problems, each call has to be identified as being software-related 
or not. This diagnose can be made by the person answering the call and should be recorded in the call 
registration system. The solving time for software problems can now be calculated by subtracting the 
time a diagnose is made from the time that the customer is informed that the problem is solved. The 
time a diagnose is made was already recorded in order to measure the diagnose time. The feedback time 
should be recorded additionally in the information system. 

Applying this to PMT, each call should be identified as software-related or not in the call registration 
system. This can be done by the person taking the call. For Software problems, not only the diagnose 
time should be noted, but also the solving time. 

Service Visit Diagnose Time 
To determine the diagnose time of a service visit, we have to subtract the start time of a service visit 
from the time a diagnose has been made and communicated to the customer. This start time is the time 
that a call that needs a service visit is finished. This time is the same time as we used as finishing time 
to determine the diagnose time per call. The diagnose time does not have to equal the finishing time 
of a service visit, because the engineer can decide to help the customer with fixing the problem or with 
another problem while he is on site. Therefore, to measure the diagnose time, the engineer has to record 
the time of communicating the diagnose to the customer. We suggest he writes this down and when he 
gets back at the office, he puts this time in the system, together with the diagnose. This means that the 
importance of writing down the time the diagnose is made has to be explained to the engineers in order 
to get a reliable measure! 

To apply this to PMT, a diagnose time should be noted in the system for each call resulting in a service 
visit. 

Update Time Online Documentation 
To calculate the update time, we have to record the day of change of a piece of equipment and the day of 
updating the online documentation. The day of updating can be recorded by the online documentation 
system. To record the day of change, there are two possibilities. If the customer reports a change, the 
day of change is the day that all information needed to change the online documentation system has 
arrived at Stork. If Stork makes a change to the equipment, the day of finishing this change is the day 
of change. 

Applying this to Stork PMT means that the system used for the online documentation should facilitate 
updates, and should record for each update the time of the actual change and the time the change 
is applied in the system. The latter can be recorded automatically, the actual change time should be 
entered upon entering a change in the system. 

Average OLE 
In Chapter 5 we have seen that OLE is a combination of Line Availability, Actual Speed efficiency, 
and Shackle Availability. Since we cannot measure OLE directly, we have to measure the average line 
availability, the average speed availability and the average shackle availability in order to calculate the 
average OLE. 

Line availability equals the fraction of time a line is running. 
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A ·t bil. Uptime vai a ity = ---------
Uptime + Downtime 

(K.1) 

To measure this, we have to measure the time a line is up (or down), and the total time a line is supposed 
to be up. A production line is defined up if the chain containing the shackles is moving. This can be 
for production, but also for cleaning, during production breaks, etc. Total uptime can be measured by 
a plant monitoring system (the time the line is switched on, and not stopped by a sensor or emergency 
stop). This system also measures the total time the line is supposed to be running (the time the line is 
switched on). In order to incorporate maintenance activities in the downtime, the Stork engineer has its 
own switch to shut down the line. 

Applying this to customers of PMT means that customers that have a full-service contract must have a 
monitoring system for their production line that records when a line is switched on and of, and when a 
line is stopped by a sensor or emergency stop. This information should be available to PMT 

Line speed efficiency is the fractional deviation from the desired speed. For most customers, and especially 
for the large customers that would be candidate for a full-service contract, the desired speed is constant 
(and usually equal to the maximum speed). Therefore, we only need to measure the actual line speed, 
which we can do with a sensor. In order to not include downtime twice in the measure, line speed is 
only measured if the line is actually running. Applying this to customers of Stork PMT means that 
the monitoring system should not only measure if the line is actually running, but also at what speed. 
Because the speed can vary, we suggest measuring at fixed intervals (for example, every second) what 
the line speed is. 

Shackle availability is the fraction of shackles that can be used to produce. If a shackle cannot be used, 
this is recorded in the information system of the customer in order to avoid chicken to be put on these 
defect shackles. Therefore, we can easily measure shackle availability by counting the number of shackles 
that are recorded as being not used. The total number of shackles on a line is fixed. If we measure each 
X time units, we can calculate the average. Applying this to customers of Stork PMT means that the 
monitoring system should get this information from the production control system. 

We can now calculate the average Operational Line Effectiveness by taking the product of the average 
actual line availability, the average actual speed efficiency and the average shackle availability. 

Average OME 
In Chapter 5 we have seen that Operational Machine Efficiency is a combination of Equipment Avail
ability, Quality rate and Occupation Rate. Since we cannot measure OME directly, we have to measure 
each component individually and combine these measures. 

Equipment Availability equals the fraction of time the equipment is running. To measure this, we 
have to be able to measure the time that the equipment is actually running and the time is should be 
running, which equals the total actual production time (regardless on what equipment). The total actual 
production time can be extracted from the production control system of the customer. To measure the 
time that the equipment is actually running, we first have to define 'up': a machine is up when it is not 
shut down. This sounds obvious, but what we mean by it is that even if all birds fall off the shackles or 
are not produced well, of if there are no birds on the shackles going through the equipment at all, it it 
still regarded running. Only if the machine is manually shut down, it is regarded down. We choose this 
definition, because all losses from producing bad products and the absence of birds to produce will be 
incorporated in the other measures. 

Now we have defined when the equipment is up, we can easily measure total uptime by measuring he 
time the equipment is switched on in the production control system. Dividing this by the total produc
tion time, which we can also extract from the production control system, we get the average equipment 
availability. Applying this to customers of Stork PMT means that the equipment under consideration 
should be controlled by the production control system and that Stork PMT has access to the data from 
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the production control system. 

To measure the occupation rate, we have to count the number of shackles containing a (piece of) bird 
upon entering and upon leaving the equipment. This can be done by sensors. The average occupation 
rate can be calculated by taking the total number of birds entering the equipment minus the total 
number of birds leaving the equipment, divide this by the total number of birds entering the equipment 
and subtract the result from one. Applying this to customers of Stork PMT means that the sensors 
counting the birds should be linked to the monitoring system. 

To define quality rate, we have to find one or more measures of quality for each (group of) equipment. 
These quality measures measure the fraction of birds that meet a certain specification. For each (group 
of) equipment, this quality measure is different and should be determined by Stork and the customer. 
On defining groups of equipment and quality measures for these groups, measurability of the quality 
measure should be taken into account. A group of equipment can have more than one quality measure: 
to obtain the quality rate the scores of the different measures are multiplied. To measure the quality 
rate, we have to divide the the total number of birds leaving the equipment and meeting the quality 
specifications by the total number of birds leaving the equipment. Both can be measured with sensors. 
If ( a group of) equipment has no quality measure, he quality rate is regarded one. 

Applying this to customers of Stork PMT means that the sensors measuring quality specifications should 
be linked to the monitoring system. 

Now we can calculate the average Operational Equipment Effectiveness by multiplying the average 
equipment availability, the average occupation rate and the average quality rate. 

Average OEE 
In Chapter 5 we defined operational equipment efficiency as a combination of Equipment Availability, 
Speed Efficiency and Quality Rate. Since we cannot measure OEE directly, we have to measure each 
component and combine these measures. 

Equipment Availability equals the fraction of time the equipment is running. To measure this, we have to 
be able to measure the time that the equipment is actually running and the total time the equipment is 
supposed to be running. The total actual production time can be extracted from the production control 
system of the customer or measured with a sensor. The time the equipment is supposed to be running 
has to be determined by the customer. 

To measure speed efficiency, we have to measure the actual output per time unit and the desired output 
per time unit. The actual output can be measured in kilo's, units, or whatever measure is relevant for the 
equipment under consideration by a sensor. The desired output is more difficult to measure, because this 
can depend on the product that is produced. Therefore, we have to record what batch type of product 
is being produced each time unit, and what the ideal output per time unit is for this type of product. 

To measure quality rate, we have to define a quality measure for each machine. A machine can have 
more than one quality measure, or non at all. Next, we have to measure the fraction of products that 
meet the quality specifications. This means that the quality measure defined should be measurable in 
practice. The quality rate can be calculated by dividing the number of products that meet the quality 
specifications by the total number of products leaving the equipment. 

Now we have defined measurement of each part of OEE, we can calculate the average OEE by multiplying 
the average equipment availability, the average speed efficiency and the average quality rate. 

Average Order Line Expedition Time 
The expedition time per order line cannot be calculated directly, because not all expedition time can 
directly be assigned to order lines. Therefore, we suggest measuring the expedition time per order and 
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dividing this by the number of order lines. The resulting expedition time per order line we sum over a 
certain time period and divide by the number of order lines in that time to get the average. 

To determine the expedition time per order at Stork PMT, SAP must record the start expedition time 
and the end expedition time. 

Average Export Time 
The create shipment time can be calculated by taking the end create export time and subtracting the 
begin export time from it. Create shipment time is calculated per order and not per order line. Therefore, 
we have to divide the sum only by the total number of orders and not also by the number of order lines 
per order. To determine the export time per order at Stork PMT, SAP must record both the start and 
the end time. 

Item Fill Rate Part Type 
What we would like to do to calculate the item fill rate, is for each part that is ordered ( that is each part 
in its order quantity on each order line of each order) to check whether it is on stock or not. This has a 
number of complications however. 

A first difficulty is when to measure. We want to check as soon as possible if all parts are available, 
because parts that are not available have to be ordered as soon as possible. But if we check as soon as 
possible (say, directly after entering the order), the stock situation can change in the time between the 
check and the actual picking of the order. Because we are talking about spare parts (with low demand 
rates), these changes are assumed not be drastically. Furthermore, the stock can change in two directions: 
parts can be available upon the check but later not, because they are taken from the stock in the mean 
time, and parts can be unavailable at the check but become available before the order arrives because 
they were already ordered. Therefore, we do not take this change of stock between the check time and 
the actual demand time into account. 

A second difficulty is how to handle emergency demands. In case of emergency, a part that is not 
available in the computer system can be taken from another order or from manufacturing and become 
available instantly. Again, this can happen in two directions: in favor or not in favor of the order we are 
taking into consideration. Therefore, we do not take this into account either. 

A third difficulty is how to handle order lines with a demand larger than one. If we would threat each 
part of the same SKU independently, we would get a distorted measure: Say we have a demand of three 
of SKU X and a stock level of one. If we treat each demand independently, we would check three times 
if SKU X is on stock, three times the answer would be yes and therefore, the fill rate of this order line 
would be 1. In reality, the fill rate is only 1/3. Therefore, we suggest a different approach: 

First, we define three new variables: 

• Fill rate quantity of an order line. This variable is for calculation purposes only and will be defined 
into more detail later. 

• Order quantity of order an line 

• Stock level of a SKU 

Second, we define the fill rate quantity. For each order line, we check the stock level of the SKU of that 
order line. If the order quantity of the order line is larger than the stock level of the SKU of the order 
line , the fill rate quantity of the order line becomes the stock level. If the order quantity is smaller than 
or equal to the stock level, the fill rate quantity becomes the order quantity. 

Now we can calculate the item fill rate by summing all fill rate quantities for all order lines of a certain 
type for all orders and divide this by the sum of the order quantities of all order lines of that type of all 
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orders. The Stock level of each SKU can be extracted from the information system, as well as the order 
quantity of each order line, and the type (ABCDE-code) of each order line. 

Applying this to PMT means that the ABCDE-code should be included in SAP. Furthermore, the stock 
level of each SKU on an order should be recorded. This can be done upon entering each order line. The 
order quantity of each order line is already recorded in SAP. 

Average Part Purchase Time 
The purchase time per part can be calculated by taking the end time of purchasing a part and subtracting 
the begin time from it. The begin time is the time that the request for a part arrives at the planner 
or the purchase department. The end time is the time that the purchase order is send to the supplier 
(internal or external). Both can be subtracted from SAP. 

Average Part Delivery Time 
The average internal delivery time equals the average time between ordering a part from the production 
department and delivery of the part. Both the ordering time and the delivery time are recorded in 
the information system. The average can be calculated by summing the delivery times of all internally 
purchased parts and divide this by the number of internally purchased parts. For the average external 
delivery time, we can take a similar approach. 

Applying this to Stork PMT means that we have to record the time a part is ordered, the time the part 
is delivered and whether the part is ordered internally or externally. This information is available in 
SAP. 

Item Fill Rate Local Stock 
For the item fill rate of the local stock, we take a similar approach as for the item fill rate of the central 
stock. For the local stock, we do not need to make the distinction between differen part types, because 
all orders are breakdown orders. Applying this to Stork PMT means that the local stock has to be 
controlled centrally. This can be done by SAP. To calculate the item fill rate of each local stock, we can 
use the same approach as for the item fill rate of the central stock, except from that we do not need to 
make the distinction between different part types for the local stock. 

Average Transportation Time Stocking Point - Customer 
For determining the average transportation time from a stocking point to a customer, we assume that 
each customer is assigned to zero or one local stocking point. Each local stocking point can have one 
or more customers assigned to it. To determine the average transportation time, we need to know the 
transportation time from a customer to a stocking point, for each customer that is assigned to a stocking 
point. We assume that this time is more or less constant for each combination of customer and stocking 
point. If we add the transportation times up and divide it by the number of customers that are assigned 
to a stocking point, we have the average transportation time. 

Applying this to Stork PMT means that we have to know the number of customers assigned to a local 
stocking point, and the transportation time from each customer to the local stocking point. 
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Diagnose Parameters 
The mechanic diagnose parameter equals the fraction of calls for mechanic support that cannot be 
diagnosed without advice times the average time it takes to make an initial analysis for a mechanic call. 
To determine the fraction of calls for mechanic support that cannot be diagnosed without advice, we 
count all mechanic calls that need advice from a process specialist and all mechanic calls that need advice 
from an engineer, add those two up, and divide this by the total number of mechanic calls. To do so, we 
need to to record all calls and the steps that each call takes. 

To determine the mechanic analysis time we have to measure the start time and end time of the initial 
analysis of each mechanic call. For the start time, we can use the time that a call arrives at Stork. 
The analysis phase ends either by a diagnose for the customer, or by a request for advice. If the person 
answering the call writes down his initial diagnose in the information system, we can use the time he does 
this as the end time. For the electronic diagnose rate, we take the same approach as for the mechanic 
diagnose rate. 

Applying this to Stork PMT means that we have to expand the call registration system we discussed 
earlier. First, we have to register for each call if it is mechanic or electronic. Second, we have to register 
for each call what the result is of the analysis phase. Third, we have to register the start time of a call, 
and fourth, we have to register the end analysis time. The nature of the call (mechanic or electronic) 
should be chosen upon entering a call in the system, the time this is entered is the start-time of the call. 
The result of the analysis phase should also be entered in the system. The time this is entered is the end 
time of the analysis phase. 

Advice Parameters 
The engineer advice parameter equals the average time an engineer needs to give an advice on a call 
times the fraction of advice requests the engineer cannot diagnose and therefore need a service visit. 

The average advice time can be calculated by subtracting the end time from the begin time of each call. 
The end time equals the time the engineer puts his diagnose into the information system. The begin 
time equals end time of the initial diagnose phase we determined in section K. 

To measure the fraction of calls an engineer cannot diagnose, we have to record for each advice request 
who is the advisor and if this person is an engineer or a process specialist. Furthermore, we have to 
record the result of the advice: a diagnose or no diagnose. Now we can calculate the fraction of calls 
an engineer cannot diagnose by counting the number of calls of an engineer that resulted in no diagnose 
and divide this by the total number of calls of the engineer. For measuring the process specialist advice 
parameter, we use a similar approach as for the engineer advice rate. 

Applying this to Stork PMT means further expanding the call registration system to include the diagnose 
of the engineer and the time this diagnose is made. 

Waiting Times 
In order to measure the average waiting time for an engineer, we have to measure when the waiting 
starts and ends. The waiting time starts when a customer is informed that a call cannot be diagnosed by 
telephone. This time should be recorded in the information system. The waiting ends when the engineer 
starts his trip to the customer. This time should be entered in the information system by the planner. 
We can now calculate the average by summing all waiting times of all engineers in a certain time period 
and divide this by the number of service visits in that period. For determining the average waiting time 
for a process specialist we take the same approach. 

Applying this to Stork PMT means expanding the call registration system to include the time the 
engineer or process specialist is available. This time should be entered into the system by the planner. 
The start waiting time is the time the diagnose is made and reported to the customer. This time is 
already recorded to calculate the external performance indicators. 
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Average Visit Diagnose Time 
We determined how to measure the visit diagnose time in section K. We can calculate the average by 
summing all visit diagnose times and divide this by the number of visits. Applying this to Stork PMT 
means we have to record the start diagnose time and the end diagnose time of each visit. 

Average Solving Time Software Problems 
We determined how to measure the solving time of a software problem in section K. To calculate the 
average, we need to count the number of software problems that need solving in a certain time period 
and divide the sum of all solving times in that period by it. 

Average Update Time Online Documentation 
We determined how to measure the update time for the online documentation in section K. We can 
calculate the average by dividing the sum of all update times in a given period by the number of changes 
in the same period. 

(Machine) Critical Failure Rate 
To determine the critical failure rate we have to record all critical failures in a given time period and the 
total production time of that time period. If it is possible to extract the number of critical failures from 
the information system of the customer, this is preferable. If not, the critical failures should be written 
down by the plant manager or maintenance manager and confirmed by the local engineer. 

The critical failure rate can be calculated by dividing the number of critical failures by the total produc
tion time. For the machine critical failure rate we can use a similar approach. We already determined 
how to implement this for Stork PMT by describing implementation of the external Pl's Average OLE 
and Average OME. 

Engineer Parameter 
The engineer Parameter equals the average time it takes the engineer working at a customer to analyse a 
failure, times the average fraction of failures the engineer can diagnose without help from the helpdesk. 
To measure the average analysis time, we have to measure the start time and end time of each analysis. 
To measure the fraction of failures an engineer can diagnose without help we have to measure the total 
number of failures and te total number of helpdesk calls. Measuring both the analysis time and the 
fraction of failures analyzed without help is complicated, as we will discuss below. 

For line critical failures, the start time of the analysis equals the time the line breaks down. This time 
can be extracted from the production control system of the customer. For machine critical failures, the 
start time of the analysis does not necessarily have to equal the breakdown time, because a customer can 
decide to keep producing with a broken piece of equipment, or the engineer can decide to postpone the 
repair because he has other priorities. The only possibility for measuring the start time, is recording it 
manually. This is not desirable because the person writing down the start time ( the engineer) is also the 
person who's performance is measured by the performance measure. Therefore, we cannot incorporate 
machine critical failures in the measure and only use the data from line critical failures. Only using 
the data of line critical failures is not desirable either, because this reduces the amount of data to be 
incorporated in the measure and therefore the accuracy. 

Analysis ends for both line critical failures and machine critical failures in ordering of parts for the repair. 
Therefore, the end time of the analysis equals the order time of the spare parts (which equals the start 
time of the Downtime Waiting Parts measure determined in section K. Total number of failures can be 
extracted from the production control system of the customer. The total number of helpdesk calls can 
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be measured internally. This requires that each call from a local Stork engineer is recorded, just like the 
calls of a customer, and that the engineer has to use the helpdesk and not his internal contacts at Stork 
to get support. The latter will be extremely difficult to achieve: if a local engineer knows who will know 
the answer to his problem, we cannot expect him to call the helpdesk instead of the person with the 
answer. 

Because of the two difficulties in measuring, we do not believe that it is possible to get a reliable measure. 
Therefore, we suggest not using the KPI Engineer Parameter until a solution to both measurement 
problems is found. 

Internal Performance Indicators Full Service 
We already have discussed measurement of the average actual speed efficiency in section K, the average 
quality rate and the average occupation rate in section K, and the average Speed Efficiency and Average 
Quality Rate Further Processing in section K. 
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Appendix L 

Software Systems used by Stork 
PMT 

Stork PMT uses the following software systems: 

Finance/LqJfstietl 

SAP HR 

MEDUSA 

AUTOCAD 

SAP 
Engineering 

Systems 
Applications 

Data Base Products 

Service Feedback System 

Office auto (02K) 

NT/2000, W98, Unix, Apple (planning out) 

Figure 1.1: Software Systems used by Stork PMT 

RTS 
Reflex 
Time 

System 

4D 

DMG 
Database 
Machine 

Gegevens 

Easy 
Archive 
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Appendix M 

Process Models Stork PMT 
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Telephonic Support 

Figure M.3: Telephonic Support Process 
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Appendix N 

Definitions External Performance 
Indicators 

Definition 

Purpose 

Relates to 
Target 
Calculation 

Frequency 
Who measures? 
Source of data 
Who acts on the data? 
What do they do? 

Notes and Comments 

Total Cost of Additional Spares 
The total sum of money a customer has to spend on spare parts to correct 
breakdowns or to perform maintenance, on the (group of) equipment in 
the contract of the customer, excluding the parts for periodic preventive 
maintenance. 
Predict the maintenance costs for the customer and motivate both Stork 
and the customer to minimize maintenance costs 
Minimizing Total Cost of Ownership 
Service Level Agreement 
1) Extract from table 5 the machines in the contract. 2) Extract table 
1 for each machine in the contract from PLM. 3) Extract table 4 for 
each machine in the contract and the right time interval from SAP. 4) 
Calculate cost of spares for each machine and each line in table 4 by: 

table4.quantity * table! a t •t * 
t a ble l.quantity+ta bl e l.quantitya .qu n i Y 

* table4.price (N.l) 

5) Sum the cost of spares over all lines and all machines. 
Quarterly 
Performance Measurement Tool 
SAP and PLM 
Service Area Manager 
Inform head of service department of deviations. Discuss twice a year 
with customer. Execute consequences of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
initiatives. 
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Definition 

Purpose 
Relates to 
Target 
Calculation 

Frequency 
Who measures? 
Source of data 
Who acts on the data? 
What do they do? 

Notes and Comments 

Definition 

Purpose 
Relates to 
Target 
Calculation 

Frequency 
Who measures? 
Source of data 
Who acts on the data? 
What do they do? 

Notes and Comments 
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Order Delivery Time 
The time between placing a spare parts order for consumable parts 
and/or breakdown parts and delivery of the order at the customer site. 
Providing the customer with reliable delivery times 
Minimizing total stock in the chain and optimizing timing of orders 
Service Level Agreement 

Measure continuously; evaluate quarterly 
Performance Measurement Tool 
SAP and Transparex 
Service Area Manager 

(N.2) 

Inform head of service department of number of orders that are delivered 
too late. Execute consequences of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
initiatives. 

A vemge Order Delivery Time 
The average time between placing a spare parts order of a customer at 
Stork and delivery of the order at the customer site over all spare parts 
orders for consumable parts and/or breakdown parts in a certain time 
period. 
Providing the customer with reliable delivery times 
Minimizing total stock in the chain and optimizing timing of orders 
Service Level Agreement 

Quarterly 
Performance Measurement Tool 
SAP 
Service Area Manager 

(N.3) 

Inform head of service department of deviations. Execute consequences 
of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
initiatives. 
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Downt im e Waiting Parts 
The time a machine is down because of a breakdown, because the cus
tomer is waiting for spare parts from Stork to repair it. 
Providing the customer with downtime guarantees 
Minimizing total downtime and total stock in the chain 
Service Level Agreement 

Where AT P0 , 8 k = 1 if the ATP check for order o at local stocking point 
Sk is positive ( all parts are on stock) , and AT Po, Sk = 0 if the ATP 
check for order o at local stocking point Bk is negative 
Measure continuously; evaluate quarterly 
Performance Measurement Tool 
SAP, Transparex 
Service Area Manager 
Inform head of service department of number of downtime orders that 
are delivered too late. Execute consequences of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
initiatives. 

Avemge Downtime Waiting Parts 
T he average time a machine of a customer is down because of a break
down, because the customer is waiting for spare parts from Stork to 
repair the machine. 
P roviding the customer with downtime guarantees 
Minimizing total downtime and total stock in the chain 
Service Level Agreement 

'°' DWP DW p - L.,o k Ok 
av,k - Ok 

Quarterly 
Performance Measurement Tool 
SAP, Transparex 
Service Area Manager 

(N.5) 

Inform head of service department of deviations. Execute consequences 
of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
init iatives. 
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Relates to 
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Calculation 

Frequency 
Who measures? 
Source of data 
Who acts on the data? 
What do they do? 

Notes and Comments 
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Purpose 

Relates to 
Target 
Calculation 

Frequency 
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Source of data 
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What do they do? 

Notes and Comments 

138 

Call Diagnose Time 
The time between taking a call of a customer and finishing the call. A 
call can be finished in two ways: a diagnose is made or a service visit is 
needed. 
Providing the customer with guarantees on the time it takes to diagnose 
a problem 
Minimizing total downtime 
Service Level Agreement 

CDTc = Tdc - Tstartc 

Measure continuously; evaluate quarterly 
Performance Measurement Tool 
Call Registration System 
Service Area Manager 

(N.6) 

Inform head of service department of number of calls that are diagnosed 
too late. Execute consequences of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
initiatives. 

Average Call Diagnose Time 
The average time between taking a call of a customer and finishing the 
call. A call can be finished in two ways: a diagnose is made or a service 
visit is needed. 
Providing the customer with guarantees on the time it takes to diagnose 
a problem 
Minimizing total downtime 
Service Level Agreement 

" CDT CDT - L,Ck Ck 
av,k - Ck 

Quarterly 
Performance Measurement Tool 
Call Registration System 
Service Area Manager 

(N.7) 

Inform head of service department of deviations. Execute consequences 
of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
initiatives. 
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STORK® 
Diagnose Fraction 

The fraction of calls of a customer that is finished by diagnosing the 
problem by telephone in a given time period. 
Providing the customer with guarantees on the quality of the telephonic 
support 
Minimizing total downtime 
Service Level Agreement 

DFk = anak,di 
anak,di + anak,ap + anak,ae 

Quarterly 
Performance Measurement Tool 
Call Registration System 
Service Area Manager 

(N.8) 

Inform head of service department of deviations. Execute consequences 
of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
initiatives. 

Solving Time Software Problems 
The time between diagnosing a software problem and fixing the problem. 
Providing the customer with guarantees on the time it takes to solve a 
software problem 
Minimizing total downt ime 
Service Level Agreement 

CSSc = MAX(Tdc ,Tvc) -Tendc 

Measure continuously; evaluate quarterly 
Performance Measurement Tool 
Call Registration System 
Service Area Manager 

(N.9) 

Inform head of service department of number of software problems that 
are solved too late. Execute consequences of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
initiatives. 
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Diagnose Time Service Visit 
The time between finishing the call that causes the service visit and 
diagnosing the problem on site. 
Providing the customer with guarantees on the time it takes to diagnose 
a problem 
Minimizing total downtime 
Service Level Agreement 

Measure continuously; evaluate quarterly 
Performance Measurement Tool 
Call Registration System 
Service Area Manager 

(N.10) 

Inform head of service department of number of visits that are diagnosed 
too late. Execute consequences of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
initiatives. 

Update Time Online Documentation 
The number of days between making a change to the equipment of a 
customer (or if a customer changes the equipment himself: the number 
of days between reporting a change to Stork) and updating the online 
documentation. 
Providing the customer with up-to-date documentation of his equipment 
Up-to-date system documentation 
Service Level Agreement 

UTDu = Tuu -Tchu 

Measure continuously; evaluate quarterly 
Performance Measurement Tool 
Online Documentation System 
Service Area Manager 

(N.11) 

Inform head of service department of number of updates that are made 
too late. Execute consequences of the contract once a year. 
Head of service department can investigate the cause of deviations with 
help of the internal performance indicators and can start improvement 
initiatives. 
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A vemge Opemtional Line Effectiveness 
The average fractional performance of the production line. Operational 
line Effectiveness is a combination of Line Availability, Actual Speed 
Efficiency, and Shackle Availability. 
Offering the customers guarantees on available production capacity 
Operational Equipment Effectiveness 
Service Level Agreement 

OLEi = Toni -Tstop1 * v1,av * SHoJJ1 

Toni Videal1 SH1 

Measure continuously; evaluate quarterly 
Performance Measurement Tool 
PDSNT 
Service Area Manager, local engineer 

(N.12) 

Service Area Manager informs head of service department of number 
of deviations, discusses the performance twice a year with customer, 
and executes consequences of the contract once a year. Local Engineer 
responds on abnormalities and deviations in between measurement and 
informs the Service Area Manager. 
Deviations should be observed as soon as possible. Therefor, the Service 
Area Manager, the local engineer and the head of the service department 
have to work closely together. The local engineer can discuss deviations 
with the customer. However, if large deviations occur, the Service Area 
Manager should visit the customer to discuss how the performance can 
be improved 

Avemge Opemtional Machine Effectiveness 
The fractional performance of ( a group of) equipment in a production 
line. Operational Machine Effectiveness is a combination of Availability, 
Quality Rate, and Occupation Rate. 
Offering the customers guarantees on available production capacity 
Operational Equipment Effectiveness 
Service Level Agreement 

Tone NOBqe 
OMEe = TPe * NOBin 

Measure continuously; evaluate quarterly 
Performance Measurement Tool 
PDSNT 
Service Area Manager, local engineer 

(N.13) 

Service Area Manager informs head of service department of number 
of deviations, discusses the performance twice a year with customer, 
and executes consequences of the contract once a year. Local Engineer 
responds on abnormalities and deviations in between measurement and 
informs the Service Area Manager. 
Deviations should be observed as soon as possible. Therefor, the Service 
Area Manager, the local engineer and the head of the service department 
have to work closely together. The local engineer can discuss deviations 
with the customer. However, if large deviations occur, the Service Area 
Manager should visit the customer to discuss how the performance can 
be improved 

141 



STORK® 

142 



STORK® 

Appendix 0 

Definitions Internal Performance 
Indicators 

Definition 

Purpose 
Relates to 

Target 
Calculation 

Frequency 
Who measures? 
Source of data 
Who acts on the data? 
What do they do? 
Notes and Comments 

Item Fill Rate Part Type 
The fraction of parts from a part type ( consumable, consumable/break
down, or revision) that Stork can deliver directly from stock. 
Control stock 
(Average) Order Delivery Time, (Average) Downtime Waiting Parts, Av
erage Operational Equipment Effectiveness, Average Operational Line 
Effectiveness 
To be determined 

/3 
- ~ MIN(OQr, SLr) 

abc - L..; OQr 

Vr E Rabe : ABCr = abc 

Monthly 
Performance Measurement Tool 
SAP 
Head of service Department 
Search for cause of deviations and improvement opportunities. 

(0.1) 
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Average Part Purchase Time 
The average time that is spend on purchasing one SKU (independent of 
the order quantity of that SKU). 
Control planners 
(Average) Order Delivery Time, (Average) Downtime Waiting Parts, Av
erage Operational Equipment Effectiveness, Average Operational Line 
Effectiveness 
To be determined 

Monthly 

OPPTav = Lr MAX(IOir,IOEr) - IRr 
R 

Performance Measurement Tool 
SAP 
Head of service Department 

(0.2) 

Discuss deviations with planners and search for cause of deviations and 
improvement opportunities. 

Average Internal Part Delivery Time 
The average time between ordering a part from the production depart
ment and delivery of the part. 
Control production department 
(Average) Order Delivery Time, (Average) Downtime Waiting Parts, Av
erage Operational Equipment Effectiveness, Average Operational Line 
Effectiveness 
To be determined 

Monthly 

JP Dav= Lr JDir - JOir 
R 

't:/r E Rprod: IDir > 0 

Performance Measurement Tool 
SAP 
Head of service Department 

(0.3) 

Discuss performance with head of production department and search for 
improvement opportunities. 
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STORK® 
Average Order Line Expedition Time 

The average time an order spends at the expedition department , divided 
by the number of order lines in the order. 
Control expedition department 
(Average) Order Delivery Time, (Average) Downtime Waiting Parts, Av
erage Operational Equipment Effectiveness, Average Operational Line 
Effectiveness 
To be determined 

OETav = L OLT0 - ODT0 

Ro 
0 

Monthly 
Performance Measurement Tool 
SAP 
Head of service Department 
Discuss deviations with head of expedition department. 

Average Arrange Shipment Time 
The average time spend on arranging transportation for an order. 
Control export department 

(0.4) 

(Average) Order Delivery Time, (Average) Downtime Waiting Parts, Av
erage Operational Equipment Effectiveness, Average Operational Line 
Effectiveness 
To be determined 

OEXTav = L ODC0
;; OJT0 

Monthly 
Performance Measurement Tool 
SAP 
Head of service Department 

0 

(0.5) 

Discuss deviations with I&U and search for improvement possibilities. 

Item Fill Rate Local Stock 
The fraction of items that can be delivered directly from the local stock. 
Control local stock 
(Average) Downtime Waiting Parts, Average Operational Equipment 
Effectiveness, Average Operational Line Effectiveness 
To be determined 

(3 
= ~ M IN(OQr, SLr,s) 

s ~ OQr 

'vr E Rs : skr = s 

Monthly 
Performance Measurement Tool 
SAP 
Head of service Department 
Search for cause of deviations and improvement opportunities. 

(0.6) 
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Average Transportation Time Stocking Point - Customer 

Definition 
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The average time it takes to transport a part from a local stocking point 
to a customer assigned to this stocking point, over all customers assigned 
to a local stocking point. 
Control performance local stocking points 
(Average) Downtime Waiting Parts, Average Operational Equipment 
Effectiveness, Average Operational Line Effectiveness 
To be determined 

Monthly 
Performance Measurement Tool 
SAP 
Head of service Department 
Search for improvement opportunities. 

Mechanic Diagnose Parameter 

(0.7) 

The fraction of calls for mechanic support that cannot be diagnosed 
without advice from an engineer or process specialist, times the average 
time it takes to make an initial analysis of a mechanical call. 
Control mechanic helpdesk 
(Average) Call Diagnose Time, Average Operational Equipment Effec
tiveness, Average Operational Line Effectiveness 
To be determined 

anam di* '°°'c Tac -Tstratc 
MDP= ' L, m "' "' 

anam,di + anam,ap + anam,ae 

Monthly 
Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.8) 

Discuss performance with mechanic helpdesk, and search for improve
ment opportunities. 
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Notes and Comments 

STORK® 
Electronic Diagnose Parameter 

The fraction of calls for electronic support that cannot be diagnosed 
without advice from an engineer or process specialist, times the average 
time it takes to make an initial analysis of an electrical call. 
Control electronic helpdesk 
(Average) Call Diagnose Time, Average Operational Equipment Effec
tiveness, Average Operational Line Effectiveness 
To be determined 

Monthly 

ELDP = anam,di * L e,,. Tac,,. - Tstratc,,. 
anam,di + anam,ap + anam,ae 

Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.9) 

Discuss performance with electronic helpdesk, and search for improve
ment opportunities. 

Engineer Advice Parameter 
The average time an engineer needs to give an advice on a call , t imes the 
fraction of advice requests the engineer cannot diagnose ( and t herefore 
need a service visit). 
Control performance engineers 
(Average) Call Diagnose Time, Average Operational Equipment Effec
tiveness, Average Operational Line Effectiveness 
To be determined 

Monthly 

EAP = eanav * L e MAX (TPc, Tee) - Tac 
eanav + eanad 

Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.10) 

Discuss performance with engineers, and search for improvement oppor
tunities. 
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Process Specialist Advice Pammeter 
The average time a process specialist needs to give an advice on a call, 
times the fraction of advice requests the process specialist cannot diag
nose (and therefore need a service visit). 
Control performance process specialists 
(Average) Call Diagnose Time, Average Operational Equipment Effec
tiveness, Average Operational Line Effectiveness 
To be determined 

Monthly 

PAP = panav * Le MAX(TPc , Tee) - Tac 
panav + panad 

Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.11) 

Discuss performance with process specialists, and search for improve
ment opportunities. 

A vemge Engineer Waiting Time 
The average time a customer has to wait for an engineer to become 
available for a service visit. 
Control reaction speed engineers 
Service Visit Diagnose Time, Average Operational Equipment Effective
ness, Average Operational Line Effectiveness 
To be determined 

Monthly 

EWTav = I:;cTvec -Tee 
C 

Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.12) 

Discuss performance with planner, and search for improvement oppor
tunities. 
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STORK® 
Average Process Specialist Waiting Time 
The average time a customer has to wait for a process specialist to 
become available for a service visit. 
Control reaction speed process specialists 
Service Visit Diagnose Time, Average Operational Equipment Effective
ness, Average Operational Line Effectiveness 
To be determined 

Monthly 
Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.13) 

Discuss performance with planner, and search for improvement oppor
tunities. 

Average Engineer Traveling Time 
The average time an engineer has to t ravel for a service visit. 
Control waiting time for service visits 
Service Visit Diagnose Time, Average Operational Equipment Effective
ness, Average Operational Line Effectiveness 
To be determined 

ETTav = ~ cToec -Tvec 
C 

Monthly 
Performance Measurement Tool 
Call Registration System 
Head of service Department 
Search for improvement opportunities. 

Average Process Specialist Traveling Time 

(0.14) 

The average time a process specialist has to travel for a service visit. 
Control waiting time for service visits 
Service Visit Diagnose Time, Average Operational Equipment Effective
ness, Average Operational Line Effectiveness 
To be determined 

Monthly 
Performance Measurement Tool 
Call Registration System 
Head of service Department 
Search for improvement opportunities. 

(0.15) 
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Definition 

Purpose 
Relates to 

Target 
Calculation 

Frequency 
Who measures? 
Source of data 
Who acts on the data? 
What do they do? 

Notes and Comments 

Average Visit Diagnose Time Engineer 
The average time it takes an engineer to make a diagnose during a service 
visit. 
Control local performance engineers and process specialists 
Service Visit Diagnose Time, Average Operational Equipment Effective
ness, Average Operational Line Effectiveness 
To be determined 

Monthly 

V DTav = I:c Tvc - Toec 
C 

Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.16) 

Discuss performance with engineers and process specialists, and search 
for improvement opportunities. 

Average Visit Diagnose Time Process Specialist 
Definition 

Purpose 
Relates to 

Target 
Calculation 

Frequency 
Who measures? 
Source of data 
Who acts on the data? 
What do they do? 

Notes and Comments 
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The average time it takes a process specialist to make a diagnose during 
a service visit . 
Control local performance engineers and process specialists 
Service Visit Diagnose Time, Average Operational Equipment Effective
ness, Average Operational Line Effectiveness 
To be determined 

Monthly 
Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.17) 

Discuss performance with engineers and process specialists, and search 
for improvement opportunities. 
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STORK® 
Average Software Problem Solving Time 
The average time between diagnosing a software problem that should be 
solved by Stork and solving the problem. 
Control performance programmers 
Software Problem Solving Time, Average Operational Equipment Effec
tiveness, Average Operational Line Effectiveness 
To be determined 

CCSav = t C~Sc 

Monthly 
Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.18) 

Discuss performance with programmers, and search for improvement 
opportunities. 

Average Visit Diagnose Time 
The average time it takes to make a diagnose during a service visit. 
Control local performance engineers and process specialists 
Service Visit Diagnose Time, Average Operational Equipment Effective
ness, Average Operational Line Effectiveness 
To be determined 

Monthly 
Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.19) 

Discuss performance with engineers and process specialists, and search 
for improvement opportunities. 

Average Update Time Online Documentation 
Definition 

Purpose 
Relates to 
Target 
Calculation 

Frequency 
Who measures? 
Source of data 
Who acts on the data? 
What do they do? 

Notes and Comments 

The average number of days it takes Stork to update the online docu
mentation after a change to the equipment of the customer. 
Control accuracy installed base 
Update Time Online Documentation 
To be determined 

Monthly 

UT Dav = 1:" Tu,, - Tch,, 
u 

Performance Measurement Tool 
Call Registration System 
Head of service Department 

(0.20) 

Discuss performance with department responsible for online documen
tation, and search for improvement opportunities. 
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Critical Failure Rate 
The average number of critical failures of a line per time unit operating. 
Control performance line 
Average Operational Line Effectiveness 
To be determined 

Monthly 
Performance Measurement Tool 
PDSNT 
Local engineer 

(0.21) 

Discuss performance with customer and inform SAM in case of large 
deviations 
SAM can discuss large deviations with customer to search for improve
ment opportunities 

A vemge Line Speed Efficiency 
The average fractional deviation from the desired line speed of a line. 
Control performance line 
Average Operational Line Effectiveness 
To be determined 

Monthly 

LSE1 = ½,av 
Videal1 

Performance Measurement Tool 
PDSNT 
Local engineer 

(0.22) 

Discuss performance with customer and inform SAM in case of large 
deviations 
SAM can discuss large deviations with customer to search for improve
ment opportunities 
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STORI.,® 

Machine Critical Failure Rate 
The average number of critical failures on a piece of equipment per time 
unit operating. We define a critical failure as a failure that prevents the 
equipment from operating, while the line the equipment is part of keeps 
running. 
Control performance Equipment 
Average Operational Equipment Effectiveness 
To be determined 

CFR = CFe 
e TPe 

Monthly 
Performance Measurement Tool 
PDSNT 
Local engineer 

(0.23) 

Discuss performance with customer and inform SAM in case of large 
deviations 
SAM can discuss large deviations with customer to search for improve
ment opportunities 

Average Quality Rate 
The average fraction of birds processed by ( a group of) equipment that 
meets the specifications of the equipment. 
Control performance Equipment 
Average Operational Equipment Effectiveness 
To be determined 

Monthly 

QRe = NOBqe 
NOBoute 

Performance Measurement Tool 
PDSNT 
Local engineer 

(0.24) 

Discuss performance with customer and inform SAM in case of large 
deviations 
SAM can discuss large deviations with customer to search for improve
ment opportunities 
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Average Occupation Rate 
The average fraction of birds that does not fall off the shackle during 
the operations on the equipment. 
Control performance Equipment 
Average Operational Equipment Effectiveness 
To be determined 

Monthly 

ORe = NOBoute 
NOBine 

Performance Measurement Tool 
PDSNT 
Local engineer 

(0.25) 

Discuss performance with customer and inform SAM in case of large 
deviations 
SAM can discuss large deviations with customer to search for improve
ment opportunities 




