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I Abstract  

In this research a framework is developed which guides the outsourcing of the maintenance 

of production systems. The model can be used to determine the costs which are applicable 

for maintenance outsourcing. To be able to achieve this, the decision which should be made 

beforehand is: which maintenance decisions should are applicable for which production 

systems and with what contract type. Next to be able to measure the performance of 

maintenance service provider, contract hours and failure type are introduced. Hereafter the 

costs of the different maintenance scenarios and availability are compared to determine the 

best maintenance scenario and contract type. This framework can be used to make structure 

maintenance outsourcing decisions and is applied to a case study. 
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III Executive Summary  

This report represents the results of a master thesis conducted at HEINEKEN in 

Zoeterwoude. 

Introduction 

The HEINEKEN brewery in Zoeterwoude is responsible for a big slice of the production of 

beer for HEINEKEN in the world. To be able to produce, maintaining of the production 

systems is important to ensure the availability of the production systems.  In the last years, 

the brewery has increased its productivity (FTE/HL) which has introduced tensions with 

regards to the amount of maintenance activities that can be done during peak periods. In the 

vision for 2018, it is required for the productivity to increase further. To do this, the 

management of the brewery has decided on pursuing three strategies: increase the use of 

robots, training operators to increase efficiency and the outsourcing of maintenance to 

increase availability of machinery and reduce costs. In this thesis the focus is on the last 

strategy, the outsourcing of maintenance of production systems. 

The outsourcing of maintenance of production systems can be divided into three sub-

problems:  (1) selection of the maintenance to be outsourced, (2) selection of the contract 

types and (3) selection of the maintenance service providers. As selection of maintenance 

providers is regulated by HEINEKEN Nederland, this was outside the scope of this research. 

The use of different contract types is however limited and decisions made to outsource 

maintenance are often based on short term needs. This thesis introduces a framework 

through which these decisions can be made and ensures a structured approach to 

maintenance outsourcing. 

Research problem 

The following research statement has been formulated which has to be answered, for a 

structure approach to outsource maintenance for HEINEKEN Zoeterwoude: 

The development of a decision model which determines the best contract for the 

outsourcing of maintenance of a production system at HEINEKEN in terms of 

cost/availability. 

This decision model has been developed and sub-research questions have been answered.  

Research Framework 

The research methodology of Mitroff et al. (1974) is used to develop the decision model. The 

methodology consists of four stages, (1) conceptualization, (2) modelling, (3) model solving 

and (4) implementation. In this research implementation the implementation of the framework 

was out of scope, however advice is given on how to implement the framework in the 

recommendations (12.2) was out of scope of this master thesis. In the following Figure, the 

developed decision model and the research methodology of Mitroff et al. (1974) is combined 

to provide an extensive overview of this thesis: 
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Results 

The framework which has been developed for the outsourcing scenario consists of five 

decision points. The first three decisions are based on the strategic environment of a 

company. The last two decisions are based on the measurability and the costs of the 

different maintenance scenarios.  In the first decision point, a decision should be made to 

determine which maintenance scenarios are possible to implement in the organization, 8 

different scenarios are presented as possible maintenance scenarios. The next step is to 

decide for which production systems maintenance outsourcing should be considered, with 

regards to the maintenance capability of the organization and the competitive advantage 

provided by the production system. In the third step, the different contract types are 

presented and based on their advantages and disadvantages, applicable contract types 

should be decided on. The performance of the maintenance service provider should however 

still be measurable for the outsourcing to be able to be considered as the MSP otherwise will 

be able to take advantage of HEINEKEN. Finally, the costs of all scenarios are calculated 

and the best solution based on costs and the availability of the production system is to be 

implemented. 

The framework has been tested at the maintenance department of the HEINEKEN brewery 

in Zoeterwoude. As described in the introduction, it was important to increase productivity 

and ensure continued performance during peak maintenance demand. These peaks cause 

mostly an increase in the maintenance executions (D-3), so only maintenance scenarios 

which outsource the maintenance execution (D-3) should be outsourced for HEINEKEN. The 
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palletizers where chosen as a test case for the framework. Two maintenance scenarios were 

investigated, in-house maintenance (the presently used scenario) and a scenario where all 

maintenance decisions are outsourced. All contract types are considered for the case to 

ensure an extensive test for the framework.  

To test the framework, the next question which needed to be answered was how the 

maintenance service provider’s performance could be determined by HEINEKEN. At 

HEINEKEN the performance of the maintenance service provider is the amount of technical 

downtime during actual production time (as defined in OPI-Nona). Even though, it was 

technically possible to measure technical downtime, due to problems with the ambiguity of 

the registration of the technical downtime, the results were not accurate. As a result only 

20% of the registered downtime could be confirmed as a technical downtime, while the other 

causes were more ambiguous and technical availability of the systems was higher in the 

initial scenario than 99%.   

The costs of the two scenarios and the different contract types were compared. A contract 

length of 2 years, with 8 expected contract adaptation during the contract length was 

considered. The potential benefit of the outsourced maintenance (reducing the downtime/ 

reducing direct maintenance costs) was not worth the increase in overhead costs and 

HEINEKEN should thus look at other production systems or maintenance scenarios to 

ensure their increase in productivity. However if the palletizers would still be outsourced, it 

was found that a fixed contract has the lowest indirect costs for the palletizers and would be 

the best solution if the contract price would be similar.  

Conclusion and recommendation 

The framework can be used to guide HEINEKEN to make structured maintenance 

outsourcing decisions, as shown in the thesis. HEINEKEN should continue to implement the 

framework for maintenance outsourcing, through investigating the other production systems 

as well as for other maintenance scenarios. As described, the ambiguity in the registration of 

breakdowns makes determining the performance of the maintenance service provider a time 

consuming process and a new method should be developed. Furthermore, the data 

collection methods for the costs of the different contract phases can be improved and should 

be further investigated. 
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1. Introduction 
This master thesis is conducted at the HEINEKEN brewery in Zoeterwoude. In this chapter 

the company will be introduced, the research topic will be described and research design 

explained. To conclude the rest of the report will be outlined.  

1.1 Company Introduction 
This master thesis is conducted at the HEINEKEN brewery in Zoeterwoude. This brewery is 

part of HEINEKEN Nederland Supply which is responsible for the production of 17 million 

hectoliter beer, for the Dutch market (25%) and 170 other countries in the world. The 

Brewery has four big departments: the Brewery, Packaging, Technology & Quality and 

Technical departments. The brewery has also 3 staff departments: Human Resources, 

Safety, Health & Environment and Total Productive Management (TPM) (Figure 1).  

Heineken Zoeterwoude
 

Brewery
 

Packaging
 

Technology
& Quality 

Technical
 

Maintenance 
groups

Projects
 

Rayon 1
 

Rayon 2
 

Rayon 3
 

Rayon 4
 

Rayon Brewing 
 

Rayon Energy
 

Staff 
Departments

 

 

Figure 1 - HEINEKEN Zoeterwoude Organogram 

This thesis is written by request from the technical department of HEINEKEN Zoeterwoude, 

that is further divided in maintenance groups and the project department. Results of this 

thesis will not be limited to the technical department since it has many implications for the 

other departments (especially Packaging and Brewery).  

Both the Brewery and Packaging department are organized in rayons. Brewing has two 

rayons, Brewing and Energy. Packaging consists of four rayons, numbered 1, 2, 3 and 4.  

Rayons are managed by a Rayon manager and include multiple lines with production 

systems (or in the case of the energy rayon different utilities). Rayon managers and the 

rayon technician (employee with specific technical skills & knowledge) are responsible for the 

budget, maintenance plan and performance of the multiple lines within their rayon. These 

responsibilities cause the rayon manager to work closely with the technical department. The 
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technical department supplies the manpower needed to complete most maintenance 

activities (This will be further explained in 1.1.2).  

Rayon Manager
 

Maintenance Group Manager
 

Teamleader 2
 

Teamleader 3
 

Teamleader 1
 

Electrical 
Technician

 

Mechanical 
technician

 

Rayon Technician
 

Maintenance Group
Coordinator 

Morning Meeting

 

Figure 2 - Organogram Rayons and Maintenance groups 

In the morning the rayon technicians together with the coordinators of the maintenance 

groups meet up to discuss the different work orders which are generated (Figure 2). Work 

orders are maintenance activities which still have to be completed. These maintenance 

activities can either be corrective, preventive or a modification activity. Corrective 

maintenance (CM) activity at HEINEKEN is when a repair is needed for a part or system in 

failure. HEINEKEN has 3 types of corrective maintenance, i.e. repair without production 

holdup, breakdown and repair after inspection. The first two types are when a machine has 

failed and the machine cannot operate without a repair. A breakdown causes production hold 

up of more than 5 minutes. A repair after inspection is done the next time a machine is not 

producing.  

Preventive maintenance (PM) activities are completed by both the operators and the 

technicians, depending on their skill level. There are Cleaning, Inspection, Lubricating and 

Tightening (CILT) activities, these are completed by the operators during the normal 

operation procedure. There are also overhaul and replacement activities where the skill level 

needed is higher than with the CILT tasks. Replacements and overhauls are parts that are 

replaced based on a certain time frame or usage.    

Furthermore technicians are being employed to modify certain parts of the systems to 

improve the process. The improvements can increase production efficiency and/or decrease 

maintenance needs. The latter is called design-out maintenance (DOM) and this is employed 

when it is cost efficient to modify the machine to eliminate maintenance. 

1.1.1 Productivity goals 

In recent years HEINEKEN Zoeterwoude has embarked on multiple projects to increase the 

productivity of the brewery. Productivity is measured by the amount of hectoliters (HL) 

produced per FTE: 
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𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝐻𝐿 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

𝐹𝑇𝐸
 

One FTE is considered to be 1.640 man-hours of work done by employees and external 

hires (temporary personnel, not employees of MSPs (these are not considered FTE’s)), in 

2015 the planned FTE was 505,5. HEINEKEN has been very successful with increasing this 

productivity (Figure 3) however in recent years some issues have arisen through continued 

pressure to increase the productivity. In 2013, Zoeterwoude has begun changing the 

organization following the example of a Polish brewery. In the Polish brewery, highly skilled 

technician are operating the machineries. Through a higher technical knowledge at the 

operator position, defects and failures of the production system are supposedly earlier 

detected and resolved. This is used as an explanation of the reason the performance and 

productivity in the Polish brewery are on a very high level.  

 

Figure 3 – Yearly Productivity (HEINEKEN Zoeterwoude Business control) 

At Zoeterwoude the plan to increase the technical skills of the operators consists of two 

different strategies. Some of the current operators would be trained to increase their 

technical skills and because of natural attrition, vacancies in the packaging department would 

be filled by the maintenance technicians. The latter could be done because the new 

organizational structure would decrease the need for technicians as shown in the Polish 

benchmark brewery.  

Increasing pressure from the competitors (i.e. the new Mexican brewery of HEINEKEN) of 

the Zoeterwoude brewery has sped up the implementation of the new organization. This has 

put the brewery immediately under stress as the new skills of the operators have not been 

fully developed yet. This has caused some of the preventive maintenance tasks which are 

planned for the operators not being completed (through lack of knowledge and/or time). 

However, these tasks are important for machine functioning and the maintenance groups 

complete these tasks instead of the operators. Therefore, the maintenance groups have less 
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time to do other activities (such as DOM and PM tasks). Figure 4 shows the amount of 

backlog of all maintenance activities in 2015 per week.  

 

Figure 4 - weekly backlog 2015 (HEINEKEN OHG Dashboard week 38) 

As shown by Figure 4, the backlog is increasing as the organization is trying to improve its 

productivity. With the vision of HEINEKEN Zoeterwoude to increase the productivity with 

16% by 2018, more difficulties are expected to arise. During this time the performance of the 

brewery will also have to continue the current positive trend, even though many new product 

innovations will be introduced at Zoeterwoude. Strategies proposed by the management 

team of Zoeterwoude to increase the productivity consist of implementing more robotics, 

training operators to increase their efficiency and outsourcing maintenance practices. This 

thesis will focus on how the productivity can be increased and peak maintenance demand 

can be handled through the outsourcing of maintenance practices. In the next part the 

current situation with regards to the outsourcing of maintenance practices will be explained. 

1.1.2 Outsourcing Maintenance 

The outsourcing of maintenance is composed of multiple decisions. According to Murthy & 

Jack (2014), the owner of a system (e.g. HEINEKEN) has at least three decisions which 

have to be made when outsourcing maintenance, where a system is defined as a collection 

of interconnected elements, which degrades with age/usage.  

 What maintenance should be outsourced? 

 What should the conditions of the maintenance service contract (MSC) be? 

 How to select the best maintenance service provider? 

To develop an understanding of the possibilities for HEINEKEN to be able to increase the 

productivity by 2018, the current practices with regards to the above questions will be 

explained. 
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HEINEKEN’s outsourced maintenance 

There are varying degrees of maintenance outsourcing, a complete maintenance 

department, single/multiple systems, certain maintenance practices or none of the 

maintenance. At HEINEKEN Zoeterwoude, maintenance is outsourced when there is a 

demand for specialized skills and/ or manpower which are not available at HEINEKEN 

Zoeterwoude. HEINEKEN outsources maintenance for which specialized skills are needed 

because the skills are too costly to retain. Examples of the types of skills which are 

outsourced are the skills needed for the maintenance of measurement equipment. 

HEINEKEN has outsourced the maintenance for the measurement equipment when their 

previous maintenance staff was retiring and it was found too difficult to find the skills within 

new applicants.  

HEINEKEN’s contract types 

HEINEKEN Zoeterwoude uses many different contract types. A contract can have different 

conditions which can determine the contract type, i.e. the payments terms, guarantees on the 

performance of a system/ the maintenance and other conditions. At HEINEKEN 

Zoeterwoude the distinction between different types of Maintenance Service Contracts 

(MSC) is often made in the way the Maintenance Service Provider (MSP) is compensated for 

their service. The two dominant types of payment structures are variable payment structures 

and fixed with bonus payment structures.  

Variable payment structures are when an MSP is paid for every resource which is used. The 

resources can be the man hours spend and/ or parts and tools used. In a contract with these 

payment conditions, other conditions which determine the performance of the contract are 

often neglected. This is due to the type of maintenance for which these contracts are used is 

often the lack of manpower within the organization. The ad-hoc need of the organization is 

translated into a contract with limited conditions which governs the relationship.  

The other payment structure used by HEINEKEN Zoeterwoude at this moment, is the fixed 

with bonus payment structure. Here the company pays a fixed amount each year and a 

relatively small part of the payment is dependent on the performance of the MSP. When the 

performance of the maintenance of a MSP is less than the agreed upon performance, the 

MSP can be required to pay a fine to compensate HEINEKEN Zoeterwoude. On the other 

hand, if the MSP has performed exceptionally well, it can also earn a bonus. A contract with 

this type of payment conditions are often long term agreements and can improve 

performance and/ or imply cost savings (Ng, Ding & Yip, 2013).  

As described previously, when the variable payment structure is used often no performance 

requirements are included in the contract. This does not enforce good performance by the 

MSP. It stimulates MSPs to be less efficient to increase the revenues which are generated 

with increased resources usage. Furthermore it is suggested by Pascual, Godoy, & Figueroa 

(2013) that a more extensive agreement between two parties can increase the profit by both 

parties, through increased performance with revenue sharing. HEINEKEN Zoeterwoude 

spends more than €1 million on the outsourcing of maintenance each year. Most of the 

maintenance which is outsourced is governed by a variable contract (Figure 5).  
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Figure 5 - Yearly outsourcing budget packaging department (HEINEKEN Zoeterwoude business control) 

HEINEKEN’s maintenance service suppliers 

One party which could provide the maintenance would be the original equipment 

manufacturer (OEM). There could also be other parties who can deliver the same or even 

better service. HEINEKEN Netherlands has implemented a procedure to select the right MSP 

which has to be adhered by the brewery in Zoeterwoude. Through centralizing the selection 

procedure and the management of MSPs in a procurement department, HEINEKEN 

Nederland hopes to reduce relevant costs and increase the chance of selected the right 

supplier. The procedure requires that the brewery in Zoeterwoude contacts the procurement 

department, whenever a MSP has to be selected.  

HEINEKEN Zoeterwoude has to provide the procurement department with a requirements 

package. This includes a clear definition of the scope of the maintenance to be outsourced, 

the conditions required by HEINEKEN Zoeterwoude, MSC details and at least 3 possible 

suppliers. These suppliers are often provided by senior members of the organization which 

have extensive knowledge of the supplier field.   

The procurement department then develops the MSP selection criteria together with 

HEINEKEN Zoeterwoude. The MSP is selected after the evaluation of the criteria which were 

presented in the requirement package and the contract has been developed. Through the 

contract management department, the MSPs are monitored.  

1.2 Research Topic 
The vision for 2018 requires HEINEKEN Zoeterwoude to increase the amount of 

maintenance work which is outsourced. For this to be a long term solution HEINEKEN 

Zoeterwoude will need clear practices through which the outsourcing decision is made. The 

practices can be improved by providing structured approach to the maintenance decisions. 

The foremost outsourcing decision which can be improved is the MSC contract selection. To 

accomplish the vision of 2018, HEINEKEN Zoeterwoude has selected certain production 

systems to be outsourced as a pilot for further collaborations between HEINEKEN and 

MSPs. However continued evaluation of potential production systems which can be 
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outsourced is not conducted. Furthermore the MSP selection process is situated in the 

procurement department and thus for HEINEKEN Zoeterwoude a difficult process to 

influence, this will thus be out of scope for this research. 

1.2.1 Maintenance scenarios decision tree 

Many other possibilities for contract types exist than those which are currently being used by 

HEINEKEN Zoeterwoude. Furthermore maintenance consists of many different decision 

levels, which can be independently outsourced. Finally, HEINEKEN 

Zoeterwoude will have to continue with selecting production systems 

for which maintenance is outsourced. The decisions which are at the 

basis of the maintenance outsourcing problem which is faced by 

HEINEKEN, are presented in figure 6. The first step for HEINEKEN 

will be to determine the maintenance decisions which can be 

outsourced and what maintenance scenarios can be composed by the 

outsourcing of these decisions. This is important, as it requires the 

organization to determine the purpose of outsourcing maintenance. 

Then potential production systems for which these maintenance 

decisions could be outsourced are to be identified, as the 

maintenance decision levels might impact the production systems for 

which maintenance could be outsourced. Then a selection has to be 

made which contract types can be used. When these decisions have 

been made, two important questions have to be answered. Can the 

performance of the maintenance scenario be measured? This is to 

ensure the MSP does not take advantage of HEINEKEN and without 

this being possible the maintenance outsourcing should not be 

conducted. Finally the new maintenance scenario should be less 

costly than the current situation. Thus the last questions is, is the new 

maintenance scenario less costly than the current situation?  

 

  

Figure 6- Maintenance scenarios decision tree 
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1.3 Research Design 
As previously stated, the outsourcing process conducted by HEINEKEN might not be optimal 

because limited knowledge of the MSC possibilities. The use of different contracts and 

maintenance scenarios might improve the performance of the production systems and 

reduce the costs of the outsourced maintenance.  

1.3.2 Deliverables 

From the needs from the company, the following deliverables are to be developed during this 

master thesis.  

1. Decision model what maintenance scenarios can be used for the production systems 

at HEINEKEN Zoeterwoude 

2. A list of (K)PIs on which the MSP has to be controlled on/ for  

3. Microsoft Excel tool which shows the consequences of the different MSCs for the 

outsourcing of the maintenance of a specific production system. 

4. Decision model user guide 

5. Decision model presentation 

6. The needed responsibilities and duties within HEINEKEN and the MSP with regards to 

the different MSCs 

1.3.1 Research statement 

The following research statement is formulated as the most important to be able to provide 

the deliverables.  

The development of a decision model which determines the best contract for the 

outsourcing of maintenance of a production system at HEINEKEN in terms of 

cost/availability. 

In the following paragraphs the research questions are stated which need to be answered 

before the decision model can be developed. Production systems have many different 

maintenance activities which consist of many different decision for which outsourcing might 

be beneficial for HEINEKEN. This is connected to deliverable 1. To determine which 

maintenance decisions should be outsourced, the following question will first have to be 

answered: 

RQ1: What maintenance decisions can be outsourced? (Chapter 2) 

HEINEKEN has many production systems which all have maintenance which can be 

outsourced. However not all production systems can be outsourced at once. HEINEKEN will 

thus have to select certain production systems which will first follow the steps in the 

framework.  

RQ2: What production systems should be considered for maintenance outsourcing? 

(Chapter 3) 

When it is clear what maintenance can be outsourced for which production system, the 

applicability of contracts for the decisions should be evaluated. HEINEKEN Zoeterwoude 

currently only uses two different contract types. To be able to select the best maintenance 

service contract for a certain production system, one will first need to know what contracts 

are applicable and what their distinctive features are for HEINEKEN (Deliverable 6).  
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RQ3: What types of contracts exist and what are their distinctive features?  (Chapter 4) 
 
After determining what contracts are applicable for the maintenance outsourcing, the 

performance of the maintenance contracts will have to be evaluated and KPI have to be 

established (Deliverable 2). Performance measurements ensure that the maintenance 

provided by the MSP is beneficial for HEINEKEN. 

RQ4: How can the performance of the maintenance service provider be measured? (Chapter 
4) 
 

Outsourcing of maintenance should always be cheaper than the current activities to ensure a 

beneficial relationship for HEINEKEN. The cost for maintenance should thus be modelled for 

HEINEKEN as well as the future costs of the different maintenance contracts (Deliverable 3). 

RQ5: Which costs are related to the current in-house maintenance and future outsourced 

maintenance? (Chapter 5/6) 

1.3.3 Research framework 

To conduct a proper research a validated research model is needed to ensure proper steps 

are taken to solve the problem at hand. The decision model for the problem at hand will be a 

quantitative analysis on the costs of providing maintenance. Because of these aspects of the 

research problem the research methodology of Mitroff et al. (1974) is chosen. Mitroff et al. 

(1974) propose a model which includes 4 steps to ensure a correct scientific research, as 

depicted in Figure 7. In the first step a conceptual model is created to represent the current 

situation. Then the decision problem is mathematically modeled. Through a validation step it 

is ensured that the model provides accurate information. The model is then used for solving 

the decision problem. The next step ensures that the solution is representative of the 

conceptual model (feedback). The final step is to implement the model solution, i.e. 

continued use of the structured decision model for outsourcing.  

 

Figure 7 - Research framework (Mitroff et al. 1974) 

Chapter 2, 3 and 4 will provide a conceptual understanding of maintenance outsourcing. The 

modeling phase will be presented in chapter 5 and 6, where the variables and parameters 
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will be developed and the mathematical model will be formulated. In the chapters 7 to 11, the 

outsourcing framework which is developed will be applied to a business case to solve the 

MSC selection process for a production system for which maintenance is outsourced.  

Implementation is not possible during the time frame of this master thesis. However in the 

model solving phase tips are given on how implementation could be done. The decision tree 

proposed in Figure 7, the research questions and the framework of Mitroff et al. (1974) is 

combined in Figure (8) is to depict the structure of this master thesis.  

 

Figure 8 - Master Thesis outline – the red squares are the phases of Mitroff et al. (1974) 
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Conceptualization Phase 
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2. Maintenance Scenarios 
Outsourcing of maintenance activities can be accomplished through different scenarios 

(Murthy & Jack, 2014). To determine the best contract for a maintenance activity, the 

outsourcing scenario has to be identified. The scenarios differ with respect to which decision 

levels are provided by the MSP. Furthermore the decision levels themselves have different 

impact on the measurement of the performance of the MSP. Three different decision levels 

are identified by Murthy & Jack (2014), as depicted in Figure 9.  

 

Figure 9 - Maintenance Decision levels (adapted from Murthy & Jack, 2014) 

The first level (D-1) is determining the best maintenance policy for each component. What 

maintenance should be executed to realize the objectives for which the production system 

has been designed? The scheduling of the resources which are demanded at work execution 

(e.g. personnel/ tools etc.) is determined at the second decision level (D-2). The 

determination of when the maintenance activity is disrupting the production process of the 

customer is at this decision level. Work execution (D-3) is the actual maintenance activity 

which has to be completed.  

These different decision levels are currently done by HEINEKEN themselves for many of the 

maintenance activities which are in the production systems. The specific implementation of 

the decision levels can differ between production systems but the general decisions and 

interactions will now be explained.  

2.1 Work planning (D-1) 
Work planning (D-1) is currently done by the maintenance engineering planning in 

combination with the rayon technician. During new procurement of machinery often a parts 

list and a corresponding maintenance plan are developed. Through an evaluation based on 

the FMECA and TPM maintenance philosophies, a decision is made which maintenance type 

is used; Corrective, Preventive (Time based/usage based), Condition based. The plan which 

is made by the maintenance engineers is transferred into the maintenance management 

system (SAP), from where the activities of decision level 2 start. 

2.2 Work scheduling (D-2) 
For D-2, the work scheduling, is fulfilled by the maintenance coordinators. Maintenance 

coordinators are responsible for the on time availability of parts as well as determining which 

party (in-house/ MSP) will execute the maintenance. Depending on the nature of the 

maintenance this will induce different processes. 

For preventive maintenance, the maintenance coordinators will look in the maintenance 

management system to determine which part will need replacement in the next few weeks 

i.e. planning window. For these parts the coordinator will determine whether all parts are 

available and when the next planned down is for the machinery. When the parts are available 

for the next planned down, the job to replace the part is assigned a maintenance party.  
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For condition based maintenance a certain inspection interval is determined by D-1. For an 

inspection a maintenance party will have to be assigned to do the inspection. If the part is in 

such a condition that replacement is required (D-3), the scheduler will perform similar steps 

as for a preventive maintenance request. 

Corrective maintenance can be needed when a machinery or part has broken down. When a 

machine has broken down a minimal repair (D-3) is performed so that the production can be 

continued. Every morning the rayon technician together with the maintenance team leaders/ 

coordinators decide what priority should be given to each breakdown (D-2). Depending on 

the criticality of the defect and the parts available (for how long it can continue operating at a 

normal speed) the maintenance is scheduled (D-2). The defect can be order for replacement 

immediately, so an unplanned down is ordered. When the change/ repair of the part is not of 

the highest criticality, the work is scheduled during the next preventive maintenance window. 

2.3 Work execution (D-3) 
For decision level 3, work execution, a difference in activities exists depending on the reason 

of the maintenance.  When maintenance follows a preventive maintenance path (e.g. low 

criticality corrective, preventive maintenance), a perfect repair could be made by the 

maintenance party. The machinery is not operating during the preventive maintenance time. 

Thus the maintenance party should be able to replace the part with a new/ revised part which 

will be capable of operating as new, i.e. a perfect repair. To be able to assess the 

performance of the maintenance party, a measurement of first time right (FTR) should be 

developed. FTR is determined through whether there is no failure of the machinery due to 

the part/ maintenance activity after the maintenance activity performed by the MSP. 

Examples of cases where FTR is not present are use of wrong parts, failure of the part after 

maintenance and other technical unplanned down caused by the maintenance. 

2.4 The different scenarios 
Murthy & Jack (2014) identified 3 different scenarios which are relevant for outsourcing. 

However this thesis presents 8 different scenarios (Table 1), since more combinations can 

be made than the scenarios presented by Murthy & Jack. These different combinations 

should all be considered before a decision can be made on which scenarios are applicable 

for a company. In Table 1 for each scenario, an exemplary application for HEINEKEN is 

given, to increase the understanding of the different sourcing scenarios to help with the 

interviews with the company stakeholders.  

Table 1 - Maintenance Outsourcing scenarios 

Scenarios HEINEKEN Supplier Example? 

S-1 D-1, D-2 D-3 Current variable contracts 

S-2 D-1 D-2,D3 Ijssel at CS&L 

S-3   D-1,D2,D3 E&H 

S-4 D-2 D-1,D-3 Maintenance coordinators are kept in-house 

S-5 D-1,D-3 D-2 Coordinators outsourced 

S-6 D-3 D-1, D-2 Maintenance engineers and coordinators outsourced 

S-7 D-2,D3 D-1 Consultancy for maintenance engineering 

S-8 D-1,D2,D3   In-house 
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From the scenarios presented in Table 1, there are only 4 scenarios where the actual 

performing (D-3) of the maintenance is also outsourced. This is important when the 

motivation of outsourcing is based on the peak demands in D-3 and increasing productivity. 

Also since D-3 is the most labor intensive part of the maintenance decision levels, this will 

have the greatest effect on productivity. The three sourcing scenarios (S1-3) identified by 

Murthy & Jack (2014) (Table 1), outsource this decision level. Furthermore scenario 4 also 

includes the outsourcing of D-3. These scenarios are further investigated based on 

management involvement, specialized knowledge, changes in the maintenance process and 

contracting. Management involvement is considered to be the amount of time the contract 

manager has to be involved in the day to day activities (Murthy & Jack, 2014). Making use of 

specialized knowledge of the MSP is considered to be beneficial to increase the benefits of 

maintenance (Murthy & Jack, 2014). Furthermore changes in the maintenance process can 

cause resistance within the organization, depending on the scenario this resistance will differ 

(Murthy & Jack, 2014). Additionally it is more complex for some scenarios to be outsourced 

and a contract to be completed, i.e. contracting (Roels, Karmarkar & Carr, 2010).  The 

benefits and disadvantages of the 4 scenarios, with regards to management involvement, 

specialized knowledge, changes in the maintenance process and contracting, are 

summarized in Table 2, and further discussed in the sections below. It should be noted that 

different decision levels can be performed by different MSPs. As an example, in this scenario 

(S-4), it would be possible for MSP (1) to do D-1 and the second MSP (2) to do D-3.  

Table 2 - Advantages/dis-advantages maintenance scenarios - Zeros indicate the average scenarios 
based on the specific benefits/dis-advantages. Plusses (+) indicate scenarios which are considered better 
in these aspects. Minuses (-) are considered less beneficial scenarios for these aspects. 

Scenarios Management 
Involvement 

Specialized 
knowledge 

Changes in 
Maintenance 
process 

Contracting 

S-1 - - + + 
S-2 0 - 0 0 
S-3 + + - -- 
S-4 0 + - - 
 

Scenario (S-1) is where only work execution (D-3) is outsourced and D-2 and D-1 are still 

performed by the company. Since the when and where is already decided on by the 

customer, the MSP only provides its personnel and materials for the maintenance of the 

machine. This scenario is now often in use by HEINEKEN to fill the gaps of their own 

availability of qualified personnel to perform the maintenance. The benefit of this scenario is 

that it is a relatively easy process to find a contractor which can provide the employees with 

the correct skillset to do scenario 1. Furthermore not many changes will have to be made to 

the current process/ organization. The use of the specialized knowledge of the MSP is 

however limited since the maintenance plans are already fixed. Moreover, the 

communication between the contract manager and the MSP is extensive to ensure the 

correct timing of the maintenance.  

Scenario 2 (S-2) builds upon S-1 through increased collaboration and the outsourcing of the 

work scheduling of the maintenance activities. This entails that the MSP will have to 

coordinate with the production department of the company. This coordination will increase 



  25 
 

complexity and additional performance guarantees will have to be developed to ensure that 

the communication is done correctly. In some situations this will be beneficial through 

increased efficiency of the use of resources by the MSP. Since the MSP can decide when 

the maintenance service is provided, less management involvement is required than S-1. 

The use of specialized knowledge is however also limited in a similar fashion as S-1. 

Changes in the maintenance process are to be done however in comparison to S-3 and S-4 

this will be less extensive. 

In the third scenario (S-3), the decision of what maintenance policy (D-1 e.g. 

corrective/preventive) is also outsourced by the customer (in combination with D-2, D-3). 

Often the original equipment manufacturer (OEM) is contracted for this type of scenario 

(Roels, Karmarkar & Carr, 2010). The focus of outsourcing in this scenario is the functioning 

of the machinery since it is unclear what maintenance will be performed. The MSP should 

have both an excellent understanding of the machinery (to develop maintenance policies) as 

well as the capabilities to provide the maintenance. In this scenario it is clear that the 

expertise of the MSP is fully used, through the freedom the MSP has with planning the 

maintenance. Another advantage of this scenario is that the company would also have little 

to do with the day to day maintenance activities. This however requires a very extensive 

contract which costs a lot of time to develop and monitor. Furthermore many changes are 

possible due to the decision level 1 being outsourced to the MSP. 

S-4, is the scenario where the planning of the maintenance (D-2) is conducted within the 

company, while D-1 and D-3 are the responsibility of the MSP. This would be beneficial if the 

production is difficult to interrupt and the additional increase in coordination is needed to 

ensure this interruption is no longer than necessary (high downtime costs). However the cost 

of doing D-1 and D-3 in-house is more expensive than MSP(s) performing these decision 

levels. This scenario has the benefits of the use of the expertise from the MSP. However a 

disadvantage is that it must communicate with the MSP on multiple decision levels which 

requires a very knowledgeable contract manager and increase contracting activities. This 

could be a beneficial scenario for difficult to shutdown equipment such as the process 

equipment in the brewery of Zoeterwoude.  

2.5 Conclusion 
To answer research question 1, three different decision levels related to maintenance exists, 

Work planning (D-1), Work scheduling (D-2) and Work Execution (D-3). All possible 

combinations of keeping decision levels in-house or outsource, result in 8 different scenarios. 

Even though all eight scenarios could be applied, in this chapter only the scenarios in which 

D-3 is outsourced have been further examined. These scenarios reduce the workforce of a 

company with sufficient number to reach the productivity levels of HEINEKEN for the vision 

of 2018. Choosing one of these scenarios implies that the employees which currently do the 

decision levels which will be outsourced will have to be repurposed by the company. These 

relocations can be to other maintenance projects within the company or as the vision of 2018 

has proposed, as a line operator with high technical knowledge. The scenarios have clear 

advantages/disadvantages for a company as summarized in Table 2, which should be taken 

into account when choosing for certain scenarios to be evaluated in the framework.  
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3. Selection of Production Systems 
HEINEKEN Zoeterwoude has many different production systems (300+) for which 

maintenance activities should be performed. In the literature different frameworks have been 

presented (Mcivor, 2010; Al-Kaabi, Potter & Naim 2007), which can determine production 

systems which are suitable candidates for outsourcing. The framework presented by Mcivor 

(2010) is chosen because of its visual representation and the previous experience with the 

framework within HEINEKEN. 

The framework presented by Mcivor (2010) distinguishes four quadrants (Figure 10), which 

have a different impact on whether and when the production system should be outsourced. 

Production systems and their corresponding decision levels (D-1, D-2 &D-3) are placed 

within the different quadrants by their relative importance to the competitive advantage and 

the relative capability of the maintenance of the production system. As different production 

systems are investigated, the different decision levels could not be in the same quadrants 

and this will have implications on which scenarios should be chosen. 

 A production system that is critical to the competitive advantage has a major impact on the 

ability of a company to create a competitive advantage, as explained by the Resource based 

view of a firm (Mcivor, 2010). For the maintenance of a production system to be of a 

competitive advantage, the production system should be valuable (1), rare (2), inimitable (3) 

and non-substitutable (4). 1. A production system is valuable whenever it helps exploit 

opportunities and counter threats in the business environment. 2. It is rare when relatively 

little competitors have the resource. 3. It is not easily imitable by competitors and 4. There is 

no other way of performing the process than what is employed by the company.  

Relative capability describes the relative superiority of the maintenance process for the 

production system when compared to the market (e.g. MSPs), while the competitive 

advantage relates more closely to competitors of the customer. As already elaborated on, the 

relative capability can differ depending on the decision levels. For each production system, 

each of the 3 different decision levels should thus be mapped on the quadrants. 
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Figure 10- Framework by Mcivor (2010)  

Depending on in which quadrant the production system is situated different decisions can be 

made. Critical to the differences in the decisions within the quadrants is the notion of 

opportunism potential (Mcivor, 2010). Opportunism potential is a combination of the following 

criteria: Asset specificity (1), uncertainty (2), performance measures (3), process 

interdependencies (4) and number of vendors (5).   

1. Asset specificity is whether there are investments necessary for the provider of the 

maintenance that has no value outside the outsourcing agreement (Mcivor, 2010). Asset 

specificity can be physical asset specificity (customized equipment), human asset specificity 

(specialized knowledge) and or site specificity (location). When an asset or activity is highly 

specific, investments will have to be made for the service to be provided. This increases the 

switching costs for a company through the necessity for new suppliers to need to invest 

before reaching similar or better performance.  

2. When uncertainty is present in the service activity, the relationship between the MSP and 

the customer will continuously be under pressure. Due to the inability to write complete 

contracts because of the changing business environment, uncertainty will be present. Also 
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fast technological advances in maintenance can increase the uncertainty of what service will 

be demanded in the future (McIvor).  

3. It is furthermore important to develop performance measurements which correctly 

measure contribution and/ or performance of the maintenance service provider. When these 

do not measure the correct relationships between effort and required performance, 

opportunism potential does arise, these performance relationships will be discussed in 

chapter 4. Companies will need to use additional resources to ensure the MSPs performance 

whenever the potential for opportunism arises. 

4. Process interdependencies relate to the amount of communication which is needed 

between departments and the maintenance executing party to ensure no delays are present 

in the maintenance process. These communication activities require close cooperation 

between partners and noncooperation reduces performances tremendously.  

5. A small number of suppliers also increase the potential for opportunism, through the 

difficulty of switching between suppliers. Because of the small number of suppliers, it is 

possible for the MSP to behave in a non-cooperative manner because switching is a costly 

process. 

3.1 Quadrant 1 – Critical/ Non-distinctive  

 

Figure 11 - Quadrant 1 (Adapted from McIvor 2010) 

Quadrant 1 as (upper left quadrant in Figure11) represents production systems that are 

critical for competitive advantage, but the companies’ capability to provide the maintenance 

is not distinctive when compared to the market. In this quadrant two different strategies can 

apply to the production system depending on the opportunism potential as described in the 

previous section. When the strategy to invest to perform internally applies, the company 

should increase the capabilities of the maintenance crew to develop distinctive capabilities. 

When the outsourcing strategy applies, the company should continue with the maintenance 

outsourcing framework (Figure 7) to establish whether a beneficial outsourcing relationship 

can be established. 
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3.2 Quadrant 2 – Critical/ Distinctive 

 

Figure 12 - Quadrant 2 (Adapted from McIvor 2010) 

The production systems that fall within quadrant 2 are considered as champions for the 

company. The company can perform the maintenance exceptionally well in comparison to 

the market and the production system is critical to the competitive advantage. During initial 

stages of the outsourcing of the maintenance, outsourcing these production systems will 

reduce the capabilities of the organization to provide the best service to the critical 

production system. Organizations which are experienced with maintenance outsourcing 

however might find these production systems a viable candidate for maintenance 

outsourcing.  

3.3 Quadrant 3 – Not Critical/ Non-distinctive 

 

Figure 13 - Quadrant 3 (Adapted from McIvor 2010) 
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Quadrant 3 is the quadrant for which decisions can be made with relative ease, since the 

production systems is not of critical importance to the competitive advantage of the company. 

Problems which might arise during the outsourcing process are not detrimental for the 

company. Furthermore since the relative capability of the maintenance of these production 

systems is not distinctive, these capabilities can be outsourced to increase them. The choice 

for the maintenance of these production systems is thus to outsource and continue with the 

framework (Figure 7). The production systems which fall within this quadrant are great initial 

candidates for the outsourcing of maintenance.  

3.4 Quadrant 4 – Not Critical/ Distinctive  

 

Figure 14 - Quadrant 4 (Adapted from McIvor 2010) 

For production systems in quadrant 4, the capabilities of the organization are more distinctive 

than in the market. However this might not be so important since the process is not critical to 

the competitive advantage. The decision to choose between keep internal or outsource, is 

balancing the reduce capabilities with the negative effects of reducing these capabilities. As 

long as the capabilities can be transferred or replicated by an external partner outsourcing is 

a good option. One way this could be accomplished is through transfer of personnel.  

3.5 Conclusion 
To answer research question, RQ2, the framework of Mcivor (2010) is presented in this 

chapter. Through the framework, a company can decide for which production systems 

outsourcing could be considered. Depending on the expertise within the company, and thus 

the potential to reduce opportunism, different quadrants should be addressed to find suitable 

candidates for outsourcing. With little expertise production systems which fall in quadrant 3 

should be examined for outsourcing. When more experience has been developed by the 

company with regards to outsourcing, possible production systems are located in the 

quadrants 1 and 4. Only when the company has extensive experience with outsourcing 

quadrant 2 can be considered.   
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4. Contract types 
When production systems are selected for outsourcing, the next step is to determine what 

contract types should be considered for outsourcing, as described in Figure 7. At Heineken, 

the current contracts in use are the variable contract and the fixed contract with a 

bonus/malus clause. In the literature, the variable contract is also called a Time & Materials 

or a Cost-Plus contract (Jin, Xiang & Cassady, 2013). The fixed contract with a bonus/malus 

feature has two distinct parts which are often separated in two contract types, a fixed 

contract and a performance based contract (Famurewa, Asplund, Galar & Kumar, 2013). 

Sols et al. 2007 do determine that the fixed with bonus/malus is a distinctive contract type 

and that 4 other types exists (Table 3). The same distinction is used in this master thesis. 

The 5 different contract types are discussed in this chapter based on their measurability, 

flexibility, contract development and alignment of goals. Measurability is the ability to assess 

the performance of the maintenance service provider (Sols et al. 2007). Flexibility is the 

ability of the contract to change scope because of changing business environment (Roels, 

Karmarkar & Carr, 2010). Contract development is the effort required to develop a contract 

for the contract type (Sols et al. 2007). Sols & Johannesen (2013) describe alignment of 

goals as whether the MSP is likely to behave according to the goals of the customer. 

However first the notion of contract hours will be introduced to ensure maintenance 

performance can be measured. 

4.1 Contract Hours 
For all contract types it is important to be able to measure the effect of the maintenance on 

the availability of the machinery. As Brunschot (2015) describes, other than maintenance, 

causes can also reduce availability (e.g. no product, cleaning, holidays). During these times 

the maintenance can be conducted without reducing the availability of the production system 

(as shown in Figure 15). For a contract it is thus important to define contract hours, for which 

the maintenance causes additional downtime and thus reduces machine availability. Only for 

downtime in these contract hours the maintenance service provider will be held responsible. 

 

Figure 15 - Contract hours depicted - (adapted from Beelen, 2014) 
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However Beelen (2014) and Brunschot (2015) only had to explain downtime during contract 

hours as the cause of downtime was always maintenance related. For a production system, 

other downtime causes are possible during contract hours, such as low quality materials, 

operator mistakes and other issues (HEINEKEN, 2016). For these types of downtime, the 

MSP is not responsible and should thus not be penalized. Only downtime, during contract 

hours, caused by technical failures will be considered as something the MSP can prevent. A 

production system has a technical failure when a mechanical, electrical / instrumentation 

failure on components, sub-assemblies or production system machinery and control 

systems require a technical repair and causes more than 5 minutes downtime 

(HEINEKEN 2016). To be able to measure MSP performance, downtime caused by technical 

failures during contract hours should be registered. 

Table 3 - Contract types – adapted from Sols et al. 2007 

Contract Form Definition 

Fixed Contract A payment is made regardless of how much time and 
materials the MSP has had use for the maintenance as long 
as an agreed upon maximum downtime is not exceeded 

Variable Contract A payment is made on time and materials provided by the 
MSP (up to a maximum). 

Variable with incentive 
contract 
 

A variable payment is made on the time and effort by the 
MSP as well as an incentive payment is made when 
downtime is lower than a certain downtime level. 

Fixed with incentive contract A fixed payment is made regardless of the time and effort by 
the MSP as well as an incentive payment is made when 
downtime is lower than a certain downtime level. 

Performance Based contract A payment is made based on the downtime achieved (less 
downtime = Higher payment), regardless of time and effort 
provided by the MSP.  

 

4.2 Fixed contracts 
Fixed contracts have been praised for their ability to transfer risks from the customers to the 

MSP. Because a fixed price is paid for the performing of certain decision levels of the MSC 

regardless of how much time and materials the MSP has to use, the risks of underestimating 

the maintenance requirements are paid for by the MSP. A minimal performance during 

contract hours has to be agreed upon to ensure that the MSP does not behaves 

opportunistically and the goals of the MSP are aligned (Sols & Johannesen, 2013). 

Especially when outsourcing all maintenance decisions to the MSP, this will be of concern. 

The great benefit of the fixed contract is that there is no variability with respect to the cost for 

a company, which ensures a predictable cost level. This fixed nature of the costs however 

causes the MSP to be inflexible to changes in the contracting environment as it will want to 

renegotiate the contract (Roels, Karmarkar & Carr, 2010) as well to take more time than a 

variable contract to develop a contract (Sols et al. 2007). The monitoring of the specific 

maintenance activities of the employees of the MSP are not relevant and thus monitoring 

costs of this type of contract will be reduced when compared to the variability contract (Sols 

et al. 2007).  

4.3 Variable contracts 
When considering a variable contract, a clear relationship is presented between the input of 

the provider and the following costs for the customer. This transparency has a downside that 
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the costs of the supplier are rewarded and the goals are less aligned than the other contract 

types (Roels, Karmarkar & Carr, 2010). The performance of the supplier will have to be 

benchmarked and closely monitored. Otherwise the MSP might increase the time spend on 

the contract without being necessary, which will significantly increase the costs (Sols et al. 

2007). For a scenario where all maintenance decisions are outsourced, this monitoring of the 

costs of the supplier is very difficult to do. Especially, the maintenance decision level (D-1) 

which outsources the determination of the maintenance policies is difficult to monitor. It 

would require the MSP personnel to be monitored daily and thus increase costs. Closely 

related to this is also the notion that the risks of the contract will be bore by the customer. 

However a beneficial feature of this type of contract is the flexibility to change the contract 

based on the current necessities of the business, often without changing the agreement 

(Roels, Karmarkar & Carr, 2010). This is due to the nature of the additional costs already 

being paid by HEINEKEN. Furthermore developing the contract is takes the least time with 

compared to the other contract types (Sols et al. 2007).  

4.4 Fixed + Incentive contracts 
Fixed + incentive contracts are currently already applied by HEINEKEN and are usually 

called fixed with bonus/malus. In these existing contracts, often all maintenance decision 

making levels have been outsourced. The experienced benefits of these contracts are the 

more aligned goals between the customer and the company (Sols & Johannesen, 2013). 

However the development of the contract is more time consuming than the fixed contract 

(Sols et al. 2007). As with the fixed contract type, the relationship is rather inflexible and 

requires extensive negotiations whenever extensive changes are made on the production 

systems (Roels, Karmarkar & Carr, 2010). Furthermore a clear distinction with the fixed 

contract is the communication with regards to the performance incentives. These require 

more monitoring time than a regular fixed contract (Sols et al. 2007).  

4.5 Variable + Incentive contracts 
This contract type has similar benefits and disadvantages as the variable contract. As the 

MSP incurs more costs the MSP will receive more money, which similar to the variable 

contract encourages the MSP to increase costs rather than performance. However with this 

contract type, the performance of the MSP is also incentivized, which introduces an 

additional motivation for the MSP and aligns the goals (Sols & Johannesen, 2013). This can 

increase the performance of the MSP to higher than the minimum required performance. The 

downside to this incentive is similar to that of the fixed + incentive contract. The variable + 

incentive will also require additional communicational efforts to develop the contract when 

compared with the variable contract (Sols et al. 2007). The contract type is just as flexible as 

the variable contract (Roels, Karmarkar & Carr, 2010) while it takes more effort to form the 

contract as the incentives need to be decided on (Sols et al. 2007). 

4.6 Performance based contracts 
Performance based contracts are increasing in popularity, especially for large industrial 

systems (Zewen, Quan, Xinyue & Fang, 2015). This is due to increased complexity of the 

machines as well as increased possibilities of measuring performance (IT-systems) (Sols et 

al. 2007). There are certain benefits which are accredited to performance based contracts, 

such as the shared risks between supplier and customers. This goal alignment between the 

parties and can improve overall performance of the contract (Sols & Johannesen, 2013). 

Furthermore the supplier is often regarded as a specialist in the field of maintenance and will 
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have more freedom to choose its own optimal level of maintenance for the production 

system. This creates the need for correct descriptions of the performance of the production 

system which causes the contract formation to take longer and increases the costs which are 

present when formulating the contract (Roels, Karmarkar & Carr, 2010). 

Sols & Johannesen (2013) explain that for the forming of a performance based contract a 

transitional contract would be beneficial between the current maintenance scenario and the 

future scenario with a performance based contract. In the transitional phase of the contract 

the performance measurements and the linkage between the costs incurred by the MSP can 

be determined. Furthermore some of the issues concerning the changes in the organizational 

structure of the customer can be gently introduced (Sols & Johannesen, 2013). In the 

transitional period, the MSP is paid the costs which are made but is evaluated on 

performance. The MSP thus already is performing all the maintenance decision levels but will 

be paid by a variable contract. In this transitional period both the customer and the MSP can 

collaborate to find the exact relationship between these two variables.  In Figure (16), the 

different steps are depicted. Sols & Johannesen (2013) recommend that the transitional 

contract takes enough time so that all maintenance related variance has occurred. For 

HEINEKEN this would mean from overhaul to overhaul of a production system. Afterwards 

the relationship between results and resources should be clear and the Performance based 

contract (PBC) can commence. 

 

Figure 16 - Transitional contract (Adapted from Sols & Johannesen, 2013). 
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4.7 Conclusion 
To answer RQ3, in Table 4, the advantages and disadvantages of the different contract types 

discussed are consolidated. The two intermediate types of contracts (fixed + incentive and 

variable + incentive) both have some of the advantages and disadvantages related to the 

other types. Depending on what part of these contracts is the biggest payoff for the MSP, the 

effects for the customer will change. To measure the effect of the maintenance and the 

performance of the MSP the notion of contract hours is introduced in this chapter. 

Furthermore being able to determine the cause of failure in production systems is important 

to measure the performance of the MSP. Contract hours and cause of failure combined can 

measure the performance of the maintenance provided by the MSP, this answers RQ4. 

Table 4 – Advantages/ disadvantages of the different Contract types - Zeros indicate the average contract 
types based on the specific benefits/dis-advantages. Plusses (+) indicate contract types which are 
considered better in these aspects. Minuses (-) are considered less beneficial contract types for these 
aspects. 

 Variable Fixed Variable + 
Incentive 

Fixed + 
Incentive 

PBC 

Measurability - 0 -- + ++ 

Flexibility + - + 0 0 

Contract 
development 

+ 0 0 - -- 

Alignment of 
goals 

- - 0 + + 
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Modelling Phase 
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5. Contract Phases 
To outsource all the maintenance decision, HEINEKEN should create a contract with 

maintenance service providers (MSPs). The literature defines certain contract phases which 

should be considered by HEINEKEN (Straub, 2009; Omizzolo Lazzarotto, Borchardt, Pereira 

& Almeida, 2014). For HEINEKEN these contract phases determine costs and management 

of scenario presented in chapter 2. This will be of importance to determine what policies 

should be implemented by HEINEKEN to correctly outsource maintenance. First the different 

phases are introduced. Afterwards the phases are explained in a detailed matter.  

5.1 Introduction of the contract phases 
According to Omizzolo Lazzarotto, Borchardt, Pereira & Almeida (2014) outsourcing 

management should be split into a contracting phase and an after-contract phase. This is 

done because of the different management interactions between the phases, when the 

contract is ending the following management decisions are needed: Is the contract 

extended? Do we want to change certain aspects of the contract? Or should another 

outsourcing scenario/ partner be considered? These are all questions that should be 

answered in this phase of the contract. While during the contracting phase the focus is on 

monitoring and communication.  

Straub (2009) identifies 5 phases during an outsourcing scenario: Specification, selection, 

contracting, supervision and after-care. The first 3 phases are coherent with the pre-contract 

phase which is presented by Omizzolo Lazzarotto et al. (2014) and the outsourcing decision 

as described by Ghodeswar and Vaidanthan (2008). The contracting phases thus do not 

differ distinctively between sources identified in the literature review. The choice is made to 

combine the model of Omizzolo Lazzarotto et al. (2014) with Straub (2009), through 

identifying three phases, namely pre-contract, contract and post-contract. This is done to not 

overwhelm the reader with details but still encompass all phases in the contract’s lifecycle. 

However the pre-contract phase will use the model of Straub to increase the detail on the 

activities needed to be performed by the customer in the pre-contract phase. 

5.2 Pre-Contract Phase 
As mentioned in the previous parts, the pre-contract phase is where the scenario, contract 

and contract type are selected for a maintenance activity. The three important parts of the 

pre-contract phases, identified by Straub (2009), will be evaluated and a decision framework 

will be suggested.  First, the specification of the maintenance activities will be discussed. 

Afterwards the selection of a contractor will be described. To conclude the contracting is 

elaborated on.   

In the specification phase of the maintenance outsourcing scenario different activities have to 

be performed according to the chosen scenario for which outsourcing will be sought. When 

scenarios are used which outsource D-1, the focus is on defining functional and performance 

criteria, i.e. the required outcomes of the maintenance are defined. While other scenarios 

focus more on the maintenance requirements, i.e. the activities that should be performed. 

According to Sols et al. (2007) the specification part of the pre-contract phase is very difficult 

for a contract with incentives. Due to the inherent difficulties with deciding on all the factors 

which influence future outcomes of the maintenance activities, an extensive time period is 

needed to develop the specifications of the outsourcing scenario. 
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The search for contractors which possess the right resources and skills to perform the 

maintenance activity can be a time consuming process. For some contract types, it might be 

more difficult to find MSPs since these contract types are less used than others. Especially 

performance based contracts are still a rather small percentage of the offerings in the market 

(Roels, Karmarkar & Carr, 2010).  

The contracting of the pre-contract phase is where adverse selection is often detrimental for 

the trust between the MSP and the customer (Selvarius & Wynstra, 2015). The MSP and the 

customer will develop the contract during this phase. The customer has to evaluate the 

capabilities of the MSP without full information. This increases the costs in the pre-contract 

phase, due to uncertainties which companies try to resolve by increasing time and effort in 

the evaluation.  In this phase companies could visit places where the MSP is already 

providing maintenance service. As well as evaluate the plans laid out by the contractor to 

ensure the correct performance. Depending on the contract type, differences in uncertainties 

exist for both parties, which will influence the cost relations.  

The costs which arise in the pre-contract phase are presented in Table 5. These are 

hypothesized on the basis of the contracting and flexibility of the different contract types 

discussed in the previous chapter (4). Due to the flexibility of a contract type and the need for 

extensive contractual framework, and thus longer transitional periods, the costs will differ.  

Table 5 – Hypothesized pre-contract phase cost relations - Zeros depicts the contract types that are 
relatively average in terms of the level of costs which are present the activity. Plusses (+) indicate 
cheaper contract types while minuses (-) represent contract types which are relatively more expensive. 

 
Variable Fixed Variable + 

Incentive 
Fixed + 
Incentive 

PBC 

Specification + 0 0 - - - 

Selection + 0 - - - - 

Contracting + + 0 + -  - - 

5.3 Contract Phase 
In this phase, the MSP starts to conduct the maintenance activities which are outsourced and 

will be monitored to make sure that the contract is complied with. During this phase certain 

contract costs will be incurred by the company. These can be divided into 5 cost types, 

Production, Safeguarding, Adaptation, Performance evaluation and Coordination costs 

(Raassens, 2011). 

Production costs are the costs (Price) which are charged by the MSP for the maintenance 

services which are provided. Depending on the maintenance scenarios and production 

systems the relationships between the contract types might change due to differences in 

availability of contract types and experience of the suppliers with certain contract types.  

Costs for safeguarding, are incurred whenever the company is at risk of being 

opportunistically exploited by the MSP (Raassens, 2011). In the different contract types, 

there are specific differences with relation to these costs. Variable contracts are especially 

prone to exhibit high cost levels, with regards to safeguarding. Because the MSP earnings 

increase with increased costs for the customer, contracts with variable prices will have a high 

opportunistic property. For fixed contracts this property also exists to some extent as the 

company will want to ensure no detrimental temporarily performance is present. With a fixed 

contract the MSP is rewarded for doing as little as possible, while reaching the performance 



  39 
 

target. This could introduce long-term detrimental effects for the production system and the 

customer will want to safeguard for them. With performance contracts, these effects are less 

present, through the customers and MSPs rewards are compatible with each other (Sols et 

al. 2007). 

As described in chapter 4, some contract types are less flexible than others, i.e. fixed 

contracts. These will have increased adaptation costs, when environmental uncertainties 

exist. Adaptation costs occur when contracts have to be adjusted during the contract phase 

(Raassens, 2011). Flexibility of the contracts governs these costs and this is thus reflected in 

the relationship in Table 4. 

For monitoring the performance of the MSP, performance-evaluation costs are incurred. The 

contract types all have to be monitored on their maintenance performance. However for 

variable contracts, also the time and materials which are used by the MSP will have to be 

monitored. Fixed contracts also exhibit a little more monitoring costs than with a performance 

based payment since there is more opportunistic behavior possible.   

Coordination costs are incurred, from the administrative challenge to maintain a fit between 

the partners (Raassens, 2011). Depending on the contract types these cost will differ. For 

variable costs these will increase due to the nature dependence coordination for the 

increased variability of goals between the partners. With a fixed contract management will 

have a hands-off approach to the contract, since costs are already fixed. This will reduce 

coordination costs. Contracts which are paid by incentives will have some need for 

management as alignment between goals requires coordination. 

Table 6 – Hypothesized contract phase cost relations - Zeros depicts the contract types that are relatively 
average in terms of the level of costs which are present the activity. Plusses (+) indicate cheaper contract 
types while minuses (-) represent contract types which are relatively more expensive. 

 
Variable Fixed Variable + 

Incentive 
Fixed + 
Incentive 

PBC 

Production 
costs (Price) 

0 0 0 0 0 

Safeguarding - - 0 - ++ ++ 

Adaptation + -- + - 0 

Performance-
evaluation 

-  0 - 0 + 

Coordination - + -- 0 0 

 

The benefits and disadvantages of the contracts during the contract phase are hypothesized 

in Table 6.  If the contract is not applicable anymore and/ or the performance of the MSP is of 

such horrendous quality, the contract could be terminated. The phase at the end of a 

contract will be discussed in the next part.  

5.4 Post-contract Phase 
A contract is performed for a pre-determined duration unless an issue occurs which causes 

the trust between customer and the MSP to dissipate. No matter what the cause is of the end 

of the contract some decision will have to be made: Should the outsourced maintenance be 

managed differently (i.e. different scenario)? And what happens with the knowledge 

generated during the sourcing scenario?  
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As the end of the contract is approaching, the customer should ensure the continuation of the 

maintenance during the following period of insecurity (Murthy & Jack, 2014). Unless the 

same MSP provider is chosen to do the maintenance, a new sourcing project should be 

started.  To be able to change between MSP providers, the production company should 

make clear arrangements within the contract about a transition period after the contract. 

During this transition period the customer can ensure the transfer of knowledge and might 

contract some of the employees of the MSP to ensure continuation of the operation.  

The risks of non-performance of the MSP and discontinuation of the maintenance are to be 

taken into account by the customer when considering an outsourcing scenario. Monetizing 

these risks will be however very difficult.  Through thinking of data management/ ownership, 

MSPs employees and a transition period, the customer can manage some of the risks. 

5.5 Conclusion of Contract Costs 
In all three phases presented in this chapter costs will be incurred by the customer when 

choosing to outsource some maintenance decisions to the MSP. In the pre-contract phase, 

specification, selection and contracting are costly parts of the maintenance outsourcing. 

During the contract phase, the price of the contract is important, as well as cost from 

safeguarding, adaptation, performance-evaluation and coordination with the MSP. These 

costs will have to be investigated before maintenance decisions are outsourced. For the 

after-contract phase, it is important to ensure maintenance data is transferred and operation 

of the production systems can be ensured. These costs are however difficult to monetized 

and this will not be done in this thesis. The costs presented in this chapter are partially 

answering RQ5 and in the next chapter these will be applied and other cost factors are 

introduced. 
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6. Cost modelling 
To decide which contract type should be used and which maintenance decisions of a certain 

production system should be outsourced, a cost model will be developed in this chapter. An 

overview of the cost model (Combined from Ahlmann, 2002, Prasad Nepal & Park, 2004, 

Raassens, 2011, Sinkkonen et al., 2013 & Straub, 2009) is given in Figure 17. First an 

introduction into the occurrence of maintenance activities is presented. Then the cost types 

of the maintenance scenarios are described. Afterwards the model is developed. A complete 

list of all variables can be found in Appendix 3. 

 

Figure 17 - Maintenance costs 

6.1 Occurrence of maintenance activities 
A maintenance activity is an activity that repairs a failure of the production system or that 

prevents a future failure of the production system. These maintenance activities can be 

corrective, preventive and/or inspection maintenance actions. Important for the occurrence of 

these maintenance activities is the failure rate of the production system. According to 

Jackson & Pascual (2007) a corrective/ preventive maintenance action can be considered to 

be imperfect, it will restore the part/ production system to a better than before however not to 

so good as in new condition.  This causes an increase of failure intensity during the lifetime 

of the production system. These failures will have to be repaired or prevented to ensure the 

availability of the production system.  Because of this the costs will have an increasing 

function with regards to the life time of the production system. Furthermore depending on the 

behavior of the failure rate (linear/exponential/other), the contract length might become even 

more important. As shown in Figure 18, depending on the failure rate the costs of a contract 

will change drastically. With the linear failure smaller differences between failure rates (and 
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thus costs) exist during the preventive maintenance intervals. However with exponential 

failure rate, the contract length is very important as ending a contract halfway through the 

correct failure period ensures high maintenance costs for HEINEKEN in the future. This 

should be further investigated by HEINEKEN to determine the optimal maintenance contract 

length.  

 

Figure 18 - Different failure rates and their potential effect on maintenance costs 

6.2 Direct Costs 
Direct costs are incurred as a direct involvement of parts and/ or personnel with a 

maintenance activity (i) (Sinkkonen et al., 2013). These costs are different depending on the 

amount and types of labor and parts used during the maintenance activity.  The total of direct 

costs is comprised of labor costs (𝐶𝑙𝑚𝑖) and parts costs C𝑝𝑚𝑖. In the following paragraphs the 

formula for these costs is presented. 

6.2.1 Labor Costs 

Labor costs can be calculated by the amount of hours 𝐻𝑚𝑖 which are needed to perform a 

maintenance activity i by party m and the costs 𝐶𝑙 which are incurred for the hours of the 

people who performed the maintenance. 𝐶𝑙𝑚 and 𝐻𝑚𝑖 will differ depending on the 

maintenance party which performs the maintenance activity and the contract type (m). As an 

activity is executed by the maintenance crew of the company in-house, the labor costs which 

are incurred are those of the maintenance crew (m=0). For some of the contract types, labor 

costs are also directly charged to the customer, i.e. variable contract and the variable + 

incentive contract (m=2; m=4).These costs can be different from the customer. For the other 

contract types (m=1; m=3; m=5), the customer is not directly charged for the cost of labor.  

The following formula calculates the labor costs of maintenance activity i done by the 

maintenance party with contract type m.  

𝐶𝑙𝑚𝑖 = 𝐻𝑚𝑖  ∗ 𝐶𝑙𝑚           (1) 

Where 𝐶𝑙𝑚 is the average hourly cost for the contract type’s maintenance crew and 𝐻𝑚𝑖 are 

the total hours spend on activity i by the contract type’s maintenance crew (m).  

6.2.2 Parts costs 

For maintenance activities it is possible that parts are used to correct a failure or to prevent 

future failures. Costs of parts might change depending on the scenario and/ or contract type. 
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If decision making level 1 is kept in-house then usage of parts is defined as the current part 

usage which is decided on by the company. When D-1 is done by the MSP, the parts usage 

might change as the MSP decides to introduce different maintenance policies for the 

production system. This would change the parts cost during the contract duration. However 

this is only for the variable contract (m=2) and the variable + incentive contracts (m=4), as 

these transfer the prices of the parts directly to the customer.  The costs of the parts (𝐶𝑝𝑚𝑖) 

for maintenance activity i with contract type m, are defined by: 

𝐶𝑝𝑚𝑖 =  ∑ 𝐶𝑘𝑚 ∗ 𝑝𝑘𝑚𝑖
𝑛
𝑘=0            (2) 

𝑝𝑘𝑚𝑖 denotes the number of parts of k, used during maintenance activity i with maintenance 

contract m. 𝐶𝑘𝑚 are the average costs for part k with maintenance contract m. n denotes all 

parts which are in the production system. 

6.2.3 Total direct costs 

The total direct costs (𝐶𝑡𝑑) can be determined by combining the two previously presented 

costs, over the lifetime of the contract L. This is represented by the following formula. 

𝐶𝑡𝑑𝑚 = ∑ 𝐶𝑙𝑚𝑖 + C𝑝𝑚𝑖
𝐿
𝑖=0             (3) 

6.3 Indirect costs 
As companies operate costs are incurred which cannot directly accounted to specific 

maintenance activities. These costs are the indirect costs of maintenance, depending on the 

contract type and maintenance scenario. The indirect costs consist of overhead of the 

customer and the cost of the contract phase (except Price, which dealt with in 6.5.2), which 

were introduced in chapter 5: performance evaluation, adaptation, coordination and 

safeguarding costs. 

6.3.1 Overhead costs 

The overhead costs 𝐶𝑜𝑚𝑖, consist of the costs which are of the managers and staff which are 

supporting the maintenance of the production system. These costs should be related to the 

production systems for the costs to be taken into account (e.g. engineering costs specifically 

for the production system). Depending on the scenario these costs will change and might 

eventually be zero when the company chooses maintenance scenario 3 as the contracting 

costs are covered in the other indirect costs and no company staff is needed for D-1/D-2/D-3. 

𝐶𝑜 are the average costs of overhead per maintenance crew hour (6.2.1), while ℎ𝑚𝑖 is the 

amount of maintenance crew hours spend on maintenance activity i. 

𝐶𝑜𝑚𝑖 =  𝐶𝑜 ∗ ℎ𝑚𝑖              (4) 

6.3.2 Performance-evaluation costs 

Performance-evaluation costs are the costs which are incurred during the monitoring of the 

performance of the maintenance provider. These costs will differ depending on the contract 

type and the maintenance scenario. As long as the maintenance is performed in-house these 

costs will equal zero, as performance evaluation is covered by the hired managers in the 

overhead costs. For other scenarios and depending on contract types (m), performance 

evaluation will be done on a regular interval (𝑟𝑝𝑒𝑚) as specified by the contract over the 

contract length L. This will take an average time of 𝐻𝑝𝑒𝑚 with a cost of 𝐶𝑝𝑒 per hour. This 

relationship is presented in the formula: 



  44 
 

𝐶𝑝𝑒𝑚 = (
𝐿

𝑟𝑝𝑒𝑚
) ∗ (𝐶𝑝𝑒 ∗ 𝐻𝑝𝑒𝑚)          (5) 

6.3.3 Adaptation costs 

Some contract types are more flexible than others as described in chapter 4. This inflexibility 

increase costs whenever adaptations are needed to be made to the contract. Adaptation 

costs are present in the contract period (L), for z times.  Every time, the production system is 

modified to increase its fit for the business environment, the contract has to be adapted to 

include these adaptations. The specific costs per adaptation will change for every adaptation, 

however for this thesis an average amount will be charged per adaptation (𝐶𝑎𝑑𝑚) since the 

adaptation. Depending on the number of expected adaptations (𝐸(𝑧)) of the production 

system, some contract types (m) will become more expensive than others. The following 

formula presents the adaptation costs (𝐶𝑎𝑚). 

𝐶𝑎𝑚 =  𝐸(𝑧) ∗ 𝐶𝑎𝑑𝑚            (6) 

6.3.4 Coordination costs 

Coordination between the MSP and the customer can increase the costs. Coordination costs 

are the extra costs incurred between the MSP and the customer to coordinate the 

maintenance decisions when outsourced. Depending on the contract type (m), it is possible 

that some contracts require more coordination than others. Coordination cost (𝐶𝑐𝑜𝑚) consist 

of an interval in which coordination is required (𝑟𝑐𝑜𝑚), hours per interval required 𝐻𝑐𝑜𝑚 and an 

average cost per hour 𝐶𝑝𝑒 as shown in formula 7. 

𝐶𝑐𝑜𝑚 = (
𝐿

𝑟𝑐𝑜𝑚
) ∗ (𝐶𝑐𝑜 ∗ 𝐻𝑐𝑜𝑚)           (7) 

6.3.5 Safeguarding costs 

Safeguarding costs have a similar behavior as performance-evaluation and coordination 

costs since they are incurred in intervals (𝑟𝑠𝑔𝑚) over lifetime (L) depending on the contract 

type. The safeguarding is furthermore dependent on the hours per interval required, which 

might change per contract type (m) due to distrust between the MSP and the customer. This 

distrust could also require more hours per interval for some contract types 𝐻𝑠𝑔𝑚, which are at 

an average cost of 𝐶𝑠𝑔. These factors are combined in formula 8.  

𝐶𝑠𝑔𝑚 = (
𝐿

𝑟𝑠𝑔𝑚
) ∗ (𝐶𝑠𝑔 ∗ 𝐻𝑠𝑔𝑚)          (8) 

6.3.6 Total Indirect costs 

Depending on the contract type (m), the following total indirect costs are present during the 

contract life time.  

𝐶𝑡𝑛𝑚 = 𝐶𝑝𝑒𝑚 + 𝐶𝑎𝑚 +  𝐶𝑐𝑜𝑚 + 𝐶𝑠𝑔𝑚 + ∑ C𝑜𝑚𝑖
𝐿
𝑖=1          (9) 

6.4 Downtime 
When production systems are not able to operate due to technical downtime, personnel and 

other machinery which is in line with the production system is standing idle. During this idle 

time the production company only incurs costs, as operators will have to wait for the 

production system to be repaired to continue producing goods. Depending on the type of 

downtime the costs will differ. Planned downtime is often considered less costly as operators 
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are either not present or assigned non-producing tasks, i.e. not idle (Pascual, Godoy, & 

Figueroa, 2013). Unplanned downtime, often caused by breakdowns, does cause idle 

personnel and machinery (Prasad Nepal & Park, 2004). Next to idle personnel and 

machinery, also lost sales can increase downtime costs. As machinery is not available and 

products are not produced, a production company might not be able to deliver its products to 

the customers.  These opportunity costs will have to be accounted for when downtime 

occurs. In the next sections these cost types will be introduced. 

6.4.1 Idle personnel 

When the production system experiences downtime, operators of this machinery might be 

idle. This would depend on the downtime 𝑡𝑖 generated by maintenance activity i and the 

average cost of all operators which are idle during the downtime 𝐶𝑜𝑑𝑡.This relationship is 

presented in the following formula. 

𝐶𝑜𝑑𝑡𝑖 = 𝐶𝑜𝑑𝑡 ∗ 𝑡𝑖             (10) 

6.4.2 Idle machinery 

For idle machinery the same relationship as idle personnel is presented. During downtime of 

the production system, other machinery in line of this could also be idle. The idle machinery 

occur cost of being idle, such as energy, water and possibly other consumables. Downtime 

𝑡𝑖 generated by maintenance activity i has an average cost of production system idle time of 

𝐶𝑝𝑑𝑡, which is represented in:  

𝐶𝑝𝑑𝑡𝑖 = 𝐶𝑝𝑑𝑡 ∗ 𝑡𝑖             (11) 

6.4.3 Lost sales 

Furthermore due to down time lost sales can occur, these lost sales arise due to the inability 

to deliver on promises to the customers of the production company. During downtime 𝑡𝑖 

caused by maintenance activity, costs of lost sales occur of𝐶𝑙𝑠𝑡 (Ahlmann, 2002). As shown 

by formula (12) 

𝐶𝑙𝑠𝑡𝑖 = 𝐶𝑙𝑠𝑡 ∗ 𝑡𝑖             (12) 

6.4.4 Total downtime costs 

Total downtime costs 𝐶𝑡𝑎 during the lifetime of the contract (L) can be represented by the 

following formula: 

𝐶𝑡𝑎 = ∑ (𝐶𝑙𝑠𝑡𝑖 + 𝐶𝑝𝑑𝑡𝑖 + 𝐶𝑜𝑑𝑡𝑖)
𝐿
𝑖=0           (13) 

6.5 Contracting costs 
As described in chapter 5, before a contract is agreed upon costs are incurred to ensure the 

MSP can perform as agreed upon. Furthermore the customer will have to pay the MSP for its 

services, depending on the contract type the occurrence of these costs will differ. In the 

following sections first the pre-contract costs (chapter 5) will be explained. Afterwards the 

costs of the different contract types (price) will be examined. 

6.5.1 Pre-contract 

Before the maintenance of a production system is transferred from the customer and the 

MSP, many costs are incurred by the customer to select and create the contract with the 

MSP. These costs can be divided by the activities of the pre-contract phase as introduced in 
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chapter 5, specification (𝐶𝑠𝑝𝑒𝑚), selection (𝐶𝑠𝑒𝑙𝑚) and contracting (𝐶𝑡𝑟𝑎𝑚). These will apply a 

single time, before a contract is concluded and will depend on the contract type m. This is 

shown in formula 

𝐶𝑝𝑐𝑝𝑚 = 𝐶𝑠𝑝𝑒𝑚 +  𝐶𝑠𝑒𝑙𝑚 +  𝐶𝑡𝑟𝑎𝑚          (14) 

6.5.2 Contract costs 

Contract costs (Price) differ per contract types. As described in chapter 4, contract types 

have different manners of paying the MSP. For contract type 2, variable contract, only the 

direct costs. For the other contract types, Fixed (m=1), Fixed + Incentive (m=3), Variable + 

Incentive (=4) and PBC (m=5), extra costs exist which will be explained in this section. Two 

types of costs exist: fixed costs (Ccfm) and incentive costs (Ccim). A fixed costs type is a set 

cost over the contract lifetime L which differs per contract type (m), whereas an incentive 

costs for the customer depends on the availability of the production system during an 

interval. Availability of the production system during an interval r is determined by the amount 

of contract hours during r (Hrcon) and amount of downtime 𝑡𝑖 during contract hours in interval 

r. The cost is then multiplied for each percentage of availability as (Cicm). This can be 

combined into the formula (15). 

𝐶𝑐𝑖𝑚 = ∑ (𝐻𝑟𝑐𝑜𝑛/(𝐻𝑟𝑐𝑜𝑛 𝐿
𝑟=0 + ∑ 𝑡𝑖

𝑟
𝑖=0 )) ∗ 𝐶𝑖𝑐𝑚        (15) 

6.5.3 Total contract costs 

For every contract type m=1 to m=5, the formula for the total contracting costs 𝐶𝑡𝑐𝑚 is 

different. For each contract type the costs are presented below. 

𝐶𝑡𝑐1 = 𝐶𝑝𝑐𝑝1 + 𝐶𝑐𝑓1            (16) 

𝐶𝑡𝑐2 = 𝐶𝑝𝑐𝑝2             (17) 

𝐶𝑡𝑐3 = 𝐶𝑝𝑐𝑝3 + 𝐶𝑐𝑓3 + 𝐶𝑐𝑖3           (18) 

𝐶𝑡𝑐4 = 𝐶𝑝𝑐𝑝4 + 𝐶𝑐𝑖4            (19) 

𝐶𝑡𝑐5 = 𝐶𝑝𝑐𝑝5 + 𝐶𝑐𝑖5            (20) 

Even though m=4 and m=5 look similar, it should be noted that it is likely that 𝐶𝑐𝑖4 <  𝐶𝑐𝑖5 . 

This is due to that in contract type 4, variable + incentive, still direct costs are applied as 

described in 6.1. 

6.6 Conclusion 
For every combination of scenarios and contract type’s different costs are applicable. The 

following cost function can be made by adding all the components presented in this chapter. 

This differs depending on the contract types (m):  

𝐶𝑡𝑚 = 𝐶𝑡𝑑𝑚 + 𝐶𝑡𝑛𝑚 + 𝐶𝑡𝑎 + 𝐶𝑡𝑐𝑚          (21) 
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Model Solving Phase 
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7. Framework application 
To evaluate the model, the model will be applied on the situation in which HEINEKEN is. To 

do this the framework (Figure 19) presented in this thesis is used to identify potential 

production systems which should be considered for outsourcing. The first 

step is choosing which maintenance decisions will be outsourced. As 

described in chapter 1, d-3 will be looked at for maintenance outsourcing 

as this improves productivity the most, this capability is thus especially 

looked at in the next section.   

7.1 Identifying production systems for outsourcing 
In the next step within the framework, the production systems of the 

packaging department of HEINEKEN are positioned in the figure 

presented in chapter 3. The clear cut case of outsourcing occurs when an 

activity is not critical and HEINEKEN is not distinctively capable of doing 

the maintenance (D-3) itself. These are activities that an external partner 

can do better without the risk of reducing the competitive advantage. 

When this framework was presented to the technical team leaders of 

HEINEKEN Zoeterwoude, the maintenance execution (D-3) of 3 

production systems were located in the outsourcing quadrant: 

1. Conveyer belts 

2. Palletizers 

3. Pasteurizers 

7.2 Choosing a production system 
From the previous chapters, one of the most important steps for 

HEINEKEN to decide whether the outsourcing of all decisions can be 

accomplished is whether the performance of the maintenance of a 

production system can be measured. This is not the case for the conveyer 

belts since these do not have any measurement equipment which 

measures the contract hours. Thus this production system is scrapped 

from the list. For the palletizers management has already shown interest 

to determine whether it should be outsourced. This is due to upcoming 

retirement of key employees with regards to the maintenance knowledge 

of this production system. This production system is thus chosen to be 

used in the framework for this master thesis. However the pasteurizers 

should also be investigated by HEINEKEN to determine the whether the maintenance of this 

system can be outsourced as well. 

7.3 Details of the production system 
The palletizers are the final production system of the packaging department, where the cases 

of product are put together on a pallet. From there onwards it arrives at the warehouse where 

the pallet is sent to the customers by trucks. There are 2 different types of line configurations 

with regard to the palletizers. One line configuration has the palletizers directly behind the 

packers (i.e. line 11, 12, 9), whereas the other palletizers have been centralized in the 

warehouse at the palletizer center. Here the lines (2, 3, 5, 7) with one-way bottles, ready for 

export, come together to be palletized. When discussing the chosen production system with 

Figure 19 - Maintenance 
partnering framework 
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the technical team leader responsible for these lines, it was suggested that the palletizers of 

these 4 lines (in the palletizer centrum) should be investigated. This is because of several 

reasons. First of all they have the same supplier and are fairly similar. Only a few differences 

exist between 2, 3 and 7, whereas 5 is a slightly different type of palletizer, still many parts 

and techniques are similar. Furthermore the management of these palletizers is centralized 

to one rayon technician, while the other are separated over the other rayon’s. This reduces 

time spend on the coordination, within the context of this thesis, but also whenever the 

maintenance decisions are outsourced.  

7.4 Choosing maintenance scenarios and contract types 
First the specific scenarios which can be applied are determined for this production system. 

One of the issues which have arisen for this production system is that the knowledge (D-1) 

and operation (D-3) of the maintenance of this production system lay within the same 

employee, who will be retiring in a few years. To ensure continuous operations these skills 

will have to be either reacquired in new employees (S-8) or both these decisions will have to 

be outsourced. For these decisions to be outsourced only two scenarios are left which can 

be considered (S-3 & S-4). The vision of HEINEKEN however is to reduce their involvement 

with the maintenance of machinery, therefore scenario 4 is not preferable because of the 

many communication lines. Only scenario 3 and 8 will be considered for this production 

system.   

All contract types discussed in chapter 4 are applicable, although contracts with a variable 

component will be considerably more difficult to monitor. Because the costs of the MSPs will 

also have to be monitored, which is time consuming when D-1 is outsourced. This will likely 

increase the costs which are incurred during the contract phase. All other contracts will have 

no difficulty with being applied to the palletizers. 

7.5 Conclusion 
In this chapter, the framework is applied to the current situation of HEINEKEN Zoeterwoude. 

First it was determined that the maintenance execution should be outsourced. After 

identifying 3 production systems for which maintenance outsourcing could be beneficial, the 

palletizers are selected to be used as a case for the model solving phase. The maintenance 

scenarios which will be investigated are the current scenario, i.e. in-house maintenance (s-8) 

and scenario 3. Furthermore all possible contract types will be evaluated to increase insights 

for HEINEKEN.  

The performance measurements of maintenance of the palletizers have also been 

discussed. However this is not sufficient and the exact specifications of the performance 

measurements will have to be developed in the following chapter (8). The last step is the 

comparison between the different scenarios and contract types to determine what the best 

scenario is. To do this the costs which are incurred currently, and in scenario 3, by 

HEINEKEN will be calculated and compared in chapters 9, 10 and 11. 
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8. Maintenance Performance Measurements 
As explained in chapter 4, in any outsourcing scenario, it is important to be able to evaluate 

the performance of the supplier. Without the knowledge of the actual performance of the 

MSP, HEINEKEN would be uncertain whether the MSP complies with the required 

performance standards. For the scenario (S-3), where all the maintenance decision levels 

are outsourced to an MSP, it is important to determine the performance of the production 

system during the contracted period.  

For production systems, it is common to determine the performance of such a system by its 

availability and downtime (Reindorp, 2013). Availability and downtime are closely related, as 

availability is 1 – (Downtime/operating hours). Downtime can have many sources at 

HEINEKEN, therefor they have developed a framework through which downtime can easily 

be measured. To be able to evaluate the performance of the MSP, it will be important to 

correctly measure the downtime caused by the maintenance decision levels. In this chapter, 

the framework which is used by HEINEKEN is introduced as well as the problems it induces. 

The framework is then adjusted to ensure the correct measurements are used for 

HEINEKEN to evaluate the MSP when all maintenance decisions are outsourced.    

8.1 HEINEKEN’s availability framework 
The framework of HEINEKEN is presented in Figure 20. This framework is developed by 

HEINEKEN to provide one measurement of performance for all production systems in the 

world.  Every red indicated measurement in the Figure is measured for each production 

system automatically and stored in a computer database (MES).   

 

Figure 20 - Performance measures HEINEKEN (HEINEKEN Zoeterwoude TPM Documentatie) 

In the following Tables the exact definitions used by HEINEKEN for the measurements 

depicted in the Figure are presented. The time measurements (Table 7) are the red parts of 
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Figure 20 and as earlier stated are directly measured by the production system. The 

measurements in the second Table (8) are  calculated by the system based on the measured 

items and two fixed measurements, Total time and nominal rate. The total time is the time 

which is available in the period (e.g. a day is 24 hours of total time, a week is 7*24 hours of 

total time etc.). The nominal production rate is based on the purchase/engineering production 

capacity of the bottleneck production system of the line. This means that this is a fixed value 

for a certain production line which is expressed in units/hours per SKU (HEINEKEN, 2011).  

This nominal rate is used to determine the theoretical production time with by deviding the 

number of good product by te nominal production rate.  

Table 7: Time Measurements (adapted from HEINEKEN, 2011) 

Time Measurements 

Name Definition 

Unused Time 
No activities at the line, not for production or maintenance. 'Lights out, door closed.' 

E.g. weekends and Christmas 

Non Team 
Maintenance Time 

Maintenance executed by others that the operator teams 

E.g. maintenance by 3th parties or the maintenance department 

NONA Time (No 
Order, No Activity) 

No Order, No Activity. All resources available to produce, but no orders to produce. Operators do 
other jobs (like cleaning) they would not do if there was an order to produce. 

Planned Downtime 
Scheduled time the line is not producing, while a team is present. 

E.g. cleaning, planned maintenance by operators and meetings. 

Change-over time 
A special type of planned down time. This is registered separately to keep an eye on change-over 

times. 

Breakdown 
Defined as: equipment stoppage (> 5 minutes) that involve technical repair. Measured as: unplanned 

downtime longer than 5 minutes (not always technical repair required). 

External stop 
Interruption of the line, with their root cause outside control of the operator team. 

E.g. no beer, no external transport etc. 

Minor stops 
Every stoppage less than 5 minutes that causes downtime in the equipment. 

E.g. a bottle that is fallen and causes a stop of the machine. 

 

Table 8 - Calculations Time definitions (adapted from HEINEKEN, 2011) 

Time Calculations 

Name Definition 

Total Time 
Total time in a period. 

= Actual hours in a specific period of time. 

Manned Time 
Time there is action, no matter what, with the line. 

= Total Time - Unused Time 

Operating working 
Time 

Time operator team is present and doing their job. 

= Manned Time - Non Team Maintenance Time 

Effective working 
Time 

Time operator team is executing product orders and other planned jobs. 

= Operating working Time - NONA 

Available 
production Time 

Time operator team is scheduled to produce orders. 

= Effective working Time - Planned Downtime - Change-over time 

Operational Time 
Time the machine should be able to operate, according to the schedule. 

= Available production time - Breakdown 

Production Time 
Time the machine is actual producing. 

= Operational time - Minor stops - Speed losses 
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Theoretical 
production Time 

Time the line produced based on nominal cycle times (SKU/hour). 

= Produced SKU /  nominal rate per hour 

Reject & Rework 
Any SKU removed from the line due to quality concerns 

= Rejected SKU / Norminal rate per hour 

Speed losses 
This category fills the gap between all times measured and calculated based on production data. 

(Can be negative.) 

= Operational time - Production time - Minor stops 

 

These measurements are deployed on every production system and from there on used to 

make informed the decision about which problems are affecting the production of the SKUs. 

Maintenance affects both the unplanned down and planned down by machinery. HEINEKEN 

measures these by the breakdowns and non-team maintenance respectively. With the 

outsourcing of all the maintenance of a production system, some requirements will have to 

be set by HEINEKEN on these measurements to evaluate the performance of the MSP. 

However for the measurements to be effective they have to measure only the effect of the 

maintenance on the performance of these measurements. Where the non-team maintenance 

is a correct measurement of maintenance performance, the breakdown measurement is 

currently not. Although a breakdown is correctly defined as an equipment stoppage which 

requires a technical repair, currently all breakdowns of more than 5 minutes are registered as 

such. This includes breakdown which are caused by defective materials (e.g. packaging), 

wrong operational methods and man-made errors. This error is made through the program 

which is registering these breakdowns. The program is set to regard every stoppage of more 

than 5 minutes as a breakdown. Factors other than the failure of components of the 

production system which require technical assistance shouldn’t be included in the evaluation 

of the MSP because it cannot be held responsible for these.  HEINEKEN will have to 

distinguish between the different types of failures to address this problem. 

8.2 Measuring technical downtime 
A production system has a technical failure when, a mechanical, electrical / 

instrumentation failure on components, sub-assemblies or production system 

machinery and control systems require a technical repair and causes more than 5 

minutes downtime. All Actual production time lost (Table 8) due to technical failures 

combined make up for the technical downtime which is affected by the performance of the 

maintenance. Actual production time will be the contract hours. Contract hours, as 

described in chapter, are the part of the time, where the maintenance provided by the MSP 

will have an effect. HEINEKEN will have to make clear arrangements with the MSP of the 

maximum technical downtime within these contract hours. Outside the contract hours the 

failures/ maintenance which occur will not cause the MSP to not reach the performance 

target, as long as they are resolved before the contract hours are commenced. 
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Manned time (shift)
Unused time (no-
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Other 
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Method Material

 

Figure 21 - The performance measurements of the MSP, with an outsourcing scenario 3 of maintenance of 
the production system 

Due to the current measurement practices described in the previous part, the technical 

downtime cannot be measured currently. Currently breakdowns are classified into four 

different failure types (Figure 21): Machine, Man, Material and Method. For this master thesis 

we use these failures types to find the failures where technical skills are used to repair the 

failures. The failure type materials, as discussed in the previous paragraphs, consists of 

failures which are cause by defective materials. These failures can cause downtime which 

requires a technical repair (e.g. broken bottle cutting a power cord (very unlikely)), however 

for these failures the MSP is not at fault. These will thus not be included in the technical 

downtime. Method failures are caused by operators not following correct procedures 

regarding the use of the machinery for the operation (e.g. refilling the bottles wrongly). These 

procedural failures, which cause technical down time, are caused because of the lack of 

training of the operator in using the machinery. HEINEKEN is responsible for the hiring and 

training of the operators and thus the technical downtime of the machinery because of 

method failure cannot be contributed to the MSP. A man type failure consists of a failure 

caused by mankind which is not directly related to the operation of the machinery (e.g. 

walking in restricted areas which cause the machinery to stop). Another possibility of a man 

type failure is the incorrectly provided maintenance. These two different man type failures 

have a profoundly different effect on the downtime caused by the MSP. The first man type 

failure are caused by people not adhering to the regulations which are present at 

HEINEKEN, which is not caused  and are thus not attributable to the MSP. The second man 

type failure is the incorrect behavior of the MSPs/maintenance personnel, this is 
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contributable to the maintenance and is thus considered as a technical downtime. A machine 

failure is defined as a failure where the production system is not capable of producing the 

SKU due to a sudden part failure unrelated to the other failure types. This is definitely 

attributable to the breakdown of the machinery and is thus the responsibility of the MSP.  

8.3 Conclusion 
For HEINEKEN to ensure that the maintenance provider’s behaves according to their 

interest, in a scenario where all the maintenance decisions are outsourced, it should be able 

to exactly measure the effects of the maintenance. With the proposed definition which is 

presented in this chapter the performance of the maintenance can be clearly evaluated.  The 

problem however arises that the measurements of the breakdowns of the production system 

are polluted with causes which are not related with the maintenance of the production 

system. For this thesis, a solution has been proposed by evaluating the causes of the 

breakdown and determining what the failure type of each breakdown is. Even though the 

possibility exists to do this by hand, through looking at whether a technical failure is the 

cause of the failure, it is strongly suggested to separately measure the technical downtime 

when outsourcing scenario 3 is considered.   
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9. Data Collection 
Data had to be collected from multiple sources to be able to measure the costs and 

availability of the palletizers. Information systems that have been used are: 

- SAP 

- Blink HR 

- Blink Finance Profit/loss 

- Mes Verpakken 

- Mes Downtime 

- Mes Verpakken PCS messages 

- Break Down Analysis database 

- Interviews with stakeholders (Maintenance manager, Rayon Technician, technical 

team leaders, Palletizer technician) 

The list of sources shows that to create a complete image of all the variables involved a lot of 

sources have to be used. Especially to register the downtime caused by the maintenance, as 

explained in chapter 8, is time consuming. The model from chapter 6 (Figure 22) is used to 

ensure all costs are accounted for. In this chapter the exact methods of data collection are 

explained. 

 

Figure 22 - Costs model - developed in chapter 6 

9.1 Maintenance activities and contract length 
As described in chapter 6, contract length is important for the analysis as contract length can 

be important for the outcome of the analysis. For this case analysis a contract length of 2 
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years is chosen, because of this being the overhaul interval (as suggested by Sols et al. 

2007). Even though some parts are not replaced in a 2 year interval, through evaluating the 

costs of 4 similar machines it is possible to address most maintenance could which are 

present in longer intervals. All the maintenance activities which are present in the years 2014 

and 2015 are used to construct the costs of a 2 year interval. More years could have been 

examined for to increase the reliability, however determining the optimal contract length is 

out of scope of this thesis. 

9.2 Direct costs 
As explained in chapter 6, the direct costs are split up in two factors, Labor and Parts. In the 

following sections the methods used for calculations of these factors are explained. 

Labor costs 

The rayon technicians, who are responsible for the maintenance budget of the palletizers, 

currently do not have to subtract the costs of internal labor of their maintenance budget. This 

causes the registration of this is to be lacking and thus it has to be reconstructed through 

various methods. 

Labor costs (𝐶𝑙𝑚𝑖) are always a combination of an hourly rate and the amounts of hours 

needed by the technician to perform the maintenance activity. The hourly rate is combined 

information of Blink HR, Blink Finance Profit/loss and interviews. The finance and HR data is 

combined to give management a clear overview of the current costs of the FTEs, 

management interviews will then help determine the correct hourly rate of labor.  

For the amount of hours (𝐻𝑚𝑖) which are needed to complete a certain maintenance activity 

other systems (SAP) have to be accessed. After every maintenance activity, the technical 

staff has to report the amount of hours they have worked on the maintenance activity. The 

hours made by the staff will be connected to all the work orders which are registered to have 

been done by the maintenance crew the last few years. With both these values all the labor 

costs can be calculated.  

Part costs 

Part costs (𝐶𝑝𝑚𝑖) are registered after each maintenance activity in SAP, in separate work 

orders. Through registering all the accumulated costs which are present with each work 

order, total part costs can be determined. The different parts which are used could be further 

examined in each work order, however for time reasons the total accumulated costs are used 

as part costs. One issue however exists and that is that the costs of the external parties 

which are used to for the maintenance activities are also registered, as an accumulated cost, 

on the single work orders. However this is not an issue since these costs are still being 

incurred by HEINEKEN with the management of the palletizers and are thus relevant. For 

future situations it is recommended to have clear distinction between parts costs and external 

partner costs to increase transparency, which helps decision making. 

9.3 Indirect costs 
Indirect costs can be split up into two parts, the overhead costs and the 4 contract costs 

which are represented in the contracting phase. These different parts will now be elaborated 

on. 
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Overhead costs 

Overhead costs are one of the more difficult to assess, because managers and other 

personnel who provide support for the maintenance crew divide their attention across many 

of the personnel of the brewery. The maintenance crew first off all has a manager which 

manages them. This manager is managing a certain amount of people, which can be 

translated to an amount of hours which they are yearly available on site. The hours which are 

presented by the maintenance for the palletizers can thus be accounted to this 

measurement. From the decision levels presented in chapter 2, some actors who cause 

overhead costs can be determined. First there is the maintenance engineer (D-1), the 

amount of hours provided by them on the palletizers will have to be assessed. As well as the 

hours provided by the coordinators (D-2), both can be calculated based on the amount of 

hours available ((amount of hours spend on the palletizers (𝐻𝑚𝑖))/amount of people in the 

role * nominal hours). This percentage can be multiplied by the total hours to present total 

overhead costs to get the overhead costs (𝐶𝑜𝑖).  

Contracting costs 

For the indirect costs presented in chapter 5, interviews have been done with a technical 

team leader and a packaging leader. The interviews were chosen to be semi-closed and the 

Tables of chapter 5 were completed during the interview. Helpful advice was gathered from 

Verhoeven (2014), on how to execute reliable interviews. First an introduction was send days 

before the meeting, were the topic of interest was introduced. At the start of the interviews, 

another introduction was given and some unclear topics could be elaborated on. Next during 

45 minutes, the interviewees were asked to provide an accurate estimate of the contracting 

costs presented in chapter 5. Finally the interviewees were thanked for their participation. 

Problems have existed with the execution of the interviews, where one interview was not 

conducted and for one interview technical difficulties have caused the interview not to have 

been recorded. This has led that only one interview has been conducted for these costs, this 

reduces the reliability of this research and will be addressed in the discussion.  

9.4 Downtime costs 
As discussed in chapter 8, downtime caused by the palletizers will have an effect on the 

complete packaging line and only technical failures will be considered. This causes the costs 

of downtime to be expensive since up to 15 people are not able to continue producing. 

Downtime costs (𝐶𝑜𝑑𝑡 +  𝐶𝑝𝑑𝑡) have been calculated previously by HEINEKEN and have 

been summarized in Figure 23. These downtime costs consist of the costs of utilities, 

machine idle time, labor costs and overhead costs. Lost sales are difficult to establish and 

are not taking into account due to time restrictions. For future research, the downtime costs 

should be more accurately examined.  
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Figure 23 - Hourly Downtime costs for each packaging line (HEINEKEN ZW savingslijst 2016) 

The next step is to calculate the technical downtime as discussed in chapter 8. To calculate 

the technical downtime (𝑡𝑖), the following data collection structure is used: 

1. Determine total actual production time (contract hours) and total measured 

breakdowns (MES Verpakken) 

2. When a breakdown of longer than 5 minutes occurs these have be explained by the 

operators. All the explained breakdowns have been examined and are tagged 

whenever some indication exists of a technical breakdown.   

3. Repeat step 2, until all relevant years have been examined. 

With this data collected for the palletizers the costs of the technical downtime can be 

calculated. Furthermore HEINEKEN will have more information about the amount of 

technical failures that are caused by maintenance related issues. It has been found that 

around 20% of the registered breakdowns can be considered technical failures.  

9.5 Contracting costs 
The pre-contract phase costs (𝐶𝑝𝑐𝑝𝑚) are determined through interviews with the 

stakeholders as described in 9.3. Through the input of the interviewee’s, the hours spend on 

the activities presented in chapter 5 will be used as indicators of the cost which will be made 

by HEINEKEN for the different phases. These costs will be developed for each contract type 

which is applicable for this case. The price of the contracts cannot be determined due to the 

extensive time which is needed to contact MSPs and to develop contract proposals. These 

are thus excluded from this research and these costs are assumed to be the same between 

the contract types for the analysis. 

9.6 Conclusion 
In this chapter the data collection methods are disseminated, to insure repeatability of the 

methods which are used in this thesis. This is not only done for academic use be especially 

for HEINEKEN to be used in future outsourcing scenarios where new information gathering is 

needed. In the next chapter the data is gathered and an analysis is done.  
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10. Analysis of scenarios 
As discussed in chapter 7, 2 maintenance scenarios(s-3, s-8) and the 5 contract types are 

applicable to the palletizers. First s-8, i.e. in-house maintenance, will be evaluated and 

analyzed. Furthermore the different contract types which are applicable and s-3 will be 

analyzed. Finally the contract types and maintenance scenarios are compared to come to a 

conclusion.  

10.1 Scenario 8 – In-house maintenance 
As described in chapter 9, the data of the last 2 years of maintenance is collected, to ensure 

overhauls are accounted for. Overhauls are considered very costly by HEINEKEN and thus 

contribute greatly to the overall cost levels. In Table 9, the costs of scenario 8 are 

summarized. Costs are made to ensure a level of availability. To be able to distinguish 

between scenarios one should consider the availability because a higher availability might be 

more beneficial than the increase in costs. The availability of the palletizers is shown in Table 

10.  

Table 9 - Scenario 8 costs  

  Parts Costs Labor Costs Overhead costs Downtime Costs Total Costs 

2014  €  49,889.42   €  28,192.30   €  3,589.73   € 57,506.72   € 139,178.17  

2015  € 32,741.10   € 25,235.30   € 3,692.73   € 94,205.54   € 155,874.67  

Total costs  € 82,630.52   €  53,427.60   €  7,282.46   € 151,712.26   € 295,052.83  

 

Table 10 - Technical availability of the palletizers – Operational Time and Technical breakdowns is 
measured in hours 

  
 

  2014     2015 

  

Actual 
production 
time 

Technical 
downtime 

Technical 
Availability 

Operational 
time 

Technical 
downtime 

Technical 
Availability 

Line 2 6231.5 36.5 99.41% 7475.3 47.6 99.36% 

Line 3 5261.1 3.0 99.94% 5129.7 6.6 99.87% 

Line 5 5490.3 6.7 99.88% 6701.6 17.1 99.74% 

Line 7 5870.1 6.1 99.90% 5314.0 14.3 99.73% 
  

Clear distinctions between the years 2014 and 2015 can be discovered. First the parts costs 

of 2014 are much higher than the same costs of 2015. When this difference is examined 

more closely, the difference stems from the preventive maintenance. In 2014, the palletizers 

of line 2, 3 and 5 have been overhauled while in 2015 only the palletizers of line 7 have been 

overhauled. This distinction increases costs made in 2014 by €17148.  

Furthermore the operational time has increase from 2014 to 2015 for the lines 2 and 5 which 

have no overhaul in 2015. While the operational time for line 7 has decreased in 2015, for 

which the overhaul executed in 2015 could be the reason. Line 3 has little differences 

between 2014 and 2015, even though no overhaul activities have taken place in 2015. This 

could be of concern for HEINEKEN and should be further investigated. 

Other distinctions can be found in the technical downtime of the palletizers of production line 

2 and 3 when compared with 5 and 7. While line 2 has the most operational time of all 
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palletizers this does not explain the additional technical downtime as shown in Table 10. 

When further investigating the causes of the extra downtime of line 2, two explanations are 

found which could contribute to the additional technical downtime. The first explanation is a 

modification of the side pushers on line 2, which were incorrectly installed in 2014. This 

modification cause a lot of technical downtime as it was not working properly. Furthermore, 

as a technical team leader explained, sometimes operators explain downtime on the first line 

of the rayon. This means that line 2 might have had some of the other lines breakdowns 

assigned to it. This could especially be the case with line 3, which has extraordinary low 

breakdowns. This last explanations is however difficult to prove in hindsight, but should be 

examined by HEINEKEN. 

The costs presented here are an estimate of the costs of scenario 8, due to data 

inaccuracies within HEINEKEN Zoeterwoude. To be able to present an accurate 

representation of the maintenance costs of scenario 8, the different data management 

structures should be consolidated to a company wide data system. This increases 

transparency between departments and increases data driven decision making, such as 

attempted in this section.  

10.2 Scenario 3 – Outsourcing all maintenance decisions 
As described in chapter 6, important parts of the outsourcing costs, are the costs presented 

in chapter 5. Depending on the contract type, different total prices might be charged by the 

MSP, this can only be known when the supplier selection is initiated. However an analysis 

can be made for the other indirect costs which are estimated by doing interviews with a 

technical team leader as described in chapter 9.  The results of these interviews are 

presented in the Table 11 and 12.  The results in Table 12 are for a contract length of 2 

years, with labor costs of € 80 per hour and 8 adaptations.  

Table 11 - Hours spent on activities belonging to the different phases 

Pre-contract 
Phase 

Fixed 
Contract 

Variable 
Contract 

Fixed + 
Incentive 

Variable + 
Incentive PBC 

Interval of 
occurrence 

Specification 700 700 700 700 924 
Once during 
contract length 

Selection 80 50 80 50 160 
Once during 
contract length 

Contracting 80 50 80 50 160 
Once during 
contract length 

Contract Phase             

Safeguarding 6 40 6 40 3 Weekly 

Adaptation 40 0 40 0 10 Per adaptation 

Performance-
evaluation 10 20 10 20 80 Monthly 

coordination 10 10 10 10 10 Monthly 

 

The most notable about the costs presented in the Tables (11, 12) is that the intermediate 

contract types (i.e. fixed + incentive and variable + incentive), are considered as costly as 

their counter parts. According to the technical team leader and packaging team leader, the 

incentives do not increase or reduce the indirect costs as presented in this thesis. However 

these different contract types, in their opinion, have a different effect on contract price and 
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availability of the production system. The contracts with an incentive, would probably be 

more expensive, however the availability would also be increased. This relationship will be 

different for each production system and should be investigated during the contracting 

phase. During the rest of this analysis, only 3 of the contract types will be discussed, Fixed, 

Variable and PBC, because of the lack of differentiating ability between the two other 

contract types.  

Table 12 – Indirect costs for the outsourcing of the maintenance of the palletizers with a contract length 
of 2 years - in euro's. 

Pre-contract 
Phase Fixed Contract 

Variable 
Contract Fixed + Incentive 

Variable + 
Incentive PBC 

Specification  €      56,000.00   €       56,000.00   €             56,000.00   €       56,000.00   €      73,920.00  

Selection  €         6,400.00   €         4,000.00   €               6,400.00   €         4,000.00   €      12,800.00  

Contracting  €         6,400.00   €         4,000.00   €               6,400.00   €         4,000.00   €      12,800.00  

Contract Phase           

Safeguarding  €      49,920.00   €     332,800.00   €             49,920.00   €     332,800.00   €      24,960.00  

Adaptation  €      25,600.00   €                     -     €             25,600.00   €                     -     €        6,400.00  

Performance-
evaluation  €      19,200.00   €       38,400.00   €             19,200.00   €       38,400.00   €    153,600.00  

coordination  €      19,200.00   €       19,200.00   €             19,200.00   €       19,200.00   €      19,200.00  

Total Costs  €    182,720.00   €     454,400.00   €          182,720.00   €     454,400.00   €    303,680.00  

 

In the pre-contract phase, as theorized in chapter 5, the variable contract is the least costly, 

with a total of € 64,000. Compared to the fixed contract, the differences are relatively small 

with only a €4,800 difference. While the PBC takes much more time to develop and is thus 

also costlier with a total of €99,520. These differences in costs are as described in chapter 5 

and are considered not out of the ordinary.   

For the contract phase important features of each contract type are highlighted in the Tables. 

As expected (chapter 5), a variable contract requires a lot of safeguarding to ensure that the 

maintenance and especially the costs charged to HEINEKEN are correct. This is also 

present in the other contract types however to a much lesser extent. In the fixed contract, 

more safeguarding is needed to ensure the MSP does provide all the maintenance and does 

not only contribute to the short term performance of the production system. That could lead 

to long term detrimental effects for the whole production system. Since these costs increase 

with the duration of the contract, the variable contract is in a clear disadvantage with a 2 year 

contract length.  

Other features that increase with contract length are performance-evaluation and 

coordination costs. With performance-evaluation costs, there is a clear disadvantage for the 

PBC. This is different as the theorized relationships in chapter 5, where the performance-

evaluation of the PBC was seen as more favorable then the other contract types. However 

as described in chapter 8, determining the performance of the maintenance on the 

production system is time consuming for the palletizers. While this is necessary for all the 

contract types, in the PBC all the revenue of the MSP is dependent on this and will thus be 

more discussed and criticized. Therefore it is expected by the technical team leader that this 

will require much more time than the other contract types. If the maintenance performance 

would be easily measurable this would be less than the current reported costs. Correctly 
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theorized in chapter 5, is however the relationship between fixed and variable contracts, 

where fixed is the lowest contract costs. With a variable contract also the performance 

measurement must be related to the direct costs which are charged by the variable contract 

and this increase costs spent on performance evaluation with respect to a fixed contract.  

Coordination costs are considered similar, due to it being similar between contract types as 

the same maintenance decisions are outsourced. If different outsourcing scenarios where 

examined these could have differed between the scenarios. However between contract types 

within one scenario, the coordination costs are not likely to differ according to HEINEKEN.  

With adaptation costs other aspects increase the costs than the contract length. For 

adaptation costs, the number of expected adaptations during the contract length increases 

the costs incurred. These adaptations are considered to be any adaptations that require 

change the production system in such a way that the contract will have to be adapted. For 

the palletizers it has been estimated that 8 contract adaptations are needed during the 2 year 

contract length, as in the last two years 8 adaptations where needed for the palletizers. The 

theorized relationships are again confirmed by the interviews, where the variable contracts 

will have the lowest costs for adaptations (no costs). This is due to the MSP will earn more 

revenue with extra maintenance to be done. This will cause the MSP to accept adaptations 

without contest whereas with the other two contract types KPI’s will need to be changed and 

costs will increase for the MSP.  This will require more communication between the MSP and 

HEINEKEN to change some of the provisions of the contract. This is the cause of the costs 

of the adaptation. For a fixed contract, the adaptations are especially costly since the MSP 

will have to reevaluate his costs levels and the price of the total contract. This is represented 

in the costs of the adaptation.  

As shown in Table 12, based on the indirect costs, the best contract type for HEINEKEN to 

implement for selecting scenario 3 with a contract length of 2 years for the palletizers is the 

fixed contract type. The fixed contract could however be significantly more expensive when 

these are taken into account and the decision should thus be re-evaluated when these are 

known. In the following section the two scenarios are compared. 

10.3 Conclusion - Comparing the scenarios 
With the indirect costs of scenario 3, being 2/3 of the overall costs of scenario 8, it is very 

unlikely that the total costs of scenario 3 are lower than the total costs of scenario 8 over a 2 

year period. If however, the fixed contract would be able to improve availability of the 

palletizers this could increase viability of scenario 3. This is probably not economically 

possible due to the already high technical availability in the palletizers.    

An issue with continuing with scenario 8 is the previously mentioned upcoming retirement of 

the employee with specialized knowledge of the palletizers. As long as, as for HEINEKEN it 

is possible to train and retain a new employee which has a similar skillsets this is of no 

concern. However when this is not possible and a MSP has to be found, this analysis shows 

that a fixed contract should be considered as the best possible solution. As more adaptations 

are needed or a different contract length is chosen, a different contract type might be optimal 

for HEINEKEN. In the next chapter a sensitivity analysis is performed on these variables to 

create a better understanding on these have on the outsourcing decision.  
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11. Sensitivity analysis 
In this sensitivity analysis an understanding is developed what the main contributors are to 

the costs presented in the previous chapter and how these effect the decision making. The 

variables which will be analyzed are the downtime, the contract length, the number of 

adaptations and the contract costs. 

11.1 Technical Downtime analysis 
As explained in chapter 8, Technical downtime is very difficult to determine at HEINEKEN. 

The amount of technical downtime in the analysis (chapter 10), can thus be substantially 

different from the actual technical downtime. To determine the effect of the misrepresentation 

of the downtime, the downtime is increased by 50% in this section. This amount of 

misrepresentation is an extreme case and the results would still be similar.  This would cause 

the following costs to be present in scenario 8, Table 13. 

Table 13 - Costs of scenario 8 with 100% increased downtime. 

  Parts Costs Labor Costs Overhead costs Downtime Costs Total Costs 

2014  €  49,889.42   €  28,192.30   €  3,589.73   € 86,260.08   € 167,931.52  

2015  € 32,741.10   € 25,235.30   € 3,692.73   € 141,308.31   € 202,977.44  

Total costs  € 82,630.52   €  53,427.60   €  7,282.46   € 227,568.39   € 370,908.96  
 

With this increase in costs it is still not beneficial for HEINEKEN to outsource maintenance. 

However the downtime costs might be able to be reduced by the contractor and a 

maintenance contract might beneficial for HEINEKEN, as long as the contractor can actually 

reduce downtime costs, while keeping labor and parts costs similar. It is expected however 

that this is unlikely due to the often higher price charged by the supplier for these costs. 

However it can be seen that if high downtime exists and MSPs can decrease downtime, a 

fixed contract for scenario 3 could become the preferable option for the palletizers when 

considering the reduced downtime costs in comparison to the increase overhead costs (as 

presented in the previous chapter).  

11.2 Contract Length and number of adaptations 
Contract length and number of adaptations, as explained in chapter 10, have a big effect on 

the indirect contract costs. To show the effects, Figure 24 is made. In the Figure the effect of 

changing the contract length and the number of adaptations can be seen. Contract length is 

varied from 0,5 year to 3 years and number of adaptations is varied from 0 to 80 adaptations 

during the contract length.  
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Figure 24 - Best Contract Type depending on contract length and number of adaptations 

The colors represent the contract type which would be least costly for a maintenance 

outsourcing scenario with the specific number of adaptations and contract length.  As shown 

by the Figure, the fixed contract is not always the best contract type to be implemented. 

From the Figure the following relations seem to be present with deciding which contract type 

to use. Variable contracts appear to be only beneficial for with a small contract length and 

many adaptations. This is because of three properties of this contract type, the low costs in 

the pre-contract phase, no adaptation costs and the high safeguarding costs.  For a 

performance based contract, that contract length has to be reasonably long and adaptations 

are to be expected during the contract. Fixed contracts seem to be optimal whenever little 

adaptations are to be expected, regardless of the contract length. HEINEKEN should take 

this into account when the palletizers are to be outsourced.  

11.3 Contract costs 
Since the contract costs have been determined by interviews, these costs can be over- or 

underestimated by the interviewees. This could change the preferred contract type for the 

outsourcing decision. In this section, two types of contract costs will be changed to see what 

effects this has on the decision. The first costs are the safeguarding, performance evaluation 

and coordination costs, which are incurred in an interval. As well as, the second costs type, 

adaptation costs will be examined. 

11.3.1 Interval costs 

For the interval costs, underestimating these costs would not change the optimal contract 

type for this outsourcing scenario. However overestimation of these costs would change the 

preferred contract type, this effect will thus be investigated in this section. To determine the 

effect of overestimation all interval costs, i.e. safeguarding, performance-evaluation and 

coordination costs, are reduced by 50% per interval. The results are show in Table 14. 
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Table 14 - Contract costs over 2 years for the palletizers, with 50% reduced interval costs and 8 
adaptations - in euros 

Pre-contract 
Phase Fixed Contract 

Variable 
Contract Fixed + Incentive 

Variable + 
Incentive PBC 

Specification  €      56,000.00   € 56,000.00   € 56,000.00   €       56,000.00   €      73,920.00  

Selection  €         6,400.00   € 4,000.00   € 6,400.00   €         4,000.00   €      12,800.00  

Contracting  €         6,400.00   € 4,000.00   € 6,400.00   €         4,000.00   €      12,800.00  

Contract Phase           

Safeguarding  €      24,960.00   € 166,400.00   € 24,960.00   €     166,400.00   €      12,480.00  

Adaptation  €      25,600.00   €  -     € 25,600.00   €                     -     €        6,400.00  

Performance-
evaluation  €         9,600.00   €  19,200.00   € 9,600.00   €       19,200.00   €      76,800.00  

coordination  €      19,200.00   €  19,200.00   € 19,200.00   €       19,200.00   €      19,200.00  

Total Costs  €    148,160.00   €  268,800.00   € 148,160.00   €     268,800.00   €    214,400.00  
 

The optimal contract type is still similar to the original analysis, i.e. a fixed contract. 

Furthermore the maintenance of the palletizers should still not be outsourced, as the total 

costs for outsourcing are to be much higher than the costs which are currently present in 

scenario 8. If a similar Figure as Figure 24 is created, a clear shift in optimal maintenance 

outsourcing contracts can be seen (Figure 25). Fixed contracts are optimal whenever little 

adaptations have to be performed during the contract length. Variable contracts are 

beneficial, for a small contract length and relatively many adaptations. PBC is the optimal 

contract for long contract length which requires   some adaptations during the contract 

period. 

 

Figure 25 - Best Contract Type depending on contract length and number of adaptations - with reduced 
interval costs 
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11.3.2 Adaptation costs 

For adaptation costs the opposite is true as for the interval type costs, where an 

underestimation of the cost might have caused the optimal contract type to be mispresented. 

An overestimation of this cost type would not change the optimal contract type, as the low 

adaptation costs causes the fixed contract to be optimal in the original scenario. An 

underestimation on the other hand might change the optimal contract type. To provide 

insights in the changes of the optimal contract type, the adaptation costs are increase by 

50% to represent a possible underestimating scenario. The results are represented in Table 

15.   

Table 15 - Contract costs over 2 years for the palletizers, with 50% increased adaptation costs and 8 
adaptations - in euros 

Pre-contract 
Phase Fixed Contract 

Variable 
Contract 

Fixed + 
Incentive 

Variable + 
Incentive PBC 

Specification  €      56,000.00   € 56,000.00   € 56,000.00   €       56,000.00   €      73,920.00  

Selection  €         6,400.00   € 4,000.00   € 6,400.00   €         4,000.00   €      12,800.00  

Contracting  €         6,400.00   € 4,000.00   € 6,400.00   €         4,000.00   €      12,800.00  

Contract Phase           

Safeguarding  €      49,920.00   € 332,800.00   € 49,920.00   €     332,800.00   €      24,960.00  

Adaptation  €      38,400.00   €                     -     € 38,400.00   €                     -     €        9,600.00  

Performance-
evaluation  €      19,200.00   € 38,400.00   € 19,200.00   €       38,400.00   €    153,600.00  

coordination  €      19,200.00   € 19,200.00   € 19,200.00   €       19,200.00   €      19,200.00  

Total Costs  €    195,520.00   € 454,400.00   € 195,520.00   €     454,400.00   €    306,880.00  

 

Still the optimal contract type is considered to be the fixed contract, even with the increased 

adaptation costs the fixed contract type is still the least costly. When changing the contract 

length and adaptations, some points on Figure 24 have switched to other contract types, as 

shown in Figure 26. However the previously stated relationships are still in place and it 

seems that the contract types have specific profile for which they should be adapted. 
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Figure 26 - Best Contract Type depending on contract length and number of adaptations - with increased 
adaptation costs 

11.4 Conclusion 
In this chapter some sensitivity analysis has been performed to show the behavior of some of 

the important variables on the outsourcing decisions and the optimal maintenance service 

contract.  First the technical downtime has increased by 100% to determine whether the 

outsourcing decision should be made when this would be the case. Although it is less clear 

than during the analysis of chapter 10, it is probably still not beneficial for HEINEKEN to 

outsource the maintenance of the palletizers. If the MSP could decrease the downtime, it 

might be beneficial for HEINEKEN to choose a fixed contract type. Furthermore some 

analysis has been done on the indirect contract costs. The contract length and the amount of 

adaptations have been varied, as well as the indirect costs based on the intervals and 

adaptation. Some general rules can be established according to this analysis. Fixed 

contracts are beneficial whenever little adaptations are required. Variable contracts are 

beneficial on a short contract length and with some/ many adaptations. PBC are optimal 

whenever a long contract period is needed and adaptations are to be expected during the 

contract length.   
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Conclusion 
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12. Conclusion 
In this thesis a framework is presented to decide what maintenance decisions should be 

outsourced and what the optimal contract type would be for the outsourced maintenance of 

the production system. This framework is developed to be able to provide the answer to the 

main research statement: 

The development of a decision model which determines the best contract for the 

outsourcing of maintenance of a production system at HEINEKEN in terms of 

cost/availability. 

The framework identifies the decisions which have to be made by management of the 

production systems to outsource the maintenance of production systems, by dividing the 

decision in 5 research questions. The first three research question provide an overview for 

management to decide on what maintenance can be outsourced, for which production 

systems and with what contract types. The decisions of these points of the framework are 

guided by specific advantages and disadvantages of the maintenance scenarios, 

maintenance of the production systems and the contract types. These points in the 

framework combined into the first deliverable as described in chapter 1.3: 

1. Decision model what maintenance scenarios can be used for the production systems 

at HEINEKEN Zoeterwoude 

In the fourth decision point of the outsourcing framework, is the ability to measure the 

maintenance performance of the maintenance service provider. Without the possibility of 

measuring this performance, the maintenance service provider will be able to take advantage 

of the customer and maintenance should not be outsourced. Technical downtime during 

contract hours measures the performance of the maintenance service provider and should 

thus be measurable for maintenance outsourcing scenarios. For HEINEKEN this KPI are the 

actual production time as the contract hours and the technical failures consists of failures 

within the machine and man types failures (man type failures should however be further 

investigated). This is the second deliverable as described in chapter 1.3: 

2. A list of (K)PIs on which the MSP has to be controlled on/ for  

In the last step of the framework, the chosen scenarios and contract types are evaluated 

against the scenario which is currently in effect for the production system. Depending on the 

costs of availability related to each of the options a decision can be made to either continue 

with the scenario or change to a different scenario and/ or contract type. The deliverable for 

this decision was, as described in chapter 1.3 was:  

3. Microsoft Excel tool which shows the consequences of the different MSCs for the 

outsourcing of the maintenance of a specific production system. 

This deliverable has not been developed as technical downtime of the production systems 

could not be measured consistently at HEINEKEN at the time of writing of this thesis. This 

can be improved as a standard is developed for defining failure modes and this is 

consistently applied. When this is implemented an excel tool could be made as there would 

be a standard approach for the gathering of information. The excel files used for calculating 

the costs for the palletizers are given to HEINEKEN to develop an understanding of how the 

calculation should be made. These calculations shows that the indirect costs for the 
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outsourcing of maintenance for the palletizers are as high as 2/3rds of the total costs of the 

in-house scenario. Therefore it is suggested that the maintenance of these production 

systems should not be outsourced. As the excel tool was not developed the user guide for 

this model has also not be developed and the fourth deliverable has not been delivered 

upon: 

4. Decision model user guide 

A presentation is given to the stakeholders at HEINEKEN to explain the decisions framework 

which is developed during this master thesis project. During this presentation the 

stakeholders were introduced to the steps of the framework and the recommendations for 

HEINEKEN have been presented. Furthermore questions with regards to the framework 

have been answered. This fulfills the fifth deliverable as described in chapter 1.3: 

5. Decision model presentation 

In this master thesis the responsibilities and duties of HEINEKEN are described in the 

different chapters where the framework is introduced (Chapter 2-6). Especially in chapter 5 

the required steps which should be undertaken during the different phases of the contract life 

cycle describe many responsibilities and duties of the customer of a MSC. In the different 

phases HEINEKEN has many different responsibilities and duties to ensure that the 

maintenance of the production systems is done and improved. In the pre-contract phase it is 

important to determine the responsibilities for the rest of the contract life-cycle and the after-

contract phase. These responsibilities could however have been presented more clearly 

during this thesis and thus the final deliverable is partially fulfilled.  

6. The needed responsibilities and duties within HEINEKEN and the MSP with regards to 

the different MSCs 

12.2 Recommendations for HEINEKEN 
For HEINEKEN some recommendations are given to help develop a better maintenance 

outsourcing process. Some of these recommendations are observations during the writing of 

this thesis while others are based on the results of this thesis.  

First of all, according to the analysis presented in this thesis, scenario 3 should not be 

implemented for the Palletizers of line 2,3,5,7. As the results show, these palletizers are 

already performing very well (99,5%+ availability) and the costs would outweigh the benefits. 

The indirect costs of scenario 3 were determined by an interview, this is not optimal and with 

more interviews the results of this analysis could have been different. This should thus be 

further investigated by HEINEKEN. Furthermore there is the possibility that whenever the 

knowledge of the maintenance planning (D-1) of the palletizers could be secured, that other 

scenarios should be investigated for the palletizers. The management of maintenance 

knowledge is however out of scope of this thesis and has not been further investigated.  

The framework should be continued to be applied at HEINEKEN as the situation and reasons 

for maintenance partnering change. During this thesis an additional production systems for 

the current situation at HEINEKEN have been identified: the pasteurizer. For this production 

system the framework should be implemented. Furthermore as the packaging department of 

HEINEKEN is only examined during this master thesis, more production systems should be 
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identified for which maintenance could be outsourced in the other department of HEINEKEN 

(i.e. Brewery department). 

Furthermore it is important for HEINEKEN to increase the accuracy with which the downtime 

is measured. Currently HEINEKEN cannot evaluate what are reoccurred causes of failures, 

to determine what can be done to prevent these (maintenance related or otherwise). Closely 

related to this issue are the downtime costs, which are not completely understood and should 

be further investigated. 

Finally it would be beneficial for HEINEKEN to further investigate the optimal contract length 

and its effects on the outsourcing decision. Depending on the contract length the outsourcing 

decision will change however the exact relation has not been researched. In this thesis the 

decision is made to have linear relationships with regard to the costs presented in the 

outsourcing scenario in the sensitivity analysis. This has shown that the changes in contract 

length had an effect on the optimal contract type. The exact relationship has not been 

researched as this was out of scope of this master thesis but could prove to be important for 

the outsourcing decision for HEINEKEN.  

12.2 Academic relevance and limitations 
In the literature, there is much focus on the optimal maintenance outsourcing for production 

systems. Recently there has been a great focus on what the optimal maintenance contract is 

for production systems. Many models use a game theoretic approach to solve the 

maintenance outsourcing decision, where the customer is often the follower of the 

maintenance outsourcing decision. However the customer as initiator of the outsourcing 

decision is not analyzed. As production systems become more digitalized the customer might 

not be able to maintain their own production systems as the knowledge required for these 

systems is too costly to keep in-house. It is thus necessary that the customer has a 

framework through which this maintenance outsourcing decisions can be initiated. In this 

thesis, this gap has been filled by creating a framework through which a production company 

(customer) can decide on what maintenance of which production systems and with which 

contract should be outsourced. As a test of the framework, it has been used at HEINEKEN. 

The framework is not only applicable at HEINEKEN but can be implemented in any 

production company where production machinery is used and where a need exists to 

outsource the maintenance of the production systems.  

Some issues exist with the data collection methods presented in this thesis, especially 

technical downtime and indirect contract costs. With respect to downtime it was impossible to 

compromise the downtime data as failure data was poorly registered. However as the 

sensitivity analysis has shown, underestimating the failure data by 50% would still result in 

similar decisions.  

Furthermore in the literature no research has been found which describes the behavior of the 

indirect costs with regards to the different contract types as presented in chapter 5. Therefore 

interviews were conducted with technical leaders which were very limited. In the end only 1 

interview could be fully used while another was partly used. It would have been optimal to 

have a bigger data set from which the results could be combined to provide a more accurate 

answer. Due to time constraints this could not be done during this master thesis. 

Furthermore the indirect costs for some of the contract types could have been determined by 

evaluating the costs which are present in the current situation of HEINEKEN. Some contract 
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types are however currently not applied to HEINEKEN (especially PBC), this would make this 

data collection method also provide incomplete data. This remains one of the weaker points 

of this thesis and should be further investigated to increase the reliability of the analysis.  

Furthermore the costs presented in this thesis use a linear approach (i.e. it is assumed that 

the costs are similar each year). Because of the limited data which was gathered, no other 

relationships could be determined. As touched upon in chapter 6, these relationships could 

however be different and further research should determine the relationship between 

contract length and the costs. 

Finally, it is suggested that causes of technical downtime during contract hours is further 

investigated. If a clear definition and framework for measuring the cause of technical 

downtime would be available, customers of maintenance service providers would be able to 

accurately measure the performance of the MSP, which could lead to a more transparent 

maintenance service industry. 
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16. Appendix 

Appendix 1: List of definitions 
Adaptations 

 A change in the business environment/ production system which requires a change 
 in the maintenance service contract between the customer and the MSP 

Breakdown 

Unplanned downtime of a machine, that takes more than 5 minutes for the machinery 
to be back in an operational state. 

Cleaning-Inspecting-Lubricating-Tightening lists (CILT)  

Tasks that have to be executed by the operators (Daily/weekly/monthly) to ensure 
optimal performance of the machinery.  

Competitive advantage 

 A production system that is valuable, rare, inimiTable and non-substituTable 

Corrective Maintenance 

 The set of actions to restore a failed system to an operational state. 

Fixed Contract 

 A contract where a payment is made regardless of how much time and materials the 

 MSP has used for the maintenance as long as an agreed upon maximum downtime is 

 not exceeded 

Fixed + Incentive contract 

 A contract where a fixed payment is made regardless of the time and effort by the 
 MSP as well as an incentive payment is made when downtime is lower than a 
 certain downtime level. 

Maintenance Decision 

 A decision which affect the planning, scheduling or execution of the maintenance 
 of a production system 

Maintenance Scenario 

 A combination of in-house and outsourced maintenance decisions 

Performance Based Contract 

 A contract where a payment is made based on the downtime achieved (less 
 downtime = Higher payment), regardless of time and effort provided by the MSP 

Preventive Maintenance 

The set of actions to control the rate of degradation of a system and reduce the 
likelihood of failure occurrence. 
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Production System 

 A collection of interconnected machine elements, which serves a specific purpose 
 within the production of products at HEINEKEN Zoeterwoude. 

Productivity 

 A important performance measurement for the breweries of HEINEKEN, which is 
 measured by Hectolitre of beer produced/FTE’s. 

Relative Capability 

 The relative superiority of the maintenance process for the production system when 
 compared to the market 

Technical Failure 

 A mechanical, electrical / instrumentation failure on components, sub-assemblies or 
 production system machinery and control systems require a technical repair and 
 causes more than 5 minutes downtime. 

Technical Downtime 

 The amount of time where the production is not operation due to a technical failure 

Variable Contract 

A contract where a payment is made on time and materials provided by the MSP (up 
to a maximum). 

Variable Contract + Incentive contract 

A contract where a variable payment is made on the time and effort by the MSP as 
well as an incentive payment is made when downtime is lower than a certain 
downtime level. 
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Appendix 2: Abbreviations 
CILT Cleaning, Inspection, Lubrication & Tightening 

CM Corrective Maintenance 

D-1 Decision level 1 (Maintenance planning) 

D-2 Decision level 2 (Maintenance scheduling) 

D-3 Decision level 3 (Maintenance Execution) 

DOM Design-Out Maintenance 

FTE Full-time equivalent 

HL Hectoliter 

KPI Key Performance Indicator 

MSC Maintenance Service Contract 

MSP Maintenance Service Provider 

NPI New Product Introduction 

OEM Original Equipment Manufacturer 

PM Preventive maintenance 

PBC Performance based contract 

S-1 to S-8 Scenario 1 to 8. 

SHE Safety, Health & Environment 

TPM Total Productive Management 
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Appendix 3: List of variables of cost model 
Variable Explanation 

𝐶𝑎𝑑𝑚 Average costs per adaptation z, with contract type m. 

𝐶𝑎𝑚 Total costs of adaptations during contract length L with contract type m. 

𝐶𝑐𝑓𝑚 Total amount of fixed costs with contract m 

𝐶𝑐𝑖𝑚 Total costs for incentives with contract m 

𝐶𝑐𝑜 Hourly costs of coordination. 

𝐶𝑐𝑜𝑚 Total costs of coordination during contract length L with maintenance contract 
m 

𝐶𝑖𝑐𝑚 Costs applied for each percentage of availability achieved by the MSP with 
contract m 

𝐶𝑘𝑚 Cost of part k with contract type m 

𝐶𝑙𝑚 Average hourly labor costs for contract type m 

𝐶𝑙𝑚𝑖 Cost of labor of maintenance activity i with contract m. 

𝐶𝑙𝑠𝑡 Average cost of lost sales during downtime. 

𝐶𝑙𝑠𝑡𝑖 Total costs of lost sales due to downtime during maintenance activity i. 

𝐶𝑜 Average hourly costs of overhead 

𝐶𝑜𝑑𝑡 Average cost of idle personnel during downtime. 

𝐶𝑜𝑑𝑡𝑖 Total costs of idle personnel due to downtime during maintenance activity i. 

𝐶𝑜𝑖 Total cost of overhead of maintenance activity i 

𝐶𝑝𝑐𝑝𝑚 Total costs of pre-contract phase of contract type m 

𝐶𝑝𝑑𝑡 Average cost of idle machinery during downtime. 

𝐶𝑝𝑑𝑡𝑖 Total costs of idle machinery due to downtime during maintenance activity i. 

𝐶𝑝𝑒 Hourly costs of performance evaluation. 

𝐶𝑝𝑒𝑚 Total costs of performance evaluation during contract length L with 
maintenance contract m. 

𝐶𝑝𝑚𝑖 Total costs of parts used on maintenance activity i with contract type m.  

𝐶𝑠𝑒𝑙𝑚 Total costs of selection phase of contract type m 

𝐶𝑠𝑔 Hourly costs of safeguarding. 

𝐶𝑠𝑔𝑚 Total costs of safeguarding during contract length L with maintenance 
contract m 

𝐶𝑠𝑝𝑒𝑚  Total costs of specification phase of contract type m 

𝐶𝑡𝑎 Total costs of downtime during contract length L. 

𝐶𝑡𝑐𝑚 Total contract costs during contract length L with contract type m. 

𝐶𝑡𝑑𝑚 Total direct costs during contract length L with contract type m. 

𝐶𝑡𝑚 Total costs of maintenance during contract length L with contract type m 

𝐶𝑡𝑟𝑎𝑚 Total costs of contracting phase of contract type m 

𝐻𝑐𝑜𝑚 Amount of hours required per interval to coordinate with contract type m. 

𝐻𝑚𝑖 Hours of labor used on maintenance activity i, with contract type m 

𝐻𝑝𝑒𝑚 Amount of hours required per interval to evaluate performance with contract 
type m. 

𝐻𝑟𝑐𝑜𝑛 Amount of contract hours in interval r.  

𝐻𝑠𝑔𝑚 Amount of hours required per interval to safeguard with contract type m. 

𝑝𝑘𝑚𝑖 Number of k parts used for maintenance activity i with contract m.  

𝑟𝑐𝑜𝑚 Interval of coordination occurrence 

𝑟𝑝𝑒𝑚 Interval of Performance evaluation occurrence. 

𝑟𝑠𝑔𝑚 Interval of safeguarding occurrence 

𝑡𝑖 Downtime caused by maintenance activity i 

E(z) Number of expected adaptions during the contract length 

i A specific Maintenance activity i 
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k A specific part of the production system 

L Contract Length 

m Contract type where 0= in-house, 1 = Fixed, 2=Variable, 3= Fixed + Incentive, 
4 = variable + incentive and 5 = PBC. 

n Total number of parts in a production system 

r Interval of occurrence 

 

 


