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1. Initiation, Research question and Research approach
The increasing complexity of capital assets (e.g. ships, planes, production plants, etc.) is a phenomenon which affects the economical and technological lifetime of these capital assets. These effects are clearly visible in organizations such as the Royal Netherlands Navy (RNLN). There is a growing interest in methods and techniques which make it possible to evaluate, manage and control the capital assets over the life cycle to make economical and technological effects visible.
The aim of this research is to develop an asset management approach which can be applied in practice and evaluated on its merits.
The research concentrates on the maritime environment because of the availability of methods and the experience in applying these methods. Also material is available for a review of the existing methods and techniques supporting asset management which makes it possible to set up an inventory of problems when these methods are put into practice.
The research started with the identification of the problem in the RNLN. The literature survey reveals that the problem of measuring and controlling cost-effectiveness dates back to 1885 when a report on the cost-effectiveness of logistics in the RNLN was published at the request of Her Royal Highness. This report states that 'materiel logistics' (mainly acquisition and maintenance) need to be more effective and efficient to keep the RNLN fleet up and running. The following management improvements were suggested:
· cut down overhead labor costs to an essential level, every extra penny qualifies as wastage;
· make all (overhead) costs visible;
· ensure that all activities are processed as quickly and as simply as possible;
· verify that the infrastructure and tools fit the job and that employees can think and work in a free and sensible way.

In this context the system life cycle starts with an operational need. In general the operational need should be specified in operational activities. A complete description of the operational activities is usually provided by the operational requirements for a system. These requirements should give answers on questions such as: 
· what is required of the system in functional terms? 
· what functions must the system perform? 
· what are the primary functions? 
· what are the support functions?
· what are the operating conditions?
	
When these questions have been answered then one can state that the required system functionality has been specified. These requirements are then the references (baseline) which determine the system effectiveness. 
	
In this context system effectiveness is defined as a figure of merit representing the extent to which the system is able to perform the intended functions. 
When the system cost is also taken in account the parameter cost-effectiveness can be realized. According to Juran [1988] cost-effectiveness is defined as the value received for the resources expended and is the ratio of cost to (system) effectiveness.

Accordingly initial questions in this research are related to the RNLN and are formulated as follows. 
How to:
· specify the system functionality of a capital asset in an adequate way so it will meet the required operational need;
· obtain, exploit and dispose capital assets to meet the specified system functionality;
· manage and control the necessary logistic processes to achieve cost-effective capital as-sets.

Based on these issues the general research question, for this research, is defined as:
'How to achieve Cost Effective Management Control of Capital Assets?'

To meet the research objectives the following research approach is defined.

To obtain the theoretical and practical foundation a literature study is planned to select the state-of-the-art of the different research subjects from general theory. The intention is to analyze the gathered information in a way that allows methods and techniques, which support asset management during the life cycle of a capital asset, to be classified.
Based on these findings a field survey is executed. The main objective of this survey is to find out if these methods and techniques are known and applied in practice. 
In anticipation of problems and difficulties incurred when these methods and techniques are put into practice a problem definition phase was planned to analyze the findings and to define the terms of reference for the experimental system. 
A system design phase was planned to achieve this system, in this context an asset management control system. 
A case study is executed to implement and test this system in practice. 
An evaluation study is executed to discuss the achieved results with respect to the expected new elements and research objectives.

2. Contributing to a body of knowledge
The economic growth has led to a demand for increasingly specialized maritime capital assets, not only in shipping but also in other maritime sectors such as offshore, dredging, fishing, coastal protection, etc.. This causes a continuous demand for advanced capital assets to fulfill the required operational needs in a more cost-effective way.

The research intention was to realize a well-founded review and analysis of relevant state-of-the-art methods and techniques. Furthermore, based on the obtained knowledge, the objective is to realize a universal applicable asset management approach capable of managing and controlling the logistic processes over the life cycle of a capital asset. 

From the environmental point of view it is also an issue to realize the chain of logistic processes in a cost-effective way. The industry is faced with increasing environmental requirements and regulations e.g. for the building, operation and maintenance of ships. The impact on the environment due to accidents or to actions of ships and crews during operation has been the incentive for new regulations. This research has taken also into account relatively new considerations about social aspects re the work processes.

New elements foreseen:
· The development of a new integrated Asset Management Control System.
· A new asset management information and communication tool, based on relations (data flows) between the operational environment, management and logistic processes and the capital asset itself.

3. Exploring a field
The maritime environment has been chosen as the primary research domain. The maritime environment, in particular the Royal Netherlands Navy, is familiar with asset management and logistics. According to the Integrated Logistics Support (ILS) Handbook [RNLN/DM, 2000], their policy is to implement logistics in a structured way. The ILS approach might also be profitable for merchant ships, offshore platforms and other maritime assets. This is because in the maritime sector logistic processes are very dislocated and specialized compared to other industrial sectors. Reasons for this are:
· a wide range of operational requirements;
· ship constructions and ship systems are relatively complex;
· ship variety (sizes, types, construction, etc.);
· ship operations all over the world;
· the crew's responsibility for a significant part of the operational support (maintenance);
· specialized contractors, necessary for high level maintenance;
· environmental implications related to ship retirement and disposal.

4. Creating a generic understanding
The research approach focuses on the development of a new Asset Management Control system to improve cost-effectiveness of capital assets, tested by a case study.

The theoretical basis is provided by a literature study. The result is an inventory of AMC related methods and techniques. A mapping plan is developed to provide a structured overview of the relevant methods and techniques. Each of these methods or techniques covers a part of the asset management domain, but they are complementary and so provide a theoretical basis.

The field survey, consisting of a written inquiry and interviews, reveals the limited applicability of these methods and techniques in practice. Based on the results of the survey nine 'key issues' to improve AMC have been defined. The prime factors appear to be: 
· the formulation of unambiguous requirements and objectives, to obtain improving insight and understanding of the AMC system (see figure 1-4) throughout the life cycle; 
· the availability of reliable performance- and cost indicators. 

In the Problem Definition the key issues are transformed into Terms of Reference (TOR). The TOR are the base to develop the Problem Specification for a new Asset Management Control System. The Problem Specification is structured in accordance with an approach dividing the process in six phases: get organized, get oriented, get practiced, get real, get across and finally get grip.

5. Developing a contribution
The contribution is a design, referred to as LCM-systems, which aims to support the management control of the logistic processes throughout the life cycle with respect to the functionality of the technical system. In accordance to the Problem Specification the System Design is divided into six modules:
1. the Structuring Module to set up the system-, process- and information structure; 
2. the Analysis Module to indicate the system elements, logistic products, processes, actors and budget needed;
3. the Training Module to provide a skilled Life Cycle Management team; 
4. the Program Module to set up Logistic Programs for all different life cycle periods; 
5. the Representation Module to achieve insight and understanding of the interdependence between functions, system installations, logistic products & processes, actors and cost;
6. the Control Module to inform and communicate with all involved actors.

The following methods and techniques have been developed to support these modules:
1. the Functional System Breakdown Technique;
2. the Product Data Management Approach;
3. the System Analysis Method;
4. the AMC training program;
5. the Integrated Cost Estimation Method;
6. the Life Cycle Management modeling application.

The Functional System Breakdown Method aims to provide an unambiguous and consistent breakdown of system functions to functional packages, realized by installations.
 
The Product Data Management Approach, including the ICT infrastructure, has been developed to implement and manage the information model based on the Logistics Sup-port Analysis Record. 

For the System Analysis Method a Logistics Process Cycle is constructed, consisting of eight elements representing the prime entities of the Asset Management Control System. The overall system analysis is obtained by analyzing the prime entities for each lifecycle phase.

A Training Development Method is used to establish the training needs. The AMC training program has been developed according to the Team Based Learning approach.

The Integrated Cost Estimation Method provides cost estimations based on system/installation performance specifications per life cycle period and/or mission profile. The cost estimations are based on the estimations of all actors involved, as far as possible.

The Life Cycle Management (LCM) modeling application 'AMICO' is capable of constructing LCM-models to communicate the norms and results to all actors. This is based on relating and integrating all allocated, planned and realized LPC entities to each other.

6. Instantiation
To study the effects in practice LCM-systems has been applied within the RNLN. The case study was based on the SEWACO-system of HNLMS Rotterdam. The case study period covered one year of implementation and one year of AMC during the active service period of the Landing Platform Dock HNLMS Rotterdam.

The Structuring-, Analysis- and Training Modules are implemented on a project base. The Program Module is based on the Integrated Logistics Support approach and has provided a Logistics Program per life cycle period. In the Representation Module manageable performance figures are established to control the logistic activities which are related directly to the system- and cost-effectiveness of an asset. This is made transparent for actors by the Function-, Installation- and Activity Diagrams of the constructed LCM-model. 

The case study resulted in an increased understanding and commitment of all logistic actors. During the LCM meetings differences and problems, in relation to the performance of the system, were discussed and corrective actions have been taken.

7. Evaluation

7.1 Conclusions
The results obtained during the assessment stage, the theory development stage and the design and case study stage are discussed and evaluated. The case study results are evaluated, conclusions are drawn with respect to the research objectives and recommendations for further research are given.

A method, or set of methods fully capable of supporting AMC throughout the asset life cycle could not be traced in the referenced literature. The 'mapping' method, developed to classify and position the methods and techniques in the asset management domain demonstrates overlaps of available methods and techniques. The conclusion is that a method or technique only covers a part of the asset management domain. Together they provide a wide range of possibilities and are considered to be an adequate theoretical basis. This justifies the need for a new management approach in order to apply these methods and techniques cost-effectively in practice. 
The case study results indicate that the key issues, which are defined as essential for a successful AMC implementation, are indeed keys to success.
LCM-systems has been developed to realize the new AMC approach. The case study has demonstrated that the systems approach offers the possibility to adjust the Logistics Programs with regard to the AMC main objectives throughout the life cycle:
1. specify system functionality;
2. acquire system functionality;
3. achieve cost-effectiveness;
4. justify phase-out.
Based on the LCM meeting results it can be concluded that the LCM-model supports AMC to meet the main objectives by providing insight into the system performances for all actors/stakeholders.
During the case study reliable system data were difficult to obtain. Since these data are the basis for the logistic communication and activities, information management is considered to be a key factor for AMC.
LCM-systems was experienced as a new AMC approach for the RNLN. The LCM training sessions were considered essential to provide a shared vision and team spirit. The conclusion is drawn that continuing the training sessions and more practice are needed to exploit LCM-systems on a full scale. 
The system modeler has proved to be a workable approach to represent the real SEWACO-system to support AMC.
The availability of unambiguous procedures and guidelines is seen to be essential to bring across the various roles and their relationship of the actors.
The conclusions so far are considered promising, considering that the experience so far is limited to one case of the SEWACO system during one year. 
7.2 Recommendations
The relations in the Function- and Installation Diagrams may be subject of further research. The advantages of a simple representation technique, based on linear equations should be compared to more sophisticated techniques. Further study is recommended to asses whether these techniques are leading to a model which is closer to reality. 

The Function Diagram does not allow cost allocation to functions, because installations (cost units) could support more than one function. Further research needs to be done on the possibilities and advisability of refining the system breakdown structure in such a way that it con-tributes to cost differentiation. For the system design phase particularly this could prove profitable, especially for methods such as Design To Cost.
Human interface is necessary to relate installation performances to actor performances. This may be considered as a weak point in the LCM model because the opinion of the expert could be subjective. The question is be raised whether training will be sufficient or that other solutions such as f modeling a mathematical relationship between actor- and installation performances should be advisable. Further research is recommended.
The system modeler 'AMICO' is, as far as known, the first integrated AMC computer application which supports management throughout the lifetime of an asset. It provides a hyper link to the web-based Product Data Management system at every system level. The development of web-based interfaces, to improve the communication abilities, should be seen as an ongoing activity with regard to the continuous development of ICT.
The need for the integration of LCM-models has been foreseen by organizations with numerous different capital assets. In this type of organization AMC is often divided into several management levels depending on the system scale. Study is needed to provide an under-standing of how the different levels of LCM models should be integrated and related to the various management levels. 
A subject of further research is to enlarge the AMC domain. In the present research, issues such as: system handling/use, energy consumption or mission profile, have not been taken into account as system elements, but considered as preconditions or requirements. During the case study it was noticed that these issues may have effect on the operational output and therefore on the (overall) cost-effectiveness of the asset. Further study is recommended on the expansion of the AMICO tool with regard to the ability to integrate the asset operations and provisions in the LCM-model.

8. Epilogue
This research, started in the late nineties, is executed from a business and technical perspective. Nowadays asset management and cost-effective support of capital intensive materiel has become a main topic. In 2014 the ISO 55000 asset management standard is launched. 
It appears that LCM systems is still an actual concept and many finished and running projects are based on it today. 
To coordinate this all the Asset Management Control Research Foundation (AMC-RF) is founded in 2002. AMC-RF aims to contribute a significant part of developing Asset Management Control methods, techniques, applications and training to support cost-effective management control of capital assets. The idealistic tendency is to contribute in prosperity and environmental issues. The foundation pursuits objectiveness and independence to realize these objectives. Publishing research results is considered of great worth regardless of the personal ideas and interests of the individual partners (see: www.amcplaza.com).  

The foundation concentrates on realizing joint ventures between government, science and business to realize her objectives. This can be done by partnership or on project base. In this context the following activities are executed:
· scientific research (initiation, support, advise and assessment)
· knowledge transfer (seminars, colleges, workshops, publications, etc.)
· knowledge intermediary (relation/network management)
· project support (feasibility studies, AMC implementations, training, etc.).  

