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Summary

	The summary is a maximum of 1 A4 and will be used for communication purposes. 

Please include the following:

· Motivation and goals (including links to innovation program)
· Activities / work packages
· Expected results
· Innovativeness
· Valorization strategy and implementation strategy


For many complex capital goods, the costs of maintenance and (service) logistics represent a large fraction of the Total Cost of Ownership. Indeed, these costs are often much larger than the procurement cost. Therefore, it is essential to develop maintenance/logistics strategies that minimize cost whilst maximizing the availability and safety of assets. Many process industry companies experiment intensively with condition-based maintenance (CBM), but preventive maintenance is still the norm. In this project, we study the (dis)advantages of CBM and its effects on logistics. 
Several characteristics of the process industries make maintenance/logistics planning particularly complex. Most companies operate a small number of (custom-made) complex assets, and obtain limited reliability/process/failure data, making it hard to plan maintenance and preparatory logistics activities. Multiple disciplines and contractors are involved in maintenance operations, and coordination is required to minimize down-time. In line with these characteristics, work packages I and II of this project study the advantages of pooling data and of clustering (condition based) maintenance/logistics operations, respectively, at a control tower. Work package III addresses the possibilities and barriers that exist in practice for implementing such an integrated approach, in particular barriers related to the optimal design of interorganizational maintenance and logistics relations.
Three universities and eight companies take part in this project. The current state of maintenance and logistics planning at the partner companies will be explored by the involved researchers together with bachelor and master students, leading to an overview of relevant issues and a typology of possible situations. Based on the results and building on the existing literature, methods for assessing the benefits of advanced (condition based) coordinated maintenance/logistics planning will be developed. These methods, in turn, provide the basis for developing proof of concept tools for specific cases and scan tools for general use (in the process industry and possibly beyond). Results will be published in popular media and top scientific journals, presented at (inter)national scientific and business events, and key finds and insights will be reflected in campaign material.
This project is innovative in many ways. First, the benefits of data pooling and joint maintenance planning in a centralized control tower approach are ill-researched, especially for advanced condition based strategies. Second, logistical issues concerning the planning of parts, tools and personnel have been disregarded in the literature, despite being crucial for the success of maintenance strategies. Third, the above mentioned characteristics of the process industry concerning service logistics are explicitly taken into account. Fourth, besides developing and testing coordinated planning methods, we also address cultural implementation barriers. Fifth, proof-of-concept and scan tools will be developed in order to put knowledge directly into use, and stimulate partnering companies and the wider industry to pursue further optimization of coordinated maintenance and logistics activities in a control tower approach.
A. Orientation and Project Goals

Motivation

	This section describes the motivation for initiating this project, the real and topical issues underlying the project and the urgency to address the issues. 




For many complex capital goods, the cost of service and downtime represent a large fraction of the Total Cost of Ownership. Indeed, these costs are often much larger than the procurement cost. Therefore, it is essential to develop service strategies that minimize cost whilst maximizing the availability and safety of assets. We remark that the cost of service includes the ‘direct’ maintenance cost such as service engineer labor costs, part replacement costs, and possibly shutdown costs; as well as (preparatory) logistics costs for e.g. warehousing and transportation. In this respect, maintenance and logistics are very closely related. Indeed, in line with a recently published roadmap for service logistics (Rustenburg et al., 2012) we see them both as essential elements of service logistics.
Maintenance planning in the process industry is particularly complex for a number of reasons. First, multiple disciplines are often involved such as piping, mechanical, control & automation, electrical & instrumentation. These different disciplines require specialist knowledge and often multiple contractors are typically involved in carrying out the maintenance activities. Second, maintenance activities are seldom very simple or without risk. For example: the health & safety policy may dictate that the number of visits to operational assets is limited to a minimum. If a visit cannot be avoided, then stringed safety pre-cautions may be required and several disciplines, including a representative of the asset owner, will be present at the visit. Third, process plants often work on a 24/7 basis, leaving little time for performing maintenance activities and implying that failures should be kept to a minimum as they will lead to down-time of the equipment and loss of revenue.
It is clear from the above complexity issues, that corrective maintenance is not an allowed/preferred strategy in the process industries. Failures must be prevented rather than solved. The established way to achieve this is by applying (possibly grouped) time-based preventive maintenance strategies. However, to ensure that failures indeed seldom occur, such strategies should err on the side of caution, implying that maintenance will often be performed earlier than needed from an equipment condition point of view.
Condition-based maintenance (CBM) therefore offers a lot of potential, especially in the process industries. It can postpone maintenance activities, compared to preventive maintenance, whilst limiting failures by constantly monitoring the condition of equipment. Many process industry companies indeed experiment intensively with condition-based maintenance (CBM), including those in our consortium. However, these are mostly isolated activities, without clear integration and coordination of both data analysis and decision-making, restricting the learning effects. Moreover, as discussed above, maintenance strategies affect not only (the scheduling of) maintenance activities, but also the logistical activities to ensure that parts, tools and service engineers are available on time. Decisions on maintenance strategy should therefore be analyzed from an integrated service logistics perspective.
Since maintenance of complex assets involves multiple disciplines and contractors, a coordinated control tower approach is what is required. This applies to various levels. First, equipment is typically custom-made and does not fail often (due to maintenance activities). As a result, individual companies typically have limited failure data, e.g. they may operate ten identical pumps that have jointly given eight failures over the past three years since they were taken into operation. Pooling data from different companies on similar equipment may be helpful for obtaining more accurate estimations of the lifetime distribution or the deterioration process (relevant especially for CBM). Pooling different types of data from various disciplines (failure data, process data, and reliability data) may also help. More and more reliable data allows maintenance activities to be postponed until really needed, and at the same time reduced logistical costs by reducing spare parts inventories and avoiding emergency orders. These benefits of data pooling will be investigated in Work Package I of this project.
The second level that requires coordination from a control tower is that of maintenance and logistics planning, as multiple disciplines and contractors are typically involved. Both the strategic and operational aspects of this issue will be researched in Work Package II. The strategic level is about the long-term pooling of resources for maintenance activities in order improve performance in terms of safety, maintenance cost and the overall equipment effectiveness (OEE). At the operational level, operational clustering of condition-based maintenance activities is essential for minimizing service logistics costs and down-time.
Condition-based maintenance strategies involve optimization of service logistics activities across multiple organizations (asset owners, asset producers, component producers, maintenance service providers) and hence implicate concerns regarding inter-organizational collaboration. Sharing of data, including competitor-sensitive market data, requires trust as well as alignment of interests. Clustering and coordination of activities of multiple subcontractors also puts high demands on the management of inter-organizational relationships. This may provide barriers for the implementation of advanced, coordinated service logistics strategies. In Work Package III of this project, we study these barriers and propose ways to overcome them.

WP I: Data Pooling
Maintenance decisions are always taken under uncertainty, based on estimates for the condition of an asset and its likelihood to fail in the near future if maintenance operations do not take place. Data pooling can lead to more and more reliable data, reducing the uncertainty and thereby reducing both the cost for maintenance (by postponing service until really needed) and the cost for logistics by better/leaner planning. We consider two main types of data pooling, namely between disciplines and between companies or entities of the same company.

Pooling data by different disciplines may provide a broader view on the condition of an asset. Besides the fact that multiple indicators are (principally) better than one, consistency of those indicators also reduces uncertainty. For instance, knowledge about the mechanical state of a facility may also provide more knowledge about the electrical state of the facility. Very important in this context are data related to the processes that are executed using the different assets, including water, energy use. Other relevant sources of data include: data related to the quality of the products that are produced and distributed; data about which products are produced and distributed via what asset; and use patterns of assets.
Pooling data between different (parts of) companies may result in more data of the same type, i.e. the number of failure per time unit for a certain piece of equipment. More data potentially reduces statistical uncertainty and allows for better decisions. However, we should keep in mind that identical assets of different companies may not be directly comparable for a number of reasons, including differences in working conditions and executed maintenance policies. Moreover, assets may be customized and therefore non-identical in the first place. A key question is therefore in what situations pooling of data between companies or different entities of a company indeed leads to ‘better’ data. Another question is what the potential for reducing maintenance and logistics costs is – for different types of maintenance strategies, including preventive maintenance that is still the norm in practice, but especially also condition based strategies that offer the highest potential benefits.
WP II: Maintenance Clustering

Strategic clustering

Long-term pooling of maintenance and logistics resources across disciplines and companies/contractors offers the following advantages:
· Diminished (combined) overhead resources, by introducing economies of scope. By creating one cluster, overhead may be combined and focused.

· Facilitating oversight by the asset owner by dealing with one strategic cluster, instead of multiple contractors/ disciplines.
· Knowledge sharing in order to analyze, optimize and improve the performance of the asset and sharing of tools and methods. Creation of a multi-disciplinary control tower: one or more multi-disciplinary teams that can pro-actively govern and improve the maintenance and logistics planning of the asset. This facilitates an integrated planning of multi-disciplinary activities and co-operation between specialists of the asset owner and contractors.

· One important example of such an integrated activity is to build up and use failure and process data in order to improve maintenance and logistics effectiveness and the development of operational clustering of service logistics activities. This also links to WP I of this project.
Strategic clustering will require an investment: the cluster, the control tower and the information infrastructure. This investment, and other possible sacrifices, is to be weighed against the benefits.
Operational clustering

Clustering maintenance activities reduces fixed costs related, for instance, to filling in the required forms, scheduling personnel, preparing tool boxes, ordering parts and travelling to the plant. . Moreover, it can reduce the total down-time of equipment if maintenance operations are performed off-line or if several maintenance activities (requiring a plant shutdown) can be done simultaneously. 
However, clustering implies that some components/assets are maintained although doing so could have been postponed (as imminent failure is unlikely).  CBM offers clear advantages over other forms of preventive maintenance (e.g. age based), but clustering maintenance activities based on condition signals probably means that some components cannot be maintained at their individual optimum moment. Instead, an optimum is sought at the asset level, not at component level. The advantages of doing so will be quantified, based on developed solution approaches for optimal CBM clustering.
CBM clustering policies will be developed from a logistical and practical perspective. For instance, a simple two-stage alert-alarm strategy is considered. The alert (when some threshold condition is reached) triggers the start of logistical preparations that should be finished when the alarm signal comes, indicating that failure is imminent and maintenance operations should therefore be started shortly. Such a policy is easy to implement (although not necessarily to optimize) and a long enough alert-alarm phase ensures sufficient to perform logistical activities.
WP III: Integration and Implementation

The first two work packages concentrate on the benefits of a coordinated control tower approach for data pooling/analysis and clustered maintenance and logistics planning. The research on these themes will abstract from a number of factors that are likely to influence the implementation of CBM in practice. WP III squarely focuses on these issues and as such is complementary to the two other themes. This part of the program will look at implementation issues of integrated applications of the various elements studied in WPs I and II. Effective condition based service logistics requires process industry firms, maintenance service suppliers, consultants and OEMs to collaborate. Such collaboration demands that the relationships are designed and governed in a way that aligns interests and incentives. Moreover, the process of collaboration needs to be managed according to the principles of partnering. WP III will study the implementation of (attempts to) CBM collaboration from this perspective, with the goal of formulating recommendations for effective implementation of service logistics strategies. 
Relation to Dinalog´s innovation themes

	This section describes the relationship to the innovation program and specifically to the main themes and focal areas (see also 1.3 of this Guide).
(For more details, see Annex 10 or Ctrl+click this hyperlink R&D Call 4: Guide, formats & relevant reports).



This project is directly linked to the subprogram “Service Logistics”; see the report of the Commissie van Laarhoven [2008]. In particular, via the three work packages, we aim to develop knowledge and tools that contribute to an excellent functioning of control towers for service logistics supply chains of complex capital goods in the process industries.
Objectives and goals

	This section describes the project objectives and goals in terms of SMART: Specific, Measurable, Acceptable, Realistic and Timing.
The goals have to be linked to the goals as described in the innovation program (see also 1.3 of this Guide). 
(For more details, see Annex 10 or Ctrl+click this hyperlink R&D Call 4: Guide, formats & relevant reports).


The main objective of this project is to further develop a control tower approach for maintenance and logistics planning in the process industries. In the first two work packages we study the benefits of data pooling across disciplines and companies in the service supply chain, and of sharing maintenance/logistics resources and clustering operations. Work package III identifies (cultural) barriers and implementation issues for such a coordinated approach.

Below, we give the objectives at a more detailed level per work package, together with the research questions.

WP I: Data Pooling
Research questions:

· What are current practices with respect to data pooling for maintenance and logistics in the process industries? 

· To what extent can pooling data between different disciplines (e.g. maintenance, production) be used to better forecast the condition of an asset? How can failure/process data from identical assets (of different companies or entities of companies) be pooled to more accurately predict the condition of assets, taking into account differences in e.g. working environments and maintenance policy?

· When can data for similar but non-identical equipment be used to improve insight into failure behaviour and thereby improve the planning of maintenance and logistics activities?

· What are the consequences of data pooling for the maintenance policy that can be used, especially for CBM?

· How can data pooling result in improved logistical planning of tools, parts and maintenance personnel?

Objectives:

· Providing insights in the current practices with respect to data pooling for maintenance  in the process industries 

· Develop guidelines for how to estimate the possibilities for data pooling between different disciplines and the consequences for the maintenance policy to be used especially CBM and the related consequences for logistic activities.

· Develop guidelines on how to estimate the possibilities for (inhomogeneous) data pooling between different (parts of) companies and the consequences for the maintenance policy to be used (especially for CBM) and the related logistic activities

WP II: Maintenance Clustering
Research questions:

· How can (condition based) maintenance and logistics activities across different disciplines and by different companies/contractors be coordinated at a control tower.

· What are the strategic benefits of pooling parts, tools and personnel between companies?

· What is the cost saving potential of CBM compared to other, more established strategies such as age-based maintenance? 
· How does (CBM) clustering affect the logistical planning of parts, tools and personnel?

Objectives:

· Develop guidelines for a control tower approach on maintenance and logistics planning, i.e. on coordinating all service logistics activities at a company.
· Develop methods and tools for quantifying the benefits of pooling parts, tools and personnel between companies/contractors.

· Propose CBM strategies that are practical and account for logistics, and provide methods for tuning the decision parameters.
· Quantify the benefits of CBM for the process industries, particularly with respect to clustering operations.

WP III: Integration and Implementation
Research questions

· How is collection and sharing of data (for condition-based maintenance) presently organized within and between firms?

· How are maintenance and logistics activities clustered and coordinated among all parties concerned?

· What issues and problems arise in this context and how can elements of partnering be introduced to help solve these? 

· What are the emergent experiences with partnering in (condition-based) maintenance and logistics?

· What lessons can be drawn from these experiences and how can these be generalized to a format for partnering in (condition-based) maintenance and logistics?

Objectives:

· Provide insights into current (condition-based) maintenance and logistics practices and the barriers met in implementing these.

· Formulate improvements on the basis of these insights as well as those learned from the partnering literature.

· Experiment with improved (condition-based) maintenance and logistics collaboration practices.

· Document and disseminate lessons learned and guidelines for collaborative (condition-based) maintenance and logistics.
Expected results

	This section describes the targeted final results to be expected by executing the project, both project results for the project partners, but also the contribution to Dinalog´s economic goals (long term and timing to achieve these goals). Indicate what your project as a business case will contribute to the ambition to increase the Dutch added value (GDP) in supply chain control and logistics from € 3 billion in 2007 to over € 10 billion in 2020. What possible concrete tools and instruments can be expected from the project?


In 2010, approximately 300 thousand people or 4% of the total labor force in The Netherlands worked in the maintenance sector. The contribution to the gross national product was € 35 billion, and 79% of asset owners and contractors in this sector expect this number to rise in future years. The process industry, on which we focus in this project, is the largest application area with the largest expected growth (NVDO [2010]).
Companies as well as 3rd parties typically maintain assets in various countries around the world. To benefit optimally from the pooling of information and logistical resources, they need to orchestrate their maintenance and logistics operations from a single control tower. To act as a control tower, it is essential to be the forefront of knowledge development. This project helps the Dutch teams of participating companies and 3rd parties to become leaders in this respect, helping companies to build/keep current control towers in The Netherlands.

Our project will also contribute to the supply of highly skilled people, with PhD, MSc and BSc degrees with skills in service logistics. Notice that the availability of well-trained people plays an important role when companies choose the locations for their facilities.  In this respect, it is relevant to mention that some of the partners in this project are also involved in setting up a MSc programs in Maintenance Management.
WP I: Data Pooling
- Insights into the use of data pooling in practice by asset owners, third party maintenance/logistics service suppliers, as well as both parties together in the process industries.

- Insights into the possibilities and potential added value of data pooling between different companies and different disciplines in the process industries in the context of service logistics.
- Guidelines for decisions with respect to the usefulness of certain types of data pooling in the process industries for individual companies as well as clusters of companies.
WP II: Maintenance Clustering
- Insights into the strategic and operational benefits (reduction in maintenance and logistics costs) of clustering maintenance operations.
- Guidelines on clustering for different types of maintenance policies (preventive, condition based, opportunistic), and on the corresponding logistics processes (parts, tools, personnel).
WP III: Integration and Implementation

Recommendations and blueprints for effective collaboration for condition-based maintenance and logistics on the basis of the study of practice as well as the literature on partnering and alliance management.
For all three work packages, proofs of concept ans scan tools will be developed as part of the valorization approach (as explained in detail in Section E). Also, educational and campaign material will be developed. This ensures that findings can immediately be put into use and that the wider audience is informed about the benefits of a control tower approach to maintenance and logistics. This acts as a stimulant for companies in the process industry (and beyond) to adopt such a control tower approach and advanced, coordinated service logistics strategies.
Relation to government policy

	If applicable, this section describes the relation to government policy and how interaction between the project and government bodies (which?) is pertained before and during the project.


This project is linked to government policy in several ways. First, we strengthen the control tower function of service supply chains, thereby improving the competitiveness of the service logistics sector in the Netherlands. Second, the control tower function will be fulfilled by a large percentage of highly-skilled employees, which contributes to the development of a knowledge economy. Third, we contribute to the goal of The Netherlands to become leading in maintenance and logistics.
Orientation

	This section describes how the consortium is oriented on similar projects and the state of the art on the subject. It clearly states what makes this project new, unique and innovative compared to existing research and other projects. State the relation of the proposed scientific research work in the proposal to the international state of the art.


WP I: Data Pooling
To the best of our knowledge, there are no empirical studies in the literature on the level of data pooling in the process industries within or between companies (asset owners, third party maintenance service providers, producers of assets).Therefore, empirical research at the start of the project is done to get insight into what types of data pooling are presently used and how. 

Further literature research on the possibilities for and potential added value of data pooling in the context of maintenance and logistics will be done, with specific focus on the process industries but also reviewing the general literature.

Although there has been considerable attention for data acquisition and processing in the context of maintenance decision support, see e.g. (Jardine et al, 2006) and (Tsang et al, 2006) for a general discussion and (Braaksma et al, 2011) specifically for the process industries, at the moment no systematic study on the possibilities for and potential added value of data pooling in the context of maintenance and logistics is available.

WP I aims to deliver in a systematic way an overview of the potential advantages and risks of certain types of data pooling in the context of maintenance and logistics, where a distinction is made between data pooling between different disciplines and data pooling between different  (parts of) companies, as well as on combinations of both. The main reason for this subdivision is that data pooling between disciplines concerns different types of data about the same assets, whereas data pooling between different (parts of) companies is mainly about the same type of data for different assets.

Data pooling between different disciplines offers many advantages. It can not only result in the identification of failure modes, but for instance also be used to define voting systems, see e.g. (Lewis, 1996), where maintenance activities are only initiated when multiple indicators related to the condition of an asset from several disciplines identify the need for maintenance – thereby helping to avoid unnecessary maintenance. Such voting systems can be very useful when maintenance activities result in long downtimes, as often the case in the process industries. Obviously, voting or other multi-disciplinary systems also affect the time available for logistics preparations, and this should be accounted for.
Special attention will be paid to the potential added value of data pooling between maintenance and production. This has received some attention in the literature, but only where the interaction between maintenance activities and statistical process control is concerned, see e.g. (Yeung et al, 2008), (Zhou and Zhu, 2008), (Panagiotidou and Taragas, 2010) who all focus on selecting product quality control indicators for executing maintenance activities. There are many more interesting data pooling possibilities between the execution of processes and maintenance, like data on water, energy consumption, production speed, setups, product assortment produced/distributed via assets, An example is given by the preventive replacement of membranes based on production speed data (Zondervan, 2008). 
Relatively little research has been devoted to the reliability analysis of multi-component systems including dependency among the failure processes and interaction among the components, see e.g. (Song et al, 2011), (Li et al, 2011), (Jiang et al, 2011), offering another useful potential application for data pooling between different disciplines. 

Data pooling between different (parts of) companies also offers considerable potential advantages due to the increase in data that could lead to more accurate condition and remaining lifetime estimates. However, it is important to take into account the similarity/homogeneity of (components in) assets (that are typically custom-made to some extent) as well as other external factors such as the working environment, maintenance policy, products produced/distributed, and use pattern. 

Both types of data pooling may not only concern better, faster, cheaper detecting the state of assets, but also help to get better insights in the types of interventions to be done, and the required time and resources for each of them. In this way, data pooling has the potential to improve planning of both maintenance and the related logistics activities.
In the context of providing guidelines for estimating possibilities for data pooling, among others the following statistical methods will be used: 

· competing risks (statistic models describing failing due to different causes, e.g. mechanical and electrical), see e.g. (Andrs Christen et al, 2011)

· copulae (non parametric modeling of dependent variables), see e.g. (Ram and Singh, 2010), 

· data fusion (using data from different sensors, used in the process industry), see e.g. (Niu et al, 2010)),

· soft sensor (virtual sensors by combining the output from different sensors via mathematical models), see e.g. (Kadlec et al, 2009).

· proportional hazards models (to take into account environmental factors to allow use of data from different sources, e.g. data from the same type of pipeline used by different companies), see e.g. (Hyun et al, 2012)

· signature analysis (based on patterns in signals that indicate when failure can occur, for instance useful in case of remote sensing and e-maintenance, see e.g. (Lee et al, 2006).

Contribution

The first contribution of WPI is to provide insight into the application of data pooling in the process industries within and between companies (asset owners, third party maintenance service providers, original equipment manufacturers).

The second contribution is a classification of potential data pooling options and their potential added value for improving the planning of both maintenance and logistics activities in the process industries. 

The third contribution is a set of concrete guidelines on what types of data pooling offer most potential for improving the planning of service logistics activities in the process industries.

Note, that the above 3 contributions are all, at least partly, useful outside the process industries as well.
WP II: Maintenance Clustering
We first remark that, as far as we know, the maintenance literature does not (directly) address logistics issues. Indeed, providing this link is one of the main contributions of this theme, as we will point out at the end of this work package orientation description. In our review of the existing literature that follows, we will therefore refer to maintenance instead of maintenance and logistics or service logistics.
The structure of our short review is such that we will first discuss the state-of-the-art on maintenance planning and CBM in particular, and make apparent that the literature has mainly taken a single component approach. We will then discuss the clustering results for age-based preventive maintenance in the literature, and why these do not apply to CBM.

Existing literature on maintenance and in particular CBM: focus on a single component

The area of improving and innovating plant maintenance has received considerable attention from various scholars. This is particularly so after the 1960s and Barlow’s work on preventive maintenance policies (Barlow & Hunter, 1960). Many mathematical models have been developed and preventive maintenance has been studied from different angles (Budai et al., 2006; Cho & Parlar, 1991; Dekker, 1996; Garg & Deshmukh, 2006). The remainder of this overview is restricted to CBM, which can be seen as a special form of preventive maintenance. The CBM studies can be grouped into three literature streams.

The first stream has focused on the technical side of CBM. Here, various CBM techniques such as vibration monitoring, oil analysis, thermal imaging and ultrasonic testing have been studied. In addition, a range of methods was introduced to more accurately identify and predict machine failures. A number of literature surveys (Han & Song, 2002; Jardine et al., 2006; Kothamasu et al., 2006) show the plethora of papers in this area. A main conclusion is that CBM is in principle technically feasible in many production units of plants in various industries.

The second stream of publications can be found in the area of computer and information science. In these papers, different architectures of CBM systems as well as various protocols to exchange data or information were proposed. For instance, some authors (Tsang et al., 2006) suggest to construct a proportional hazards model based on the gathered data from maintenance events, condition monitoring, and installation data. In (Nikolopoulos et al., 2003), it was tried to integrate maintenance within an ERP system. These papers demonstrate that CBM often requires ICT investments and that these investments contribute to improved asset management.

In the third stream of publications on CBM, various mathematical models and decision making tools were developed. Stochastic models are extensively used in this category. For instance, in (Amari & McLaughlin, 2004) an algorithm to design a CBM model using the Markov chain concept is proposed. Other researchers (Baek, 2007) notice the difficulty of a Markovian decision process and simplify the problem through deterministic dynamic programming techniques. Some authors have tried to align CBM with production and inventory management. In (Tu et al., 2007), a model-based prognostic process is used to predict the residual life of the equipment, which can be used for spare parts allocation and inventory management. Another paper (Koomsap et al., 2005) proposed architecture for the use of sensory information of the machine to integrate process control and CBM scheduling. Multi-component maintenance models are usually developed for preventive maintenance (Dekker et al., 1997). 
Clustering maintenance operations

There have been studies on clustering maintenance activities with different frequencies (Dijkhuizen, 1998; Wildeman, 1996). This can be seen as a form of grouped (block) age-based maintenance, where components with similar expected lifetimes are maintained at the same times, balancing the benefit of clustered maintenance in the form of reduced fixed maintenance cost against the cost increase from not maintaining each component according to its individually optimal schedule. It is important to remark that these clustering policies are stationary, in that the same components are always clustered together. Moreover, they are not condition based but time based.
Wildeman (1996) and Wildeman et al (1997) note that component usage rates may vary and that failures may provide unplanned maintenance opportunities, and study the benefit of dynamic maintenance policies that take this into account. In a rolling horizon framework, they reoptimize the maintenance clustering. So, although the optimization itself is still static, the rolling horizon framework allows a dynamic response to usage and opportunities.
A few authors (Barata et al., 2002; Castanier et al., 2005, Bouvard et al., 2011, Tian & Tao, 2011) have also considered dynamic clustering based on condition information, and so a form of CBM. Their models aim to find optimal inspection times as well as grouping policies based on the observed state of components at those inspection times. As part of the ProSeLo Dinalog project (aimed at the high-tech industry), there are plans to continue this stream of research and also to consider ‘mixed’ systems where maintenance decisions are based on condition for some components and age for others.

Contribution

The references in the last paragraph on CBM are most closely linked to our planned research for this work package. However, these do not fully address the opportunistic and stochastic nature of clustering maintenance operations, as they still plan based on information gathered at inspections, whereas many (participating) companies in the process industries have remote monitoring systems supplying continuous (real-time) condition information. In this work package, we analyze policies that do use continuous condition information, either purely or in combination with inspection information.

Also, the existing CBM clustering literature does not consider related logistical issues. They assume that maintenance operations can be performed without delay at inspections. In real life, parts, tools and personnel have to be made available, which can take considerable time. At Shell (Shell, 2005) for instance, they use a two-stage alert-alarm model, where time between an alert and alarm should generally be sufficient for logistical planning. Such policies will be considered in this work package.
In particular, we will include the effects of safety regulations on maintenance and logistics planning. As discussed in Section A, health and safety regulations are very important and may be leading for many maintenance planning decisions. In assessing the benefits of condition based maintenance (and logistics) compared to other types of maintenance policies, such regulations should therefore be taken into account.
WP III: Integration and Implementation

Introduction of new information-sharing requirements and new forms of collaboration can be expected to thoroughly change the roles and identities of collaborating firms (see, e.g., Gal, Lyytinen & Yoo, 2008). It is important to consider this implementation aspect of (condition-based) maintenance and logistics. Alongside the development of scientific knowledge on the data sharing and joint decision making, a better understanding is needed of the possibilities and barriers that exist in practice.

Approach in the study

Work package III of the research program aims to explore issues arising in this context, and to contribute to the optimal design of (condition based) maintenance relations based on both general knowledge on inter-organizational relations and experiences acquired in the context of the program. This requires first of all empirical, longitudinal observation of CBM activities across a variety of organizational settings. The following step will be to deduce, from this understanding and the developed scientific knowledge, tailored recommendations on how to improve. The third step will be to observe how these recommendations are implemented in practice, in a selected variety of (inter)organizational settings, and analyze the variations in implementation effectiveness, using the procedures of qualitative process research (Langley & Abdallah, 2011). The fourth step will be to deduce recommendations on how to implement (condition based) maintenance strategies most effectively.

Current academic literature on interorganizational collaboration

The background of WP III is formed by the body of research on inter-organizational collaboration. Inter-organizational relationships, as needed for the execution of coordinated (condition-based) maintenance and logistics, have important economic and legal dimensions. The formal agreements and conditions need to align the interests of parties as much as possible. However, economic and legal perspectives are in themselves insufficient to solve the contracting problems in such complex, multi-party and multi-phased transactions (Henisz, Levitt & Scott, 2012). For improving collaboration under these difficult conditions the concept of “partnering” has been developed and implemented, in particular in the construction industry (Gadde & Dubois, 2010). Partnering emphasizes trust building, transparency, and the construction of shared goals, and has been proposed also in the context of maintenance relationships (Olsson & Espling, 2004). However, it is clear that establishing an effective partnering relationship is more than just a design question; it involves complex inter-organizational learning processes (Akkermans, Bogerd & Doremalen, 2004; Laan, Noorderhaven, Voordijk & Dewulf, 2011). Important aspects that will be studied in this context are trust (Krishnan, Martin & Noorderhaven, 2006), communication (Sally, 1995; Van de Vijver, Vos & Akkermans, 2011), perceptions of interests (Leufkens & Noorderhaven, 2011) and roles played by individuals and organizations (Noorderhaven, Peeters & Van den Elst, 2011).

Contribution

WP III will contribute to the overall project goals by formulating practical guidelines for the organization of interorganizational data sharing and collaborative (condition based) maintenance and logistics activities. This will enable a more effective implementation of the insights and tools delivered by work packages I and II, both within and among the companies in the consortium, and in the process industry more in general.
B. Activities and Work Packages

	This section describes the approach proposed to achieve the project goals in work packages and activities, including milestones.

The relations, coordination and collaboration between work packages and activities (e.g. between different parallel or sequentially planned activities, work packages, possible links with other projects, etcetera) are clearly described in detail, as well as milestones, project results and deliverables per work package / activity and decision points.

The scientific approach must be clearly described in detail.

Describe in detail the explicit roles, tasks and activities of the individual consortium partners and for what reasons.


WP I: Data Pooling
	Phase 1: Observation of data pooling practices within the consortium and in literature

	
	Activity 1: Observation of data pooling practices in the context of maintenance and logistics within the consortium 

	Duration: 12 months
	Activity 2: Literature research on data pooling activities in the context of maintenance and logistics

	Deliverables/

Milestones: overview of data pooling practices 

	Activity 3: Formulation and communication of the results

	Phase 2: Guidelines for data pooling between different disciplines in the context of maintenance and logistics with special attention to CBM

	
	Activity 4: Development of guidelines 

	Duration: 18 months
	Activity 5: Application of the guidelines within the consortium

	Deliverables/

Milestones: guidelines for data pooling between different disciplines in the context of maintenance
	Activity 6: Formulation and communication of the results 

	Phase 3: Guidelines for data pooling between different (parts of) companies in the context of maintenance and logistics with special attention to CBM

	Duration: 18 months
	Activity 7: Development of guidelines 

	
	Activity 8: Application of the guidelines within the consortium

	Deliverables/

Milestones: guidelines for data pooling between (parts of) companies in the context of maintenance
	Activity 9: Formulation and communication of the results.


	Activity 1: Observation of data pooling practices in the consortium

	Description: data collection at the asset owners, third party maintenance providers and consulting firms in the consortium, with respect to (a) what types of data are available for pooling and to what purpose, and (b) preferences for on a number of proposed data pooling options. 

Method: partly open interviews with the relevant employees by third year bachelor students Industrial Engineering. 

	Planning: month 1 – 12 (part time)

	Work distribution: bachelor students Industrial Engineering under supervision of Dr. Flapper

	Expected results/deliverables/milestones: bachelor theses, overview of data pooling practices in the consortium.


	Activity 2:  Literature research on data pooling activities in the context of maintenance 

	Description: extensive literature research on data pooling in the context of maintenance and logistics with special attention to the process industries and potential advantages for logistics, using databases like Scopus, Science Direct, Google scholar etc.

	Planning: month 1 – 12 (part time)

	Work distribution: bachelor and master students Industrial Engineering under supervision of Dr. Flapper 

	Expected results/deliverables/milestones: an extensive overview on data pooling in the context of maintenance.


	Activity 3: Formulation and communication of the results

	Description: writing one paper summarizing the findings from literature and another summarizing the findings from practice and a confrontation them with the literature leading to a list of topics for further research in the remainder of the project; writing one publication in a journal for service logistics professionals; workshop where the above is presented to the participants in the consortium. 

	Planning: month 1 – 12 (part time)

	Work distribution: professor Van Houtum, Dr. Flapper

	Expected results/deliverables/milestones: scientific paper to be submitted to an ISI journal, publication in a journal for service logistics professionals; workshop with all consortium members to present/share findings


	Activity 4: Development of guidelines to identify/estimate the potential added value of different types of data pooling by different disciplines 

	Description: Based on the results obtained in phase 1, selection of the most promising looking data pooling options by different disciplines for maintenance in the process industries.

Developing concrete guidelines/mathematical methods to use the pooled data and compare the failure distributions, resource requirements, logistic issues based on the results obtained with these data with the results obtained with data without data pooling.

Pilot with at least one representative of the asset owners and one representative of the third party maintenance providers.

	Planning: month 13 – 25

	Work distribution: postdoc under supervision of professor Van Houtum and Dr. Flapper, Dr. Di Bucchianico

	Expected results/deliverables/milestones: a concrete method to identify/estimate the possibilities and potential added value of different types of data pooling by different disciplines
A related scientific paper to an ISI journal; a presentation by the postdoc during an international conference.


	Activity 5: Application of / testing the guidelines within the consortium 

	Description: Further testing the usefulness of the guidelines/mathematical tools with the asset owners and third party maintenance providers in the consortium for a number of objects.

	Planning: month 26 - 30

	Work distribution: bachelor students Industrial Engineering under supervision of Dr. Flapper and postdoc.

	Expected results/deliverables/milestones: insights in the practical applicability of developed guidelines; bachelor final project reports.


	Activity 6: Formulation and communication of the developed guidelines

	Description: writing a paper for an ISI journal summarizing the findings of this phase. A publication in a journal for service logistics professionals; workshop where the above is presented.

	Planning: month 26 – 30 

	Work distribution: postdoc under supervision of professor Van Houtum and Dr. Flapper, Dr. Di Bucchianico.

	Expected results/deliverables/milestones: a concrete method to identify/estimate the potential added value of different types of data pooling by different disciplines

a related scientific paper to an ISI journal; a presentation by postdoc during an international conference;  publication in a journal for maintenance professionals; workshop with all consortium members to present/share findings 


	Activity 7: Development of concrete guidelines to identify/estimate the potential added value of different types of data pooling by different (parts of) companies 

	Description: Selection of most promising looking data pooling options by different (parts of) companies for maintenance and logistics in the process industries. Developing concrete guidelines and mathematical methods to use the pooled data and compare the failure distributions, resource requirements based on the results obtained with these data with the results obtained with data without data pooling.

Pilot with at least one representative of the asset owners and one related representative of the third party maintenance providers.

	Planning: month 31 – 48

	Work distribution: postdoc under supervision of professor Van Houtum, Dr. Flapper and Dr. Di Bucchianico.

	Expected results/deliverables/milestones: concrete guidelines to identify/estimate the potential added value of different types of data pooling by different companies

1 related scientific paper to an ISI journal, 1 presentation by postdoc during an international conference.


	Activity 8: Application of / testing the guidelines within the consortium 

	Description: further testing the usefulness of the tool with the asset owners and third party maintenance providers for a number of objects.

	Planning: month 43 – 48

	Work distribution: bachelor students Industrial Engineering under supervision of Dr. Flapper and postdoc.

	Expected results/deliverables/milestones: insights in the practical applicability of developed guidelines; bachelor final project reports.


	Activity 9: Formulation and communication of the developed guidelines

	Description: writing a paper summarizing the findings of this phase; a publication in a journal for maintenance professionals. Workshop where the above is presented.

	Planning: month 43 – 48 

	Work distribution: postdoc under supervision of professor Van Houtum, Dr. Flapper and Dr. Di Bucchianico.

	Expected results/deliverables/milestones: a concrete method to identify/estimate the possibilities and potential added value of different types of data pooling by different (parts of) companies.
related scientific paper to an ISI journal, presentation by postdoc during an international conference, publication in a journal for service logistics professionals, a workshop with all consortium members to present/share findings 


WP II: Maintenance Clustering
	Phase 1
	Activity 1: Investigate business situations of the companies involved and currently applied maintenance and logistics strategies.

	Duration: 1 year
	Activity 2: Master thesis projects for selected (based on the outcomes of Activity 1) companies involved.

	
	Activity 3: Writing an empirical paper based on observed business situations and (master thesis) case studies.

	
	Activity 4: Reviewing the literature on maintenance clustering.

	Deliverables/

Milestones:
	Activity 5: PhD educational program - start

	Phase 2
	Activity 6: Finalize Ph.D. project problem definition for SOM

	
	Activity 7: Develop initial models for clustering maintenance

	Duration: 1 year
	Activity 8: Two master thesis projects – fine tune models and collect data

	
	Activity 9: Write journal article; submit to ISI journal and present the findings at conferences such as INFORMS and/or POMS.

	Deliverables/

Milestones:
	Activity 10: PhD educational program - complete

	Phase 3
	Activity 11: Investigate the effects of implementing maintenance clustering on the logistical planning of parts, tools and personnel

	Duration: 1 year
	Activity 12: Develop initial models for studying the effects on logistics of clustering maintenance activities – differentiate between condition based and other types of maintenance; take safety issues into account.

	
	Activity 13: Two master thesis projects – fine tune models and collect data

	Deliverables/

Milestones:
	Activity 14: Write drafts of two journal articles; present the findings at conferences such as INFORMS and/or POMS.

	Phase 4
	Activity 15: Finish two journal articles stated in Activity 14; submit to ISI journal and present the findings at conferences such as INFORMS and/or POMS.

	Duration: 1 year
	Activity 16: Two master thesis projects – implementing maintenance clustering

	Deliverables/

Milestones:
	Activity 17: Writing and defense of PhD thesis.


	Activity 1: Investigate business situations

	Description: The PhD student and a number of bachelor students (as part of the bachelor thesis project around the theme maintenance) will map the current situations concerning maintenance and logistics planning at the involved companies.

	Planning: 1st year

	Work distribution: PhD student and a number of bachelor students, supervised by Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: case studies paper, bachelor theses


	Activity 2: Master thesis projects

	Description: Master thesis projects for selected (based on the outcomes of Activity 1) companies involved. Selection will be such that it covers the different strategies observed in practice.

	Planning: 1st year

	Work distribution: master students, supervised by Prof. dr. Teunter, dr. Klingenberg and PhD student (daily supervision)

	Expected results/deliverables/milestones: master theses


	Activity 3: Writing an empirical paper

	Description: Writing an empirical paper based on observed business situations from Activity 1 and (master thesis) case studies from Activity 2.

	Planning:1st year

	Work distribution: PhD student, supervised by Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: empirical paper, to be submitted to an ISI journal


	Activity 4: Reviewing the literature on maintenance clustering.

	Description: Reviewing the literature on maintenance planning, with particular attention to pro-active/ condition-based maintenance and maintenance clustering

	Planning: 1st year

	Work distribution: PhD student, supervised by Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: internal report, possibly submitted to an ISI journal


	Activity 5: PhD educational program

	Description: Depending on the background, an educational program for the PhD will be developed, consisting (possibly) of SOM (research school Systems, Organization and Management) research master and PhD training, LNMB courses, courses from a national maintenance master that is currently being developed, (inter)national workshops on Operations Research and maintenance in particular.

	Planning: 1st year

	Work distribution: PhD student

	Expected results/deliverables/milestones: pass courses, completion of 60% of the SOM educational PhD program


	Activity 6: Finalize Ph.D. project problem definition for SOM

	Description: Write Ph.D. project problem definition for SOM

	Planning: 2nd year

	Work distribution: PhD student, supervised by Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: approval by SOM committee


	Activity 7: Develop initial models for clustering maintenance

	Description: Build, situation dependent, models for optimal maintenance clustering

	Planning: 2nd year

	Work distribution: PhD student, supervised by Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: internal report


	Activity 8: Two master thesis projects – fine tune models and collect data

	Description: Fine-tune the models for optimal maintenance clustering; collect data; determine potential cost savings

	Planning: 2nd year

	Work distribution: master students, supervised by Prof. dr. Teunter, dr. Klingenberg and PhD student (daily supervision)

	Expected results/deliverables/milestones: master theses


	Activity 9: Write journal article

	Description: Write journal article on optimal maintenance clustering

	Planning: 2nd year

	Work distribution: PhD student, Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: submission to ISI journal


	Activity 10: PhD educational program - complete

	Description: See Activity 5.

	Planning: 2nd year

	Work distribution: PhD student

	Expected results/deliverables/milestones: complete SOM PhD educational program, (obtain LNMB diploma)


	Activity 11: Investigate logistical effects

	Description: Investigate the effects of implementing maintenance clustering on the logistical planning of parts, tools and personnel 

Method: interviews with logistics and maintenance planners of partnering companies

	Planning: 3rd year

	Work distribution: PhD student and a number of bachelor students, supervised by Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: internal report, bachelor theses


	Activity 12: Develop initial models 

	Description: Develop initial models for the effects on logistics of clustering maintenance activities – differentiate between condition based and other types of maintenance; include safety issues.

	Planning: 3rd year

	Work distribution: PhD student, supervised by Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: internal report


	Activity 13: Two master thesis projects – fine tune models and collect data

	Description: Fine-tune the models for the effects on logistics of clustering maintenance activities; collect data; compare effectiveness of different clustering strategies

	Planning: 3rd year

	Work distribution: master students, supervised by Prof. dr. Teunter, dr. Klingenberg and PhD student (daily supervision)

	Expected results/deliverables/milestones: master theses


	Activity 14: Write drafts of two journal articles; present the findings at conferences such as INFORMS and/or POMS.

	Description: Start writing two journal article on the effects on logistics of clustering maintenance activities

	Planning: 3rd year

	Work distribution: PhD student, Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: draft journal articles; presentations at events


	Activity 15: Finish two journal articles stated in Activity 14; submit to ISI journal and present the findings at conferences such as INFORMS and/or POMS.

	Description: Finish writing two journal article on the effects on logistics of clustering maintenance activities

	Planning: 4th year

	Work distribution: PhD student, Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: finished journal articles; presentations at events


	Activity 16: Two master thesis projects – implementing maintenance clustering

	Description: Implementing the findings over the years from this project on maintenance 

	Planning: 4th year

	Work distribution: master students, supervised by Prof. dr. Teunter, dr. Klingenberg and PhD student (daily supervision)

	Expected results/deliverables/milestones: master theses


	Activity 17: Writing and defense of PhD thesis.

	Description: Writing and defense of PhD thesis.

	Planning: 4th year

	Work distribution: PhD student, supervised by Prof. dr. Teunter and dr. Klingenberg

	Expected results/deliverables/milestones: successful PhD defense


WP III: Integration and Implementation

	Phase 1: Observation of condition-based practices within the consortium

	
	Activity 1: Distillation of useful insights from the partnering and alliancing literatures

	Duration: 18 months
	Activity 2: Observation of practices within the consortium

	Deliverables/

Milestones: overview of practices and issues

	Activity 3: Formulation and communication of collaboration guidelines

	Phase 2: Experimenting with adapted collaboration practices within the consortium

	
	Activity 4: Communication of adapted collaboration practices and setting up the experiments

	Duration: 18 months
	Activity 5: Monitoring the experiments

	Deliverables/

Milestones: overview of effects of tailored collaboration practices
	Activity 6: Analyzing data from the experiments

	Phase 3: Formulating lessons for collaboration in (condition based) maintenance and logistics

	Duration: 12 months

Deliverables/

Milestones: dissertation and practical guidelines for collaborative CBM
	Activity 7: Formulation of practical guidelines

	
	Activity 8: Writing and defending the dissertation

 


	Activity 1: Distillation of useful insights from the partnering and alliancing literatures

	Description: There is an enormous theoretical and empirical literature on partnering and alliancing. The insights from this literature that are relevant for collaboration in (condition based) maintenance and logistics need to be identified.

	Planning: month 1 – 18 (part time)

	Work distribution: PhD student under supervision of professors Akkermans and Noorderhaven

	Expected results/deliverables/milestones: Conference paper, later to be rewritten for a journal publication


	Activity 2: Observation of practices within the consortium

	Description: Taking stock of experiences with current practices in (condition based) maintenance, in particular collaborative practices

	Planning: month 1 – 18 (part time)

	Work distribution: PhD student under supervision of professors Akkermans and Noorderhaven

	Expected results/deliverables/milestones: internal report for the consortium members


	Activity 3: Formulation and communication of collaboration guidelines

	Description: On the basis of the observations/experiences in the consortium and the literature review, practical guidelines for (condition based) maintenance and logistics collaboration will be formulated and communicated within the consortium

	Planning: month 1 – 18 (part time)

	Work distribution: PhD student under supervision of professors Akkermans and Noorderhaven

	Expected results/deliverables/milestones: internal report for the consortium members on the optimal design and management of (condition based) maintenance and logistics collaboration; anonymized publication in a practitioner-oriented journal


	Activity 4: Communication of adapted collaboration practices and setting up the experiments

	Description: discussions with consortium members on the implementation of the guidelines developed in Activity 3 in practical experiments

	Planning: month 19 and 20

	Work distribution: PhD student under supervision of professors Akkermans and Noorderhaven

	Expected results/deliverables/milestones: agreement on a number (about 3) of practical experiments with (condition based) maintenance and logistics collaboration


	Activity 5: Monitoring the experiments

	Description: The experiments agreed upon under Activity 4 will be monitored through regular observations of meetings of firms participating in each experiment and interviews

	Planning: months 21 – 36 (part time)

	Work distribution: PhD student under supervision of professors Akkermans and Noorderhaven

	Expected results/deliverables/milestones: Feedback reports to the consortium members participating in the experiments


	Activity 6: Analyzing data from the experiments

	Description: The data collected in Activity 5 will be analyzed using the methods and protocols of qualitative process theory.

	Planning: months 21 – 36 (part time)

	Work distribution: PhD student under supervision of professors Akkermans and Noorderhaven

	Expected results/deliverables/milestones: The outcome of this activity will be an interpretation and explanation of the (condition based) maintenance and logistics collaboration processes in the experiments


	Activity 7: Formulation of practical guidelines

	Description: Based on the analysis of the outcomes of experiments practical guidelines for CBM collaboration will be formulated

	Planning: months 37 and 38

	Work distribution: PhD student under supervision of professors Akkermans and Noorderhaven

	Expected results/deliverables/milestones: publication on practical guidelines/blueprint for collaboration in (condition based) maintenance and logistics


	Activity 8: Writing and defending the dissertation

	Description: Based on all the previous steps the dissertation will be written, consisting of an introduction, a theoretical chapter, case studies of the experiments (anonymized), and a systematic analysis across the experiments, leading to a grounded theory of (condition based) maintenance and logistics collaboration. 

	Planning: months 39 - 48

	Work distribution: PhD student under supervision of professors Akkermans and Noorderhaven

	Expected results/deliverables/milestones: dissertation and two or three manuscripts for submission to scientific journals


Planning

	This section describes planning of activities / work packages and the timing of deliverables. This can also be included in the previous section. A summary of the planning (schedule) must be part of the project plan.


The Work Packages I, II, and III, their activities, and timing of deliverables have described above. In addition and in line with the findings for work packages I-III, valorization activities take place throughout the project. The nature of these valorization activities is described in detail in Section E of this proposal. This leads to the following planning schedule:
	Year 1
	Year 2
	Year 3
	Year 4

	WP I – phase 1
	WP I – phase 2
	WP I – phase 3

	WP II – phase 1
	WP II – phase 2
	WP II – phase 3
	WP II – phase 4

	WP III – phase 1
	WP III – phase 2
	WP III – phase 3
	WP III – phase 4

	VALORIZATION


C. Consortium and Project Organization

Research Team

	This section describes the research team, each specific role and input in the project (if necessary per activity / work package) and their quality / specific expertise.

Short CVs (max ½ page A4) of the scientific researchers should be included as Annexes, along with a shortlist (titles and sources) of their 5 most relevant publications or relevant project experience.

Also describe the relevant past performance of the other consortium partners.

	Partner’s name
	Role and input
	Specific competence

	 University of Groningen
	Project Leader; leader of WP II, member of steering committee
	Knowledge on service Logistics: spare parts management as well as maintenance operations; knowledge of the process industries

	Eindhoven University of Technology
	Leader of WP I, member of steering committee
	Knowledge on service logistics: spare parts management as well as maintenance operations; maintenance information systems; advanced statistical methods and software

	 Tilburg University
	Leader of WP III; member of steering committee
	Knowledge on interorganizational relations, supply chain network dynamics and process research

	Gasunie
	Sparring partner
	Developing, implementing, coordinating and optimizing advanced maintenance activities

	Oliveira
	member of steering committee, involved in work packages and valorization
	Condition monitoring and diagnostics; Non Destructive Test Methods and condition measurements; oil-analyses and Root Cause Analysis

	ORTEC
	member of steering committee, member of Valorization work group, involved in work packages and valorization
	In-depth operations research analysis;  customized solutions for business problem that are transformed into unique IT applications

	SABIC
	member of steering committee, involved in work packages and valorization
	Top 6 petrochemical company; plastic innovations (winner 2011 Dutch Logistics Award); knowledge on CBM

	Sitech
	Leader of Valorization work group, member of steering committee
	Knowledge of maintenance in the process industry, and importance of integrity and safety; offers complete, integrated service solutions

	SPIE
	member of steering committee, involved in work packages and valorization
	Services for new construction or maintenance,; safeguard production and operational safety; provide sustainable solutions 

	Stork
	member of steering committee, member of Valorization work group, involved in work packages and valorization
	Extensive knowledge and experience of all aspects of asset and maintenance management, throughout the asset life cycle


In Appendix A, CV’s of all scientific researchers are provided. Extensive descriptions of all partners are given in Appendix B. 
We remark that another company, BP, will allow access to their site and we are discussing sponsorsip opportunities. Also, we are hopeful that NAM will join the consortium in the near future as an active participant.
We also remark that DI-WCM is involved in this project and chairs the Valorization working group.
Project organization

	This section describes the project organization; roles, tasks and responsibilities are described, including diagram.


Prof. Dr. Teunter is the project leader, and has the overall responsibility to manage the project. He will be assisted by a program manager for one day per week, for which a budget of 73k Euro (1320hr x 34Eruo/hr x 1.5 x 1.08 based on one day per week) is allocated. We remark that the objective is to appoint such a program manager in combination with a lecturer/researcher position for the remainder of the week, so that he/she can also contribute to the research.
DI-WCM will play an important role in this project. Together with the project leader, they will coordinate the cooperation between the knowledge institutes and partner companies, and facilitate knowledge dissemination. Doing so will improve the coherence of WCM with this project and other (Dinalog/WCM) projects on maintenance and service logistics. Through this approach one maximizes effectivity and avoids duplication of events, and the development of educational and promotional material. For the involvement of DI-WCM, a budget of 22k Euro (660hr x 34Euro/hr based on half a day per week) is allocated.
To safeguard that the project achieves it goals, for each work package a working group is formed (also numbered I-III) with key work package members. Leaders of the working groups I-III are dr. Flapper, dr. Klingenberg and prof. dr. Noorderhaven, respectively, who will review monthly with their key project members to review if progress is according to plan and to address (potential) issues to be resolved. Working group IV deals specifically with valorization issues – see Section E for a discussion of valorization issues and goals. This valorization working group is led by Corina van Unen (DI-WCM) and further consists of Rob van Heusden (Sitech), Mathon Erps (Stork) and Gerolf de Boer (ORTEC).
The four working group leaders together with the project leader are members of the executive committee. The executive committee meets on a quarterly basis to provide executive and organizational support for project efforts; review and approve major project decisions; and serve as overall project oversight group and evaluate progress against goals on a short-term basis. They provide half-yearly reports for the steering committee.
The steering committee consists one senior representative of each participating partner (with the exception of Gasunie, who acts as a sparring partner in this project). The members will be nominated/appointed during the first three months of the project. The committee meets on a biannual basis. They review reports from the executive committee, evaluate progress against goals on a long-term basis and (re)define the vision and strategic direction for the project, and provide biannual reports for Dinalog. 
D. Evaluation and Monitoring

Evaluation

	This section describes how the consortium will evaluate the project (in terms of innovation process, cooperation and results) during and after finishing the project. The results of this evaluation will be submitted to Dinalog. 

Describe how often measurements have to be made to be able to make project adjustments in time. Describe how they will be monitored, using which criteria and who will execute the evaluation.


The (working package I-III and valorization related) working groups, executive committee and steering committee function as follows.
· Working group I-III meetings: monthly the working group I-III leaders will review with their key project members whether progress is according to plan and address (potential) issues for resolution. Companies that are most involved with a certain work package in some phase will take part in these reviews. Working group leaders provide monthly updates of the (valorization related) progress to the valorization working group IV.

· Based on the input provided monthly by working groups I-III, valorization working group IV monitors valorization progress, and advices working groups on how to continue with valorization activities. 
· Executive committee meetings: The executive committee meets quarterly to evaluate the progress for each working group and especially for the project as a whole. Issues resulting are dealt with on a prompt basis. Cross WP reviews will be performed in order to assure the highest standards. Twice per year an assessment report (for Dinalog) is created, also after consultation with the companies that have been directly involved in that quarter. Extraordinary results are referred to the steering committee for further evaluation.
· Steering committee meetings: The steering committee meets twice a year to review the reports and decisions by the executive committee, and address issues referred to them for further evaluation in a prompt manner.
E. Valorization and Implementation Strategy

Valorization and knowledge dissemination

	This section describes the way the consortium plans to organize valorization and dissemination activities (what, who and when), plans to make project results and knowledge widely available, plug-and-play solutions for upscaling – multiplying and widening of results to the entire logistics industry (what, who and when) and plans to implement the project results (leading to what results). How do these activities enable the transfer of (intermediate) project results, outcomes and possible tools in practice beyond the project to other companies, regions, sectors, etc. (potential up-scaling effects). For instance, can a business start-up be realized? What do the outcomes and results mean for the social networks?


Implementation

	This section describes the way the consortium plans to implement the results of the project (how, who and when), what (additional) budget is needed and to what results this will lead. 


Valorization and implementation
As mentioned in Section D, a valuation working group is formed with the main task of safeguarding that valorization goals are achieved. This group is led by Corina van Unen (DI-WCM) and further consists of Rob van Heusden (Sitech), Mathon Erps (Stork) and Gerolf de Boer (ORTEC).

Next, we first discuss what the main valorization activities are, after which we continue to provide a global timeline for the different types of activities and allocated budgets.
As discussed in Section B, business cases will be developed for partnering companies in order to obtain an overview of relevant issues for each of the work packages and to give a typology of situations. This will in part be achieved through bachelor and master thesis projects. If quick wins are spotted, those will be directly implemented.
Based on the business cases, models will be developed to quantify the benefits of coordinated data pooling and pro-active maintenance amd logistics planning for the process industries. After further refinement, these models provide the basis for developing a proof of concept for specific cases of the potential benefits. More generally, scan tools will be developed to quickly assess the potential benefits for any organization in the process industry and possibly in other sectors as well. Moreover, practical guidelines for CBM collaboration will be written and disseminated.

Based on the above, the general time line for non-educational/promotional valorization activities is as follows:

· Year 1: develop proofs of concept for the different case studied performed by work packages I-III

· Year 2: develop initial scan tools

· Year 3: translate results from work packages I-III into a blueprint for coordinated (condition based) maintenance and logistics planning in the process industries; apply the scan tools at consortium companies and refine them based on the results; combine scan tools into an overall tool in line with the developed blueprint

· Year 4: Implement and refine the blueprint and scan tools at consortium companies

For developing proofs of concept and scanning tools, we have set aside a budget of 80k Euro. ORTEC and Stork are both experienced in developing such tools and concepts, and will be involved.

Beyond the project, optimization tools may be developed for the different work packages and/or for maintenance planning in the process industry in general. This might lead to business start-ups or could be realized by OEMs or logistical/IT companies (partnering in this project).
Knowledge Dissemination
Knowledge will be disseminated via multiple channels in order to achieve maximum exposure and effect.

Each year, a seminar will be organized to discuss the results that have been achieved. Besides attendance of all partners, these seminars will be open to other interested parties where involvement of DI-WCM and connections with other organizations such as NVDO and vLm will be utilized ensure attendance of many companies.

We also intend to participate in the so-called Innovation Center for Service Logistics (ICSL), which will be founded soon and which is supported by Dinalog. ICSL will be a platform where all current research projects in the area of service logistics can present their main results to each other and where interaction between research projects is facilitated. Other Dinalog projects that will become part of ICSL are ProSeLo, “Value creation by closing the loop”, and Planning Services. ICSL is also open to companies that are not involved in research consortia but execute smaller-scale research projects and intend to become part of a research consortium.
Scientific findings will also be presented at national events (e.g. Dinalog breakfast seminars) and international conferences (e.g. INFORMS, POMS, ISIR, EURO). We remark that a number of involved researchers have organized successful service logistics sessions (with over 20 contributions) at such conferences in the past.
Detailed findings will be published in top ISI journals such as Manufacturing and Service Operations Management, Production and Operations Management, Management Science and the European Journal of Operational Research.
Moreover, the developed knowledge and managerial insights will be disseminated via popular non-scientific magazines such as logistiek.nl, Supply Chain Magazine, and the WCM Magazine.

Education cases will be developed for use at different bachelor and master programs of higher educational institutions and universities. A budget of 10k Euro is allocated for this task.

“Campaign” material will be developed to highlight in short brochures the results that have been achieved for specific case studies at partnering companies (see also Section B) and the general potential in and outside the process industries for coordinated logistical maintenance activities. A budget of 10k Euro is allocated for this task.
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CV Warse Klingenberg

Warse Klingenberg (www.rug.nl/staff/w.klingenberg) is associate professor specialized in asset operations management, including condition-based maintenance, reliability-centered maintenance and failure mode and effects analysis. Warse Klingenberg holds an MSc (Twente, 1993) and a Ph.D. (Ulster, 2000) in Mechanical Engineering and an MBA (Ulster, 1997) and has both industrial (Philips, Ernst & Young) and academic experience (Ulster, Groningen). He has published is approximately 25 articles in journals such as International Journal of Production Research, Journal of Quality in Maintenance Engineering, International Journal of Machine Tools & Manufacture, Computers in Industry, International Journal of Advanced Manufacturing Technology and the Journal of Materials Processing Technology. He currently co-supervises three Ph.D. researchers in asset and maintenance management and co-operates with a number of industrial partners and associations, including NAM, Gasunie, Stork, Nedtrain, Energy Delta Institute and Uitgebreid Samenwerkingsverband Procesindustry Nederland (USPI-NL).
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CV Geert-Jan van Houtum

Geert-Jan van Houtum is Professor of Maintenance, Reliability, and Quality at Eindhoven University of Technology since 2008. Prior to that he filled positions as assistant/associate professor at the University of Twente (1994-1998) and Eindhoven University of Technology (1999-2007) and as visiting professor at Carnegie Mellon University (2001). He obtained his M.Sc. and Ph.D. degree in Applied Mathematics from Eindhoven University of Technology in 1990 and 1995, respectively. He does research on the maintenance and reliability of capital goods, and in particular on: (i) Design and control of service supply chains; (ii) Maintenance concepts; (iii) Design for availability. He publishes in journals such as Operations Research, Manufacturing and Service Operations Management, IIE Transactions, European Journal of Operational Research, OR Spectrum, and International Journal of Production Economics. He is associate editor of OR Spectrum, the Flexible Services and Manufacturing Journal, and Mathematical Methods of Operational Research. Much of Prof. Van Houtum’s research is in cooperation with industry. He works with companies such as ASML, DAF, Gordian, IBM, Nedtrain, Océ, Philips Healthcare, Stork, and Vanderlande Industries. He is scientific director of the Beta Research School for Operations Management and Logistics, and he is a board member of the Service Logistics Forum and the European Supply Chain Forum. He is project leader of the Dinalog project “Proactive Maintenance for Advanced Capital Goods (ProSeLo)”; this project started in 2010 and will be completed in early 2015.

Five Key Publications

· Van Houtum, G.J., "Multi-echelon production/inventory systems: Optimal policies, heuristics, and algorithms", In: Johnson, M.P., Norman, B., and Secomandi, N. (eds.), Tutorials in Operations Research: Models, Methods, and Applications for Innovative Decision Making, INFORMS Tutorials in Operations Research Series, INFORMS, Hanover, MD, U.S.A., 163-199, 2006.
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CV Simme Douwe Flapper

Simme Douwe Flapper is Assistant Professor at Eindhoven University of Technology.   Before he worked at the Dutch Ministry of Environment and Housing where he was among others a member of the Dutch Commission on Emission Registration.

He obtained his M.Sc. degree in Theoretical Physics from Utrecht University in 1976, a Ph.D. degree in Physics from Radboud University Nijmegen in 1982 and his M.Sc. degree in Industrial Engineering and Management Science from Eindhoven University of Technology in 1989. 

His main research areas are planning and control of production, maintenance and distribution in the process industries where he works among others together with Unilever, DSM, Aleris, Tata Steel, Friesland Campina, Heineken, DOW and  Merck, and closed loop supply chain management.

He has published in journals such as European Journal of Operational Research, OR Spectrum. He is a referee for about 30 ISI journals and has among others been guest editor for OR Spectrum and European Journal of Operational Research, and member of the advisory editorial board of Computers & Operations Research. He has been reviewer for the 2009 Young Scientist Award Scientific and Technological Research Council of Turkey (TUBITAK), the 2006 Decision Sciences Institute Elwood S. Buffa Doctoral Dissertation Competition, and member of the jury for the EURO best applied paper award 2000.

Five Key Publications

· Flapper, S.D.P., Gonzalez-Velarde, J.-L., Smith, N., Escobar-Saldívar, L.J. (2010), On the optimal product assortment: comparing product with customer based strategies. International Journal of Production Economics, 125(1), 167-172. 
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CV Alessandro Di Bucchianico

Alessandro Di Bucchianico (www.win.tue.nl/~adibucch) is Associate Professor of Industrial Statistics specialized in reliability theory and statistical process control as well as Knowledge Transfer Officer of Mathematics for Industrial Innovation (www.tue.nl/mii). Alessandro Di Bucchianico holds an MSc (1987, Amsterdam) and a Ph.D. (1991, Groningen) in mathematics. He is Director of the Permanent Office of ENBIS, the European Network of Business and Industrial Statistics. From 1999 to 2009 he was one of the coordinators of the Industrial Statistics programme at the European research institute EURANDOM. He is an associate editor of Quality and Reliability Engineering International as well as Statistica Neerlandica. He has refereed papers for more than 30 international journals on applied and theoretical statistics. He has published 35 papers in international journals on a wide range of topics in both applied and theoretical statistics. He has supervised over 30 Master’s student on industrial statistics and 3 PhD students. Research is often performed in the context of industrial and governmental grants. He was work package leader in the projects “Signature Analysis” (with Xerox and Océ) and “IRIS” (with Sioux, Océ, FEI and Assembleon) on remote sensing and maintenance.

Five key publications:

· A. Zjajo, Q. Tang, M.R.C.M. Berkelaar, J. Pineda de Gyvez, A. Di Bucchianico and N. van der Meijs, Stochastic analysis of deep-submicrometer CMOS process for reliable circuits designs. IEEE Transactions on Circuits and Systems I: Regular Papers, 58(1) (2011), 164-175.

· A. Di Bucchianico, J.F. Groote, K.M. van Hee and R. Kruidhof, Statistical certification of software systems, Communications in Statistics: Simulation and Computation. 37(2) (2008), 346-359. 

· A. Di Bucchianico, H.P.  Wynn, T. Figarella, M.H. Jansen, W.P. Bergsma, End of Life Analysis. In: A. Wilson, N. Limnios, S. Keller-McNulty, Y. Armijo (eds.), Modern Statistical and Mathematical  Methods in Reliability, pp. 73-86, World Scientific Press, Singapore, 2005. 

· A. Di Bucchianico, G.D. Mooiweer and E.J.G. Moonen, Monitoring infrequent failures of high-volume production processes, Quality Reliability Engineering International 21 (2005), 521 - 528.

· A. Di Bucchianico, T. Figarella, G. Hulsken, M.H. Jansen and H.P. Wynn,  A Multi-scale Approach to Functional Signature Analysis for Product End-of-Life Management, Quality Reliability Engineering International 20 (2004), 457 - 467 .

CV Henk Akkermans 

Henk Akkermans is professor of supply networks dynamics at Tilburg University and Scientific Director of the Dutch Institute for World Class Maintenance. Henk is trained as an economist and a Japanologist, and an expert in the evolution of interorganizational relationships. Henk’s research addresses the issue of how interorganizational supply chains and networks, where no single party exerts full control, can nevertheless effectively co-ordinate their behavior. His focus is on technical, innovation-driven sectors (such as electronics, aerospace, telecom and process industry), but also on health care and public organizations. Henk Akkermans is fundamentally interested in the interactions between shop floor operations and customer demand, and in the roles that management information and cognitive limitations in decision-making play in this. His interest stretches all the way from new product/service development onto maintenance, repair & overhaul activities. In order to obtain deeper insight in these complex issues, he develops system dynamics simulation models of real-world settings. Henk Akkermans has a special interest in the role of Japan in international business and in the exceptional importance of effective maintenance for our present-day economy. Henk has acted as consultant for firms like NXP, ASML and KPN.

Five Key Publications

· Vijver, M.A.R. van de, Vos, G.C.J.M., & Akkermans, H.A. (2011). A tale of two partnerships: Socialization in the development of buyer-supplier relationships. Journal of Supply Chain Management, 47(4), 23-41.

· Akkermans, H.A., & Oorschot, K.E. van (2005). Relevance assumed: A case study of balanced scorecard development using system dynamics. Journal of the Operational Research Society, 56(8), 931-941.

· Akkermans, H.A., & Dellaert, N.P. (2005). The rediscovery of industrial dynamics: The contribution of system dynamics to supply chain management in a dynamic and fragmented world. System Dynamics Review, 21(3), 173-186.

· Akkermans, H.A., Bogerd, P., & Doremalen, P. (2004). Travail, transparency and trust: A case study of computer-supported collaborative supply chain planning in high-tech electronics. European Journal of Operational Research, 53(2), 445-456.

Akkermans, H.A., & Helden, K. van (2002). Virtuous and vicious cycles in ERP implementation: A case study of interrelations between critical success factors. European Journal of Information Systems: An official journal of the Operational Research Society, 11(1), 35-46.

CV Niels Noorderhaven 

Niels Noorderhaven is professor of International Management and director of the Center for Innovation Research at Tilburg University. Previously he has served as Director of the Institute for Research on Intercultural Cooperation in Maastricht. His research focuses on (international) cooperation in business, with a special interest in human factors and learning. He has worked in diverse empirical settings, among others the office equipment, micro-electronics, and construction, airline and shipbuilding industries. His current research focuses on justice and identity in collaboration and in mergers and acquisitions, and on the social construction of perceptions of interests. Recent publications are in the Academy of Management Journal, Organization Science, Organization Studies, Human Resource Management, the International Journal of Project Management, the Journal of Management Studies, Research Policy, and the Journal of International Business Studies.
Five Key Publications

· Leufkens, A.S., and N.G. Noorderhaven, Learning to collaborate in multi-organizational projects. International Journal of Project Management 29(4), 432-441, 2011.

· Laan, A., N.G. Noorderhaven, H. Voordijk and G. Dewulf, Building trust in construction partnering projects: An exploratory case study. Journal of Purchasing & Supply Management 17(2), 98-108, 2011.

· Krishnan, R., X. Martin and N.G. Noorderhaven, When does interorganizational trust matter to strategic alliance performance? Academy of Management Journal 49(5), 894-917, 2006.

· Vanhaverbeke, W., G. Duysters, and N.G. Noorderhaven, External technology sourcing through alliances or acquisitions; An analysis of the application-specific integrated circuits industry. Organization Science 13(6), 714-733, 2002.

· Nooteboom, B., J. Berger and N.G. Noorderhaven, Effects of trust and governance on relational risk. Academy of Management Journal 40(2), 308-338, 1996.
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 Information is provided of the following partners in this order:
· Gasunie

· Oliveira

· ORTEC

· SABIC

· Sitech

· SPIE

· Stork

· University of Eindhoven

· University of Groningen

· University of Tilburg

Gasunie

The N.V. Nederlandse Gasunie (‘Gasunie’) is a European gas infrastructure company providing the transport of natural gas and green gas in the Netherlands and the Northern part of Germany. Gasunie is asset owner of a high-grade gas transmission grid. Gasunie’s customers use this grid to transport gas on to end-users and some end-users are directly connected to the grid.

Safety, health and the environment are spearheads in the policy of Gasunie. Gasunie retains its ‘license to operate’ and serves the public interest through sound management, maintenance and, where necessary, expansion of the infrastructure. This includes the specific responsibilities of its subsidiaries, Gas Transport Services and Gasunie Deutschland, as operators of the gas transmission grids (Transmission System Operators) in the Netherlands and Germany. Gasunie wants to satisfy market demand as fully as possible and ensure that its network continues to provide an attractive, reliable and competitive service for its customers. Where necessary, Gasunie will extend its network in response to specific market demand. Gasunie has an excellent reputation for safety and imposes very high requirements on the quality of its infrastructure and accompanying processes. This calls for a top level performance from its employees, the application of rigorous standards, a high level of efficiency in carrying out its work and a constant awareness that Gasunie is working on behalf of its customers and serve the society in which its operate. 
Developing, implementing, coordinating and optimizing advanced maintenance activities are of paramount importance. Data is to be shared, and continuous improvements to the strategic, organizational and operational aspects of Gasunie’s inspection and maintenance processes are sought after. The implementation and integration of such new technology and operational and logistical improvements is a challenging and interesting opportunity. For all of these reasons, Gasunie recognizes the importance of the Dinalog project “Coordinated Advanced Maintenance and Logistics planning for the Process Industries”. 
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Oliveira www.oliveira.nu  , Kerkeland 9C Druten
Oliveira links people to assets. Just as people have to undergo checkups to monitor their health, Oliveira monitors assets to diagnose potential problems and perform maintenance activities before problems occur. To do so, they make use of an extensive toolbox of "Non Destructive Test Methods" and condition measurements. These tests and measurements apply to both mechanical and electrical installations and can normally be performed while assets are operational, thereby avoiding capacity loss. In this way, Oliveira can constantly monitor the condition of assets and take action before it is too late. Techniques applied by Oliveira include vibration techniques, ultra sound techniques (with and without inspections), infra red techniques and "Motor Current" analyses. They also offer a complete pallet of oil-analyses and extensive possibilities for Root Cause Analysis.





ORTEC Company profile

Confidence in complex decisions

The ORTEC Consulting Group, member of the ORTEC Group, assists companies and organizations to make informed, fact-based decisions based on thorough analysis. This provides decision-making confidence, which is a much-needed requirement. By analyzing historical data and projected forecasts, our specialist consultants can calculate scenarios that provide a clear view of the facts and figures. This information is vital for balanced decision-making.

Service provision based on three major pillars

Operations Research is an important pillar of our service provision because in-depth analysis is the key to organizational- and/or business process improvement. Furthermore, business knowledge and customized solutions that are transformed into unique IT applications play a vital role in the services provided by the ORTEC Consulting Group.
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Solutions in four key areas

Operations Research, market- and business knowledge, and customized solutions are important elements that provide insight into complex business challenges. The ORTEC Consulting Group uses this insight to facilitate the decision-making process, offer up suggestions and, of course, provide valuable advice. Our solutions focus on four key areas: process optimization, supply chain optimization, revenue management and site logistics.

Involvement in the project 

The project “Coordinated Advanced Maintenance and Logistics planning for the Process Industries” is of special interest for ORTEC because the joint focus on the process industry and because it offers ORTEC the opportunity to actively contribute to, and be at the forefront of, development of expertise to enable our customers to achieve more effective maintenance planning, which is a key factor in achieving the highest possible level of security of supply.
SABIC

SABIC, headquartered in Riyadh (Saudi Arabia), is one of the world's top 6 petrochemical companies and is the largest non-oil company in the Middle East. SABIC is the world’s biggest producer of methanol, granular urea, mono-ethylene glycol, MTBE and engineering plastics, as well as the number 3 global player in polyethylene and the number 4 player in polyolefins and polypropylene.

In Europe, SABIC is a major producer of plastics, chemicals and innovative plastics and employs approximately 6,000 people. SABIC's strategic business unit, Innovative Plastics, has its main European office in Bergen Op Zoom (The Netherlands). The main European office for our strategic business units, Polymers and Chemicals, are based in Sittard (The Netherlands). Sales of plastics and chemicals are managed via an extensive network of local sales offices throughout Europe, while main Manufacturing and Research facilities are based at several locations in the Netherlands, Germany, UK, Italy, Austria, Belgium and Spain.

SABIC, and also SABIC Europe, are constantly working on improvements, In 2011 SABIC Polymers won the Dutch Logistics Award. At this moment, SABIC is, among others, examining the potential added value of CBM. For this reason SABIC decided to take part in the Coordinated Advanced Maintenance and Logistics planning for the Process Industries project.

Sitech Services

The process industry is a challenging work environment with a focus on safety and efficiency of production and maintenance. Sitech Services offers complete maintenance services, ranging from defining the scope and problem analysis to performing maintenance. Besides, Sitech also assists in obtaining licenses or managing emergency situations.
The services of Sitech have a strong focus on maintenance in the process industry, where integrity and safety of production sites are essential. The complete, integrated service package that Sitech offers account for these characteristics. 
Manufacturing Services

Manufacturing Services help customers to run their assets as efficiently and effectively as possible. They specialize in:

· Improvement

· Maintenance and Turnarounds

· Projects
Safety, Health and Environment Services (SHE)

Sitech helps customers to provide their employees a safe and healthy working environment, and meet environmental standards. They can offer help with license applications, law and governance, safety analyses, and failure and incident analyses. 

Park  Services & Infra

Park Services provides the conditions for efficient and safe production at the Chemelot site. Their services include:

· Company fire brigade
· Security

· Waste water cleaning
· Infrastructure at the Chemelot site
Strategy
Sitech‘s mission is ‘to be the leading partner for World Class Site and Manufacturing Services in the process industry’. Sitech Maintenance has the same mission and highly values knowledge development, maintenance Innovation and professionalization. For this reason, they are actively involved in developing Predictive Maintenance techniques and being part of national initiatives such as this project is seen as an accelerator for such developments.

Customers
The main industries where Sitech Services operates are process, chemica land energy. Customers include DSM Geleen, OCI Nitrogen, Lanxess, Sabic and EdeA, all located at the Chemelot site, and DSM Venlo.

SPIE-Industry

SPIE-Industry provides services for new construction or maintenance, including start-up or the development and management of your work procedures. These services cover many disciplines and techniques, including electrical, measurement and control engineering, process automation, mechanical engineering, civil engineering, civil construction, concrete repair, piping, HVAC and analysis techniques. We safeguard production and operational safety during every stage of a process, and provide sustainable solutions to any industrial problem.

Maintenance

“Maintenance Solutions SPIE-Industry” is second to none in its ability to optimally structure your maintenance operations. With Maintenance Solutions we have access to a multidisciplinary group of maintenance engineers specialized in all maintenance aspects. They advise and assist clients throughout the entire maintenance life cycle, for example in improving maintenance organization, developing maintenance concepts and creating a spare parts file or a set of maintenance instructions. SPIE-Industry consequently is not only involved in one-time projects, but is more often and increasingly considered as a multidisciplinary partner for the complete installation and maintenance initiative.
SPIE maintenance system

Using the strengths of our own management system, we can precisely formulate how to maintain a client’s machines, installations and systems in the most practical and effective way. We use Maintenance Solutions, a system that is based on SPIE's Maintenance Business Model. Maintenance Solutions provides an extensive analysis: not only does it closely examine production installations, but the entire maintenance process is analyzed as well. Professional maintenance methodologies and software translate the results into the real world.
Advanced Maintenance concepts and Dinalog project
In a world with rapid technological change, it is important to look ahead whenever possible. SPIE-Industry is continuously looking ahead to the future by acquiring the most revolutionary technologies (such as the use of 3D scan technology and 3D design), being informed of state-of-the art maintenance concepts and creating new concepts. The Dinalog project fits perfectly with this vision. 
Stork Asset Management Consultancy has extensive knowledge and experience of all aspects of asset and maintenance management, throughout the asset life cycle. We support our customers to optimize the performance of their assets, to minimize the associated risks, and to achieve her ambitions for operational excellence.

Stork Asset Management Consultancy is a key part of Stork Technical Services, a world class, knowledge-based asset integrity management company dedicated to provide seamless performance to corporations in the chemical, oil & gas, power and other physical asset driven industries. Delivering an unrivalled range of asset integrity services, Stork Technical Services helps her clients to streamline those processes that are key to effective operation and to extending the productive life of their assets.

Asset driven companies face many challenges. In addition to overall rising costs, economic volatility and the increasing focus on safety, sustainability and cost reduction, companies have to adapt their asset management strategies and sourcing in order to maintain profitability. At Stork Asset Management Consultancy, we understand the business drivers of asset management. We work with our clients to ensure that the latest best practices in asset integrity management are identified and implemented to deliver optimum asset performance.

Underpinning our approach is our unique culture of thinking and doing – which brings all our specialist expertise to bear on developing and implementing innovative strategies for delivering full asset optimization.

To be able to act effectively on changing customer demands and challenges, Asset Management Consultancy focuses on professionalizing her Business Development and Knowledge Management processes with regard to: 

· Strategic Asset Management, 

· Maintenance Organization, Processes & Systems

· Reliability & Integrity and 

· Maintenance Management Services. 

This is accomplished in a co-creation relationship with our customers. Best Practices are captured and shared and are the input to upgrade our knowledge fundamentals, representing the way we work. In this way expertise and knowledge is kept “up-to-date”. To be able to align with the rapid changing environment (e.g. technology) Stork Asset Management Consultancy supports innovative initiatives.  This enables us to become a front runner on specific Asset Management topics. Preferably this is done in close collaboration with industry parties. Asset Management Consultancy considers participation in this Dinalog research project in which asset owners, service providers and universities are working and developing closely together, as very useful and in accordance with her strategy. 

Experiences and knowledge as part of the research scope supports our business proposition widely: the availability of more and more reliable data opens a wide variety of opportunities to develop among others, dynamic maintenance strategies and thereby gaining substantial advantages in areas of costs, risks and asset performances. 
University of Eindhoven

At the Department Industrial Engineering and Innovation Sciences of Eindhoven University of Technology, maintenance management has a long and strong tradition that dates back to the early 1970-s, when Prof. Geraerds started as Professor of Maintenance. Since then many scientific papers, Ph.D. theses, and master theses have been written. The research in this area has always been executed in close collaboration with the industry.

Relevant PhD theses completed include:

· W.D. Rustenburg, "A System Approach to Budget-Constrained Spare Parts Management", 2000, Supervisors: G.J. van Houtum, W.H.M. Zijm, and A.G. de Kok, in collaboration with the Royal Netherlands Navy.

· A.A. Kranenburg, "Spare Parts Inventory Control under System Availability Constraints", 2006, Supervisors: G.J. van Houtum and A.G. de Kok, in collaboration with ASML.

· I.M.H. Vliegen, "Integrated Planning for Service Tools and Spare Parts for Capital Goods", 2009, Supervisors: G.J. van Houtum and A.G. de Kok, in collaboration with ASML.

· K.B. Öner, "The Effect of Design Decisions on Service Costs of Capital Goods", 2010, Supervisors: G.J. van Houtum, G.P. Kiesmüller, and A.G. de Kok, part of the IOP-IPCR project on “Life cycle oriented design of capital goods”.

· A.C.C. van Wijk, “Pooling & Polling”, 2012, Supervisors: I.J.B.F. Adan and G.J. van Houtum.

The research of Kranenburg has lead to the implementation of a tactical planning algorithm for the spare parts in all local warehouse of ASML. After the implementation in 2005, this has resulted in both a drastic reduction in both downtimes and spare parts stock investment. This work had also a high scientific value. Kranenburg received the EURO Doctoral Dissertation Award 2007 for the best European PhD thesis within Operations Research. In the PhD project of Vliegen, the planning of service tools has been studied. The results of that project are currently being developed in further detail and this is planned to lead to the implementation of an integrated planning method for parts and tools.

The planning algorithm that we developed for ASML has lead to a lot of follow-up research. In one of the master thesis projects, P. Rijk developed a modified version for the planning of car stocks and quick response stocks at Océ Technologies and identified a large improvement in effectiveness and efficiency. After a successful pilot in France, this algorithm is currently being implemented in all service areas in Europe.

Currently, the following PhD projects are ongoing:

· F.J.P. Karsten, "Competition and Cooperation in Service Supply Chains", Planned graduation date: 2013, Supervisors: M. Slikker and G.J. van Houtum.

· J.J. Arts, "Inventory and Capacity Management for Repairables", Planned graduation date: 2013, Supervisor: G.J. van Houtum, in collaboration with Nedtrain. 

· M. Driessen, "Planning of Spare Parts within MRO organizations", Planned graduation date: 2014, Supervisors: W.D. Rustenburg and G.J. van Houtum, in collaboration with Gordian and 5 other companies.

· C. van Oosterom, “Integrated Maintenance Optimization and Degradation Parameter Learning”, Planned grad. date: 2014, Supervisors: G.J. van Houtum and H. Peng.

· Q. Zhu, “Reliability Modeling and Predictive Maintenance Optimization for Advanced Capital Goods”, Planned graduation date: 2014, Supervisors: G.J. van Houtum and H. Peng. Part of the Dinalog project ProSeLo.

Many of these PhD projects are supplemented by master thesis studies (around 10 master thesis studies per year).

University of Groningen
The department of Operations at the University of Groningen is one of the largest European research groups on operations, with focal areas in Operations Management (OM), Operations Research (OR), and Industrial Engineering (IE). The department has over 25 tenured or tenure-track faculty in addition to several part-time lecturers. Its research publications cover the full range of journals for the field, including IIE Transactions, Journal of Operations Management, Operations Research, Management Science, Decision Sciences, International Journal of Production Research, etc. The department builds on a strong position in international research networks in organizing conferences, and participating in working groups and projects. Staff members are heavily involved in an active PhD Program, and in successful and accredited bachelor and master programs in Industrial Engineering, Technology Management, Operations Research, and Business Administration.

Service Logistics, both spare parts management (Prof. dr. Teunter) and maintenance planning (dr. Klingenberg, Dr. Bokhorst), is a key focus area for the department. Examples of relevant utilization and PhD projects include:

· Asset maintenance and performance improvement (topics: condition-based maintenance strategy, failure mode & effect analysis) (2007-2011). The project involves 3 PhD researchers, and is jointly co-funded by Netherlands Aardolie Maatschappij (NAM), Stork Technical Services, and the Energy Delta Institute (EDI). 

· Reliability analysis and improvement (topics: data analysis, trending, maintenance optimization) (2011-2015). The project involves one PhD researcher and is funded by Gasunie, Nedtrain, Wärtsilä, Essent, NAM, and the Netherlands Defense Academy through the Dutch Institute World Class Maintenance (DI-WCM, see also http://worldclassmaintenance.com).

· 1-year post-doc project (2011-2012), funded by DI-WCM, with a management task for developing educational activities in the area of Asset Management (see also http://www.wcmsummerschool.org).

· PhD research (funded by the research school SOM) on inventory routing and pooling problems that arise in service logistics systems with lateral transshipments between retailers.
In addition, the department has significant experience in valorization and utilization of research through the active and flourishing applied research center Lean Operations Research Center (LO-RC).
University of Tilburg

Tilburg University is one of the leading European universities in economics and finance. The motto of Tilburg University is “Understanding Society”; while focusing on academic rigor, societal and policy relevance of research is important. The university highly values authenticity, academic freedom, and continuous development. In its top-quality education and research programs in the disciplines of the social sciences and the humanities, the university is committed to addressing quality issues in society at national and international levels. It does so by training people for positions of responsibility in society and by contributing to socially sustainable solutions. 

Tilburg University's research contributes to a better understanding of the current topics in society. Within the broad research palette in the field of economics and management we focus on e.g. labor markets, ageing, sustainability, innovation, market governance, banking, financial markets, entrepreneurship, marketing, and consumer behavior.

Tilburg University offers an excellent environment for both academic and contract research like this project. In addition to attracting excellent graduate students and a stimulating academic environment, Tilburg University has excellent IT services and support staff that is experienced in supporting contract research. Tilburg University is part of a Europe-wide network of universities and its staff is well versed in international cooperation. 

TiSEM

Tilburg School of Economics and Management (TiSEM) at Tilburg University has a very international faculty and student body. More than 20% of professors and 52% of graduate students (MPhil and PhD students) are from outside the Netherlands. TiSEM has been able over the past years to attract excellent graduate students from across the globe who have after their graduation achieved positions in good international universities and policy institutions.

TiSEMs international prestige is reflected in the most recent international ranking of institutions in economics: Tilburg University Economics Ranking of Economics Schools (EconTop): # 4 Europe, # 24 World; ranking of the School of Management of the University of Texas, Dallas in 2009: # 3 Europe; REPEC | University of Connecticut Research Rankings, 2011: #1 Netherlands, #7 Europe and #35 worldwide.
Center for Innovation Research

The Center for Innovation Research (CIR) brings together, supports and promotes research related to innovation. The core of CIR is formed by researchers from the departments of Organization & Strategy (School of Economics and Management) and Organization Studies (School of Social and Behavioral Sciences). CIR researchers study the effects that business and corporate strategy, organizational processes, and organizational learning have on innovation outcomes. They aim to publish the results of their work in the top journals in the field. CIR's research program covers three main themes: innovation strategy, organization of innovation and organizational learning. These themes coincide with the primary areas of expertise of CIR's constituting departments. CIR focuses on innovation-related issues and challenges faced by organizations or networks of organizations and aim to answer the underlying theoretical questions. While CIR's core activity is fundamental research, its ambition is to produce knowledge that can lead to improved innovation outcomes.
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