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over the past decade, the complexity of operations in maritime port areas has increased significantly. 

considering the challenges ports are facing with the maintenance of aging infrastructures, the need for asset management efficiency within the port industry is imperative. the willingness to ensure continuous improvement has contributed to a growing interest in the measurement and benchmarking of port infrastructure performance. the paper describes the development of an international benchmarking model to measure and compare port asset performance. the model is illustrated by comparing the maintenance of quay walls and roads for three different european ports. the presented benchmark results, and the process itself, have provided asset managers with valuable insights into their maintenance performance. 
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1 introDuction

as global trade has increased over the past decade [1], vessel sizes and cargo volumes surged, which places additional pressure on the ports’ assets. the flows of cargo are mainly facilitated by maritime shipping, with port infrastructure acting as the main gateway. as it pertains to the management of infrastructural assets, operations have become more complex due to various developments: increase in throughput, bigger ship sizes, ageing assets, increasing complexity of the port area, rapidly changing world (e.g. energy transition, globalisation and digitisation), and major developments in legislation and regulation. Due to the complexity of the competitive port industry, ports are becoming increasingly interested in solutions that can significantly contribute to optimising the current operations, promoting efficiency and cost reduction, all without requiring major investments in new assets. currently, the dominant approach of ports to manage assets is based on their own historical performance. ports prefer to minimise the disclosure of confidential information of competitive value, as they are afraid information go in hands of competitors [2]. Besides, the challenges mentioned ports are facing, the willingness to ensure continuous improvement contributes to the growing interest in benchmarking among ports. 

Benchmarking creates the possibility for ports to identify and learn from best practices else-where in the world [3]. it is a tool for the assessment of performance, and set up partnerships to share knowledge on specific cases. port performance is generally conceptualised as driven by straight forward criteria, such as throughput. research in the field of port benchmarking predominantly focuses on the performance of ports, where the performance is looked upon from a broader societal- or client perspective, indicating port attractiveness, intensity of use and the various underlying operational production factors – except the state of the infrastructural assets. this existing literature on macro performance indicators predominately focuses on the context of terminal operations, or logistics and supply chains [4]. Bichou and gray 

[5] suggested and tested a framework of port performance measurement from a logistics and supply chain management approach. De Langen et al. [6] showed in their analysis that several determinant factors have affected the hierarchy of competitiveness. tongzon [7] develops a 
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 L. A. H. Verbruggen et al., Int. J. Transp. Dev. Integr., Vol. 6, No. 3 (2022) model of port performance and efficiency. other studies focused on ways to measure port efficiency. generally, in the port performance literature most attention is drawn to benchmarking of attractiveness to clients, rather than comparing the performance of operations and processes, while the perspective or standpoint (customer, operator, regulator, etc.) one has to consider for benchmarking is debatable [8]. the perspective considered in this research is the perspective of the asset manager. research on benchmarking the performance of asset management has so far been restricted to the maintenance activities themselves, which covers only a small part of the asset manager’s job [9]. 

the scientific goal of this paper is the development of an integrated approach based on benchmarking, performance measurement, ports, and asset management. to verify our approach four ports have joined in the project to provide practical context for the study: the port of rotterdam, the north sea port complex (Belgium/netherlands), the port of hamburg, and the port of gothenburg. asset managers of the respective ports had expressed their interest in the exchange of knowledge through a benchmarking model with the aim to learn from each other and improve their performance. interestingly, this has not been seen as a threat for port competitiveness. Data on asset management was not perceived as directly related to their competitive position towards clients. the approach developed allowed ports to handle their own data and only share the information needed for benchmarking. the main question that was addressed in the context of this research is: How to compare the state and performance of infrastructure assets of seaports? 

the research approach to answer this question rests on the execution of a case study as input for a design of an asset management benchmarking system for four european ports. the study was conducted according to the process flow presented in fig. 1. the design steps are based on the process for systems Development research by nunamaker et al. [10] and the Design science research methodology by peffers et al. [11]. 

first of all, a conceptual design was constructed by selecting theories and concepts which are adjusted based on expert knowledge in order to fit the purpose of this research. the second phase of the research identified the major components that are required to design a model for practical use. the objective is to design a model that provides clear guidance to asset managers for the development of performance measurements to benchmark. a methodology-based framework helps ports in creating opportunities with regard to obtaining efficiency. in the third phase the design was tested by means of a case study, known as the proof of concept, which demonstrated the model and its methodology in order to assess the designed benchmarking model on its usefulness and practicability. at last, the results are evaluated and the most important findings of the research are summarised. furthermore, recommendations for future research are presented. 

in line with the research approach (see fig. 1) the paper is structured as follows. section 2 

outlines the state-of the-art in knowledge on port asset management and presents a literature based framework for performance measurement. this conceptual framework covers aspects of four different streams of literature: benchmarking, performance measurement, ports, and asset management. section 3 describes the model design and testing process leading to the final benchmarking model. in section 4, the case studies are introduced that illustrate the practical application of the model. the case studies draw on publicly available data as well as on the private databases of the ports. finally, section 5 summarises the main results and implications, explains the limitations of the study and makes suggestions for further work. 
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figure 1:  research approach. 

2  conceptuaL moDeL for Benchmarking of port asset performance

after a short introduction on research in asset management in ports, this section provides insights into the functioning of benchmarking as it elaborates on performance measurement, definitions of benchmarking, different types of benchmarking, the benchmarking process and the methods. in addition, it elaborates on the benchmark procedures and underlying approaches of performance measurement. Based on these insights, this section presents a conceptual framework for performance measurement which is used as basis for the model design. 

2.1  port asset management

in asset management Life-cycle-cost (Lcc) analyses form the mainstream in research. in many fields of practice applications these methods are still far from satisfactory [12]. in literature the following papers address some of the complicating factors which indicate reasons for less satisfactory application in practice. Van den Boomen et al. [13] show that Lcc analyses are poor in predicting the uncertainties in failure behaviour of an asset. ankobya (2001) explains how the life cycle of port assets affect the roi of port investments. for instance a breakwater has an investment life of 50 years, quays last for 30 years and container cranes for 15 year. the choice of a particular life cycle results in different running costs and valuation for the port. De gijt, Louwen and Voogt [14] propose an alternative method to take into account the life cycle aspects in material costs, construction costs and demolition cost, related to the environmental aspects such as transport of material, reuse of material, production of material. they suggest to build a structure based on an standard uniform design. attwater et al. [15] conclude that  even though organisations  have  well-defined asset management systems, they are not clear about how to measure the performance of assets and propose such a framework. maletič et al. [16] argue that asset management decision making needs to obtain a right balance between performance, costs and associated risks in pursuing busi-ness objectives. in practice, software solutions supporting integral asset management capture details about day-to-day inspection, scheduled maintenance, planned shutdown, job card and maintenance history and show the costs of these activities. 

from the papers discussed it can be observed that the focus is on the development of individual strategic asset management programs with the principle outcomes being the ability to reliably understand, predict and influence the total life-cycle cost of its infrastructure assets. the infrastructure assets, such as roads, locks, bridges, treatment plants and breakwaters, are often characterised by long service lives and corresponding technical life cycles. 

While the life cycles are long, the time value of money plays a role in asset management 
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although van den Boomen et al. [18] provoke a stepwise Lcc approach enhances the understanding of discounting principles, their constraints and their field of applicability, for reliability and maintenance engineers in practice, it is still an academic approach which cannot be compared or referred to other approaches to understand the underlying factors. 

Like parlikad and Jafari [19] in their paper ‘challenges in infrastructure asset management’ we stress that the reliability and maintenance engineers in practice demand for a more practical and easily applicable approach. parlikad and Jafari [19] stress that the asset management research community needs to work closely with practitioners in order to understand the real challenges they face, and the solutions they are looking for. regulatory and government roles (as port authorities are) play an important factor in the way industries in different sectors and countries approach asset management and whole-life thinking. it is clear that the industry will benefit from working closely with academia and by sharing best practices and lessons learnt between organisations and sectors. 

to bring this type of governance a step further kunttu et al. [20] emphasise there is a need for a systematic assessment framework for concretising value, benchmarking it and ultimately optimising the offered service solutions. a benchmarking method and tool helps to compare different sites according to their operational and maintenance environments. the benchmarking tool helps to identify and visualise the potential sources of value. With this approach based on categorising sites to comparable units and benchmarking them against each other, the service provider is able to improve its capability in showing improvement potential in asset management and make recommendations of applicable asset management policies. 

2.2 Benchmarking

Benchmarking is an effective tool that supports management in their pursuit of continuous improvement. performance benchmarking enables asset managers to compare processes with numerical standards [21]. it is a technique for assessing an organisation’s performance against the performance of other organisations [22]. Benchmarking is used to find the best practice and to determine which actions can improve the firm’s own performance. along with the increased use of benchmarking, many researchers have focussed on performance measures and setting targets. papers typically address aspects of departmental benchmarking along with limited success stories. according to meybodi [23], benchmarking activities need to be integrated into an organisational strategy and the benchmarking process needs to employ a broad range of balanced performance measures which are consistent with an organisation’s strategy. in doing so, benchmarking can be used as an effective organisational tool for learning. although benchmarking in general is perceived as important and effective, it does have limitations which should be considered to overcome potential pitfalls [24]: 

•  benchmark is done at too high a level, 

•  outcomes are not linked to underlying activities, 

•  improper approach and view on the benchmarking process, or

•  too many performance measurements are needed. 

the specific context of this research asks for a particular approach. the objective is to measure and compare performance of port asset management. the peers are located in different 
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figure 2:  framework for performance measurements. 

countries, and therefore the benchmarks are of international scale. Due to the international nature of these benchmarks, close attention should be devoted to generic definitions and measurements. performance measurement fulfils the function of learning, and therefore ports first have to create transparency. 

this framework covers the criteria that the benchmarks have to comply with, which entails that proper benchmarks should fit within three guiding principles: 1.  processes of asset managers: position of the benchmark in the input-output performance measurement framework. the processes involved when managing assets are reflected in an input-output diagram, in accordance with the performance theory of pollitt and Bouckhaert [25]. 

2.  control of asset managers: position of the benchmark within the port control model. 

this concerns the control relations between an organisation and its environment. the benchmark should be related to the controllable part of the model. the paradigm of De Leeuw [26] is adapted for analysing the control activities within the port. for effective control, the ‘controller’ – asset manager – should specify performance measures with respect to the ‘controlled system’ – physical assets under management. a port control model is obtained, in which the control of the asset manager is restricted to a small part of the overarching system. 

3.  focus of asset managers: position of the benchmark in relation to asset management objectives. the main objective can be stated as the realisation of value while balancing performance, costs, and risk attributes. 

[image: Image 3]
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3  moDeL Design

having identified the relevant theoretical concepts and a design process, the findings from both literature and expert consultation can be tailored to the specific needs of asset managers. We describe the benchmarking model obtained by connecting identified criteria (what to measure) with a measuring method (how to measure). the focus in this study is on asset management within the port industry, where the case studies are focusing on two particular asset types: quay walls and port roads. the main design requirements follow the objective of this paper:  the design of a benchmarking model for asset managers active in port industries to measure and compare performance, and assist ports with the identification of improvement potential of the ports’ own performance. 

one of the sub-objectives is to develop an online platform to share knowledge with other interested (peer) groups worldwide. to achieve this, online dashboards are used to communi-cate the results, as dashboards can be designed in such way that they provide quick analysis and create shared informational awareness [27]. 

3.1  What to measure

following the defined criteria both benchmarks on port and asset level (what to measure) are listed in this research. the benchmarks on port level express the differences between ports in terms of size, operations, and activity in and around the port area. these figures provide both information on identified benchmark partners and context for the benchmarks on asset level – which are the measurements for asset management performance. 

each port handles its own structure and format in collecting and storing asset information 

[28]. international comparison on asset level is hardly possible because of the lack of uniform definitions and performance measurement methods. therefore, asset managers agreed upon international asset information standards, such as the asset description, classification, characteristics, and attributes. moreover, since assets have different dimensions, the unit of measurement is introduced as a standard for measures of the same quantity. these standards are compiled per asset type in the so-called asset terminology, securing that information is maintained on appropriate quality levels. for this research three generic benchmarks are identified to benchmark on asset level: maintenance costs, condition, and availability. asset types possess different characteristics, and therefore the generic benchmarks are adjusted accordingly. 

3.2  how to measure

this research has created a user guide (how to measure) to guide asset managers in the process of benchmark development. this instruction manual comprises of the following 
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elements: organisational structure, planning, working method, and supporting tools. the organisational structure suggests a clear division of roles within the benchmarking group, which consists of both a working group and a steering committee. the working group prepares information for the benchmark analysis, and sub-groups of the working group should focus on a specific asset type. throughout the process, the working group should be supported by the steering committee by providing feedback. the specification of the generic benchmarks is performed by the working method as presented in fig. 3, follows a sequence of steps, tolerating multiple iterations: brainstorm, define, check, collect, measure, compare, and analyse. 

asset managers are required to be closely involved in the process. the benchmarks are defined in a performance measurement template. this tool enables asset managers to assemble the required information in a structured manner, as is good practice in developing and using performance indicators [29]. the structured template contains among others, a hierarchical tree which entails decomposition of the measurement. to aim for an attitude directed towards a continuous striving for improvements the Dmaic approach is applied. 

five interconnected phases cluster all elements of the template: Define, measure, analyse, improve, and control [30]. this approach also highlights the importance of a clear definition, ‘if you cannot define it you cannot measure it’. neely et al. [31] collected recommendations for defining performance measures, these suggestions are incorporated in the template. 

the resulting framework for performance measurement ensures that measures are clearly defined and are based on an explicitly defined formula and data requirements. 

as a result, the benchmarking analysis provides in-depth understanding of all aspects involved. a dashboard enables asset managers to measure, monitor, and manage the developed benchmarks. the processing function of the dashboard can be depicted in an iDef0 diagram, which leads to a structured graphical presentation of an activity 

[32]. throughout the benchmark development process particular attention is paid to the requirements of the dashboard. the approach of software development advocates adaptive project planning and iterative benchmark development. the so-called agile software development is an approach under which requirements and solutions evolve through the collaborative effort of self-organising and cross-functional teams [33]. these characteristics are reflected in the benchmark development process, which enables continuous improvement of the benchmarks. in table 1, all steps of the process are presented, and check marks indicate who should execute the process step and which tools are required. 

this comprehensive overview provides asset managers a guide which offers instructions during model development. 

table 1:   specification of tools and participants for each process in the development of a benchmark. 
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this section describes the case studies within the respective ports, specifies the benchmarks, discusses the benchmarking process and presents the obtained benchmark results. 

4.1  selected assets in ports

the model was tested by means of four case studies consisting of two distinct asset types, the quay wall and road assets, as set out in table 2. for 2018 real data was collected, and for the other years (i.e. 2015–2017) test data is used instead of real data. it was decided to use test data due to time constraints as collecting historical data over a longer term is time consuming. 

also, the demonstration concerned a proof of concept. as the involved asset managers of the respective ports are responsible for quay walls or roads in the port area, the case study was limited to these two asset types. as more and more larger vessels are calling at the port, the growing pressure on these assets was lading to several time-consuming and costly management challenges. 

the asset managers involved represent the respective ports, namely the port of rotterdam (por), north sea port (nsp), port of hamburg (poh), and port of gothenburg (pog). each of the ports has different characteristics which are shown in table 2. 

the benchmarking initiative stems from the strategic collaboration between these ports. 

Both port and asset level generic benchmarks are defined in the model design. a more detailed report is provided of asset benchmarks, as the benchmarks on port level serve as context vari-ables for these benchmarks. the benchmarks on asset level require a specification based on the characteristics of the asset type. the two cases are shown in table 3. 

the port of gothenburg is excluded from case 2 as the roads are much more deteriorated by the winter conditions (freezing, ice & snow) making them not comparable with the other ports. 

4.2  specification of the benchmarking model

the specification of the model compromises asset terminology, figures, and benchmarks. 

information on these topics is obtained through a collaborative and iterative process, by means of literature review and expert consultation. the benchmarking process pays attention table 2: port characteristics. 

table 3:  case studies quay wall and road. 
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to the collaborative approach of the method, and points out the challenges that we came across. the process is at least as important – learning benefits arise from a collaborative process, and value lies in the dialogue before, during and after the benchmark. the model facilities this process. 

particular attention is paid to the quay wall terminology, figures and maintenance costs benchmark in order to demonstrate how the model is applied in practice. this section also briefly touches upon the road case, at the end of each subsection. During the case study it was decided to eliminate the availability benchmark from the analysis. given time and resource constraints, asset managers did not succeed to finalise this benchmark. 

asset terminology

table 3 includes the asset terminology of the quay wall asset. in order to measure the performance in the same units the unit of measurement is defined in the asset terminology, where all road measures are standardised to square meter and quay walls the metric (running) meter is chosen as unit. in doing so, assets with comparable characteristics are presented in the benchmark overview. it was decided that the height is characteristic for classification which represents differences ranges in depth. square meters is not a common unit for comparing as the dialogue is always on length and height [34]. in the terminology for the road asset comparable definitions and standards are defined. the most important differences are the classification (based on material), the soil type (natural underground) and the unit of measurement (per square meter). therefore, although multiple discussion have taken place, eventually all asset managers agreed on the total length as unit of measurement for quay walls. 

asset figures

the asset figures provide information on the portfolios of the benchmarking partners. this information creates understanding to whom one is benchmarking against and depicts some table 4:  Quay wall terminology. 

[image: Image 8]
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key characteristics of the portfolio. this information is presented in the benchmark overview of each asset type. characteristics that are shown include utilisation of assets, economies of scale and obsolescence of the asset portfolio. figure 4 depicts how asset figures as defined for the quay wall asset are presented in the dashboard. in addition, the geographical location of the ports is included as it indicates the environmental conditions of the assets. for the road asset a comparable overview is created. 

asset benchmarks

the asset benchmarks cover the key information of this research, as these measurements provide information on the performance. Based on asset specific characteristics the theoretical definitions are adjusted in order to define the asset benchmarks, and accordingly the benchmarks are presented in the dashboard. 

in the case of maintenance costs firstly the theoretical definition is discussed, which concerns the ‘Define’ part of the Dmaic approach [35]. this benchmark is brought forward because a major part of the activities involved with asset management is related to maintenance. the position of the benchmark within the framework is as follows: the benchmark concerns a costs (‘focus’) measure, which is an input (‘processes’) indicator. Within the port control model it can be positioned as expenses of asset management. the maintenance strategy substantiates which maintenance sources are available and used to manage (‘control’) the 
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assets. maintenance within asset management enables the optimal life cycle management of physical assets, by taking care of the integrity for the major part of the life. 

the asset’s unit of measurement is used as a standard for measurement of the same quantity. any other quantity of that kind can be expressed as a multiple of the unit of measurement. for this example, when the meter is the unit corresponding to quay wall assets, then its costs would be measured by a known currency per meter. the costs related to maintenance activities are delineated to the following activities: corrective maintenance, preventive maintenance, and inspections [28]. the distinction between preventive and corrective maintenance can be clarified by stating that asset managers execute preventive maintenance before a failure has occurred. the task can be aimed at preventing a failure, minimising the consequence of the failure, or assessing the risk of the failure occurring. a failure means a breakdown or inability to use the asset, in this situation the asset does not meet its requirements. Besides, the functional failure is the loss of the intended functionality. on the other hand, asset managers can perform corrective maintenance, which asset managers conduct after the failure has occurred. maintenance costs as stand-alone measurement indicates the yearly costs spent on maintenance, and how these costs evolve over time. in addition the allocation of costs over the different maintenance types provides information on the maintenance strategy. With regard to the data analysis there is decided to use a pie chart, substantiated with the accompanying maintenance methods and frequencies. 

in order to define and measure benchmarks in a structured way, a hierarchical tree is included in the performance measurement template. this tree is defined after putting the benchmarks into context by positioning it within the three theoretical concepts as outlined in fig. 2. the hierarchy concerns the link between the theoretical and numerical construction of the benchmark. such a breakdown is shown in fig. 5, where the length refers to the unit of measurement. additional filters can be included to allow for customised views (e.g. asset specific characteristics, such as asset type and construction year, or environmental conditions, such as climate and soil type). 

mathematical equations are provided in order quantify the benchmark, leading the identification of the data requirements. a key formula of the benchmark is a weighted average cost formula (equation 1). the average costs are derived by multiplying the costs per meter by its weight, which is defined by the length of a single asset divided by the total length (i.e. 

running meters) of all assets observed. some costs are only attributable to length since also figure 5:  hierarchical view of maintenance costs (quay wall case). 
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for the road asset a comparable formula was defined; however, for this asset, the costs are divided by the surface which is denoted as the unit of measurement. 

4.3  Benchmarking process

throughout the process of benchmark design, multiple iterations have taken place to agree on all the items. the proposed method can be seen as a cyclical process, since all steps can be performed iteratively, as instant feedback turns teaching moments into concrete adjustments. 

the close involvement of asset managers has its drawbacks, as it proved to be challenging to unify different perspectives. points of discussion can be clustered into the following sub-ject areas: (1) lack of uniform definitions and their interpretations, (2) general challenges of international collaboration, (3) restrictions in resources and (4) the operational perspective of the asset managers which tempted to go into too much detail. some notable examples are outlined in this section. 

•  throughout the process it became clear that unambiguous definitions cannot be taken for granted. however, uniformity in definitions and interpretation of these definitions is essen-tial for securing that information is maintained on appropriate quality levels. for example, there was a disagreement on maintenance types, since some asset managers stated that corrective maintenance is also done when the asset is almost out of function. a more pre-cise definition stated that corrective maintenance is carried out after the failure, whereas preventive maintenance is carried out before a failure has occurred. 

•  Due to restrictions in time it was not possible to include all desired information. asset managers indicated the importance of asset utilisation, as this factor has a significant impact on the degradation of the asset. given time constraints, however, it appeared to be infeasible to include this information on the short term. 

•  often the sharing of thoughts and an iterative process was needed for asset managers to come to an agreement. for example, as asset information was stored differently, a unit of measurement was introduced. next, a standardised template helped asset managers to collect data in a similar way. Definitions such as the asset’s condition needed to be aligned. 

During site visits it appeared that asset managers did not always agree on the rating of an observed asset’s condition. Definitions on conditions were described in more detail and photos were added. 

•  Decision rules were introduced to deal with the dynamics of group decision-making [36]: in the event of disagreement definitions in literature were decisive. a majority vote helped in decisions on practical matters. Lastly the steering committee had the final vote regard-
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ing major decisions. the time constraints set by the goal of proof of concept put a certain strain on decision-making. the decision rules were a mechanism to make sure a decision was made and have therefore sped up the process. moreover, the organisational structure with a clear division of roles facilitated a systematic and targeted approach. 

4.4  the final benchmarking model

once the required information is defined by specifying the model, this information is processed by the dashboard tool to perform the benchmark analysis. this data processing is shown schematically in the iDef0 scheme (fig. 6). 

the data requirements follow from specification of the model in which all required information is listed. Various actions can be considered in order to improve the performance (‘control data input’ in fig. 6), such as accepting a lower condition level at lower costs (i.e. cost reduction), or a shift towards a more preventive strategy (i.e. change maintenance strategy). 

Besides, the context should be considered, since factors such as asset characteristics may cause higher costs. an example is the case of ageing assets. When it appears that ageing asset are relatively expensive, replacement of assets on a more frequent basis could be envisaged. 

figure 7 shows how the information of the quay wall is presented in the asset benchmark overview. for the example of maintenance costs a more in-depth benchmark analysis is presented in fig. 8.1

the graphics in the dashboard display the performances of ports relative to their peers (‘data output’). in the dashboard example of maintenance costs can be seen that for maintenance figure 6:  iDef0-scheme for the maintenance costs (quay wall asset case). 

1   note: due to confidentially reasons the port names are blinded (e.g. port 1, port 2)

[image: Image 11]
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within port 2 has incurred significantly higher expenses compared to port 1. the maintenance costs of port 2 could be lowered by changing the maintenance strategy, replacing (ageing) assets, or reducing costs by changing the asset requirements. revision of the maintenance strategy can be done by evaluating the maintenance costs in more detail. a more profound analysis of this measure is done by comparing maintenance strategies. port 1 has a more prevention focused maintenance strategy. port 2 has a significant higher share in corrective activities, which may imply a deliberate run-to-failure strategy. the cost allocation tells something about the executed strategy, and one can use this for interpretation. for example, 
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figure 8: in-depth analysis of the maintenance costs in the dashboard (quay wall case). 

a possible conclusion could be that more preventive maintenance results in lower costs, as observed here for a time period of 4 years. of course, one would need to control for other underlying differences that could explain the observed differences. With such insights actions can be considered in order to improve performance (‘control data input’), such as accepting a lower condition level at lower costs (i.e. cost reduction), or a shift towards more preventive action (i.e. change maintenance strategy). 

for roads, an identical approach was followed. the dashboard of the road asset is depicted in fig. 9. port 2 shows clearly higher maintenance costs due to a higher throughput per kilo-metre. 

5 concLusions

the main contribution of the study is that it proposes a system design for benchmarking of asset performance of ports. in line with the two design challenges formulated in the introduction, this study set out to understand the criteria of proper benchmarks following the needs of the asset managers. moreover, the study illustrates the complexity of obtaining a benchmarking model which is relevant for operational purposes. 

the final evaluation of the model was done through expert interviews and group-wise evaluation of the process. the model was verified and validated by the asset managers with the following main conclusions. new performance information from quantitative and qualita-tive data. this information is presented in an easily analysable and comprehensible form. the dashboard gives interesting insights into operations, which is perceived as refreshing. the model is not yet suitable to provide accurate insights into performance as it is just a proof of concept. however, the insights gained from the benchmarking process and results are considered to be valuable. the benchmarking process supports the asset managers throughout 

[image: Image 13]
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the process, by providing a structured approach to avoid the mentioned pitfalls. the benchmark results are indicators of their relative performance, which stimulates ports to have a critical look at their current operations. to conclude, the model is sufficient for basic analyses and is perceived to provide added value by the users of the system. currently, all four ports are using the model. 

further development of established benchmarks and the addition of new benchmarks is desirable to have all the benefits from the benchmarking method. By placing benchmarks in a broader context, a more in-depth analysis can be performed. aspects that should be considered are, among others, the utilisation of the assets, climate conditions, and detailed information on asset characteristics. these factors are expected to have a significant impact on asset performance and thus benchmark results. the model was demonstrated to asset managers responsible for dredging activities (i.e. waterways assets) in the port area. these indicated their interest in developing additional benchmarks, as they believe that the model provides suitable guidance for benchmarks related to their activities. this result further emphasises that the generic method could be applied to the development of other asset types. 
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