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Abstract 

In several different markets, companies have switched to a project-based organization in a 

multi-project environment with internationally dispersed engineering operations. These 

organizations operate in a highly variable environment. Academic literature is increasingly 

addressing the project management, but often does not consider the aspect of dynamic 

workload and human resource allocation. Moreover, the theory generally does not consider 

the different hierarchical levels in which an organization must plan its projects and resources. 

Planning approaches available in the academic literature are therefore not always applicable 

in practice. In this paper we address the problem of the alignment of planning data and 

activities at the different hierarchical levels in a multi-project and multinational project-based 

organization. This can provide opportunities for global workload levelling. Furthermore, we 

identify the factors related to uncertainties in the workload and capacity that need to be taken 

into account. Using qualitative data obtained from interviews at Vanderlande Industries and a 

problem structuring method, we propose a conceptual model. We propose to add an 

organization-wide project acceptance function, continuous project reprioritization, 

heterarchical relations between different engineering sites and the identification of demanded 

workload and allocated workload to the Decision Support Systems available in the literature. 

The hypothesized results that an organization can obtain by the model are an increase in 

strategic gains, fewer short-term resource requests, a decrease in operational losses, less 

costs related to the use of non-regular capacity and more tactical decision-making instead of 

operational control for the resource managers. 
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Management Summary 
The multi-project environment is one that is highly relevant in today’s competitive markets. 

However, academic literature indicates that the available approaches do not cover every 

aspect of the global project management environment in practice. Decision Support Systems 

(DSS) cover general insights, but often deliver deterministic approaches for the tactical and 

operational planning levels, which do not suffice in a high variability and high dependency 

environment (HH-environment) in which multiple engineering sites operate. Moreover, these 

approaches generally require a set of projects to be planned simultaneously and statically, 

where in practice one project arrives at a portfolio of active and planned projects. The dynamic 

aspect of the planning problem is not considered.  

Problem definition 

Vanderlande Industries (VI) is a PBO that operates in an HH-environment, and experiences 

problems associated with the complexity of mapping a fluctuating workload to human resource 

capacity. Managing human resources in a project environment is more complex than 

managing material resources, but it remains unexplored how this complexity comes into 

practice. The problem statement used for this research is the following:   

“Procedures used to overcome workload fluctuations of project engineers on a local and a 

global scale are elaborate, time-consuming and inadequate.” 

Method 

The research is qualitative and explorative in nature, and uses both qualitative insights 

retrieved from academic literature and interviews with actors in the project management and 

resource management network of VI. We have, either remotely or face-to-face, performed 26 

semi-structured interviews and 47 explorative, unstructured interviews with employees with 

different functions within VI. The list of interviewees was carefully constructed and (for the 

semi-structured interviews) validated by the relevant Managers of Engineering in the different 

Supply Centers, and consisted of, amongst others, Team Leaders, Group Leaders, 

Engineering Project Managers and Managers of Engineering. 

 In order to identify and structure the factors related to fluctuations in the workload and 

the non-optimal resource allocations, we used some of the basic principles of the problem 

structuring method SODA: initial orientation, data collection, structuring and clustering, and 

validation of the results by an evaluation session. 

Results 

The dynamic aspect of the planning problem is due to uncertainties and complexities in the 

resource management, which can be addressed to two different problem areas, namely the 

short-term workload fluctuations and the non-optimal resource allocations. We identified 21 

factors that cause short-term workload fluctuations. The most critical factors are the external 

factors uncertainty in order intake and ambiguity in the start of project/activity because of 
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(missing) customer input. For the non-optimal resource allocations we identified 17 factors. A 

highly influential factor is related to VISA restrictions and procedures.  

The uncertainties relating to the workload and the uncertainties related to human 

resources cannot be entirely seen as separate problems, but must be seen as problems which 

influence each other. The problem areas are addressed iteratively for the related projects and 

resources, and consequently, delay in one project can cause problems throughout the global 

project portfolio. As a result, the active workload fluctuates around a dynamic resource 

capacity. This results in situations of low billability (during overcapacity), high work pressure, 

risk, effort and costs (during undercapacity), and high complexity, risk and costs during 

collaboration and during the use of non-regular capacity. 

Conceptual Model 

For our research, the DSS of Hans et al (2007) is used as a starting point. Hans et al. (2007) 

divides resource capacity planning in multiple levels: strategic, tactical and operational. In this, 

the objective of strategic resource planning is deciding on problems with a longer time horizon. 

Tactical problems are accounted for in the Rough-Cut-Capacity Planning (RCCP), during the 

order acceptance phase. Next, in the Resource-Constrained Project Scheduling (RCPS) the 

multiple active projects are simultaneously scheduled. Finally, in the Detailed scheduling level, 

the individual resources are assigned to specific activities at specific time intervals. (Figure 1) 

 

Figure 1; Hierarchical project planning-and-control framework Hans et al. (2007) 

 The model proposed by Hans et al. (2007) has a number of shortcomings. Firstly, since 

uncertainties are related to the workload and the capacity, the planning must incorporate both 

demanded workload and allocated workload. Secondly, the Rough-Cut Capacity Planning at 

the tactical resource capacity planning should be addressed continuously during project 

execution, instead of solely at the project acceptance phase. Thirdly, in a dynamic 

environment, projects require dynamic prioritization so that resources can be allocated to the 

projects with the highest priority. Fourthly, the model does not account for heterarchical 
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relations and collaboration between the planning at multiple sites. Each of these sites has its 

own tactical resource capacity planning and subsequent operational project planning. Fifthly, 

the project acceptance function executed at each site separately, could result in a project 

portfolio that is suboptimal, and not necessarily optimal for the entire organization. 

 Therefore, we propose a conceptual framework as is graphically represented in Figure 

2. Figure 3 is used to clarify the hierarchical and heterarchical relations between the single 

strategic level, and the multiple tactical and operational levels. 

 
Figure 2; Adjusted Decision Support System for the multi-site HH-environment 

 
Figure 3; Relations between hierarchical and heterarchical levels 

Conclusion 

In the conceptual model proposed before, the importance of alignment between the 

hierarchical and heterarchical levels is stressed, especially on the tactical level. Moreover, the 

model introduces the planning of the demanded workload and the allocated workload, the 

dynamic and continuous project (re)prioritization and a global project acceptance function. 

 The global project acceptance function can assure a portfolio of projects that is feasible 

with respect to capacity and optimal in terms of strategic gains and operational losses. 

Similarly, the project (re)prioritization function allows a resource manager to decide on the 
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allocation of engineers to the highest priority projects, which also optimizes strategic gains 

and operational losses. 

 The continuous reviewing of the RCCP at the different engineering sites can result in 

a smaller chance of short-term resource requests, a reduction in the fluctuations in the 

workload and a reduced uncertainty in the resource allocation. This means that there is less 

restlessness in the planning of projects and engineers. Moreover, it allows for a switch of 

primarily reactive planning at the operational level to a more proactive approach that includes 

tactical decision-making. 

 The heterarchical relations between the different engineering units allow for resource 

sharing and workload sharing. In case of local overcapacity or undercapacity, it provides the 

opportunity to level the workload by using company resources instead of internal or external 

non-regular capacity. 

 However, the hierarchical and heterarchical planning levels require effort and time of 

the resource managers and project managers to set up and maintain. Moreover, the increase 

in opportunities for collaboration require an organization to clearly define how and when to 

collaborate between the engineering units. Where this collaboration can level the experienced 

workload, it does increase the costs for collaboration, risk and complexity related to project 

execution. Resource managers and project managers must make the tradeoff between project 

performance and local and global resource performance.
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1. Introduction 

In this master thesis report we present our research on resource management in a multi-

project environment of a multinational Project-based Organization (PBO). The research is 

conducted at Vanderlande Industries (VI) in Veghel. 

This chapter starts with a description of the company Vanderlande Industries. After 

that, the problem the research focuses on is introduced. The rest of the report is structured as 

follows. Chapter 2 gives insights retrieved from the academic literature and from a preliminary 

research. After giving a preliminary conclusion, the research design is described in the 

remainder of Chapter 2. After that, Chapter 3 presents the results retrieved from the qualitative 

research, which are simultaneously compared to insights retrieved from the academic 

literature. In Chapter 4, we propose a hierarchical structure, based on hierarchical Decision 

Support Systems (DSS), to be used in a high variability and high dependency environment. 

Each of the hierarchical levels has different sources of data and planning activities. Chapter 5 

discusses the expected results for the organization and the resource capacity planning. 

Chapter 6 draws conclusions and provides limitations to this research and possibilities for 

future research. 

1.1 Company background 

Vanderlande Industries is a PBO which designs automated material handling systems. The 

company is active in the markets for baggage handling at airports, automation systems for 

warehouses and distribution centers and sorting solutions in postal and parcel organizations. 

Approximately 600 airports worldwide have a Baggage Handling System (BHS) of VI installed, 

which has made VI market leader. Furthermore, many distribution firms and twelve of Europe’s 

top 20 e-commerce businesses have implemented a Warehouse Automation System (WAS) 

of VI. The Post & Parcel Sorting Solutions of VI installed worldwide together sort around twenty 

million parcels every day (Vanderlande Industries, 2016). 

VI has a customer-focused organizational structure. It serves its customers from three 

organizational business units: Airports, Warehousing and Parcel. Within these business units, 

VI operates from Customer Centers (CC) and Supply Centers (SC). The CCs deliver value to 

customers through projects and services, and the SCs provide competences, products and 

services to the CCs. Each of these SCs are autonomous decision-making units and each SC 

executes project work independent of the others with a local pool of human resources with 

different kinds of functions, competences and expertise. These organizational units are 

graphically represented in Figure 4. 
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The resource allocation practices differ per SC (see Marsmans (2017)) and the SCs 

almost act as different companies. This means that local issues concerning project and 

resource management and the resource pools are often dealt with locally and independently. 

VI has chosen for this organization so that each of the SCs can remain flexible (the 

unnecessarily complex bureaucracy of a globalized pool is avoided) and can remain close to 

the customer. 

Due to this customer-focused organizational structure, the different resource pools of 

VI are geographically dispersed. VI has SCs located close to CCs and thus close to customers. 

When Customer Centers win a project, they forward the project by default to their preferred 

SC. If that SC lacks the capacity or the competence to execute the project, the project may be 

forwarded to one of the other SCs. On the other hand, the SC can also decide to, instead of 

handing over the project entirely, try to collaborate during the project with other SCs. 

After sales approval, each of the projects of Vanderlande consist of six different 

phases, and can in total take a couple of months or multiple years to complete. These phases 

are graphically represented in Figure 5. After the project or order has been finalized in the 

Sales phase, the physical and functional system design and execution plan are created in the 

Define phase. In the Detail phase the system design is translated into the required mechanical 

equipment, controls equipment and software specification. Next, during the Supply phase 

hardware is produced, and the software specification is used to create the software. During 

Installation, the hardware is installed on site. Finally, during Commissioning and Testing the 

entire system and its functionalities are implemented and tested. First according to VI 

standards and the design, and subsequently according to customer requirements. The 

engineers of VI are active in the phases Define, Detail, Supply, Commissioning and Testing. 

Of these phases, Commissioning and Testing are completed at the customer site. The 

Installation phase is commonly outsourced. If the system has passed the Testing phase, it is 

handed over to the customer, after which service activities may be executed. 

Figure 4; Organizational building blocks 
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Figure 5; Phases in project of Vanderlande Industries 

1.2 Problem introduction 

As a PBO, VI is dependent on market and customer input before being able to execute work. 

The organization has numerous projects in the pipeline, with different project and activity 

characteristics and different chances of being sold. This means that there is uncertainty in the 

future workload, which will be somewhere between the workload of solely the currently sold 

projects and the combined workload of the currently sold projects, the projects that are in the 

Sales phase and any project that may still enter the system. On top of that there are, besides 

these billable projects, also chargeable and internal projects that require resources. Effectively 

and efficiently managing the human resources that are responsible for executing this project-

related workload on a global level has proven to be difficult, based on initial research at VI. In 

the short-term operational focus, the engineering sites experience a workload that fluctuates 

around the capacity of the engineering site, continuously switching between undercapacity 

and overcapacity. This current situation is represented for a single engineering site graphically 

in Figure 6. 

 Besides the internal regular capacity, the engineering units have options for non-

regular capacity. That means that if situations of high workload (situation 1 in Figure 6) are 

managed with non-regular capacity (e.g. overtime and external capacity), consecutive 

situations of low workload (situation 2 in Figure 6) result in idle regular capacity. Thus, the 

fluctuations in the workload, if not managed properly or mitigated, result in increased costs 

(i.e. use of non-regular capacity) and missed opportunities (i.e. unused regular capacity). 

 

Figure 6; Graphical representation of the fluctuating workload 
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Ideally, the active workload is levelled completely, resulting in a uniformly distributed 

workload. However, it is unlikely that this optimal situation is retrieved if the organization tries 

to maximize the revenues and profits. A uniformly distributed workload in a multi-project 

environment is (before re-planning and load levelling practices) only realistic when a CONWIP 

structure is used (see e.g. (Anavi-Isakow & Golany, 2003)), which restricts the total amount of 

active work. Such a structure might simplify resource management, but may result in 

decreased business because it may require a customer to change the project deadline, who 

is unwilling to do so. Therefore, we assume that improved procedures for resource 

management and load levelling can reduce the fluctuations, but cannot avoid them entirely. 

This feasible situation is also graphically represented in Figure 6. 

Since VI has different SCs in which projects can be executed, theoretically there should 

be an opportunity, besides local load levelling practices, in overcoming these variations by 

sharing workload or resources (situations 1 and 2 in Figure 6). However, so far for VI it is a 

challenge to efficiently and effectively take on the complex global resource management, and 

how planning data related to projects, engineers and SCs should be aligned so that both 

resources and workload can be shared between different SCs. 

  We have defined the following problem statement, which is used as a basis for this 

research: 

“Procedures used to overcome workload fluctuations of project engineers on a local and a 

global scale are elaborate, time-consuming and inadequate.”
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2. Assignment 

Literature on project management has become increasingly relevant over the past years, since 

in production and service sectors, an increasing amount of organizations (in business areas 

such as research and development, software development, construction and others) are 

project based (Hans, Herroelen, Leus, & Wullink, 2007). Most research focuses on single 

project management (Marsmans, 2017) or single-project organizations (Hans et al., 2007),  

but in practice businesses are challenged by multiple isolated projects and multiple interrelated 

projects simultaneously (Thiry & Deguire, 2007).  

 This chapter will start with discussing the academic literature in Section 2.1, Section 

2.2 and Section 2.3. First an introduction to the multi-project environment is given. After that, 

Decision Support Systems which are applicable to this environment are explained. Since this 

chapter will highlight that current approaches are generally not suitable for a highly variable 

and uncertain environment, the fluctuating workload and uncertainties in the multi-project are 

discussed next. Lastly, the management of human resources is briefly discussed. In Section 

2.4 we discuss preliminary observations and define an assignment. In Section 2.5 we discuss 

the research approach. 

2.1 Multi-project environment 

Multi-project management, or Management by Projects, concerns the integration, prioritization 

and control of multiple projects and schedules in an enterprise-wide operating environment 

(Leus, 2004). As mentioned, PBOs can be active in a variety of markets, each market with its 

own characteristics and demands. Therefore, Hans et al. (2007) propose a positioning 

framework for multi-project organisations which indicates the complexity of the environment 

of the organisation by addressing two dimensions: dependency and variability (Table 1). As is 

the case in VI, multi-project planning in a high dependency and high variability environment 

(HH-environment) is most complex and most difficult to manage. Variability gives an 

impression of the uncertainty in task duration and estimation of work content, and the 

dependency relates to extent to which the project requires coordination with the internal and 

external environment (Leus, 2004).  

Organizations and projects in the lower right quadrant of the figure need to deal with 

both organizational complexity and variability, and the complexity of the planning problem. 

Moreover, these organizations should have planning procedures that are able to deal with the 

uncertainties that typically occur at the tactical planning stage, for example related to the 

occurrence of activities, resource availability, release dates and due dates. (Herroelen, 2005). 
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Organizations in the environment with high variability and high dependency will be the focus 

of this research. 

Table 1; Positioning framework by Hans et al. (2007) 

            Dependency 

Variability 

     Low       →        High 

Low 

 ↓ 

High 

     LL                       LH 

 

     HL                       HH 

 

In a PBO in a HH-environment, projects compete for the same scarce resources. 

Therefore, multi-project management is not just simply dividing resources over projects based 

on priority and status, but managing multiple concurrent projects while taking into account 

resource conflicts and resource unavailability. In order to perform multi-project planning, a 

single-project focus is inadequate: projects must be considered simultaneously at each 

planning level (Hans et al., 2007). These planning levels are equal to those defined by Anthony 

(1965) (as cited in (Silver, Pyke, & Thomas, 2017)): Strategic planning, tactical planning and 

operational control. Multi-project management must deal with the different objectives, 

constraints, degrees of aggregation and capacity flexibility of each of these levels (Hans et al., 

2007). 

2.2 Decision Support Systems 

A PBO with resource constraints can choose to support its planning and scheduling decisions 

by implementing a Decision Support System (DSS). A DSS does not make decisions for 

people, but instead provides the required support for people to better understand complex 

problems and find a solution to the problems (Zhang, Wang, Cao, Wang, & Zhao, 2012). In a 

project management environment, a DSS can assist in quickly reaching good quality plans 

and schedules, which are subject to operational and soft restrictions and can facilitate 

communication among decision makers (De Boer, 1998). 

The DSS of De Boer (1998) assists a portfolio management team, which has to make 

major planning decisions, such as order acceptance, quoting due dates, priority setting, 

capacity management and major disruptions. De Boer argues that, for large PBOs, because 

of uncertainty “it makes no sense at all” to plan the work at one level by adjusting and aligning 

data. This uncertainty is expressed in the inability to retrieve all relevant information, or the 

phasing of information retrieval. Furthermore, the different organizational levels require 

different levels of detail, modeling assumptions and planning frequency (Hopp & Spearman, 

2011). Therefore, De Boer proposes a hierarchical top-down framework, in which the higher 
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levels work with aggregate data of projects and activities, as to account for uncertainty in the 

individual activities on the lower levels. The DSS consists of four levels for capacity planning: 

Strategic resource planning, Rough-cut capacity planning (RCCP), Resource-constrained 

project scheduling (RCPS) and Detailed scheduling, where each level has its own input data, 

planning horizon and review interval. The DSS of De Boer (1998) is graphically represented 

in Figure 7. 

In the DSS of De Boer (1998), the objective of strategic resource planning is deciding 

on problems related to spacing, staffing levels, layouts and other problems with a longer time 

horizon. Decisions regarding project due dates and milestones, overtime work levels, 

subcontracting and other tactical problems are accounted for in the RCCP, during the bidding 

and order acceptance phases of new projects. Next, in the RCPS level the multiple active 

projects are simultaneously scheduled, by breaking down the high over work packages 

defined in the RCCP stage and assigning resource groups. Finally, in the Detailed scheduling 

level, the individual resources are assigned to specific activities at specific time intervals. 

These levels communicate top-down, but the upper levels also receive feedback from the 

lower operational levels. (De Boer, 1998) (Leus, 2004) 

 

 This hierarchical division of planning activities has also been recognized in control 

systems for manufacturing organizations. An example is the framework proposed by Kolisch 

(2001), which proposes deterministic models for three different areas: order-selection, 

manufacturing planning, and operations scheduling. Besides the fact that these deterministic 

methods do not suffice in a high variability environment (Hans et al., 2007) (see Table 1), 

methods such as this one have been proven to be inadequate in the manufacturing 

environment. The main reason for this is that the framework does not cover the entire decision 

making field; it is either material-oriented or capacity-oriented (Zijm, 2000). Therefore, Zijm 

(2000) proposes an architecture which incorporates the integration of the relevant areas: 

processes, capacity planning and material planning. 

Figure 7; Hierarchical Decision Support System (De Boer, 1998) 
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This horizontal alignment and integration in the manufacturing environment has been 

recognized by Hans (2001) and was eventually incorporated in the DSS of Hans et al. (2007) 

related to the multi-project environment. The functional planning areas in this control 

framework are Technological planning, Resource capacity planning, and Material 

coordination, and the hierarchical levels are strategic, tactical and operational (Figure 8). 

 

Figure 8; Hierarchical project planning-and-control framework Hans et al. (2007) 

Even though according to these models the data in the different hierarchical levels is 

not entirely interfaced and aligned, and the decision-making is not based on the same exact 

data, the different levels must communicate in order to be sufficiently aligned. De Boer (1998) 

argues that within the hierarchical decomposition of the planning framework, an organization 

must avoid overloading information channels, either by reducing the need for information 

processing or by increasing the information handling capacity of a hierarchy. Reducing the 

need for information processing may be done by creating an increased amount of slack, which 

reduces the complexity of coordination significantly. Another possibility is creating self-

contained activities (i.e. larger tasks that can be executed by a multi-disciplinary team), which 

reduces the division of labor. Increasing the information handling capacity can be done by 

creating lateral relations or by investing in vertical information systems. Lateral relations can, 

for example, be in the form of a standing committee, which addresses common problems 

concerning the coordination of parallel projects, instead of communicating this to a higher level 

in the hierarchy. Vertical information systems offer potential by facilitating exception 

communication, data collection, decision making and issuing new targets and schedules. 

2.3 The Dynamic Project Environment 

As stated in the problem statement, VI there is uncertainty concerning the future workload of 

active projects in the organization. Furthermore, the capacity planning concerns human 
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resources. The fluctuations in the workload are discussed in Section 2.3.1, and Human 

Resource Management is discussed in Section 2.3.2. 

2.3.1 Fluctuations in Workload 

As previously discussed in Marsmans (2017), an organization in a multi-project environment 

experiences expected and unexpected variations in workload over time due to changes in 

demand for services. As a result, periods of low-capacity utilization may be followed by periods 

of excessive workload with ‘fire-fighting’ practices and difficulties in meeting project schedules 

(Bayer & Gann, 2006). These effects can lead to problems in the project and throughout the 

portfolio. Moreover, in multi-project scenarios, possible problems are resource allocation 

conflicts, variations in the completion dates of projects, unexpected events, changes in policies 

and “other interdependency issues related to multi-project environment” (Lee & Miller, 2004). 

For a PBO and project management and resource management practices and corresponding 

decision-making, it is of interest to gain insights in the root causes of the variations in the 

workload. 

Authors generally address the causes of this variation to the external environment, 

such as demand fluctuations and highly competitive contractual markets (Druker & White, 

1997), high order variety, low order volume, frequent design changes and complex processes 

(Chen, Chen, Lin, Chen, & Yang, 2011). However, some authors have implied that these 

dynamics cannot be sufficiently explained by that external environment. Factors that influence 

the phenomenon are the interrelatedness of projects, meeting company goals and meeting 

project goals (Repenning, 2000), the importance of time allocated to bidding in times of 

excessive workload (Bayer & Gann, 2006) and planning decisions (Mohan & Veral, 1998). 

Moreover, uncertainties influence the variations in the workload as well. These uncertainties 

originate in either the detailed information that only gradually becomes available or operational 

uncertainties on the shop floor (Hans et al., 2007). 

Despite the fact that multiple uncertainties that may cause difficulties on both the long 

and the short term are present, the variability in demand is generally neglected or taken into 

account only to a limited extent in the frameworks and methodologies in present research 

efforts (Herroelen & Leus, 2005). The approaches that do consider uncertainty most often are 

project scheduling-related and can be considered as either proactive or reactive. In proactive 

scheduling methods, a robust baseline schedule is created which incorporates a certain 

degree of anticipation of variability, usually by introducing slack in time or in capacity (Hans et 

al., 2007). In reactive scheduling methods first a baseline schedule is created using a 

deterministic method. Then, during project execution, the schedule is revised or re-optimized 

each time a disruption occurs (Herroelen & Leus, 2005). 
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2.3.2 Human Resource Management 

In a multi-project environment, resource management and resource allocation procedures are 

increasingly complex (Meredith & Mantel, 2009). Owning and properly deploying these 

resources is important to the growth and development of an enterprise (Penrose, 1959) and 

for value creation (Sirmon, Hitt, & Ireland, 2007). Managing resources is dependent on the 

type of resource, and is more complex when human resources are to be organized, managed 

and led.  

In a project environment with people-intensive activities, such as the software industry, 

resource management practices have to deal with the problems of both project task scheduling 

and human resource allocation (Chen & Zhang, 2013) while still considering the organization’s 

long-term objectives and future-oriented plans (Kapoor, 2011). The activities in this industry 

require employees with different skillsets and the proficiency levels of these skillsets 

significantly influence the project execution and its efficiency. Human resource allocation has 

therefore become a crucial part in software project planning. 

The allocation of human resources remain complex because techniques like PERT, 

CPM and RCPSP (see Marsmans (2016)) lack the resource allocation of employees (Chen & 

Zhang, 2013). In practice, this results in the separation between task scheduling and human 

resource allocation, which may result in inefficient resource allocation and poor management 

performance.   

2.3.3 Cooperation and resource sharing  

Where non-optimal resource allocation practices may be a cause of workload fluctuations, 

efficient practices (such as cooperation) may help in reducing these fluctuations. Cooperative 

behavior between project members during a project, possibly across organizations, is a 

construct that plays a crucial role in project environments and that contributes to success (PMI, 

2013) (Sivadas & Dwyer, 2000).  

Cooperation amongst project managers during project execution benefits the 

organization on an operational and a strategic level because troubled projects and its risks 

can be addressed by project members from outside the project team (Sting, n.d.). A system 

with cooperation is advantageous for projects with high payoff, both on time and behind-

schedule completion. On the other hand, as the probability of project success increases, a 

system without help, i.e. cooperation, becomes more advantageous (Sting, n.d.). The manner 

in which this cooperation should be integrated in a multinational project management system 

remains unexplored. 

In the research of Sting (n.d.), cooperative behavior is present when a manager 

deploys effort and resources on another manager’s project. This sharing of resources in the 

project management environment is a scarcely discussed topic in academic literature, despite 
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the fact that internationally dispersed engineering operations have become enablers for 

gaining a competitive edge in a global economy (NAE, 2008) (Zhang, Gregory, & Shi, 2008).  

However, the goals and assumptions made in other fields can represent the situation 

of a multinational PBO. An example is the sharing of material resources in library cooperation. 

Sharing resources is possible when there is spare capacity, when access to resources by 

reasons of for example geographic location differ and when the needs of users are divers. 

Practices of resource sharing are all with the goal of maximizing the use of scarce resources 

in order to gain financial benefits when operating in cooperative common operations and 

procedures (Sridhar, 1995). 

2.4 Preliminary Observations 

The multi-project environment is one that is highly relevant in today’s competitive markets. 

However, the preliminary research conducted at VI indicates that the hierarchical approaches 

(DSSs), which are available in the academic literature, do not cover every aspect of the 

practical project management environment. The Decision Support Systems provide suitable 

frameworks and cover general insights and guidelines, but often present deterministic 

approaches for the RCCP and RCPS, which do not suffice in a HH-environment. Moreover, 

these approaches generally require a set of projects to be planned simultaneously and 

statically. In practice, however, the arrival of new projects is dynamic; one project arrives at a 

portfolio of active and planned projects. The dynamic aspect of the planning problem is not 

considered. 

In the HH-environment, deterministic approaches for the RCCP and RCPS do not 

suffice because uncertainties seem to be always present in this environment. However, it 

remains unexplored what uncertainties and factors eventually are responsible for the 

fluctuations in the workload and the inability to fit these approaches to practice remains.  

Moreover, it is stated that managing human resources in a project environment is more 

complex than managing material resources. It remains unexplored how this complexity comes 

into practice. 

Relating the former to the company problem leads to the following assignment. In this 

study, we develop a hierarchical planning approach that is suitable for a multinational Project-

based Organization (PBO) in a high variability and high dependency environment. The 

approach should be able to assist a multinational PBO in human resource management, 

resource allocation and project execution in a dynamic environment, and is based on earlier 

work of (amongst others) De Boer (1998), Hans (2001) and Hans et al. (2007). Furthermore, 

we clarify which factors and circumstances complicate resource management practices in this 
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environment, and which factors influence workload variations and non-optimal resource 

allocations. 

2.5 Research Approach 

At the basis of this research, is a preliminary research conducted at Vanderlande Industries. 

For several weeks the project management and resource management practices and 

decision-making currently in place at the company have been investigated. Additionally, the 

academic literature has been reviewed in order to gain insights in best practices, project 

management and resource management methodologies and frameworks currently available 

(Marsmans, 2016) (Marsmans, 2017) (see Chapter 2). 

 Firstly, we performed 47 explorative unstructured interviews to gain more detailed 

insights in the practices and the decisions made at each of the different hierarchical planning 

levels, at each of the different sites, and in each of the different functions. This is used in 

combination with academic literature to define a proper and extensive distinction between the 

multiple hierarchical planning levels. Then, using financial reports, project planning data, 

resource planning data and company information and more interviews (see Appendix 4), we 

map the current situation at VI to the framework presented in the literature review. Based on 

insights retrieved in this analysis, we present a conceptual model that is an extension or 

improvement of the hierarchical DSSs presented in the academic literature. This model should 

be (better) suitable for the multinational project environment. It is hypothesized how this DSS 

would function in the VI environment. 

Secondly, in order to gain insights in the short-term fluctuations in the workload of an 

engineering site in the project management and resource management environment, an 

explorative study was conducted in order to gain insights in the root causes and the associated 

consequences. This part of the study is explorative and qualitative in nature. The literature 

review provided in Chapter 2 only to a limited extent provides information on this subject 

matter. It therefore does not delineate the attention points, a PBO should consider for global 

resource management and for trying to mitigate problems associated with uncertainties and 

fluctuations. These insights are retrieved within the project and resource management 

environment of VI.  

These insights, in this case qualitative results, are obtained by using some of the basic 

principles of the problem structuring method SODA (see Appendix 1); initial orientation, data 

collection, structuring and clustering, and validation of the results by an evaluation session. 

Using semi-structured interviews, qualitative data is obtained on the causes and 

consequences of short-term fluctuations in the workload. Taking into account this explorative 

nature, it was expected that including interviews with a high variety of VI personnel would 
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obtain the richest insights in the root causes of the fluctuations in workload. The questions we 

wanted answered in each of the interviews are given in Appendix 3. 

A total of 26 employees with different functions in VI and from different SCs and 

countries are interviewed, either in a remote interview via Skype or a face-to-face interview. 

We have selected employees which are active in either the Sales phase or in the project 

execution phase, and who have a thorough knowledge of and experience in defining workload 

and handling and planning workload. The interviewed functions include Team Leaders, Group 

Leaders, Engineering Project Managers, Managers of Engineering and Sales Directors. We 

used input from multiple SCs, The SCs included in the interviews are Airports, Warehousing 

and Parcel, Software House (SWH), LG and IT from Veghel, and the SCs in China, Germany 

(SWH and GmbH), India, Spain and the USA. Appendix 4 provides an overview of the 

interviewees and their background. 

The interviews are analyzed by hand using an inductive approach, using no 

predetermined structure or framework, and open coding (Burnard, Gill, Stewart, & Chadwick, 

2008). The data of each interview is analyzed so that themes (which in this case relate to 

factors) could be discovered. The information retrieved at each interview is then used as input 

for consecutive interviews, so that a more thorough and direct discussion could arise. In total 

we recognized 33 factors that contribute to either a fluctuating workload or a non-optimal 

resource allocations. 

Simultaneously, for the uncertainty and fluctuation-related factors it is determined 

which can be considered a fact of life and which can be addressed to the project environment 

and market characteristics, and which factors can be actively managed or mitigated. This will 

be done either by the qualitative data or by intuitive deductions made by the researcher. 

Moreover, the interviews will provide insights in the way VI handles the fluctuations and the 

consequences of these fluctuations.  

Table 2 provides an overview of the data that is used in this research. The multiple 

sources of data allow for triangulation, which strengthens results and hypotheses (Eisenhardt, 

1989). 
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Table 2; Data used in the research 

Data 

Semi-structured recorded interviews 26 interviewees (see Appendix 4 and Appendix 5) 

Unstructured, explorative interviews, 

with meeting notes 

47 interviewees (see Appendix 5) 

Academic literature 53 referenced papers 

Vikipedia Internal Vanderlande wikipedia 

Reports, and operational, tactical 

and strategic planning data 

Financial reports, sales forecasts, planning sheets 

etc. 

 

2.5.1 Validity of Qualitative Data from interviews 

There is some skepticism amongst researchers on the quality of data produced by interviews, 

which may even be regarded as unreliable or not sufficiently objective (Denzin & Lincoln, 

2000), and without the proper attitude and preparation could result in disappointing results (Qu 

& Dumay, 2011) or a wasted opportunity if the interview degenerates into a ‘regular’ 

conversation or chat (Hannabuss, 1996). There is also the danger of not having the complete 

answer to the problem to which insight is provided, either because the respondent is not 

capable or suitable to provide the answers (e.g. in terms of intellect or insight) or because 

minimal answers are provided in the hope of concluding the interview as quickly as possible 

(Cohen, 1999).  

Therefore, in order to guarantee the quality of the data collected from the interviews, 

not only are the principles of SODA (Eden & Ackermann, 2001)(see Appendix 1) used, but 

are also several attention points taken into account (Cohen, 1999) (Hannabuss, 1996) (Qu & 

Dumay, 2011). The list of interviewees consists of employees from different hierarchical levels 

and functions in order to avoid response bias and was validated prior to the interviews by the 

VI supervisor and other Managers of Engineering who provided insight in the experience and 

suitability of the interviewees. Furthermore, the interviews are carefully planned and are 

individually and sufficiently prepared in advance. Since the interviews have been recorded, 

the findings are analyzed afterwards, so that it is avoided that findings are based on 

misinterpretation due to bad articulation or poor listening. Lastly, the findings are validated in 

an interview with a focus group, consisting of four of the employees that were interviewed in 

the data collection phase. 
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3. Detailed Analysis 

This chapter starts in Section 3.1 with a description of the resource management and project 

management practices at VI, and a description of how the hierarchy of the planning levels fits 

in the architecture of the DSSs presented in the literature review. Building from this analysis, 

in Section 3.2 it is specified what workload related factors and uncertainties draw the focus of 

the resource management and the project management mostly to operational control and a 

short term planning horizon. Section 3.3 describes the causes of non-optimal resource 

allocations, and Section 3.4 gives the results of the fluctuations in the workload and the non-

optimal resource allocations. 

3.1 Resource Management at Vanderlande Industries 

As described in Chapter 1 and in Marsmans (2017), the different Customer Centers, Supply 

Centers and branches are geographically dispersed and act as autonomous decision-making 

units. This means that the local project management and resource management practices can 

differ from each other. The following analysis describes the resource management (and to 

some extent project management) practices currently active at the Veghel SC. This SC is the 

biggest, and is leading within VI. We expect it to represent the complexities of the project 

management and resource management best, and moreover, the SC most completely (and 

globally) performs planning on operational, tactical and strategic level. 

Within VI, a customer project is first managed by the Sales department. During this 

phase of the project, the sales engineers and sales managers are in contact with the customer 

to come up with initial requirements and restrictions of the design, a preliminary design and a 

preliminary Sales project planning. Based on capacity requirements and restrictions, the 

estimated chance of winning the project, the sales value and the profit, the sales team can 

then decide to bid on the project, or respond to the tender of the customer.  

If the Sales department is actively pursuing the project and the project is medium or 

large, it is added to a so-called key prospects list. On this list, which contains all the medium 

and large projects with relatively high priority, the Sales department can manage and plan its 

efforts and plan the amount of sales engineers and the budgets assigned to the projects. If 

the project is won, the project, preliminary design, preliminary planning and budgets are 

handed over to the engineering department.  

For clarification purposes, Figure 9 provides the hierarchy of and relations between 

the different functions active in the project management and resource management during the 

engineering of VI. The functions at the bottom are mostly concerned with operational decision-
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making, and the functions in the top are more concerned with tactical and strategic decision-

making. 

 

Figure 9;Hierarchy of functions in VI; 

When an engineering department receives a project, the ME first addresses the 

Engineering Resource Planning to determine allocation possibilities. The Engineering 

Resource Planning is a capacity planning, in which locally available resources and teams are 

planned in days per week. The Engineering Resource Planning also contains a sales radar, 

used to determine future utilization rates based on active and expected projects, which shows 

resemblance with the key prospects planning by the Sales department. Based on the 

Engineering Resource Planning and competence and expertise information, the ME assigns 

the project to a PLE and a local core project team. 

Simultaneously, the project planning is being reconsidered and adjusted where it is 

deemed necessary. This project planning is monitored and edited by the Project Planner. This 

project planning defines general, aggregated activities and milestones. This project planning 

and the defined deadlines and milestones of each of the phases is communicated to the 

customer and the supply chain network. Also, these milestones and deadlines are used to 

establish the aggregate workloads of the different required disciplines of the engineering 

department. The resources of the project are then, based on this aggregate workload, 

assigned to the project in the Engineering Resource Planning. 

Besides this project planning and resource allocation based on aggregate workload, 

the PLE creates a single-project detailed project planning & allocation. In this planning, the 

general activities defined in the project planning of the PP are manually divided into several 

specific engineering activities for each of the project phases. To each of these activities, again, 

resources are allocated. This allocation is within the boundaries set by the allocation in the 

Engineering Resource Planning. 

Furthermore, the Engineering Resource Planning, the project planning, and the 

detailed project planning & allocation are continuously in a process cycle, because the project, 

the project milestones, deadlines, the project team and the department are subject to 
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variations and uncertainties. This cycle is used during project execution to review the baseline 

schedule that was initially created in the Sales project planning and subsequently in the project 

planning, to review the allocations, to review the priorities of the projects in the portfolio on an 

aggregated level, and to review the departmental capacity and availability. The project 

planning is reviewed weekly at the project progress meetings. During this meeting, based on 

the project requirements, the PLE re-estimates the aggregated demand on which the resource 

selection and allocation is based, and the PP revises the project plan. The allocations and the 

Engineering Resource Planning are reviewed during the weekly (single-site) resource 

meetings, because a project may unexpectedly require additional or different engineers, or 

the engineering department may not be able to supply the engineers that were promised in 

the earlier stages of the project.  

GLEs and PLEs who need to revise their allocations and cannot fix it amongst 

themselves, propose reallocations and reprioritization during the weekly resource meeting to 

the ME who helps in the search for alternatives. First local possibilities (at other GLEs) are 

addressed. If there no solution is found, the ME can reach out to external capacity or to other 

SCs to see if they can collaborate during project execution. This can be either by sharing 

workload or by sharing resources. Based on departmental data (Veghel SC) of 2016, an 

estimated 70% of the capacity in the Veghel SC is supposedly booked on projects executed 

at the local CC. However, some projects are executed entirely at the Veghel SC (e.g. because 

of competence or capacity reasons), for which the costs are booked on a different CC. This 

means that the actual realized percentage of the capacity used for collaboration is lower than 

the 30% indicated by the departmental data. These percentages are not a result of targets of 

some sort, and are simply based on local demand and nonlocal resource requests. 

If necessary, the ME escalates the problem to the Operations Manager, who then 

assesses the priority of the project and allocations. This happens only for a small percentage 

of the projects; it sporadically happens for projects with high priority or urgency, where 

conflicting interests may arise. 

Apart from these activities, which consider live projects and project data, VI also has a 

more strategic, long term planning for the engineering department. This long term planning 

maps the capacity of the department for four key resource types on the future workload and 

is managed by the Corporate Planning department. The future workload is based on currently 

active projects and sales and engineering budgets which are based on the number of projects 

expected to be sold in the different markets. Then, comparing the expected workload with the 

available capacity, it can be estimated when and how much the capacity of the engineering 

site must grow to allow for future workload to be executed by the engineering site. 

The workforce planning also considers this long term focus. However, this planning is 

purely capacity focused. It provides the growth in resource capacity that is actually planned 
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and initiated, based on the demand and requirements proposed in the long term planning. 

This workforce planning is provided by the Human Resources department. 

These planning activities performed for the projects, resources and departments are 

graphically represented in Appendix 2. 

3.1.1 Resource Management at Vanderlande Industries analyzed 

For the different planning activities described before, we see differences in the decisions, the 

data used and the time horizon of the decisions that are made. Therefore, also within VI the 

distinction can be made between operational, tactical and strategic resource management. 

The different sources of data described before are all used for one or more of these 

hierarchical levels. In order to properly distinguish between the different hierarchical levels 

and to properly assign the sources of data of VI to either of the levels, literature is used to 

establish which decisions are made in each of these levels. These findings are presented in 

Table 3. Using the analysis made at VI, the list provided by the literature proved to be 

inconclusive and is therefore extended with several decisions required during project and 

resource management. In Appendix 6 we provide in short where we retrieved the information. 

Given the continuity of the tactical and the operational level (as described in Section 

3.1) each of the decisions indicated in Table 3 are reviewed and addressed continuously. 

Besides the hierarchical distinction between strategic, tactical and operational, 

activities and data can be generally grouped into two different groups within these hierarchical 

levels. Where a ‘demanded’ planning focuses on the planning of workload and projects, an 

‘allocated’ planning on the planning of human resources which are assigned to this workload. 

Using the distinction between the hierarchical levels (see Table 3) and the grouping into these 

types of planning, the various resource planning data within VI can be graphically represented 

as in Figure 10. With ‘data’  we refer to the information that is available in each of blocks 

present in Figure 10, such as project planning sheets, departmental resource planning sheets, 

and a list of pipeline projects with a certain chance of winning. 

Even though for activities a distinction between either ‘demanded’ or ‘allocated’ is 

deemed important, for decision-making units it is unclear which data can and should be used 

for what decisions. This inadequate alignment shows in Figure 10, because some of the 

planning data show overlap with other hierarchical levels or only to a limited extent provide 

information on ‘demanded’ or ‘allocated’ planning. Moreover, the data do not necessarily 

distinguish between the two groups. For example, the detailed project planning does not only 

define demand of the project and activities, but also allocation of resources, which is also done 

in the Engineering Resource Planning. We argue that this situation is currently operational 

because over the years each actor grew his own planning to suit his own needs, so that own 

decisions could be made and flexibility could be used, more than it is a result of implementing 

best practice. A number of things draw the attention in the current situation of VI. 
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Table 3; Decision-making in Resource Capacity Planning 

 Resource Capacity Planning 

Decisions presented in academic literature Additions to literature, retrieved at VI 

S
tr

a
te

g
ic

 What decisions should be made regarding space, staffing levels, layouts and 

number of critical resources? (Leus, 2004) 

Where should be the sizes and locations of facilities? (Hans, 2001) 

What should be the main product-related and customer-related  

   focus of the engineering units? 

What engineering units require additional training? 

T
a
c

ti
c

a
l 

What has priority: delivery performance or non-regular capacity cost? (Hans et al.,  

   2007) 

What will the consequences of a new project be on capacity?  

   (Wullink, Gademann, Hans, & Van Harten, 2004) 

What due dates and milestones can/should be assigned to projects? (Leus, 2004) 

What is the amount of overtime/subcontracting that should be used? (Leus, 2004) 

Are resources assigned to the highest priority projects?  

   (Dye & Pennypacker, 2000) 

What projects should be accepted/won? 

What are the (relative) priorities of the active projects? 

What engineering unit is most suitable for the project or activity? 

What non-regular local capacity options are available? 

When should non-regular or (non-)local capacity options be  

   used? 

What levels of non-regular capacity are allowed? 

O
p

e
ra

ti
o

n
a
l 

Are project resources being fully utilized? (Dye & Pennypacker, 2000) 

Are projects being completed on time, within budget, and to the required quality  

   standard? (Dye & Pennypacker, 2000) 

What are the general baseline schedules of the active projects? (Hans et al.,2007) 

What resource groups will execute the project? (Leus, 2004) 

What are the detailed project schedules? (Leus, 2004) 

Who will be working at each of the project activities during what time intervals?    

   (Leus, 2004) 

What team of resources is qualified and most suitable for the  

   project or activity? 

What uncertainties should be considered in the project planning  

   and allocation? 
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Figure 10; Hierarchy of planning levels at VI 

 Firstly, at the strategic level two things immediately become clear. As a start, the future 

demand of projects in the Long Term Planning is forecasted for VI, but this planning is 

eventually not (or to a limited extent) used by the SCs for planning and forecasting purposes. 

Moreover, the forecasts provided by Corporate Planning only includes four critical resources: 

PLE, Site Manager, Integration Manager and the Project Manager. This makes the forecasts 

less applicable or useful for an Engineering Manager. Only if this strategic planning 

incorporates all engineering roles and functions, it can be used properly as input for the 

workforce planning of the HR department. 

 Secondly, the Engineering Resource Planning at the tactical level mostly addresses 

the tactical ‘allocated’ quadrant of Figure 10, but also has functionalities which are also present 

in the tactical ‘demanded’ quadrant and the operational level (i.e. displaying project demand 

that has no resources assigned to it yet). The Engineering Resource Planning mostly focuses 

on capacity and resource planning. Using Table 3 we argue that in the Engineering Resource 

Planning also resource-related operational decision-making is present. 

 Thirdly, the Engineering Resource Planning only covers part of the Resource Capacity 

Planning for a single site. Broadly speaking, each site has its own Engineering Resource 

Planning. Because this single-site planning data is not linked or interfaced with the single-site 

planning data of other sites, telephone and email communication is used to establish capacity 

availability at other SCs. This, however, is only done when it is considered necessary, which 

results in little knowledge of the activities in other SCs. This means that most of the capacity 

related decision-making (such as project acceptance) is based on local availability information. 

Based on this local capacity information, engineers can be shared with other SCs. For these 

engineers it holds that they are now are planned on multiple Engineering Resource Planning 

sheets, which are managed separately. 
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  Fourthly, the management of the projects in the pipeline is currently done twice, in 

both the Engineering Resource Planning and the Key prospects planning. The Engineering 

Resource Planning forecasts the future workload in a so-called Sales Radar, based on local 

pipeline projects with a high or medium chance of winning using standard load profiles. The 

Key prospects planning is more extensive and is used for the Sales department to determine 

allocations and priorities. This priority information of the Sales department is not anymore used 

after project acceptance and is missing in the tactical data of engineering (Resource Capacity 

planning) and the process (Engineering Resource Planning). This means that assigning 

resources to the highest priority projects can only be done to a limited extent because priorities 

are undocumented. It can be argued, however, that the priorities of an engineering department 

are significantly different from the priorities in a Sales department because of differing goals 

(delivering a project versus winning a project), and therefore may require different 

prioritization, and thus reprioritization after project acceptance. 

Fifthly, the Engineering Resource Planning is not directly linked or interfaced with the 

demands that have been defined in the data of the project planning and the detailed project 

planning & allocation. Not basing higher level (tactical) decisions on lower level (operational) 

project data, is supported by theory (Hans et al., 2007) and by practice: VI argues that, besides 

the fact that tactical decision-making and operational decision-making is done by different 

actors, the use of individual activity allocation details for the aggregate tactical level is too time 

intensive and, more importantly, inaccurate. As a result, in the Engineering Resource Planning 

the aggregate demand of the multiple projects is not given. Solely the allocations on an 

aggregate level are presented. This implies that the allocated capacity resembles the 

demanded capacity, but this is not necessarily the case. Consequently, either the project 

manager or the resource manager is basing decisions on faulty information, which can lead to 

problems in project execution or resource planning. 

Sixthly, besides fixing disruptions in the project and the human resource availability, 

shifting resource allocations and the planning of projects can also be reasoned with by 

resource-related, project-related or even VI-related benefits or advantages. For example, an 

engineer with certain (undocumented) soft skills might excel when he works with a team he is 

familiar with for a customer or country he is intrigued by. This makes the resource allocation 

process a non-automated, subjective task, requires dynamic prioritization of active projects. 

Furthermore, this sixth point again stresses the complexity of the high variability and 

high dependency environment in which VI operates. The weekly resource-related and project-

related progress meetings are all in place so that the different actors can manage and mitigate 

uncertainties and complexities in the project planning and the resource planning. As became 

clear from the qualitative data, the uncertainties and complexities can be addressed to two 

different problem areas, namely the short-term workload fluctuations and the non-optimal 
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resource allocations. The resource managers and project managers should address these 

problem areas. The workload related factors are discussed in Section 3.2 and the resource 

related factors are discussed in Section 3.3. In Section 3.4 the consequences of the 

uncertainties in the project and resource planning are discussed. 

Finally, the practices related to collaboration between different SCs face difficulties in 

the project execution. Collaboration between the different SCs goes hand in hand with 

increased inefficiency (for remote work) or increased complexity and costs (engineer has to 

travel). Moreover, CCs and SCs are autonomous and individually assessed on performance 

levels. This incentive system results in practices where managers and GLEs can (and do) 

show unwillingness to give away resources to projects of other SCs, which will not directly 

influence the local performance. Moreover, with the anticipation of a high workload, a GLE 

can decide not to share resources in the fear of lacking available capacity in the next period. 

As became clear already in the preliminary research conducted at VI, a fluctuating 

workload combined with a variable capacity complicates the resource management and 

project management. A hypothetical situation (at a single site) of the workload in combination 

with the capacity is given in Figure 11. The qualitative data indicates that both the workload 

and the capacity fluctuate, where the workload fluctuates more heavily. The fluctuating 

workload and capacity is a phenomenon that occurs at each SC separately. Despite the fact 

that the engineering departments experience this fluctuating workload, the data related to hour 

reporting did not present a similar or recognizable pattern. The fact this data does not 

represent a highly variable workload is argued to be related to the hour reporting practices 

and effects that non-regular capacity can have on the financial performance of a project. For 

example, if an engineer works 30 hours on the project in one week, and 50 hours in the 

second, then this engineer most likely will report two weeks of 40 hours. 

 

Figure 11; Graphical representation of the fluctuating workload and capacity 

3.2 Causes of Fluctuations in the Workload  

The academic literature frequently states that variations and fluctuations in workload are 

naturally present in a project environment. Only some researchers imply that a project 
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organization itself can influence the phenomenon (Bayer & Gann, 2006) (Repenning, 2000). 

The data acquired in this research sheds light on what factors, both internally and externally 

affect the short-term fluctuations in the workload and the problems associated with it. 

 Several interviewees acknowledged the inevitability of variations in the workload, 

where one interviewee for example stated that “it is a project inherent characteristic”. 

Furthermore, interviewees frequently state the importance of dependency on customer input: 

“We can’t start engineering until we get all the requirements from the customer”. The factors 

we have found are given in Table 4. A total of 21 factors have been identified, which directly 

or indirectly influence the fluctuations in the workload as experienced by VI. 

Table 4; Causes of workload fluctuations 

 

VI is mostly dependent on a significant amount of external factors (e.g. uncertainty in 

order intake, seasonality in order intake). Also on some internal factors VI is mostly dependent 

(e.g. dependencies between project phases). Moreover, we have found some factors of which 

a PBO is not entirely dependent, but on which it can exert (some) influence (e.g. lack of insight 

and overview of capacity and competence, delay in information communication). These 

differences in influence of the factors are distinguished in Table 4. 

In order to have a clear overview of the interdependencies, these factors and its 

interdependencies are graphically represented in Figure 12. For each factor it is graphically 

Causes of short-term workload fluctuations 

Little to no influence can be exerted Influence can be (partially) exerted 

1 
Ambiguity in start of project/activity 

based on customer input 
12 

Uncertainty during Sales phase of which SC 

will execute project 

2 
Changing (or uncertain) customer 

requirements 
13 

Differing levels of detail in specification 

received from Sales  

3 Uncertain internal project environment 14 Uncertain/inaccurate workload estimations 

4 Influence of project goals/deadlines 15 Incorrect information of projects in the pipeline 

5 Uncertainty in order intake 16 
Separation of Sales information and resource 

information 

6 Seasonality in order intake 17 Influence of (local) company goals  

7 Irregular workload and changing priority 18 Dependencies between active projects 

8 Complexity of project specification 19 
Lack of insight and overview of capacity and 

competence 

9 Uncertain external project environment 20 Limited knowledge of activities in other SCs 

10 Dependencies between project phases 21 Delay in information communication 

11 Dependency of third parties  
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represented whether an influence cannot be exerted (no border) or can be exerted (dashed 

border). Detailed clustering is done so that attention areas can be identified and consequently 

accounted for in the development of the DSS. Four clusters have been identified (see Figure 

12): Uncertain external project environment (red), Uncertain internal project environment 

(blue), Complexity of project specification (green) and Information availability (brown). The 

factors in white are not assigned to any of the defined clusters. 

Based on the clustering and Table 4, it can be seen that there is a variety of factors in the 

uncertain external project environment that directly influence the irregularity of the workload 

and the changing priority of projects. Furthermore, uncertainty exists within the internal project 

environment and the project specification, both not entirely within control of VI. Thus, the 

project environment is continuously exposed to the uncertainty of both internal and external 

factors. This means that for a PBO it is not possible to execute proactive project management 

and resource management practices only, since the short-term uncertain internal and external 

project environment require reactive project and resource management practices. However, 

for example in the clusters Complexity of project specification and Information availability, 

there are a number of factors, which could directly be influenced by the PBO.  

Figure 12; Complexities of Resource Capacity Management: workload fluctuations 
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3.3 Causes of Non-optimal Resource Allocations 

For human resources, academic literature generally acknowledges that management 

practices are complex, but does not specify why this is the case. The qualitative data acquired 

in this research also brings insights in the complications of human resource management and 

as a result, the non-optimal resource allocations. Twelve factors have been found, which 

directly or indirectly result in non-optimal resource allocations. Furthermore, five factors which 

influence the variability in the workload, simultaneously influence the human resource 

allocation performance. The 17 factors are given in Table 5. 

Table 5; Causes of non-optimal human resource allocations 

  

Similar to the factors related to workload variations, there are factors to which VI is 

mostly dependent and external (e.g. inflexibility of skillsets required for different markets), or 

internal (e.g. longer intra-project workload distribution). Furthermore, some factors are found 

which can be directly influenced by the organization (e.g. lack of engineers with the right 

competences). These differences are distinguished in Table 5. 

 These factors are also graphically represented in Figure 13. The detailed clustering is, 

where applicable, similar to the clustering in Figure 12. The clustering is as follows: Uncertain 

internal project environment (blue), Information availability (brown) and Complexity of 

Resource Management (grey). The three white factors are not assigned to any of the five 

defined clusters. 

Causes of non-optimal resource allocation 

Little to no influence can be exerted Influence can be (partially) exerted 

22 Dependency of third parties 31 
Different capacity/competence/ efficiency 

levels of engineers/SCs 

23 Complexity of resource management 32 Lack of engineers with the right competences 

24 Rapid organizational growth over the past years 33 Inaccuracy in project planning 

25 Irregular intra-project workload distribution 17 Influence of (local) company goals 

26 Unexpected short-term capacity fluctuations 18 Dependencies between active projects 

27 
Inflexibility of skillsets required for different 

markets 
19 

Lack of insight and overview of capacity and 

competence 

28 Longer work weeks during on site work 20 Limited knowledge of activities in other SCs 

29 VISA restrictions and procedures 21 Delay in information communication 

30 
Unplanned resource unavailability [sickness, 

resignation, holidays] 
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 The uncertainties relating to the workload (Figure 12) and the uncertainties related to 

human resources (Figure 13) cannot be entirely seen as separate problems, but must be seen 

as problems which influence each other. Therefore, the problem areas are addressed 

iteratively. If for example a customer project is delayed for a month because the customer has 

not finished the preparation on site, resources that are assigned to the project in this month 

have to be given new projects. Moreover, assuming all consecutive deadlines are also 

postponed for a month, resources are now required for a month longer, while they may have 

been already assigned to different projects in this period. Therefore, delay in one project can 

cause problems throughout the portfolio. 

 Furthermore, the two areas of uncertainties are most likely the reason that VI, as 

described in Section 3.1 adopted ‘Demanded’ and ‘Allocated’ planning areas within its 

resource capacity planning practices. The ‘Demanded’ planning area plans and works with 

the uncertainties related to the workload, and the ‘Allocated’ planning area plans and works 

with the uncertainties related to human resources. 

3.4 Consequences 

The situation presented in Figure 11 has multiple consequences, because managers 

need to fulfill workload demand and deliver work to engineers who cannot simply be idle. 

These consequences are graphically represented in Figure 14. In this figure, the dark shapes 

Figure 13; Complexities of Resource Capacity Management: non-optimal resource allocations 
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can be considered as ‘situations’, the light grey shapes as ‘actions’ following those situations, 

and the blue shapes as results for the organization. 

 

Figure 14; Consequences of the fluctuations in workload 

Firstly, fluctuations in workload in combination with the variability of the project 

environment result in a planning that changes frequently. This requires the organization to 

frequently and rapidly adjust to new situations. In turn, this makes it difficult to keep the 

planning up to date and reliable, and to find the time and effort to re-specify the project 

planning.  

Secondly, moments of a workload lower than capacity result in engineers becoming 

idle. Overcoming this idleness of engineers can be done by moving local project work forward, 

by offering an engineer to another SCs or by executing work packages of other SCs. This can 

be fruitful if at that time another SCs experiences a peak in the workload, but also increases 

complexity of and effort during the project execution. Other reactions can be assigning 

engineers to training or to internal projects to ensure future compatibility of either the engineer 

or the engineering site. This results in a decreased billability of the engineering department. If 
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the billability of a PBO goes down, less customer-related work is executed which negatively 

impacts the direct profits made by a PBO (see Marsmans (2017)). 

Thirdly, when the workload is higher than capacity, there is a lack of engineers with 

the right competences available. Since the demand must be fulfilled, there are several ways 

in which the management can assure the delivery of the work. It can be solved locally by 

having engineers work overtime, allocate experienced engineers to an increased amount of 

projects, or have relatively unexperienced resources take on relatively much responsibility. 

Another possibility is by collaborating with other SCs either by handing out workload or by 

requesting engineers from other SCs, which can be done if other SCs experience a moment 

of spare capacity. Besides these internal capacity options, also external non-regular capacity 

options are available. The engineering department can subcontract work packages or hire 

contractors to partially relieve the workload. This all results in an increase in work pressure, 

risk, costs for collaboration and complexity during project execution. It should be noted that 

even though costs for collaboration increase due to increased efforts, it can provide benefits 

or a reduction in costs when it allows a project team to reach a project milestone or deadline, 

or even when cheaper non-local resources are used. So the increased costs presented in the 

second column from the right in Figure 14 relate to the costs of the resource planning and 

collaboration, not necessarily the net effect of the collaboration. 

Fourthly, when the workload is higher than capacity, the planning of one or multiple 

projects cannot be met. Therefore, the planning of one or multiple projects or resources must 

be adjusted. This means that project work needs to be rescheduled, the workload of smaller 

projects is moved backward, internal slack of big projects is used or the project is escalated. 

These revisions of the planning of one or more projects results in an increase in costs and 

risk. Moreover, when the planning of one project or resource is adjusted, this has 

consequences for other projects and resources (hence, the high dependency environment). 

This cyclic or iterative nature of the problems that occur after disruptions can also be seen in 

Figure 14. After project plans and resource allocations are adjusted, the project plans and 

resource allocations of other projects require revision as well. This makes the project planning 

and resource allocation procedures a continuous problem and not one that can be solved by 

static and deterministic solution methods. 

Lastly, referring to Figure 11, there is no reason to assume that the fluctuations in the 

workload follow the same pattern in each SC. Therefore, situations in which one SC has spare 

capacity and another SC has a shortage in capacity are realistic. With the current setup of 

separation of information of the different SCs, these situations are not so easily identified. This 

means that opportunities for resource sharing can be overlooked, or pipeline projects are 

rejected because local capacity was insufficient while non local capacity could have been a 

feasible solution. 
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3.5 Summary 

For the comparison of the situation at VI, we will use the DSS of Hans et al. (2007), as it is the 

DSS covering most ground.  

Firstly, a PBO in the HH-environment is confronted by two major complications in its 

resource management. On the one hand, the organization experiences a dynamic and 

uncertain workload. On the other hand, the organization’s own capacity and availability is 

dynamic and uncertain as well. The mostly deterministic optimization models proposed for 

each of the planning levels therefore seem unfit for this HH-environment. This not only requires 

an organization to control and manage each of the factors identified in Section 3.2, but also 

requires an organization to perform demand related and allocation related planning. We argue 

that there is indeed a difference between the two categories, which should both be addressed 

in a multi-project HH-environment. This holds especially for the operational and tactical level. 

 Secondly, according to De Boer (1998), the RCCP phase should be addressed during 

the bidding and order acceptance phases of new projects. Despite the fact that Hans et al. 

(2007) stress that uncertainty is of great influence on operational information, it is overlooked 

that the aggregate information on the tactical level, for example related to start dates and due 

dates, is susceptible to changes as well. It seems that PBOs should constantly make decisions 

on a tactical level, instead of addressing the tactical planning phase merely in the order 

acceptance phase. Furthermore, since the due dates and milestone information are dynamic, 

the project planning should be considered at the tactical level as well. 

 Thirdly, related to the second point, active projects require dynamic prioritization, 

where the DSS only once per project addresses the prioritization problem. Kavadias & Loch 

(2003) claim that for New Product Development (NPD) projects, the general strategic priorities 

established in the sales phase of a project are too coarse to resolve shop floor conflicts related 

to resource capacity conflicts. Since this research is focused on PBOs in an HH-environment 

(see Table 1), we argue that this dynamic prioritization is also a requirement for a resource 

manager in order to assure the allocation of resources to the highest priority project. 

 Fourthly, the DSS of Hans et al. (2007) considers three hierarchical levels, and 

stresses the importance of communicating information top-down as well as bottom-up. 

However, the DSS does not address the case where there is communicated between one 

strategic planning (companywide), a tactical planning level for multiple geographically 

dispersed resource units, and consequently an operational planning for each and every 

project. This is for instance the case in a multinational PBO with multiple engineering sites.  

 Fifthly, the planning activities at each of the hierarchical levels are subject to variations 

and are dependent on many internal and external factors. This makes the resource 

management a human-driven and subjective effort.
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4. Conceptual Model 

Chapter 3 brought to light several mismatches or shortcomings of the DSSs discussed in 

Chapter 2. These shortcomings make the DSSs not necessarily directly applicable to the 

project management environment of a multinational PBO. In Section 4.1 several solutions are 

proposed and subsequently a conceptual model is proposed. In Section 4.2, Section 4.3 and 

Section 4.4 the hierarchical levels of the conceptual model are further explained. 

4.1 Extending the DSS Model 

Chapter 3 brought forward four attention points for the Resource Capacity Planning which 

should be addressed in a renewed version of the DSS. The hierarchical approach must 

recognize the difference between ‘demanded’ and ‘allocated’ workload, must allow for 

continuous project-related and resource-related tactical decision-making, must allow for 

dynamic prioritization, and must be able to include multiple geographically dispersed resource 

units. Most importantly, each of these parts of the model should be properly aligned, each 

presenting its own data and each to be used for specific decision-making. 

 Firstly, the hierarchical approach must recognize the difference between ‘demanded’ 

and ‘allocated’ workload. This means that the differences between ‘demanded’ and ‘allocated’ 

should be recognized at all different hierarchical levels of planning, and should be matched as 

well as possible. This way both the resource-related and project-related decision-making can 

use the right data. Another possibility would be to only include and use ‘demanded’ or 

‘allocated’ workload. However, this would mean that at all hierarchical levels use data that 

might be (slightly) inaccurate, and can therefore lead to the wrongful decision-making.  

 Secondly, in order to allow for continuous tactical decision-making, we identify two 

solutions. On the one hand, the RCCP can be addressed continuously and used for tactical 

resource-related decision-making. On the other hand, the RCCP can be addressed solely 

during order acceptance (as proposed in De Boer (1998)), with a RCPS that is used for tactical 

decision-making related to milestones and resource allocations. However, this is unrealistic if 

resources are used on multiple projects simultaneously. 

 Thirdly, the conceptual model should include the dynamic prioritization of active 

projects. Prioritization can be done continuously, periodically, incidentally or by an undefined 

process which is included in the RCCP. Periodic prioritization can for instance be done each 

week or month, and incidental prioritization can be done after new project arrival, project 

escalations. 

 Fourthly, the conceptual model can allow for multiple geographically dispersed 

resource units either by globalizing the RCCP or can allow for multiple locally managed 
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RCCPs. Globalizing the RCCP would mean that all global resource capacity is managed from 

one location for all globally active and globally executed projects. A hierarchy that allows for 

multiple locally managed RCCPs allows engineering units to locally manage and plan 

resources. This would require communication between the different RCCPs if collaborative 

activities are to be executed, but does align with an organization that has chosen to operate 

from multiple autonomous geographically dispersed engineering units. . 

We propose an adjusted DSS, as given in Figure 15. Since this research is focused 

on resource capacity planning, this is the only functional level displayed in the figure. However, 

the functional levels technological planning and material coordination are still applicable and 

relevant to the situation.  

For the DSS we propose to include all levels included in the hierarchy of Hans et al. 

(2007): Strategic resource planning, Project acceptance, Rough-Cut Capacity Planning, 

Resource-Constrained Project Scheduling, and Detailed scheduling & resource allocation.  

In the hierarchical model we included the distinction between ‘demanded’ and 

‘allocated’ workload at all different planning levels. We argue that therefore both project-

related and resource-related decision-making can more likely be based on the right and 

adequate information. Relatively small differences between ‘demanded’ and ‘allocated’ are 

not necessarily a problem until it reaches a certain threshold. This threshold is dependent on, 

for example, the size of the project, the slack and the phase of the project (time till deadline or 

milestone), and can differ from days to even weeks for the multi-year projects. We argue that 

differences are not necessarily a problem in small amounts because workload estimations are 

not a hundred percent accurate.  

Moreover, project acceptance is done on an aggregated or consolidated tactical level. 

We argue that the project acceptance function should be performed for the entire organization, 

instead of locally and independently, so that there can be made a perfect fit between the 

engineering unit and project. Lastly, the continuous cycle of matching variable demand with 

variable capacity is addressed by distinguishing between ‘allocated’ and ‘demanded’. 

Additionally, we stress that tactical decision-making should continuously be performed 

using data available in the RCCP. A resource manager can this way assure a high utilization 

or billability of his resources and a project manager can this way quickly find solutions to 

adjusted project schedules. 

Simultaneously, at the tactical level, there is the project (re)prioritization data. 

Incidentally reprioritizing the order portfolio of the company and the engineering unit help in 

assuring optimal resource allocations. 

As mentioned, for a multi-site PBO we have identified the need for multiple tactical 

planning entities operating in parallel. Therefore, we define one strategic planning on 

organizational level and project related planning for each and every project as defined by Hans 
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et al. (2007), and simultaneously elaborate the hierarchical architecture with a heterarchical 

dimension on the tactical level. This way the DSS allows for lateral relations between the 

tactical planning at different sites which assures communication amongst multiple sites 

(Aissani, Bekrar, Trentesaux, & Beldjilali, 2012). The individual engineering sites in turn 

unilaterally share project information and RCCP information but individually decide on project 

prioritization, RCCP and tactical decisions. 

Moreover, we have indicated the amount of communication or correlation between the 

different levels with arrows. Based on the insights presented in Chapter 3, there is a high 

correlation between the data in the RCCP, the RCPS and the project prioritization. For 

example, the milestones in the RCPS might be moved back a month because the customer 

failed to finish the completion of the building in time. This would mean that resources assigned 

to the project have now become idle. The priority of the project is now temporarily reduced, 

because the project team must wait for customer input. Reprioritizing the project (in this case: 

lowering the project priority) means that other projects may now have a higher priority, which 

are then given resources that have become available in the RCCP. This new resource 

allocation is then also edited in the RCPS for each of the projects. Hence, there is a lot of 

communication and adjustment needed between the RCCP, the RCPS and the prioritization. 

  

Figure 15; Adjusted Decision Support System for the multi-site HH-environment 

The relations between the different hierarchical and heterarchical levels are graphically 

represented in Figure 16. 
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Figure 16; Relations between hierarchical and heterarchical levels 

Figure 15 clearly separates the single, company-wide functions (Strategic resource 

planning and Project acceptance) from the multiple parallel tactical and operational levels, as 

in Hans et al. (2007), shows no clear distinction between the tactical and operational level. 

The reason for this is that, in accordance with Table 3, the aggregate RCCP is used for 

operational decision-making (“Are project resources being fully utilized?”) and simultaneously, 

the single-project RCPS can be addressed for tactical decision-making (“What due dates and 

milestones can/should be assigned to projects?”). Where De Boer (1998) already classified 

the RCPS in both the tactical and operational level, we thus argue that also the RCCP should 

act at both the tactical and the operational level. 

The remainder of this chapter describes attention points for the planning activities and 

the data to be used at each of the hierarchical levels of the model. These attention points are 

based on both academic literature and the qualitative data acquired in this research. In Section 

4.2 the highest level, the Strategic Resource Planning, is described. After that, in Section 4.3 

the Rough-cut Capacity Planning is discussed. In Section 4.4 and Section 4.5 the Project 

Acceptance function and the Project (re)prioritization are discussed, respectively. Lastly, in 

Section 4.6 some attention points in the Operational Resource Capacity planning are 

discussed. 

4.2 Strategic Resource Planning 

The strategic resource planning remains a company-wide decision-making unit, and remains 

responsible for long-term decisions regarding space, staffing levels, locations, layouts and the 

number of critical resources (Hans, 2001) (Leus, 2004). Moreover, the organization should be 

able to make decisions regarding the training of engineering units in its entirety, and the 

strategy and focus of the different engineering units regarding its customers and products. 
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 Moreover, as became clear in Chapter 3, the goals and incentives of a department can 

have an impact on the fluctuations in the workload. It seems that such incentive systems can 

pressure organizational units to perform as much as possible locally, instead of globally or 

company-wide. This results in available resources in other engineering sites that are 

eventually not used or transferred across national borders, because this could impact the 

financial performance of the department (Boussebaa, 2009). If defined properly, company 

goals can however also help in reducing these problems, for example if the organization allows 

or even promotes collaboration across national borders. Resource managers then are less 

likely to refrain from giving away resources when a high workload is anticipated, because 

another engineering unit will most likely come to their aid as well. 

4.3 Rough-Cut Capacity Planning 

The RCCP is at the basis of the tactical resource capacity planning. Project acceptance 

decisions are based on the RCCP and project prioritizations are used as input for allocations 

and reallocations of resources on a tactical level. This means that also on this tactical level, it 

is decided which resources and teams are to be used for which projects. Thus, (aggregate) 

allocation of engineers must be done at this level. 

Furthermore, the RCCP is used to manage, mitigate and resolve disruptions in local 

human resource availability. Besides the unknown or unexpected factors given in Figure 13, 

a number of factors are identified that complicate or reduce the availability of engineers which 

are (or could be) known by the resource manager. First of all, inexperienced engineers require 

coaches during their project work. This means that an experienced engineer is occupied 

during the on-the-job training of the inexperienced engineers. Secondly, especially the 

inexperienced engineers require training in order to gain the right knowledge and therefore to 

assure future suitability. Thirdly, for multinational PBOs there is the struggle of willingness to 

travel amongst engineers. The project engineers at VI on average spend around 10% to 50% 

travelling. However, engineers can at times be reluctant to travel. Therefore, the project 

planning and the moments of travel must be balanced in the personal situation and ambition 

of the engineers. Fourthly, besides the willingness, there is also the inability to travel that can 

cause trouble. Where unexpected VISA procedures can cause problems in the resource 

availability (see Figure 13), the resource manager may know in advance that acquiring the 

right VISAs for the engineer in a specified timeframe will be extremely hard or not possible. 

These known and unknown factors make the resource planning a human-driven endeavor. 

In addition, taking into account the findings presented in Figure 12 and Figure 13, the 

tactical level should strive as much as possible to level the workload and match the capacity 

with the workload. Of the defined clusters, according to the qualitative data, the clusters 
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Uncertain external project environment and Uncertain internal project environment influence 

the fluctuations most. Since the factors in these clusters mostly are defined as ‘little to no 

influence can be exerted’, these factors require management and control practices more than 

mitigation strategies. 

Moreover, the RCCP is used for decision-making related to collaboration between 

different SCs and (sub)contracting, and is used for the management of non-regular capacity 

levels. This is used to assure the ability to adapt to planned and unanticipated change while 

maintaining high levels of performance. This helps the organization in remaining flexible so 

that new or changing business requirements and opportunities can be met (Altman Dautoff, 

2001). Collaborating can be done by either sharing resources or by sharing workload. This is 

described in the following sections. 

The RCCP should be constructed taking into account both resource capacity 

information and milestone and deadline information of projects. In modelling terms, this means 

that for example LP-based heuristics should be in hybrid form (both time-driven and resource-

driven) (e.g. see (Baydoun, Hait, Pellerin, Clément, & Bouvignies, 2016)). The objective of 

such a mathematical solution would be the minimization of costs, taken into account resource 

costs, penalty costs, non-local capacity costs and non-regular capacity costs. However, it’s 

applicability in practice is argued to be questionable in this paper, where keeping it as simple 

and robust could be easier to implement and more resistant to changes (Kopeček, 2014). 

Therefore, this could be a focus for future research. 

4.3.1 Resource sharing 

There are multiple reasons for an engineering site to resort to interdepartmental resource 

sharing. We speak of resource sharing if resources of one engineering units are used to assist 

in project work that is managed and executed by another engineering unit. This can be done 

remotely, which requires extensive communication, or at the local office, which requires the 

engineer to travel to the office during the collaboration period. Using the qualitative interviews, 

the following situations are found in which resource can be shared (which are in line with the 

situations portrayed by Sridhar (1995)): Resource scarcity and availability, Financial 

incentives, Engineer training and Lack of local product or project knowledge. 

The qualitative data also brought forward some setbacks to this resource sharing, 

which should be accounted for, in order to be able to determine a realistic project planning 

and efficiently share resources. First of all, collaborating remotely results in a decrease in 

efficiency of the collaboration. However, flying the engineer out in order to be able to work at 

the same site goes hand in hand with an increase in costs. 

Secondly, collaborating internationally between multiple sites requires the organization 

to clearly define the responsibilities of those who are involved in the collaboration. Since each 

of the engineering sites and the project have their own planning to account for, rules must be 
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set up so that it is clear who decides on the planning of the resource. For example, if an 

engineer is planned to work for a project not for his ‘home’ engineering unit, but for a different 

engineering unit and at that engineering unit. If now the demand of the project requires the 

engineer to extend the collaboration, the organization must define who has the final say: the 

project manager, the resource manager of the home office or the resource manager of the 

receiving office. 

 We argue that the proposed architecture should facilitate resource sharing practices, 

but should not set goals and targets on resource sharing. Engineer units and project teams 

should initially try to fix workload and capacity issues locally, and collaborate when necessary, 

and not more. Striving to meet these targets can result in unnecessary costs or risk for projects 

and engineering units, making it inappropriate for resource managers to work to. An objective 

that is more related, and more suitable, is the billability of an engineering department. The 

billability of both local engineering units and the company can be maximized if it recognizes 

opportunities for collaboration. 

4.3.2 Workload sharing 

Sharing workload can be done in the form of work packages. Work to be done is then specified 

in detail and can be executed remotely, either internally or externally. The work package can 

consist of a single activity of document, an entire phase of the project, multiple phases or even 

multiple disciplines. The most important thing is that, in contrast to resource sharing, the 

receiving engineering unit is now responsible for the work that needs to be executed. The 

benefits of this collaborative way of working is that engineers do not have to travel in order to 

execute work. It can thus be more easily delegated to available, or cheaper, SCs or 

subcontractors. The disadvantages are that it must be clear which part of the project has to 

be produced by what disciplines, which requires clear requirements and specifications. It also 

requires an engineer to put in effort to specify the work package, which he may not have the 

time for. 

4.4 Project Acceptance 

Projects in a multi-project environment can be initiated in several ways, for orders may be 

customer orders, internal orders, suborders (part of a portfolio or program), related to 

maintenance or engineering activities. Moreover, customers have been increasingly able to 

influence manufacturing plans over the past decades, which result in higher product variety, 

shorter product life cycles, increased delivery performance requirements and stronger 

competition. This results in a very complex order acceptance function and RCCP, and 

therefore requires dynamic planning strategies which account for individual order 

characteristics. (Hans, 2001). 
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Sales departments are confronted with multiple opportunities. This requires a Sales 

department to divide its efforts to projects that still have many unknown parameters and 

constraints. Dye and Pennypacker (2000) state that besides basing this decision on risk, 

complexity and customer, also the strategic relevance of the project must be assessed. 

Otherwise, less risky but strategically relevant projects which are viewed as less urgent are 

not given enough effort. Furthermore, relatively straightforward, during project acceptance the 

current workload and remaining capacity of the engineering units must be assessed, as well 

as the related remaining capacity, once the project would be accepted, must be taken into 

account (Ten Kate, 1995). This is so that it is avoided that newly accepted orders result in a 

resource scheduling and allocation problem that cannot meet the demands of every project, 

i.e. an overload of the system. 

Since the Sales and negotiation phase can take up a lengthy period, and moreover 

can contain many projects, part of the Project Acceptance function should be a prospects 

planning. In this planning, the Sales department must indicate, at least, the chance of winning 

a project that is in the pipeline, the size of the project, the estimated start date and the 

responsible SC. This planning must provide input to the capacity planning of the Sales 

department, but also on the capacity planning and forecasting of the RCCP. 

4.4.1 Engineering unit selection 

Because we proposed a global project acceptance function, the company must not only decide 

on when to bid on a project, but also on which engineering unit will be responsible for the 

project, and which engineering units will be involved during the project execution. We propose 

a qualitative or heuristic-based approach, instead of a mathematical approach. The reason for 

this is that also on an aggregate, engineering unit, level, many uncertain, unmeasurable and 

subjective factors can be identified which are similar to those of human resource management 

(see Figure 13). 

 Factors of importance that are identified within VI are the capacity of the engineering 

unit, competence of the engineering unit, distance to customer center, distance to customer, 

experience with the customer, geopolitical relations with the customer, and estimated 

engineering costs (see Appendix 7). Within competence we identify the factors size, technical 

complexity and organizational complexity. Technical complexity relates to the technology or 

products used, the disciplines required, resource requirements, functional interfaces with other 

systems and technical risk. Organizational complexity relates to contractual risk, 

organizational interfaces, number of new subcontractors, culture, culture of the customer, and 

whether or not the customer must still finish the building the system must be placed in. 

 Since project performance generally highly depends on financial performance, cheap 

resources are attractive for project managers, if the competences are sufficient. Therefore, 

heuristics that relate technical complexity to engineering costs may prove highly effective (i.e. 
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projects with low technical complexity: use cheap engineering units & projects with high 

technical complexity: use technologically most advanced engineering unit). Other heuristics 

can relate to customers and the geographical location of an engineering unit (i.e. for customers 

in a certain country: use engineering units that speak the customer’s language). 

4.5 Project (re)prioritization 

When the project is won, and the project is being executed, priorities of one or more projects 

can still change over time, since the business environment and the technical environment 

change (Dye & Pennypacker, 2000). Furthermore, while a project may look advantageous 

today, it may suffer a setback tomorrow (Kavadias & Loch, 2003). Moreover, as became clear 

in the qualitative interviews, information becomes gradually available and customer 

requirements may change over time. This changing priority is consequently a cause of short-

term fluctuations in the workload and non-optimal resource allocations (see Figure 12 and 

Figure 13). Therefore, constant monitoring and possibly adjustment of the project priorities is 

a complex task, but is proven to be necessary. 

Since multiple projects are simultaneously active, human resources are committed to, 

or ‘reserved for’, these projects. The research at VI made evident that this makes it difficult to 

redirect these resources to new or other projects, and moreover that it is unclear when this 

should be done. Choosing between on-going projects for the allocation of scarce resources is 

a continuous problem faced during portfolio and multi-project management. For this, 

managers need to robustly prioritize projects, instead of just giving priority to “the project 

manager who screams the loudest” (Kavadias & Loch, 2003, p. 1). 

Giebels (2000) has defined an order classification model, containing seven 

dimensions, for the engineer-to-order environment in a manufacturing setting, which is of 

importance when determining the individual order’s objectives, priorities and constraints in the 

aggregate planning. Taking into account that shop floor planning is argued to be a 

specialization of multi-project planning (Hans et al., 2007), we argue that projects in an 

engineering multi-project environment, albeit with a slight adaptation, can be classified 

similarly. Each project must be assessed using these dimensions, and prioritized relative to 

all other active projects and projects currently under way (Dye & Pennypacker, 2000). 

As mentioned, projects can have different customers and objectives, which results in 

an order portfolio containing projects which generally differ greatly in terms of planning goals, 

priorities and constraints (Giebels, 2000). Generally, project scheduling models emphasize 

day-to-day planning which consequently prioritizes projects based on the level of risk, 

complexity or relative strength of the project sponsor (Dye & Pennypacker, 2000). Moreover, 

these same authors state that the entire prioritization process is often missing in multi-project 
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and portfolio management; all projects are given a ‘Number 1 Priority’ which therefore all have 

equally competitive positions for limited resources. 

Combining insights retrieved from VI, Giebels (2000) and Dye & Pennypacker (2000), 

a total of 11 dimensions are recognized which influence the dynamic priority of active projects. 

These dimensions are given in Table 6. The dimensions that influence priority and thus 

criticality of a project most (based on the qualitative data), are project state, external 

stakeholder priorities, impact on resource loading and slack on critical path.  

Table 6; Project (re)prioritization criteria 

Dimension Explanation 

Versatility The amount of possible alternative allocations and resources (E.g. 

number of SCs that can execute certain products) (Giebels, 2000) 

Abstraction level The level of detail of the information in the plans (Giebels, 2000) 

Project state The ‘hardness’ of the milestone deadline, and consequences of not 

meeting these deadlines (related to project phases, so in the case of 

VI; Define, Detail, Supply, Install, Commissioning, Testing) 

External stakeholder 

priorities 

The agreed upon priorities with external stakeholders, such as due 

dates, quality and price (Giebels, 2000) 

Impact on resource 

loading 

- The availability of suitable resources in the planning period 

- The impact due to size of the order on resource availability 

- The risk of negatively affecting resource loading performance,  

   because of complexity (e.g. partially subcontracted, high chance of  

   failure, troublesome constraints) (Giebels, 2000) 

Slack on critical path The relative slack on the critical path (Giebels, 2000) 

Strategic importance Relative importance and contribution to overall strategy, f.i. related to 

important clients or future repeat orders (Giebels, 2000) 

Customer relation The relationship with the customer can have influence on the 

hardness of deadlines, consequences of not meeting these deadlines 

and decision-making 

Workload allocation The number of different engineering units and teams involved in 

project execution 

Project progress and 

performance 

The progress and performance of projects. (E.g.: so-called ‘bleeders’ 

(projects performing badly) can be given high or top priority) 

Risk The level of risk related to the customer (Dye & Pennypacker, 2000) 

 

Project prioritization can be done by using an Analytic Hierarchy Process (AHP) 

(Meredith & Mantel, 2009), of which an example is graphically represented in Figure 17. The 
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AHP assigns weights and scores to each of the dimensions so that the project can be given a 

priority based on these values (e.g. see (Ishizaka, 2014)). Appendix 8 provides an example of 

a spreadsheet-based solution of the multi-project prioritization problem using an AHP. The 

weights are to a limited extent based on the qualitative data, and are completed by deductions 

made by the researcher. The prioritization and the weights given in Appendix 8 serve as an 

example, because it is reasonable to assume that the weights assigned to the dimensions 

differ per company and market. 

 

Figure 17; Analytic Hierarchy Process for project prioritization 

The process of reprioritization should be triggered by disruptions in the workload, 

disruptions in the available capacity or new project arrival. However, as elaborately described 

before, the planning of projects and the planning of resources is susceptible to frequent 

change. Since reallocating resources to new projects costs money and time, we emphasize 

that a slight change in priorities of the projects should not result in an entirely adjusted resource 

planning. Therefore, only if the priority of the project reaches a certain threshold should project 

managers and resource managers act on it. These thresholds can be used to categorize 

projects as a lower-priority project or a high-priority or urgent project, as suggested by 

Meredith & Mantel (2009). As a result, the resource allocation will not be changed frequently 

after minor planning changes, but only after large (enough) disruptions in the project schedule 

or the resource availability. This means that on a tactical level a resource manager is not 

obliged to continuously respond to the perils in different teams, because these teams (teams 

of a group leader and project teams) can resolve minor problems amongst themselves. 

4.6 Operational Resource Planning 

The operational resource planning level is responsible for the planning of projects individually. 

Previously we argued that besides the RCPS and the detailed scheduling also the RCCP is to 

some extent responsible for operational decision-making. However, the focus of the RCCP is 

on aggregated and tactical decision-making. Thus, this section on operational resource 

planning only considers the RCPS and the detailed scheduling of individual projects. 
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 First of all, the RCPS and the detailed scheduling and allocation should be aligned. 

Where the detailed scheduling mostly focuses on the proper execution of the single project, 

the milestones and deadlines defined in the RCPS are used to plan the supply chain activities, 

are communicated to the customer and are communicated to the RCCP so that the resources 

in the multi-project environment can be planned. Therefore, operational disturbances in the 

project execution and in the detailed scheduling should be communicated to the RCPS, so 

that engineering, the supply chain and the customer are aligned and informed with the right 

information. 

 Secondly, the deterministic approaches proposed in papers such as De Boer (1998) 

and Hans et al. (2007) are not suitable as a stand-alone planning approach. The frequent 

reconsideration of the planning that is required in the HH-environment can render the initial 

planning infeasible. Therefore, at the operational planning, an organization in this environment 

must apply both proactive planning approaches (creating the initial baseline schedule and 

resource allocations) and reactive planning approaches (adjusting the baseline schedule, 

resource allocations and project planning). 
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5. Results 

Chapter 3 presented the current situation at VI. In Chapter 4 a conceptual model was 

proposed, which combines academic efforts with the insights retrieved from the study at VI. 

This chapter first proposes adjustments to the architecture and alignment of VI based on the 

proposed conceptual model and Chapter 3. Then, we hypothesize the results that can be 

obtained by implementing the proposed solution. Because implementation would most likely 

be a lengthy endeavor, this unfortunately is outside the scope of this research. Therefore, 

hypothesized results are formulated by referring to Chapter 2 and Chapter 3. 

5.1 Implementation 

The implementation of the framework consists of two activities. Firstly, the planning data at 

the different hierarchical levels must be defined and aligned. This is discussed in Section 5.1.1. 

Secondly, the individual activities which need changing or which require additional attention 

must be mentioned. This is discussed in Section 5.1.2. 

5.1.1 Architecture and alignment 

For the definition of the proposed alignment of planning information, Figure 10 and Figure 15 

are used as a basis. The proposed alignment is given in Figure 18, which has a number of 

differences compared to the current situation depicted in Figure 10. 

 

Figure 18; Proposed hierarchy of planning levels within VI 

First of all, the organization of the strategic level remains unchanged. However, the 

contents of the long term planning require some additional information. Where the long term 

planning now solely considers four critical roles, it should also consider the engineering 

functions in order to be specific enough for the Engineering Managers. 
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 Secondly, at the basis of the global acceptance function is the key prospects planning. 

This planning should incorporate the global sales information, and should moreover include 

information regarding the SC that will execute the project. With the globalization of this 

information and the information of the departmental capacity the Sales department can assess 

the feasibility of the project with respect to engineering capacity not only at the local SC, but 

also at other SCs which may have spare capacity. 

 VI can use certain heuristics in order to assure that projects are assigned to the most 

suitable SC. Heuristics can for example relate to technical complexity and engineering costs. 

This is highly relevant, because VI has a low-cost India-based SC which is sufficiently 

competent for mostly low-complexity projects. An example would be to redirect all low complex 

projects to the India office. 

 Thirdly, the Engineering Resource Planning is at the basis of the tactical level. Besides 

the allocations on the aggregate level, the Engineering Resource Planning should display the 

aggregate demand that follows from the multiple active projects in the engineering department. 

Because the resource allocation information does not necessarily represent the demand, this 

is to assure that the allocations sufficiently fulfill the demanded workload and to recognize 

large discrepancies.  

 Fourthly, at the tactical level the project prioritization is introduced. Within VI this now 

is an undefined and undocumented process, which means that there is no insight in the 

priorities of the project. Managing and updating priority information using the dimensions given 

in Table 6 might provide improvements to the resource allocation. 

 Fifthly, the multiple Engineering Resource Planning of the different engineering sites 

should be integrated as depicted in Figure 16. Moreover, the Engineering Resource Planning 

of each of the SCs should use and present similar data which should be made available to all 

SCs, where they now are unrelated and different. 

5.1.2 Uncertainty management 

The clusters and factors which have been defined in Chapter 3 that influence fluctuations in 

the workload or the non-optimal resource allocations are all attention points for the 

management and planners of an engineering department. The factors on which direct 

improvements could be made and found are discussed below. 

The cluster ‘Information Availability’ (see Figure 12 and Figure 13) is completely in 

control of VI. As previously mentioned, in order to allow for the heterarchical relations between 

SCs, VI must create uniformity in the insight and overview of engineering availability and make 

this information available to every SC. Furthermore, the communication between the Sales 

department and the engineering units must be improved. Project priorities and information on 

sales prospects must be communicated and must be based on the same data. 
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 In the cluster Uncertain internal project environment several improvements can be 

proposed. The uncertainty in the Sales phase about which SC will execute the project can be 

overcome by implementing the project acceptance function on the consolidated tactical level 

(as proposed in Section 5.1.1). Furthermore, as became clear in the interviews, occasionally 

material dependencies between projects are created for (relatively small) financial gains. 

Since this has an influence on the capacity and significantly complicates the project scheduling 

and the resource management, we recommend to only do this in exceptions. 

 The cluster Complexity of resource management mostly consist of factors that can be 

considered a fact of life in the management of human resources in a technological HH-

environment, such as the inflexibility of skillsets required for different markets, or the long and 

necessary on-the-job training. However, some strategic decisions can be made to hire and 

train engineers and SCs to allow for the execution of local and global project work. Taking into 

account the work package collaboration method, growth and training at the cheapest (i.e. 

India) engineering site seems most fruitful. 

 With the introduction of (improved) heterarchical relationships and improved and 

aligned data, opportunities for collaboration open up which could help in levelling the active 

workload at the different SCs. Taking into account the expected and unexpected VISA 

problems described in Chapter 3, collaborating in work package mode is most promising. This 

collaboration increases the complexity of the collaboration and the project execution, but can 

significantly reduce uncertainties and fluctuations. 

 The incentive system currently in place which can counteract the effectiveness or 

possibility of collaboration (as mentioned in Chapter 3). Where an intuitive solution may be to 

include nonlocal and global incentives for managers, this solution will not immediately resolve 

the problems (Boussebaa, 2009) because local, institutionally conditioned material interests 

will remain present (Boussebaa, Morgan, & Sturdy, 2012). A change to the incentive systems 

is therefore not included in the new proposed situation. 

 Furthermore, we argue that all, global, external subcontractors and contractors should 

be listed. Considering the moments in which non regular capacity is required, collaboration 

with external partners, especially in the work package mode (which is unbound to geographical 

location), can play a role in meeting the demand at a particular SC. A globalized list of options 

can help in choosing the most suitable partner. 

5.2 Expected results 

In this chapter it is hypothesized what qualitative results can be obtained by implementing the 

system as described before. As a reference, we use the detailed analysis given in Chapter 3 

and, more particularly, Figure 14. 
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 The changes to the strategic and tactical level, in the Long term planning and the global 

acceptance function, create an environment in which the resource capacity planning which 

now has primarily an operational focus can be used for more accurate longer term decision 

making. The restlessness, which is observed in the engineering units and fluctuations in the 

workload, will be reduced. 

 The company-wide project acceptance function (which is based on the key prospects 

planning) can assist VI in a more profitable portfolio of projects, if it communicates properly 

with the capacity availability information at the tactical level of the multiple sites. The company-

wide information on pipeline projects and the organizational gains of these projects can reduce 

the number projects which are unnecessarily rejected, or even unwantedly accepted because 

global capacity information may provide more accurate information. 

The project prioritization function assists the resource allocation and helps in having 

the resources assigned to the right projects. This can increase strategic gains and reduce 

operational losses related to resources (e.g. reducing the need to use non-regular external 

capacity). 

 Increasing the scope of the Engineering Resource Planning to include both aggregate 

demand information and allocation information, will assure a switch from a mostly reactive 

approach to a more proactive approach of the resource allocation. When all information is 

known and available, it allows a resource manager to look more critically at the demand and 

the allocation. As a result, there is a smaller chance of short term resource requests which 

may disrupt the planning of multiple projects and allocation of multiple resources (see Figure 

14). It will thus help in reducing the workload fluctuations and uncertainty in resource 

allocation. 

 The uniformity in the Engineering Resource Planning amongst the different 

engineering units has three main results. Firstly, since global capacity information can now be 

used more easily as input for the decision to bid, better decisions can be made at this level. It 

is hypothesized that this reduces the number of unnecessarily rejected projects, or perhaps 

even unwantedly accepted projects. Secondly, the availability of this information on a global 

scale instead of just local, helps in identifying situations of local overcapacity and local 

undercapacity. Situations of overcapacity and undercapacity can be recognized and resolved 

where necessary, by load levelling practices such as sharing workload or by sharing 

resources. This can help in increasing the utilization and the billability of the resources. Thirdly, 

this improved capacity information can help in the realization of a more realistic project 

planning, which can help in improving project performance. 

 As described in previous paragraphs, the proposed solution reduces the fluctuations 

in the workload significantly. This means that there are fewer or smaller moments of 

overcapacity and undercapacity. As a result, this reduces the need for resource levelling, and 
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thus moments in which actions have to be taken to resolve problems concerning idle 

engineers, lack of engineers with the right competences or project planning which cannot be 

met. Thus, it increases the billability, and reduces the complexity of project planning and 

resource capacity planning function, reduces the work pressure and risk, and reduces the 

costs related to the use of non-regular capacity. 

 Since not all fluctuations in the workload can be resolved in this HH-environment, 

engineering units still must respond to moments of overcapacity and undercapacity. The 

overview of globally available non-regular capacity helps in minimizing the costs and the risk 

related to using the non-regular capacity to level the workload.  

 The expected results related to the workload as described in this section, are 

graphically represented in Figure 19. 

 

 

Figure 19; Graphical representation of the expected results concerning the fluctuating workload and capacity 

However, besides these positive aspects, we argue that there are some downsides 

that should be taken into account when implementing the conceptual framework. Firstly, the 

increased quality and alignment of the information requires both effort and time. In practice, 

taking into account that priorities can change and projects can be escalated, this time may or 

can be used for, for example, project related work. Secondly, the hierarchical and heterarchical 

alignment of the planning levels allow for collaboration during project execution. This may 

relieve a SC of a workload that is above capacity, but can increase the costs, risk and 

complexity of project execution. Thirdly, the current architecture of the different sources of 

data need restructuring and redesigning. This will be a pricy endeavor, which will most likely 

take some time before it is operational. 
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6. Conclusions and Future Research 

This chapter first describes the conclusions of the research, based on the results obtained at 

VI. Furthermore, we highlight the limitations of the study in Section 6.2. In Section 6.3 we 

address opportunities for future research. 

6.1 Conclusions 

The multi-project environment within multinational organizations is a highly complex 

environment. The research on the subject that addresses the true complexity and associated 

solutions has been proven to be limited. With this study we try to fill this research gap. As 

discussed in Chapter 5, we have not obtained tangible results at VI, but expected results that 

can be obtained by the organization are discussed. These results are used to assess the 

applicability of the solution proposed in Chapter 4. 

 The conceptual model proposed in Chapter 4 stresses the importance of alignment 

between the hierarchical levels and also introduces heterarchical relations between multiple 

sites that each manage a Rough-Cut Capacity Planning (RCCP) and multiple projects. The 

correlation and communication between the data and activities on the tactical level are 

stressed, together with the alignment between the demanded capacity and the allocated 

capacity. 

 The company-wide project acceptance function, which continuously retrieves 

information from the RCCP and the project prioritization function, can assure a global portfolio 

of projects which are feasible with respect to capacity and optimal in terms of strategic gains 

and operational losses, instead of a several portfolios managed locally which optimize the 

local project and resource performance. 

 The project (re)prioritization function makes sure that the resource manager can 

conclude that the resources are assigned to the projects with the highest priority projects. This 

again can be associated with optimizing the strategic gains and operational losses in the 

project portfolio. The prioritization function must especially receive input from and provide input 

to the RCCP, the Resource-Constrained Project Scheduling (RCPS) function. 

 The RCCP provides the multi-project planning and the resource planning of the 

department and bilaterally communicates with the project acceptance function, the project 

prioritization and the RCPS. This way, there is a smaller chance of short-term resource 

requests, a reduction in the fluctuations in the workload and a reduction in the uncertainty in 

resource allocation. This way, at this stage more reactive instead of proactive decisions and 

more tactical instead of operational decisions can be made. 
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 The heterarchical relations between the multiple sites allow for workload sharing and 

resource sharing. This can prove to be especially useful in case of local overcapacity or 

undercapacity, which provides the opportunity to omit the use and costs of internal or external 

non-regular capacity. 

 Recognizing and managing both the ‘demanded’ and ‘allocated’ workload in each of 

the hierarchical planning levels, allows each of the decision-makers to improve both the project 

execution and the resource management, and to identify possible improvements to the project 

planning and the resource planning. This results in a Resource Capacity Planning that has 

fewer uncertainties, and that can reduce the number of short-term resource requests. 

 However, setting up and maintaining the hierarchical and heterarchical planning levels 

require effort and time of the resource managers and the project managers. Even though 

numerous positive results can be obtained by the system, short term project priorities can 

redirect the efforts of those involved from maintaining the system to more operational tasks. 

Moreover, since the globalized information and resource management open up opportunities 

for collaboration across national borders, these collaborative processes need to be defined 

properly. If it does result in an increased amount of collaboration between engineering units, 

it does increase risk and complexity related to project execution. Moreover, the costs for 

collaboration are increased, while simultaneously the costs in project execution and deadline 

penalties may be reduced. The resource managers and project managers involved need to 

be able to make this tradeoff between project performance and local and global resource 

performance. 

6.2 Limitations 

Here we present some limitations of the research that we conducted at VI. First of all, the data 

that was obtained in the research, and that was used for the formulation of the conceptual 

model is qualitative in nature. This means that the validation of the results is more difficult than 

validation done with quantitative data, because data might be subjective. The factors related 

to uncertainty are validated using the feedback from a focus group, but the conceptual model 

and its impact are merely validated by referring to Chapter 2 and Chapter 3. 

 Secondly, the qualitative data was retrieved within one organization. In order to make 

it, besides relevant for VI, also as rigorous as possible, we used input from multiple 

geographically dispersed SCs. However, there is a possibility that the input used for the 

conceptual model and the results of implementing the model might be different for other PBOs 

in other HH-environments. 
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 Thirdly, we propose a framework for resource capacity planning on multiple 

hierarchical levels with different planning horizons in a multi-project environment. However, 

we have not provided a thorough analysis of the best practices at each of these levels. 

Fourthly, since the implementation of the proposed conceptual model was determined 

to be out of scope for this research, the results and implications of the model are solely based 

on well-grounded estimations, and not on quantitative support.  

6.3 Future research 

In this section, several suggestions for future research are proposed. 

 Firstly, this research stresses that a project planning attained from one of the numerous 

available proactive deterministic approaches for the RCPS and the RCCP will not hold in a 

high variability and high dependency environment. The qualitative data provided great insights 

in alignment between data and activities, but less in the execution of the activities. This means 

that the manner in which these activities should be performed and what methods should be 

used at the different hierarchical levels of the conceptual model is a subject not extensively 

addressed in this research. Where research such as Hans et al. (2007) and De Boer (1998) 

focuses more on methods to be used in each of the hierarchical levels of resource capacity 

planning, this research focuses more on the definition of the data and activities to be executed 

at the different levels and the alignment of these different levels. Future research could 

research which proactive approach (deterministic, stochastic or other) should be used for the 

creation of the initial baseline schedule. Furthermore, future research may provide insights in 

specific reactive procedures and activities can be used to fix disruptions in the project planning 

or resource planning. 

 Secondly, besides the approaches and activities for resource capacity planning, future 

research should also focus on a detailed process description. This research should clarify in 

more detail which actors of functions in the resource management and project management 

should do what, and should act when. 

 Thirdly, the case study at VI provided clear differences between the ‘demanded’ 

workload and the ‘allocated’ workload and the planning in which this data was available. 

However, other researchers can focus on whether these differences are VI-specific, are can 

be generalized to similar multi-project environments (high/low variability and high/low 

dependency environment).  

 Fourthly, the relative importance of the factors that are attributed to the fluctuations in 

the workload and the non-optimality of resource allocations has only been assessed based on 

impressions of the interviewees. We were not able to back this up with a quantitative analysis 

and were not able to assess the amount an organization is actually able to influence the factor 
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and its effects. This means that the focus we have given on certain factors may have been 

misplaced. Future research may provide insights in the actual impact of the factors. This would 

guide and focus the efforts of an organization in successfully levelling the workload and 

matching this workload with capacity. 

 Fifthly, Section 4.4 provides general insights in the project acceptance function and 

the selection of engineering units after the project is won. Future research can provide insights 

in the rigor and relevance of these insights, and can assign weights and importance to the 

factors in question. The section provides some example heuristics for the selection of 

engineering units. This may be a highly relevant and attractive topic for future research, such 

that the project acceptance function can result in an optimal project portfolio, which is 

furthermore allocated appropriately to the different engineering units. 

 Sixthly, Section 4.5 provides general insights in the project prioritization within the 

multi-project environment of VI, and gives an introduction to an applicable AHP. Future 

research could focus on the generalizability of the dimensions introduced and the validity of 

the weights that are assigned to these dimensions. Furthermore, the thresholds for high-

priority and urgent projects should be defined, for the AHP to be applicable in practice.
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Appendices 

Appendix 1 

Strategic Options Development and Analysis (SODA) is a Problem Structuring Method that 

makes use of model building and analysis skills when faced with messy issues, for example 

in a consultancy environment (Eden & Ackermann, 2001). SODA is a facilitative device that is 

applied in situations where perspectives of the individual, the technology and technique, the 

nature of organizations and consulting practice meet. The method communicates the nature 

of a problem by combining individual cognitive maps (i.e. models designed by each of the 

individual stakeholders that represent the way in which that stakeholder defines an issue).  

After obtaining the data from these stakeholders, sophisticated clustering and mapping 

is required in order to be able to understand this data. The initial task is identifying emerging 

themes and core concepts, without which the structure of the model would be fundamentally 

changed. The result is then a number of clusters, each of which has problem-related goals at 

the head of the cluster, and strategic options within the cluster. Implementing these strategic 

options usually demands a range of actions within several different clusters, resulting in 

interdependencies between these clusters (Eden & Ackermann, 2001). 

Data collection for SODA is done in multiple phases (Eden & Ackermann, 2001). After 

initial orientation, qualitative in-depth interviews are held with the stakeholders. From these 

interviews, cognitive maps are created. These maps are combined in order to get the 

combined input on the matter at hand. From this overview, several clusters are identified, 

either visually or mathematically. Then, using a workshop and consequently an evaluation 

session all acquired data is validated.
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Appendix 2 
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Appendix 3 

Questions used for the interviews: 

1. Are short term workload fluctuations present in your engineering team? 

2. Do you experience problems with the fluctuations in the workload? 

3. What are the causes of these fluctuations? 

4. How can you mitigate the problems associated with fluctuations in the workload? 

5. What load levelling activities do you perform? 

6. How can collaboration help in load levelling? 
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Appendix 4 

Interviewee SC/department Function Interviewed Main subject Date Recorded 

1 Sales BHS Director Sales Semi-structured Uncertainties 17-01-2017 Yes 

2 Veghel LG GLE Semi-structured Uncertainties 20-01-2017 Yes 

3 Veghel LG GLE Semi-structured Uncertainties 20-01-2017 Yes 

4 Veghel WPP GLE Semi-structured Uncertainties 23-01-2017 Yes 

5 Veghel WPP/LG GLE Semi-structured Uncertainties 23-01-2017 Yes 

6 India SC PME Semi-structured Uncertainties 24-01-2017 Yes 

7 Germany SWH PME Semi-structured Uncertainties 27-01-2017 Yes 

8 Veghel BHS PME Semi-structured Uncertainties 27-01-2017 Yes 

9 Veghel BHS PME Semi-structured Uncertainties 30-01-2017 Yes 

10 Veghel SWH GLE Semi-structured Uncertainties 30-01-2017 Yes 

11 USA SC EPM Semi-structured Uncertainties 31-01-2017 Yes 

12 Veghel WPP GLE Semi-structured Uncertainties 01-02-2017 Yes 

13 India SC PME Semi-structured Uncertainties 01-02-2017 Yes 

14 Spain SC Team Leader Semi-structured Uncertainties 02-02-2017 Yes 

15 Germany SWH GLE Semi-structured Uncertainties 03-02-2017 Yes 

16 India SC PME Semi-structured Uncertainties 03-02-2017 Yes 

17 China SC Manager ME Semi-structured Uncertainties 06-02-2017 Yes 

18 China SC Team Leader Semi-structured Uncertainties 07-02-2017 Yes 

19 USA SC EPM Semi-structured Uncertainties 07-02-2017 Error 

20 China SC Team Leader Semi-structured Uncertainties 08-02-2017 Yes 

21 USA SC EPM Semi-structured Uncertainties 08-02-2017 Error 

22 GmbH Manager Engineering Semi-structured Uncertainties 09-02-2017 Yes 

23 Veghel BHS PME Semi-structured Uncertainties 13-02-2017 Yes 

24 Veghel BHS PME Explorative Resource Planning 03-12-2016 - 

25 Veghel WPP Senior Manager Explorative Resource Management 04-12-2016 - 



 
 

59 
 

26 Controlling Business Controller Explorative Reporting 07-12-2016 - 

27 Planning Team Leader Explorative Project Planning 08-12-2016 - 

28 India SC Executive Manager Explorative Resource Management 08-12-2016 - 

29 Veghel BHS PME Explorative Resource Selection 09-12-2016 - 

30 Project Planning Senior Planner Explorative Project Planning 10-12-2016 - 

31 Australia WPP Engineering Manager Explorative Resource Management 10-12-2016 - 

32 Project Execution Project Manager Explorative Project Management 11-12-2016 - 

33 Spain SC Director Explorative Resource Management 11-12-2016 - 

34 Veghel WPP GLE Progress Meeting Resource Planning 11-12-2016 - 

35 Engineering MP Executive Manager Explorative Resource Management 12-12-2016 - 

36 Veghel BHS PME Explorative Resource Selection 13-12-2016 - 

37 Controlling Executive Director Explorative Organizational Structure 15-12-2016 - 

38 Veghel WPP Project Director Explorative Resource Management 15-12-2016 - 

39 Veghel BHS PME Site visit Product 16-12-2016 - 

40 WCO Specialist Planning Explorative Project Planning 16-12-2016 - 

41 Veghel LG Executive Manager Explorative Resource Management 16-12-2016 - 

42 IM Executive Manager Explorative Resource Management 16-12-2016 - 

43 Germany SWH Senior Manager Explorative Resource Management 17-12-2016 - 

44 China SC Manager of Engineering Explorative Resource Management 18-12-2016 - 

45 WCO Executive Manager Explorative Competencies 20-12-2016 - 

46 Veghel SWH Product Manager Explorative Resource Management 20-12-2016 - 

47 UK BHS Manager Engineering Explorative Resource Management 21-12-2016 - 

48 Veghel BHS PMEs Progress meeting Resource Planning 21-12-2016 - 

49 USA SC Director of Engineering Explorative Resource Management 22-12-2016 - 

50 Veghel WPP Executive Manager Explorative Resource Management 22-12-2016 - 

51 Project Execution Project Manager Explorative Project Management 23-12-2016 - 

52 Veghel BHS PME Explorative Resource Management 04-01-2017 - 

53 Sales BHS Process Improvement Mng Explorative Project Acceptance 05-01-2017 - 

54 Sales WPP Director Sales Explorative Project acceptance 18-01-2017 Yes 
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55 Pricing Exec. director pricing Explorative Project Pricing 25-01-2017 - 

56 Veghel BHS Exec. Operations Mng Explorative Resource Planning 02-02-2017 - 

57 Veghel LG Project Leader Explorative Resource Management 06-02-2017 - 

58 BI BI Manager Explorative Reporting 10-02-2017 - 

59 Veghel SM GLE Explorative Resource Management 10-02-2017 - 

60 Veghel ICT GLE Explorative Project Planning 13-02-2017 - 

61 Controlling Controller Explorative Reporting 15-02-2017 - 

62 Controlling Project Controller Explorative Project Planning 17-02-2017 - 

63 Controlling Project Controller Explorative Project Planning 17-02-2017 - 

56 Veghel BHS Exec. Operations Manager Explorative Project Planning 16-03-2017 - 

35 Engineering MP Executive Manager Explorative Project prioritization 16-05-2017 Yes 

64 Planning - Workshop Resource Planning 18-05-2017 - 

65 Veghel A/WP GLEs/PME Validation Uncertainties 22-05-2017 - 

35 Engineering MP Executive Manager Explorative Collaboration 23-05-2017 - 

66 Planning - Workshop Resource Management 01-06-2017 - 

67 WCO Process Improvement Mng Explorative Resource Management 13-12-2017 - 

67 WCO Process Improvement Mng Explorative Resource Planning multiple - 

68 Veghel BHS Executive Manager Explorative Resource Planning multiple - 

68 Veghel BHS Executive Manager Explorative Project prioritization multiple - 

68 Veghel BHS Executive Manager Explorative Resource Management multiple - 

69 Oper. Mng B Process Improvement Mng Explorative Resource Planning multiple - 

69 Oper. Mng B Process Improvement Mng Explorative Resource Management multiple - 

70 IT Exec Project Director Explorative Resource Planning multiple - 
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Appendix 5 

A small selection of quotes retrieved from the interviews, on which we based the factors, is 

represented below. For the quotes presented in Dutch, we give the translation in English. 

The numbers of the interviewees given in the third column represent the interviewees given 

in Appendix 4. 

Factors Quotes 
Intervie

wee 

Irregular workload 
and changing priority 

“We have so many projects running at the same time, a lot of them 
are second phase extensions which are so critical because you 
cannot stop the existing installation; you have to extend a sorter line 
for instance. The priorities are changing constantly. So it’s been 
really difficult.” 

14 

Influence of project 
goals/deadlines 

“Dat zijn vaak wel harde deadlines, als de klant ze bepaalt, want 
daar zit wel vaak of een penalty aan, of een betalingstermijn. Dus 
eigenlijk zijn wij wel genoodzaakt om daaraan te confirmeren.” 
= 
Those often are hard deadlines if the customer has set them, 
because it is often linked with a penalty or payment. So we are 
obliged to confirm that. 

8 

Uncertain external 
project environment 

“It [variation in workload] is a project inherent characteristic” 6 

Seasonality in order 
intake 

“In the baggage market, you have cyclical market behavior. When 
customers or airports go out to bid for a project, or put out a tender, 
they only do this seasonally. They want to avoid peak season or 
prepare for peak holiday travel (Christmas or thanksgiving). And 
they’ll only come out to bid during those times or prior to that and 
expect completion by then. So you’ll have a wave of a huge amount 
of work. I’ve seen up to 10 airports come in at once. 

11 

Ambiguity in start of 
project/activity 
based on customer 
input 

“We willen eigenlijk verder, maar de klant weet niet wat ie wil of 
maakt geen beslissing dat we linksaf gaan of rechtsaf gaan, of het 
gebouw is niet klaar, allerlei klanten dingetjes. Dan zeggen we: ‘dat 
moeten we wel weten, anders kunnen we niet verder’, maar dat doen 
we ook niet vanaf dag 1. Totdat ik tegen de klant zeg: ‘ik moet het nu 
weten, anders haal ik mensen van mijn project af, en als jij belt sta je 
weer achteraan in de rij’, dat zeggen we ook niet.  
= 
We want to proceed, but the customer does not know what he wants 
or does not make the decision to go left or right, or the building is not 
ready, all kinds of customer-related things. Then we say ‘we should 
know that, otherwise we cannot proceed’, but we do not say that 
from day 1. Until I should say to the customer ‘I need to know it now, 
otherwise my people are retracted from the project, and if you make 
a call you’re at the back of the line’, but we don’t say that. 

23 

Uncertainty in order 
intake 

“Wat we weten, wat verkocht wordt, wordt gepland. Maar dat is 
natuurlijk het grote probleem, dat we niet weten wat verkocht wordt. 
En daar kunnen we toch altijd moeilijk op anticiperen.” 
= 
What we know, what is sold, is planned. But that is the big problem, 
we don’t know what will be sold. We find it difficult to anticipate on 
that. 

8 
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Complexity of 
resource 
management 

Human resource allocation has become a crucial part in software 
project planning, and remains complex because techniques like 
PERT, CPM and RCPSP lack the resource allocation of employees. 
In practice, this results in the separation between task scheduling 
and human resource allocation, which may result in inefficient 
resource allocation and poor management performance. 

Chen & 
Zhang 
(2013) 

Lack of engineers 
with the right 
competences 

“Het probleem is niet zozeer de tooling, maar het gebrek aan ervaren 
mensen (mensen met de juiste competenties).” 
= 
The problem is not necessarily the tooling, but the lack of 
experienced people, people with the right competencies. 

4 

Inflexibility of 
skillsets required for 
different markets 

“There is always a market to work in. However, each of those 
markets requires a very specialized knowledge to be effective and 
efficient in it. Not every engineer is capable or able of being that 
flexible.” 

11 

Rapid growth of 
Vanderlande 
Industries over the 
past years 

Over de laatste jaren heeft er een switch plaatsgevonden van veel 
kleine projecten naar veel grote projecten. 
= 
Over the past years there has been a switch from many small 
projects to many large projects 

56 

Different capacity/ 
competence/efficien
cy levels of 
engineers/SCs 

“One of the reasons for exchanging resources is high priority 
demand for the specialist in the project. Imagine there is a project 
and there is a big technical problem for which we need an expert to 
solve that. Not every team member is able to handle every problem. 
They all have different skills and they are not expert in all the 
software parts. Sometimes you really need an expert in one topic, 
and of course you then have high priority demand.” 

7 

Unexpected short 
term resource 
demand 

“But those short term requests; there is a customer or a very big 
problem on site and we need a specialist on site also, you cannot 
foresee that. Of course we’re trying to do that, but in the end you 
cannot plan that completely. This is causing a lot of fluctuations in 
the project teams and the assignments.” 

7 

Unplanned resource 
unavailability 
[sickness, 
resignation, 
holidays] 

“Er komt ook af en toe wel eens bij mij binnen: ‘heeft er iemand een 
beschikbaar die daar en daar bij kan helpen?’ Dat kan bij wijze van 
spreken omdat er iets is gebeurd, of er is iemand ziek en het moet 
door. Morgen al. Soms gebeurt dat.” 
= 
Occasionally, someone comes in my office: ‘does someone have an 
engineer available who can help me with that?‘ That could be 
because something happened, someone is sick and the project must 
continue. Tomorrow. Sometimes that happens 

8 

Inaccuracy of 
resource planning 

“I plan into the dust. […] “The planning is very detailed for the next 2 
to 5 weeks, but after that it is not.” 

15 

Limited knowledge 
of activities in other 
SCs 

“Ik zou wel voorstander zijn van deze informatie op zo’n manier 
borgen, dat je er makkelijker iets zinnigs over kan zeggen. Hoe zeker 
zijn de planningen nu in Veghel versus China versus India?” 
= 
I would be in favour of capturing the information in such a way that 
we can say something useful about it. How certain is the planning in 
Veghel versus China versus India? 

5 

Lack of insight and 
overview of capacity 
and competence 

It is not fruitful to find out availability of engineers at other SCs (it is 
very manual) and not easy to find out what the capabilities of 
engineers are. 

21 



 
 

63 
 

Uncertainty during 
Sales phase of 
which SC will 
execute project 

“Another aspect is that there is a project that we will win, but; would 
we have a part in it, or would it be executed by Veghel? That is also 
decided once the project is won.” 

16 

Uncertain/inaccurate 
workload 
estimations 

“Where Sales takes the information from engineering, the hours that 
were recommended, even hours that are the bare minimum, not 
even recommended, but this is the bare minimum we can afford, 
take that, and then when the tender comes out and the handover 
happens, those hours are much less. This was the bare minimum, 
and now you’re expecting a 20% reduction in those hours. We can’t. 
We’re going to overrun and you’re setting us up to fail. 

11 

Separation of Sales/ 
project information 
and resource 
information 

“We miss Sales, of course. Sales radar is not linked. Competencies 
are not linked. If you consider from a utility perspective, I know which 
engineers are working on which project till what duration. That’s 
about it.” 
 

16 
 

Delay in information 
communication 

“Then what happens is, we come to the last moment, and then 
sometimes before we assign that resource for another project, he 
stays idle. Generally, we miss the opportunity, because we see in the 
planning that he is busy, but the project manager doesn’t tell us that 
the building got shifted, so you shift the resources also. And they 
come out really last minute for us.” 

6 

Uncertain internal 
project environment 

“Ja dat fluctueert, dat is eigen aan projecten.” 
= 
Yes, that fluctuates, that happens in projects 

4 

Influence of 
company goals 

“My gut feeling is dat veel van dit soort minder goede, minder 
gefundeerde besluitvorming juist komt omdat het kostenaspect te 
veel aandacht krijgt. Het meest makkelijke ding om te meten is 
geld… Omdat het zo transparant is wat het gaat kosten en omdat het 
zo makkelijk toegankelijk is en omdat we mensen er zo hard op 
afrekenen wordt het heel makkelijk te zwaar in je besluitvorming.” 
= 
My gut feeling is that this kind of less unfounded decision-making is 
because the costs are given too much attention. The easiest thing to 
measure is money, because it is so transparent what the costs will 
be and because it is accessible. Because we judge people so much 
on costs, it can easily become too big in your decisions. 

5 

Dependencies 
between active 
projects 

“Dat we een specifieke engineer nodig hebben, maar die zit vast op 
een ander project. Dus als je hem daar weghaalt ontstaat daar een 
probleem. Eigenlijk een soort escalatie krijg je dan.”  
= 
If we need a specific engineer, but he is stuck on another project. So 
if you take him from that project, you create a problem there. You get 
some sort of escalation. 

23 

Dependencies 
between project 
phases 

“Wat er wel vaak gebeurt, is dat jongens naar site gaan en dat ze 
dan nog niet aan de slag kunnen” (omdat de andere engineering 
disciplines nog niet klaar zijn) 
= 
What often happens is that our guys go to site, but cannot yet start 
because not all engineering disciplines have finished yet. 

3 

Irregular intra-project 
workload distribution 

“We have overcapacity because of one discipline or function, but 
then undercapacity at the same time from a different discipline or 
function.” 

6 
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Longer work weeks 
during on site work 

“Op site is vaak de regel: hoe sneller het werk af, hoe beter. Dus 
daar worden sowieso wel langere dagen gemaakt.” 
= 
On site we generally have the rule: the quicker the work is finished, 
the better. So one site we always make longer days. 

8 

Complexity of 
project specification 

“Inzetbaarheid is niet het issue, wat mij betreft, maar wel de variatie 
in het project plan, de niet stabiliteit in het plan.” 
= 
Availability is not the issue, in my opinion. The problem is the 
variation in the project plan, the instability of the plan. 

3 

Differing level of 
detail in specification 
received from Sales 

“Wat ook best veel van invloed is, is de kwaliteit van wat wij van 
Sales krijgen. Dus Sales maakt een aanbieding voor een klant, en 
zegt ‘dit heb jij gekocht’. Vervolgens komt dit bij Engineering en 
onmiddellijk ontstaat er een enorme discussie over ‘dit is gewoon 
niet duidelijk genoeg’, of ‘jullie hebben iets verkocht wat we helemaal 
niet kunnen’. 
= 
The quality of what we receive from Sales is also of great influence. 
SO Sales makes an offer for a customer, and says ‘you have bought 
this’. Consequently, this offer arrives at Engineering, and 
immediately a discussion starts because ‘this is not clear enough’, or 
‘you have sold something that is impossible’. 

12 

Incorrect information 
of projects in the 
pipeline 

“We have a pipeline. In most cases, the information is sometimes not 
relevant, not updated or we cannot rely on that information for our 
engineering plan.  

16 

Changing (or 
uncertain) customer 
requirements 

“We cannot expect the customer requirements to be clear every 
time. Because if we have to take a pragmatic approach, there can be 
a situation where the requirements are changing. Then in that case it 
will be a need of the hour.” 

13 

Dependency of third 
parties 

“I think we are interfaced with different agencies. If those agencies 
make delays, it impacts our resource planning also.” 

6 



 
 

65 
 

Appendix 6 
 Decisions to be made: Validated/recognized by: 

S
tr

a
te

g
ic

 

 

What decisions should be made regarding space, staffing levels, layouts and number of critical 

resources? (Leus, 2004) (Leus, 2004) 

Interviewee #67, 

Where should be the sizes and locations of facilities? (Hans, 2001) Interviewee #67 

What should be the main product-related and customer-related focus of the engineering units? Interviewee #35 #68 

What engineering units require additional training? Interviewees #35 #67 #68 

T
a
c

ti
c

a
l 

 

What has priority: delivery performance or non-regular capacity cost? (Hans et al., 2007) Not directly recognized 

What will the consequences of a new project be on capacity? (Wullink, Gademann, Hans, & Van 

Harten, 2004) 

Interviewees #1 #34 #48 #53 #54 

#68 

What due dates and milestones can/should be assigned to projects? (Leus, 2004) Interviewees #27 #30 #36 #68 

What is the amount of overtime/subcontracting that should be used? (Leus, 2004) Not directly recognized 

Are resources assigned to the highest priority projects? (Dye & Pennypacker, 2000) Interviewees #34 #35 #48 #50 #68 

What projects should be accepted/won? Interviewees #1 #34 #53 #54 #68 

What are the (relative) priorities of the active projects? Interviewees #34 #68 

What engineering unit is most suitable for the project or activity? Interviewees #1 #28 #34 #68 

What non-regular local capacity options are available? Deduced by researcher 

When should non-regular or (non-)local capacity options be used? Interviewees #68 

What levels of non-regular capacity are allowed? Deduced by researcher 
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O
p

e
ra

ti
o

n
a
l 

Are project resources being fully utilized? (Dye & Pennypacker, 2000) Interviewees #24 #25 #29 #34 #36 

#38 #46 #48 #50 #52 #68 

Are projects being completed on time, within budget, and to the required quality standard? (Dye & 

Pennypacker, 2000) 

Interviewees #27 #32 #40 #57 

What are the general baseline schedules of the active projects? (Hans et al.,2007) Interviewees #27 #30 #40 

What resource groups will execute the project? (Leus, 2004) Interviewees #28 #35 #43 #50 #68 

What are the detailed project schedules? (Leus, 2004) Interviewees #27 #29 #57 #62 #63 

Who will be working at each of the project activities during what time intervals? (Leus, 2004) Interviewees #27 #29 #57 #62 #63 

What team of resources is qualified and most suitable for the activity? Interviewees #45 #68 

What uncertainties should be considered in the project planning and allocation? Deduced by researcher 



 
 

67 
 

Appendix 7 

Engineering Unit Selection factors Sub factors 

Capacity Available capacity 

Competence 

Size 

Technical Complexity 

 Technology/products 

 Disciplines 

 Resource requirements 

 Functional interfaces 

 Technical risk 

Organizational Complexity 

 Contractual Risk 

 Organizational Interfaces 

 Number of new subcontractors 

 Culture 

 Culture of Customer 

Distance to Customer Center  

Distance to Customer  

Experience with Customer  

Geopolitical relations with Customer Country  

Engineering costs  
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Appendix 8 

Choose highest priority project                 

Dimension 
Influence 
on priority Weight P

1
 s

c
o

re
 

P
1

 w
e
ig

h
te

d
 

s
c
o

re
 

P
2

 s
c
o

re
 

P
2

 w
e
ig

h
te

d
 

s
c
o

re
 

P
3

 s
c
o

re
 

P
3

 w
e
ig

h
te

d
 

s
c
o

re
 

Impact on resource loading + 0,15 6 0,9 10 1,5 2 0,3 

Project progress and performance + 0,15 1 0,15 10 1,5 4 0,6 

Project state + 0,1 8 0,8 10 1 6 0,6 

External Stakeholder priorities + 0,1 4 0,4 10 1 4 0,4 

Slack on critical path - 0,1 2 0,8 0 1 5 0,5 

Strategic importance + 0,1 5 0,5 10 1 5 0,5 

Risk + 0,1 10 1 10 1 4 0,4 

Versatility - 0,05 6 0,2 0 0,5 4 0,3 

Abstraction level - 0,05 6 0,2 0 0,5 6 0,2 

Customer relation - 0,05 4 0,3 0 0,5 3 0,35 

Workload allocation + 0,05 6 0,3 10 0,5  2 0,1 

  PROJECT PRIORITY  5,55  10  4,25 
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List of abbreviations 

AHP - Analytic Hierarchy Process 

BHS – Baggage Handling Systems 

CC – Customer Center 

CONWIP – Constant Work-in-Progress 

CPM – Critical Path Method 

DSS – Decision Support System 

DSSs – Decision Support Systems 

e.g. – Example given 

GLE – Group Leader 

HH-environment - high dependency and high variability environment (see Table 1) 

i.e. – Id est; that is 

IS – Information System 

IT – Information Technology 

LG – Loopgroup 

ME – Manager Engineering 

PBO – Project-Based Organization 

PERT – Program Evaluation and Review Technique 

PLE – Project Leader Engineering 

PP – Project Planner 

RCCP – Rough-Cut Capacity Planning 

RCPS – Resource Constrained Project Scheduling 

RCPSP – Resource Constrained Project Scheduling Problem 

SC – Supply Center 

SCs – Supply Centers 

SODA – Strategic Options Development and Analysis 

SWH – Software House 

VI – Vanderlande Industries 


