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Chapter 1

Introduction

The embracement of technological innovations by leading businesses in the field of

(distributed) logistics increases the importance of efficient and effective planning and

control of operations, which is more than ever determining whether or not businesses

will survive in this field of fierce competition. Next to this, increasing awareness for

sustainability has emerged among businesses and society, which requires a paradigm

shift with regards to the current operational, tactical, and strategic decision making.

Both the technological innovation and the need for sustainable practices have led to a

transformation of the logistics sector in the last (few) decade(s). This transformation

is not limited to specific subfields; it can clearly be observed throughout society with

examples including, but not limited to, the construction of large offshore wind farms

causing the need for advanced maintenance service logistics concepts (Shafiee 2015),

renewed thinking within warehouse fulfillment operations on how to deal with the

typically high number of returned products in the e-commerce era (Boysen, De Koster,

and Weidinger 2019), and the need for robust last-mile delivery operations in city

logistics (Savelsbergh and Van Woensel 2016).

The basis of distributed logistics is the transportation of what is commonly called

commodities, a general descriptor for freight, parcels, tools, people, technicians, and

inventory (see, e.g., Savelsbergh and Sol 1995, Crainic 2000). The specific charac-

teristics of the commodities determine, to a large extent, how efficient operations

should be organized efficiently. For instance, when looking at the characteristics

of the involved vehicles, freight transportation typically involves a combination of

full-truckload transportation for the long-haul, and less-than-truckload transportation

for the short-haul. But trucks used for freight transportation are generally not suitable

for last-mile parcel delivery operations in inner cities. Furthermore, other requirements
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resulting from the specific problem context can be restricted delivery times (e.g., in

the case of elderly transportation) or inaccessibility restrictions in case of offshore

wind technician transportation. Hence the design of efficient and effective planning

and control of operations depends predominantly on the specific context.

However, there is common ground between all distributed logistics operations

which justifies studying, from an Operations Research perspective, distributed logistics

problems on a higher, abstract level of modeling and contextualization. Namely, from

this Operations Research perspective, we consider distributed logistics as the process

in which we employ strategic, tactical, operational, and real-time decision making

to transport commodities from one or multiple origin locations to one or multiple

destination locations while controlling for problem-specific restrictions, in order to

provide viable solutions, either in cost, time or other objectives, for the business

problem at hand.

Here, Operations Research refers to the art of identifying today’s essential business

practices and translating them into mathematical optimization models that grasp the

crucial aspects that impact decision making. Consequently, it entails the design of

solution approaches to solve these mathematical optimization models efficiently and

effectively, and using that, to provide guidance and support for improved decision

making. Contributions within Operations Research can reflect any part of this process,

from identifying crucial aspects within current business practices to new or enhanced

solution methodologies to provide insights for complex optimization models that were

thought to be unsolvable and uninterpretable before.

In this thesis, we study mathematical optimization problems inspired by new

operations and renewed thinking in two areas of distributed logistics. We first present

three studies on maintenance service logistics for offshore wind farms, and second,

we present three studies that are inspired on emerging applications of e-commerce

investigating last-mile delivery network design and order fulfillment operations within

warehouses. All the studies’ underlying optimization problems are addressed from a

Mixed Integer Programming (MIP) point of view. That is, each problem considered in

this thesis is formulated as an MIP, possibly with exponentially many constraints and

variables. Afterward, suitable solution methods are developed to solve the optimiza-

tion problems efficiently. The major contribution of each chapter is, therefore, the

development of sophisticated solution approaches to solve the associated optimization

problems. Such approaches are exact algorithms (e.g., branch-and-price), MIP-based

reformulations (e.g., MIPs to obtain upper bounds), or metaheuristic methods (e.g.,

adaptive large neighborhood search). This allows us to perform exhaustive numerical

experiments, which provide insights on the problem dynamics and can be used to
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provide decision support for practitioners. In the following, we give a brief outline

of each chapter’s main contributions, the corresponding solution methods, and the

overall relation between the chapters.

In the first part of this thesis, concerning Chapters 2-4, we study the maintenance

planning problem at offshore wind farms from three different perspectives.

We first focus on a single wind farm scenario for which we develop exact solution

methods to determine an optimal short-term maintenance planning. We provide the

first column-generation based, exact solution method in this area and enhance its

efficiency by including novel valid inequalities. Due to the nature of the problem,

established methods based on dominance criteria and labeling algorithms do not

suffice to create an efficient exact algorithm. We, therefore, develop a tailored method

that is not based on dominance criteria to generate columns. Exhaustive numerical

experiments confirm the efficiency of this method. In addition, we show that we can add

the novel valid inequalities while we generate new columns just as efficiently as adding

these valid inequalities after generating new columns. In the end, we demonstrate

that we can solve problems of a practical size that were deemed as unsolvable before.

In Chapter 3, we extend this view towards a multiple wind farm setting. We

provide a solution for the short-term maintenance planning problem and evaluate the

cost-saving potential of coordinated operations in the case of multiple wind farms. As

the underlying optimization model is computationally intractable with exact solution

methods, we provide a metaheuristic approach based on adaptive large neighborhood

search. Using exhaustive numerical experiments, we show that the developed approach

provides high-quality solutions. In addition, coordinated operations result in using the

scarcely available technicians more efficiently, which leads to fewer vessel trips while

decreasing the mean time to maintenance.

Both studies mentioned above consider deterministic settings, which is a reasonable

choice for short-term decisions. Chapter 4 takes a broader view on maintenance

planning by studying tactical decision making under uncertainty. In a setting of

multiple wind farms, we study how to allocate a given fleet to minimize total costs. It

has two main contributions. First, we discuss the impact of modeling assumptions

commonly used in the literature on decision making at an operational level and show

how it affects the computational tractability. We show that established modeling

techniques, although being computationally efficient, lead to overestimations of the

total maintenance costs. Second, we consider the most important stochastic elements in

offshore wind maintenance planning, namely, the uncertainty of the maintenance tasks

and the uncertainty of weather conditions. Using Sample Average Approximation,

we solve a large-scale, scenario-based reformulation of the two-stage stochastic mixed
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integer programming model. Extensive numerical experiments show that the value of

the stochastic solution is large, and henceforth stochastic elements should be considered

in tactical or strategic decision making for offshore wind maintenance service logistics.

The second part of this thesis, concerning Chapters 5-7, is inspired by new develop-

ments in e-commerce logistics. We investigate two major problems from an operational

and a network design point of view. These are discussed in three distinct chapters.

First, in Chapter 5, we study order-picker operations in picker-to-parts warehouses.

We incorporate the (re)stocking of (returned) products in the traditional warehouse

order-picking problem. Whereas the order-picking problem in isolation is a tractable

optimization problem, the incorporation of the restocking returned products makes it

hard to solve. Next to that, we discuss how multiple order pickers can be routed in

such a way that their interaction (i.e., the number of times they cross) is minimized.

For both the case with and without order-picker interaction, we develop an efficient

genetic algorithm that provides high-quality solutions. We show that incorporating

the restocking of returned products is efficient. Moreover, we show that there exist

multiple structurally different near-optimal solutions so that interaction can be kept

at a minimum by only increasing travel costs slightly.

In Chapter 6, we extend the setting studied in the previous chapter by considering

integrated warehouse order-processing operations in picker-to-parts warehouse. Namely,

we consider a joint order-picker routing, batching, and scheduling problem. That

is, we design order-picker batches, route these batches, and assign and sequence

these batches to order pickers. To solve practically sized instances of up to 8000

order lines, we develop a parallel adaptive large neighborhood search. By performing

exhaustive numerical experiments, it is shown that incorporating product returns in

rich warehouse operations still has the potential to reduce overall costs significantly.

In addition, we investigate the benefit of splitting-up order lines belonging to a single

customer order among multiple order picking batches. This shows promising results,

with potential cost-savings around 45%.

Whereas we studied optimization problems arising in warehouse fulfillment opera-

tions in the previous two chapters, we take a more strategic look in Chapter 7. Namely,

we investigate how to design robust city logistics distribution networks. We provide a

general model of commodity streams between city distribution centers, which can be

interpreted as a network design problem for organizing last-mile delivery operations.

To the best of the authors’ knowledge, we are the first to consider two-stage robust

solutions within this context. Based on this robust-optimization paradigm (see, e.g.

Ben-Tal and Nemirovski 2002, Gorissen, Yanıkoğlu, and Den Hertog 2015) in which

one aims to minimize worst-case realizations, we consider taking strategic network
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design decisions in such a way that the worst-case operational costs are minimized. We

introduce the concept of time-invariant vehicle paths, where a sequence of locations

to be visited is determined in the first stage while the associated departure times

and the commodities to be transported are determined after observing uncertain

parameters. We provide a general two-stage robust integer programming formulation

and a large-scale, scenario-based reformulation. We compare this with a single-stage

static variant that serves as an upper bound. We show that robust networks are

obtained using dynamic decision making with time-invariant vehicle paths.

1.1 The Operations Research perspective

Having discussed the main contributions of this thesis in general terms, we now discuss

the common principles from a theoretical Operations Research perspective.

The transportation of commodities between origin and destination locations is

the subject of study in two classical Operations Research Problems. First, we have

the Pickup and Delivery Problem (PDP), which consists in finding cost-minimizing

vehicle tours so that all commodities are transported between their corresponding

origin and destination locations (see, e.g., Savelsbergh and Sol 1995, Ropke, Cordeau,

and Laporte 2007). The structure between the commodities’ pickup and delivery

locations can take many forms, as is described by the overview articles by Berbeglia

et al. (2007); Parragh, Doerner, and Hartl (2008); and Battarra, Cordeau, and Iori

(2014). In Chapters 2 and 3, we study the so-called Maintenance Service Planning

and Routing Problem (MSPRP) and the Technician Allocation and Routing Problem

(TARP), respectively. Following the classification by Battarra, Cordeau, and Iori

(2014), these are a multi-period and multi-commodity variant of the PDP (Chapter 1)

and a multi-period, multi-commodity, multi-depot variant of the PDP (Chapter 2).

Both the MSPRP and the TARP have pickup-and-delivery structures which can be

categorized as a novel mix of traditional pickup-and-delivery structures. Namely,

technicians are on a daily basis picked up from a depot, delivered (and transported

between) wind turbines, and brought back to the depot. We refer to Chapters 2 and 3

for a detailed classification. In the context of warehouse fulfillment operations, we

study two variants of a PDP as well. In Chapter 5 we consider an order-picker routing

problem with product returns, where in Chapter 6 we extend this by considering

batching customer orders and scheduling them. These problems can be considered as

a one-to-many-to-one PDP (Chapter 6), and a one-to-many-to-one, multi-trip, PDP

with deadlines (Chapter 7). We refer to the actual chapters for a detailed explanation

of the pickup-and-delivery structure.
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In Chapters 3 and 7, we focus on (multi)commodity network design problems.

In such problems, we need to open a set of cost-minimizing links in a network to

transport commodities from origin to destination locations over those opened links.

The main difference with the field of PDPs is that network design problems typically

model more high-level, or strategic, decisions so that the day-to-day operations can be

performed efficiently within the designed networks. In other words, whereas in PDPs

we model the detailed movement of the vehicles (or any other mode of transportation)

operating on arcs in the graph (we need to route the vehicles), in classical network

design problems we model that vehicles are available to operate a link in the network

only and do not detail (and model) further operational characteristics (i.e., no routing

of vehicles).

In Chapter 3 we design optimal networks for tactical planning problems in offshore

wind maintenance service logistics. The second-stage problem of the stochastic opti-

mization model we propose is a network design problem with side constraints. Opening

a link in the considered (time-expanded) network indicates to perform maintenance

with a particular vessel at a particular wind farm. In Chapter 7, we consider a classical

multi-commodity network design problem with temporal characteristics, that is, the

commodities to be transported from origin to destination can only be transported

within an uncertain delivery window.

It is clear that studying emerging distributed logistics problems inspired by the

embracement of new technology by the logistics sector, and studying new distributed

logistics problems in novel application areas such as offshore wind energy, is both

practically relevant as well as theoretically challenging. All the discussed optimization

problems contained in this thesis are inspired by observations in practice that did not

receive the required research attention before. Although we will describe the practical

relevance in detail in Sections 1.2 and 1.3, let us shortly summarize it here as well.

Offshore wind maintenance service logistics has particular characteristics for which

the extant literature did not provide solutions on how to design a short-term and

medium-term maintenance planning efficiently. Compared to onshore operations,

vessels are more costly and structurally different than the vehicles (e.g., vans) deployed

for onshore maintenance operations (see, e.g., Irawan et al. 2017). Regarding e-

commerce applications, many new developments take place including the large stream

of product returns and the design of distribution networks to enable high customer

satisfaction in dense inner-cities. We propose novel concepts in this area to help the

sector stay efficient and sustainable. Namely, we study the integrated processing of

product returns and customer orders in warehouses as well as the design of robust

logistics networks to circumvent daily uncertainty in operations (see, e.g., Boysen,
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De Koster, and Weidinger 2019, Sampaio et al. 2019).

Hence, novel ideas and efficient and effective solution methodologies can have a

real impact on society. We, therefore, conclude that it is an exciting era to work on

problems in transportation and logistics, a field where the embracement of innovation

in technology is yet only at the beginning. This provides researchers and practitioners

numerous challenges where the extent to which those are dealt with efficiently will

determine whether or not the involved businesses will still be known to the public in a

couple of years.

In the remainder of the introduction, we will discuss both application areas (i.e.,

offshore wind and e-commerce logistics) in more detail. There, we discuss from a

practical and theoretical point of view our contributions in more detail. We conclude

the introduction with a brief overview of the manuscripts that form the basis of the

remaining chapters in this thesis as well as other related manuscripts.

1.2 Offshore wind maintenance logistics

The offshore wind service logistics sector is challenging, risky, and expensive, with

issues related to service logistics and maintenance accounting for 25-30% of the costs

incurred during the operational phase (Röckmann, Lagerveld, and Stavenuiter 2017).

In the Netherlands, four offshore wind farms are currently operational (Offshore

WindPark Egmond aan Zee, WindturbinePark Prinses Amalia, Luchterduinen, and

Gemini). The total installed capacity in the European Union is expected to increase by

19.1% yearly, increasing the current installed capacity of 6.5 GW to a total of 150GW

in 2030 (GL Garrad Hassan 2013). However, the costs of offshore wind energy are

higher than the costs of energy produced by traditional power suppliers based on coal

and gas. Numerous initiatives have taken place to become competitive, for example,

the green deal offshore wind Topteam Energie (2012), EU funded projects (see, e.g., EY

2015), and research projects funded by the Dutch Organization for Scientific Research

(NWO). Only recently, the first wind farms will be built without direct subsidies that

guarantee minimum energy prices. However, this is partly driven by low interest rates

and cheap steel prices (Schrotenboer 2019). Still, more sustainable cost reductions

are required, both during the installation phase and the operational phase. We will

focus on the latter in this thesis, and refer to papers by Vis and Ursavas (2016) and

Fischetti and Fraccaro (2019) for information on the installation phase.

A promising way to reduce the costs of offshore wind energy is the optimization

of its logistics network and the operations that take place within the network at

the operational phase, i.e., maintenance service logistics (Shafiee 2015, Shafiee and
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Sørensen 2017). The operations that take place within the logistics network should be

neatly coordinated with respect to the onshore and offshore flow of tools, modes of

transportation, spare parts, and technicians (see, e.g. Irawan et al. 2017). Consequently,

the logistics network design must offer opportunities for effective, efficient, and robust

maintenance service logistics under any circumstance. For example, sophisticated

workforce scheduling approaches are not useful if suitable modes of transportation are

not available at the right spot and at the right time. Hence, it is of utmost importance

that optimization models in the context of offshore wind maintenance service logistics

grasp the essential ingredients regarding the coordination of the different material and

technician flows. This will help the offshore wind sector to become truly competitive

with the traditional energy suppliers and will make it an attractive, sustainable energy

source for the coming decades (Welte et al. 2018).

In offshore wind maintenance service logistics, traditional onshore operations are

mixed with novel offshore operations. These offshore operations are barely studied

from an Operations Research perspective. The onshore operations include aspects that

are visible in any supply-chain with examples including factories of original equipment

manufacturers, warehouses of spare parts, and the distribution of parts surrounding

those. On the offshore part, however, we observe new and comprehensive logistics

optimization problems involving the transportation and routing of differently skilled

technicians by a wide variety of vessels from the Operations and Maintenance Base

(typically a port) to the offshore wind farms on a daily or (bi)weekly basis (see, e.g.,

Dai, St̊alhane, and Utne 2015, Welte et al. 2018).

These operations have four major challenges which are structurally different from

traditional maintenance service logistics operations. First, performing maintenance

at offshore wind farms requires the chartering of expensive vessels and helicopters

to transport the materials and technicians demanded for performing maintenance

tasks, whereas in the traditional (onshore) applications service vehicles are relatively

affordable. In addition, whereas in offshore operations such service vehicles are simply

assigned to technicians at the beginning of each day, a considerable effort must be

made to coordinate the vessels’ movements with the technicians’ movements to perform

maintenance efficiently. Third, in addition to difficulties with regards to transportation,

the coordination of technicians and spare parts is crucial; delivering a technician to a

wind turbine without having brought the required supplies causes major disruptions

of the operations as going back to the Operating and Maintenance base is expensive.

Fourth, even if suitable modes of transportation are arranged, and different workflows

are coordinated well, the daily maintenance activities are due to safety reasons affected

by the weather conditions. Wind speed, wave height, and fog determine the extent to
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which maintenance and transportation are allowed.

The attention to optimizing operations in the aforementioned context of offshore

wind maintenance service logistics is scarce. The proposed solution methods for

determining, for example, short-term maintenance planning problems are typically

simulation oriented resulting in practically oriented decision support tools (see, e.g.

Hofmann 2011), or focus on reliability engineering aspects such as condition monitoring

(Uit het Broek et al. 2019). Although a recent increase in attention to optimizing

underlying logistics operations has been observed (Dai, St̊alhane, and Utne 2015,

St̊alhane, Hvattum, and Skaar 2015, Irawan et al. 2017), this can only be seen as a

beginning of a new and exciting research field where benefits of many advanced methods

(e.g., column generation or metaheuristics) are still unknown. We, therefore, continue

with the development of new Operations Research models and accompanying methods

to capture the above-defined challenges in the design of efficient and effective logistics

network and maintenance service logistics design. We believe this will contribute to

obtaining a thorough understanding of the crucial aspects that, if dealt with efficiently,

will help the offshore wind sector to reduce costs and become competitive with the

traditional energy suppliers.

In Chapters 2-4, we study optimization problems inspired by maintenance opera-

tions in offshore wind, aiming to obtain a thorough understanding of its dynamics.

In Chapters 2 and 3, we consider the trade-off between transportation costs,

technician costs, and maintenance costs. In Chapter 2, we then consider a single wind

farm setting for which we provide optimal solutions, and in Chapter 3, we consider a

multiple wind farm setting and allow for collaborative operations between these wind

farms. The developed algorithms can readily be applied to determine the short-term

maintenance planning for offshore wind farms. This will reduce the total costs of

the daily maintenance operations, and thereby will help the offshore wind sector to

become competitive with traditional energy suppliers.

In Chapter 4, as mentioned before, we study a more tactical decision model. In

addition to the model and the proposed solution approach, we evaluate the impact

that assumptions on an operational level might have. This is of utmost importance for

designing decision support tools to estimate the total maintenance costs on a medium-

term horizon. Moreover, we take the viewpoint of a single maintenance provider that

is solely responsible for performing maintenance according to prespecified conditions

in so-called maintenance service requirements. By studying multiple variants of these

requirements, we resemble different incentive schemes observed in practice, something

which by the best of the author’s knowledge has not been investigated before in this

area.
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1.3 E-commerce operations

The ever-increasing growth of e-commerce companies on the one hand, and the

continuation of urbanization on the other hand, led to high pressure on organizing

city logistics operations in such a way that acceptable levels of congestion, safety

and sustainability are guaranteed (Savelsbergh and Van Woensel 2016). The total

worldwide e-commerce sales in the business-to-customer segment have raised to 2304

billion dollars in 2017 and are expected to be 4878 billion dollars in 2020. This is only a

small part of the total amount of internet-based sales, which equal an estimated 29000

billion dollars in 2017 (United Nations 2019). Regarding the business-to-customer

segment, a large part of the sales is made by a few established companies such as

Amazon or Alibaba. This has led to a high degree of competition amongst e-commerce

companies, both established and upcoming businesses, of which the profit margins

are under pressure (Cardona et al. 2015). To stay competitive in this field of fierce

competition, efficient and effective planning and control of operations are required

that fully utilize the opportunities this evolving landscape of e-commerce offers.

Due to the adoption of new technologies, novel business models are developed that

compete on the offered customer services (Morganti et al. 2014). Examples include

same-day delivery (Ulmer and Thomas 2018), crowd-sourced delivery (Sampaio et al.

2019), the use of parcel lockers (Enthoven et al. 2019, Faugère and Montreuil 2018),

and renewed thinking concepts such as the Physical Internet (Montreuil 2011). What

is clear from most new business models is that they consist of operations with a

relatively high level of dynamism compared to the classical (and often static) freight or

parcel transportation. For such classical logistics operators, it is, therefore, of utmost

importance to change their operations so that these dynamic operations can be dealt

with efficiently. If this change cannot be done efficiently, consequences on two distinct

levels will be observed. First, on an individual firm level, problems with the firms’

profitability are to be expected, and they will go out of business with high probability.

Second, on a broad-society level, it will lead to more congestion and less safety and

sustainability in large and dense inner cities.

When focusing on particular operations, many new developments can be observed

that are worth the attention of researchers and practitioners. For instance, the large

number of sales related to e-commerce also has a downside: Many of the ordered

products are being returned to their seller, leading to a large stream of product returns

upward the supply chain (see, e.g., Boysen, De Koster, and Weidinger 2019). Although

this phenomenon is widely observed in the last 20 years, no sustainable solutions have

been designed yet that completely resolves these overhead costs or led to a decrease in
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returns. Namely, 52% of the Dutch population returned a product in 20181, and this

fraction equals 45% for the French and 40% for the British.

At some point in the supply chain these products need to be incorporated in the

regular (i.e., downstream) supply chain operations. The fraction of returns observed at

e-commerce companies is on average 30%2, compared to only 8.8% for brick-and-mortar

stores. In addition, there is a trend that customer orders consists typically of only

a few products (Chen, Wei, and Wang 2018). Both characteristics, i.e, the product

returns and the large number of small-sized customer orders, are of key-importance

when designing future warehouse order processing (and product return) operations.

Taking a bird’s eye of view, this increase of e-commerce activities and especially

the increasing popularity of same (or next) day delivery services causes high pressure

on operations between distribution centers in large and dense inner cities. Such a city

logistics network should be designed in such a way that it is efficient and effective for

daily fluctuating demand patterns between city distribution centers. The design of

such robust operations within a city distribution network is very complicated, as this

network is only a small part of the overall supply chain. On a lower level, the last-mile

delivery from city distribution centers to the customer’s preferred pickup location needs

to take place within promised delivery windows (see, e.g. Campbell and Savelsbergh

2006). On a higher level, parcels might be required on the same or next day in cities

elsewhere, requiring long-haul transportation that might be planned separately from

the city logistics operations (see, e.g., Crainic 2000). The daily planning of these

external operations might differ, and the temporal characteristics (e.g., the earliest

possible pickup time of parcels) is therefore typically uncertain. The extent to which

such operations are dealt with efficiently is of key importance to achieve a high level

of satisfied customers.

The aforementioned two phenomena, i.e., the need for robust city-logistics networks

and the change in customer order characteristics, are the motivation for studying three

distinct optimization problems that aim to provide decision support for the discussed

challenges and opportunities.

In Chapters 5 and 6, we investigate the cost-savings potential of incorporating

the restocking of product returns in regular order-picker operations. In Chapter 5,

we study this problem in isolation for a single order picker. There we show that this

can be done efficiently, and it is, therefore, of interest for operations managers in

e-commerce warehouses to exploit if the quantified cost-savings will suffice in their

actual operations. In Chapter 6, we extend this setting by considering multiple order

1https://www.statista.com/chart/16615/e-commerce-product-return-rate-in-europe/
2https://www.invespcro.com/blog/ecommerce-product-return-rate-statistics/



12
∣∣ Chapter 1

pickers for which we need to design batches, route the batches, assign the batches

to order pickers and sequence the batches for each order picker. There it is shown

that the cost-savings potential advocated in Chapter 5 is still attainable in richer, and

more practical, settings.

In addition, we study two fundamental questions inspired on the developments in

e-commerce. First, in Chapter 5, we develop a method that is capable of avoiding any

interaction (e.g., picker blocking) between the deployed order pickers. We show that

there are many structurally different optimal solutions that allow for the incorporation

of additional objectives while order-picker routes increase in length only slightly.

Second, in Chapter 6, as customer orders typically consist of only a few order lines,

we study whether or not splitting-up order lines of the same customer exhibits

enough cost-savings potential to compensate for additional handling operations further

downstream the operations. We show that remarkable cost-savings can be obtained if

the unavoidable additional expenses due to splitting up such customer orders (e.g.,

multiple deliveries to the customer or additional sorting efforts) are not too large.

Hence, when designing future warehouses of e-commerce companies, both the inclusion

of product returns in the regular order picking processes and (to a certain extent)

the possibility to split up customer orders within the warehouse operations should be

considered carefully.

In Chapter 7, we consider the design of robust city logistics networks while we

control for uncertain temporal aspects. We study the composition of robust city

networks and show that additional flexibility is obtained by considering two-stage

robust solutions compared to static, single-stage robust solutions. The concept of

time-invariant vehicle paths is shown to be efficient, thereby providing a practical way

to organize future city-logistics operations.

1.4 Overview of manuscripts

Between September 2015 - August 2019, I have been pursuing my PhD Degree in

Operations Research at the University of Groningen. This led to a wide variety of

manuscripts that are under final preparation, under review, revised and resubmitted,

or accepted at international scientific journals.

What follows is a brief overview of the manuscripts that I have worked on in

the last four years. Not all manuscripts are part of this thesis, but they are closely

related to distributed logistics as well. Namely, these additional manuscripts concern

robust reserve-crew scheduling for airlines, multi-depot asymmetric vehicle routing,
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