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Management Summary

This report presents a study on optimising the placement and sizing of parcel lockers in the DHL eCommerce Benelux
out-of-home delivery network. The research addresses the challenge of improving current locker planning decisions,
which are currently based on intuition rather than data. This results in suboptimal network performance, including
underutilised lockers and regional mismatches between locker locations, capacity, and demand. To support DHL’s
long-term strategy of expanding its parcel locker network cost-effectively while improving customer satisfaction, we
formulate the central research question as follows:

“How can DHL eCommerce Benelur make data-driven strategic decisions regarding the placement and sizing of
parcel lockers within its out-of-home network, to reduce operational costs and improve customer satisfaction?”

To address this, the research begins with a context analysis that provides a structured understanding of DHL’s
out-of-home network, offering insights into its current operations, performance, and key implications for the design
of a strategic optimisation framework.

These practical insights help shape the focus of the literature review, which explores related academic research.
Although interest in out-of-home delivery is clearly growing, with a rise in publications on optimisation problems
related to this in recent years, the absolute number of studies remains relatively limited. This highlights both the
novelty of this underexplored research domain and the academic relevance of this study. This thesis proposes a
framework that addresses key literature gaps through novel model features and dynamics. Moreover, it introduces
a unique combination of novel and established modelling elements that, to the best of our knowledge, have not been
integrated before into a single framework.

Building on these foundations, the research developed a Mixed-Integer Linear Programming (MILP) model, formal-
ised as the Last Mile Capacitated Parcel Locker Location Problem (LMCPLLP). The model determines the optimal
placement and sizing of parcel lockers while allocating demand across delivery modes in a cost-efficient manner. It
accounts for real-world constraints such as heterogeneous locker types, fallback or alternative delivery options (e.g.,
service points and home delivery), historical pickup behaviour, and partial demand allocation. To increase realism,
the model includes extensions such as robustness against local worst-case demand fluctuations and an adaptive
pickup radius that scales with population density.

The model was operationalised using real DHL data and is implemented in a user-friendly graphical user interface
that allows planners to configure input parameters and interactively visualise model outcomes. It is designed to
support both greenfield network design and incremental expansion of DHL’s network, based on decision areas
specified as input, whether at city, regional, or national scale. To validate the model and provide managerial
insights, seven experimental phases were conducted using real-world data from DHL’s operational regions, each
designed to evaluate a distinct aspect of the model.

Some key findings include:

e Parcel lockers emerge as the preferred delivery mode from a cost-optimisation perspective, with an average
share of over 85% at current cost levels across the experiments, and remain dominant under moderate cost
changes, confirming their strategic robustness.

e Cost reductions of 18-22% were achieved across test regions, demonstrating the model’s potential in reducing
operational costs through improved locker placement and sizing.

e The model solves efficiently for large-scale planning (0—4 minutes per DHL’s RegioHub region) in DHL’s
preferred settings, supporting scalability across DHL’s national network.

e As demand grows, or when accounting for local uncertainty through robust optimisation, locker locations
remain relatively stable, with mainly locker sizes increasing. This indicates the model’s long-term effectiveness
in initial placement decisions.

e Robustness experiments suggest that addressing extreme, concentrated demand spikes tends to be more costly
than mitigating multiple moderate, distributed fluctuations.

Based on these findings, some key research recommendations for DHL are to:

e Embed the optimisation model into its strategic network planning to replace intuition-based placement.
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Promote increased usage of parcel lockers, e.g., through incentives or default selection, to enhance cost-
efficiency and reduce reliance on less scalable delivery modes.

Integrate real-time locker availability into public interfaces (e.g., DHL website or app), so that senders can
see availability before drop-off, reducing failed attempts and improving user satisfaction.

Extend the dynamic capacity control system with real-time reallocation logic to improve overflow handling
and network efficiency.

Proactively place larger lockers at key locations to accommodate future demand and improve robustness if
financially viable.

Invest in maintaining service points within the network, as they serve as flexible and cost-effective buffers that
enhance network resilience and help postpone abrupt investments in locker expansion.

Prioritise fixed cost reductions of lockers to enable wider viability of parcel lockers in its out-of-home network,
especially in low-density areas.

Develop data-driven insight into the reasons behind parcel diversions to enable targeted improvements.

This thesis contributes to both academic literature and industry practice by introducing a scalable, data-driven
optimisation framework for strategic parcel locker placement and sizing decisions in an out-of-home network. To-
gether, these contributions provide DHL with a solid foundation for future network design and cost optimisation,
supporting its long-term strategy of expanding the parcel locker network.
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Acronyms

Acronyms

Acronyms

B2B Business to Business.

B2C Business to Consumer.

C2B Consumer to Business (returns).
C2C Consumer to Consumer.
CDF Cumulative Distribution Function.

CpP Cost per parcel.

ECDF Empirical Cumulative Distribution Function.

FLP Facility Location Problem.
FM First Mile.

GUI Graphical User Interface.

ILP Integer Linear Program.

LM Last Mile.

LMCPLLP Last Mile Capacitated Parcel Locker Location Problem.

MILP Mixed Integer Linear Program.

OOH Out of Home.
OOHD Out of Home Delivery.

PL Parcel Locker.

SP Service Point.
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1 INTRODUCTION

1 Introduction

This chapter provides an introduction to the research conducted at DHL eCommerce Benelux. Section 1.1 introduces
DHL Group and outlines its operations. Section 1.2 explains the research context and highlights the relevance of the
study within the logistics industry. Section 1.3 discusses the motivation behind initiating this research. Section 1.4
presents a problem analysis and identifies the core problem. Section 1.5 defines the research scope and process
boundaries. Lastly, Section 1.6 formulates the main research question and outlines the design of this study.

1.1 Company Description

Section 1.1.1 introduces DHL Group, and Section 1.1.2 describes its regional division, DHL eCommerce Benelux.

1.1.1 DHL Group

DHL Group, formerly known as Deutsche Post DHL Group, is a global leader in the logistics industry. DHL Group
provides a comprehensive range of international express deliveries, freight transport, e-commerce and supply chain
management services. It operates in over 220 countries and territories, employs nearly 600,000 employees and
generated €81.8 billion in revenue in 2023 (DHL Group, 2025b).

DHL was founded in 1969 in the United States. The company was named after the founders Adrian Dalsey, Larry
Hillblom and Robert Lynn. DHL started off as DHL Worldwide Express as an international air express service,
providing rapid transport of documents and cargo papers by plane. In 2002, Deutsche Post acquired DHL and
combined its entire express and logistics business under the DHL brand (DHL Group, 2025b). Nowadays DHL
Group consists of the following divisions;

e DHL Express: Specialises in international express deliveries, ensuring urgent documents and goods are
transported reliably and on time from door to door, mainly using airplanes.

e DHL Global Forwarding (DGF)/ Freight: DGF offers international air and ocean freight services and
manages complex global transportation solutions. Freight offers road and rail freight (intermodal transport)
services across 50 countries and territories around the world.

e DHL Supply Chain: Specialises in contract logistics, including warehousing, transport, and value-added
services that can be customised into full supply chain solutions.

e DHL eCommerce: Focuses on domestic and international parcel and pallet delivery, primarily serving the
e-commerce sector.

e Post & Paket Deutschland: Operates under Deutsche Post, handling mail and parcel services within
Germany.

1.1.2 DHL eCommerce Benelux

Within the Benelux, all divisions excluding the German ‘Post & Paket Deutschland’ are present. DHL began
operations in the Netherlands in 1976 and expanded rapidly through strategic acquisitions. For example, the
takeover of Van Gend & Loos in 1999 strengthened DHL’s domestic distribution network, and the acquisition of
Selektvracht in 2011 expanded DHL’s e-commerce services. DHL’s growth together with these strategic acquisitions
positioned DHL as a leading logistics provider in the Netherlands. Meanwhile, DHL expanded its presence across
the Benelux region. It has been operating in Belgium since 1978 and has created an extensive network across
Belgium, the Netherlands, and Luxembourg (DHL Express Belgium, 2025). Today, DHL’s e-commerce operations
in the Netherlands are part of DHL eCommerce Benelux.

DHL eCommerce Benelux specialises in domestic and international parcel and pallet delivery within, to and
from the Benelux countries. The division employs around 15,000 people and operates a network tailored to both
individuals and businesses, covering Business to Consumer (B2C), Consumer to Business (returns) (C2B), Business
to Business (B2B) and Consumer to Consumer (C2C) services (DHL eCommerce Netherlands, 2025; DHL Group,
2025a). The DHL eCommerce Benelux headquarters is located in Utrecht. In the remainder of this thesis, ‘DHL’
refers specifically to DHL eCommerce Benelux.

The division offers parcel and pallet shipping, both door-to-door and via Out of Home (OOH) points, such as
Service Points (SPs) and the relatively new Parcel Lockers (PLs). Services are divided into:
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1.2 Research context 1 INTRODUCTION

e Consumer Services: Individuals can send parcels up to 20 kg domestically and across Europe, with ship-
ments ranging from envelopes to parcels.

e Business Services: Businesses have tailored shipping options domestically and across Europe, with ship-
ments ranging from parcel to pallet deliveries to customers or other businesses.

1.2 Research context

Section 1.2.1 highlights the increasing relevance of Out of Home Delivery (OOHD) in the logistics industry and
Section 1.2.2 outlines the concept and formats of OOH points used by DHL.

1.2.1 Industry relevance

Parcel deliveries have increased significantly in recent years. In 2016, 64 billion parcels were shipped worldwide,
growing to over 161 billion in 2022 and is expected to rise to 225 billion by 2028 (Pitney Bowes, 2023). Also, the
COVID-19 pandemic has significantly accelerated the growth of e-commerce and parcel delivery services, particularly
OOHD options (Reiffer et al., 2023). Moreover, in recent years, OOHD has emerged as a significant trend in last-mile
logistics, offering potential solutions to challenges like labour shortages, rising costs, and environmental concerns
(Janinhoff et al., 2024). OOHD could help logistics companies to reduce costs by potentially minimising failed
deliveries and combining demand (Savelsbergh & Woensel, 2016; Song et al., 2009). Consumers are shifting towards
OOH points for reasons such as fewer failed home deliveries, the flexibility to pick up packages at their convenience,
sustainability considerations, or potentially lower costs.

1.2.2 OOH points
This research focuses on the processes involving OOH points. OOH points can be categorised into two types:

e Parcel Locker (PL): Also known as DHL Lockers, these are self-service units enabling customers to send
and receive parcels at their convenience, often accessible 24/7. Lockers are typically located at places such as
shopping centres, supermarkets, gas stations, or sports clubs. These lockers operate with a limited capacity.

e Service Point (SP): Staffed locations where customers can drop off or collect parcels. These are typically
local businesses partnering with DHL to operate an official SP and in return receive compensation for handling
each parcel. These locations, therefore, could be seen as having ‘unlimited’ or large capacity, since most
locations have sufficient storage space and want to handle more parcels for more revenue. However, in peak
season it may occur that a staffed location refuses parcels.

1.3 Research motivation

With the rise of e-commerce, DHL experienced a rapid increase in online orders starting in 2015/2016. This trend
intensified during the COVID-19 pandemic (2020-2023), when online shopping became the primary purchasing
method for many people. While the COVID-19 period led to extreme growth, DHL now expects a more stable
increase in the coming years. To prepare for this, DHL rapidly expanded its OOH network to make sure that the
necessary infrastructure is in place. Moreover, DHL observes that an increasing number of consumers are shifting
towards OOHD options. Therefore, they also expect the use of OOH points to further increase compared to home
delivery in the upcoming years, leading to even greater pressure on these points.

Until now, the focus has been on rapid rollout and speed, prioritising fast-paced expansion. However, as DHL
enters a phase of more gradual growth, the company recognises the need for a strategic reassessment of its OOHD
system. This includes evaluating and improving OOHD processes such as location planning, capacity allocation,
delivery flows, operational policies, or user-facing interfaces related to OOH points. This forms the motivation for
this research.

1.4 Problem Identification

This section identifies the core problem this research addresses regarding DHL’s efforts to optimise its OOH opera-
tions. Section 1.4.1 presents the underlying causes and relationships through a structured problem cluster. Section
1.4.2 identifies the core problems, and Section 1.4.3 describes the selection of the core problem tackled in this study.
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1.4 Problem Identification 1 INTRODUCTION

1.4.1 Problem cluster

Due to the broad scope of DHL’s ambitions in optimising the complete OOH process, this section provides a struc-
tured analysis to identify a suitable core problem. After analysing DHL’s OOH operations, observing the process in
real life, conducting data analysis and having interviews with relevant stakeholders, a cause-effect relationship has
been identified. This relationship is visualised in a problem cluster in Figure 1. This cluster serves as a structuring
tool to better understand the problem context and determine the core problem. The action problems are high-
lighted in green, being the discrepancy between the norm and reality, as perceived by the problem owner (Heerkens
& van Winden, 2017), in this research, DHL.

This research identified that DHL faces two main action problems related to the OOH processes: too high operating
and transportation costs, and too low customer satisfaction. The high transport and operating costs stem from
unnecessary kilometres travelled due to inefficiencies in route planning and capacity utilisation. Additionally, some
PLs operate at a loss. The low customer satisfaction is primarily caused by capacity issues, as lockers have limited
space. When lockers reach full capacity, receivers may face delays, rerouted deliveries, or be forced to collect their
packages from a different location than originally selected, therefore negatively impacting the customer experience.

Lack
of insights into
placement and
sizing of parcel
lockers

Lack of real-time
data integration at
route planning

No (dynamic) re-
allocation
optimization

No (dynamic)
capacity control

There is a mismatch
between locker
capacity/location
and demand.

Drivers can
practically choose a

Receivers can
choose every OOH
point of their choice

Drivers drive to each
OOH point every day
despite conditions fallback OOH

location themselves

) N’ N

Senders do not
Drivers arrive at Too few people Too many people know the locker Courier rerouting

empty OOH points choose a particular choose a particular SR availability when tends to divert all

at their ‘collect’ trip locker locker they want to sent a packages to the Core problem

package same OOH point. influencing 2 action

problems

Senders finding out
they can’t send their
package from their REEEEEEEE
chosen parcel locker
upon arrival

Unnecessary
“Empty km”
travelled

Parcel lockers Not enough locker
makinga loss capacity

Drivers arrive at full

Receiver must go t
lockers with eceiver must go to

g different shipping Intermediate
i i Consequence
Problem

T point for sending
Packages not
Pog delivered on the
promised day
Too high Transport/ More “Loaded km” Too low receiver
Operating costs travelled Eeou ey satisfaction -
Packages delivered

at different OOH
point than chosen
by receiver

packages at their

Figure 1: Problem cluster OOH processes DHL

1.4.2 Identification of core problems

Based on the problem cluster, four core problems were identified, each contributing to the action problems.

Lack of real-time data integration in route planning

Although DHL has access to real-time data on the current state at OOH points, this data is not integrated into the
operational routing logic. As a result, if there are deliveries for a certain OOH point, the location will automatically
be added to the courier’s route, regardless of whether it has sufficient capacity to handle the deliveries. Moreover,
all PLs are also visited later in the day to collect parcels that are shipped from the OOH points, even when no
parcels are ready for collection at those locations. These inefficiencies lead to unnecessary transport costs and even
(late) rerouting of drivers, causing packages to be delivered to different OOH points than originally selected by the
receiver, or resulting in delays. This, in turn, contributes to both action problems.

There is a lack of strategic, data-driven insights into the optimal placement and sizing of PLs within
DHL’s OOH network

Currently, the sales team determines PL placements based on intuition rather than data-driven insights. There is
no clear strategy on where and how many PLs should be placed. This leads to overutilised lockers in high-demand
locations while others remain underutilised. This results in financial losses and capacity issues. Moreover, capacity
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1.4 Problem Identification 1 INTRODUCTION

problems can also lead to reroutings, causing packages to be delivered to different OOH points than chosen by the
receiver or even resulting in delays. Thus again contributing to both action problems.

No (dynamic) capacity control for OOH points

Currently, customers can choose any OOH point without any capacity-based restrictions at checkout. There
is no forecasting model that predicts, e.g., locker inflow and outflow, which could be used to optimise capacity
and limit the OOH selection of receivers at their checkout to evenly distribute demand across OOH points. The
lack of dynamic capacity control again leads to overutilised lockers in high-demand locations, while others remain
underutilised, and thus in the same way contributing to both action problems.

Lack of real-time data integration for senders

Although real-time data on locker availability is available within DHL’s system, it is not integrated into the public
user interface. As a result, senders do not know locker availability before selecting a locker drop-off point. This
lack of transparency could cause failed drop-offs, requiring senders to travel to another location upon arrival at the
full locker, negatively impacting customer experience and satisfaction.

No (dynamic) re-allocation optimisation

At the moment, drivers can choose an alternative drop-off point when facing full OOH points, but there is no
automatic (dynamic) reallocation process that considers customer proximity and capacity distribution. As a result,
courier rerouting often leads to parcels being diverted to the same locations or to easily accessible points, such as
SPs where capacity is unlimited and delivery is quicker. This again causes overloaded OOH points, while others
remain underutilised. This creates a circular dependency, further increasing rerouting costs and contributing to
failed deliveries. Therefore, this issue again contributes to both action problems.

1.4.3 Core problem selection

For this research, a choice must be made regarding the
core problem to be addressed. Since real-time data in- ‘
tegration primarily involves practical adjustments, it is placement and
considered more suitable as a recommendation for DHL

rather than the main focus of this research.

v

There is a mismatch
between locker

Moreover, DHL is currently starting the process of in- SRy

vestigating the implementation of (dynamic) capacity

control for PLs. This includes forecasting inflows and o

outflows to optimise OOH point selection at checkout. BISHDOALE

With this project they aim to only display the ‘expec-

ted’ or ‘forecasted’ available OOH points to the receiver

at the checkout. With this, DHL aims to better distrib- P

ute capacity and prevent rerouting due to full capacity.

As a result of this initiative, dynamic reallocation op- e

timisation has become less relevant for this research, as pagif-iii':rg(if:e"
‘delivery’ trip

rerouting should naturally decrease after this integra- ( kst
v v P lelivered on the
tion.

promised day

¥ 12

Too many people
choose a particular
locker

Not enough locker
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[« Slie e N Rerouting driver { >

travelled

Packages delivered

On the other hand, the lack of insight into strategic de-

cisions regarding the placement and capacity sizing of l :ﬁ.{l’:ﬁﬁ"&iﬂi
PLs within DHL’s OOH network remains a critical is- e
sue. As parcel lockers are a key focus for DHL’s future
expansion, DHL has indicated the importance of ad-
dressing this challenge. Given these considerations, this
research focuses on the following core problem: Lack of
insights to support strategic decision-making on the placement and sizing of parcel lockers within DHL’s OOH net-
work. Accordingly, the associated problem cluster can be refined to reflect this core focus and is visualised in Figure
2.

Figure 2: Problem cluster for this research
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1.5 Research scope 1 INTRODUCTION

1.5 Research scope

DHL operates a complex logistics network, integrating multiple hubs with distinct functions to ensure efficient
parcel and pallet delivery. The largest and most important of these networks is the B2C network. Figure 3 provides
a simplified overview of this process, illustrating the main pathway for most e-commerce parcels.

Regional Hubs/ City Hubs

Customers Distribution centers

| i
N e e e ae e I
. — ﬁﬁ" =i ﬁ\l /} s ....- ; =2
i ; I ==  —
...... e .
Pl oo o oo e S ',_

Figure 3: B2C network DHL

In this network, parcels are picked up from customers, such as large clothing retailers and warehouses, and follow
a route through regional hubs and distribution centres before arriving at a city hub. From the city hub, they are
distributed either via home delivery, PL, or SP.

This research focuses on the OOH process from the city hub to the final delivery point, with a particular focus
on the strategic placement of PLs. However, within this process scope, two different parcel flow directions can be
distinguished:

e First Mile (FM): The process of sending a parcel via an OOH point, including returns (C2B), personal
shipments (C2C) or business shipments (B2C). This is the initial stage of a parcel’s journey before entering
the distribution network of DHL.

e Last Mile (LM): The process of delivering a parcel from the city hub to its final destination, for example,
an OOH point. This applies to both B2C and C2C shipments.

Figure 4 shows the processes within the scope of this research and the distinction between FM and LM.

@

Last Mile (LM)
‘ |

First Mile (FM)

Figure 4: LM /FM research scope processes

1.6 Research design

To address the identified challenges, this section outlines the research approach. The main research question is
derived from the problem analysis and is formulated as follows:

“How can DHL eCommerce Benelur make data-driven strategic decisions regarding the placement
and sizing of PLs within its OOH network, to reduce operational costs and improve customer
satisfaction?”
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1.6 Research design 1 INTRODUCTION

This research question addresses the core issue currently faced by DHL: Lack of insights to support strategic decision-
making on the placement and sizing of parcel lockers within DHL’s OOH network. While the OOH network has
rapidly expanded in recent years, many placements have been made based on intuition or availability rather than
quantitative performance criteria. With DHL planning to significantly grow its OOH network in the coming
years, especially through a major expansion of PLs, this issue becomes even more relevant. Strategic, data-driven
placement is essential to optimise the current network and align future expansion with demand and sustainable
growth. To answer the main research question, we formulate a number of sub questions, each answered in a separate
chapter.

Chapter 2, provides a structured analysis of DHL’s current OOH network. It begins by examining the operational
processes surrounding FM and LM activities. Then, it investigates the strategic, financial, and spatial factors
influencing placement decisions. Finally, the chapter evaluates the network’s current performance, focusing on
geographical distribution, parcel turnover, customer behaviour, and capacity utilisation. Together, these insights
form the foundation for identifying placement inefficiencies and informing a data-driven optimisation approach.

Chapter 2. What are the current operational processes, placement challenges, and performance
characteristics of DHL’s OOH network, and how can these insights inform a data-driven optimisation
model?

Operational Context
- What are the current FM and LM processes at OOH points for DHL?

Placement Challenges

- What strategic, operational, and spatial constraints affect the placement of PLs and SPs?

- How do known volume thresholds and cost structures influence the financial viability of different
OOH formats?

Network Performance Insights

- What is the current distribution of OOH points in terms of geography and capacity?

- How do OOH locations perform in terms of turnover, customer pickup behaviour, and diversion
patterns?

Implications for Modelling
- Which findings from this analysis have implications for the design of the optimisation model?

Building on the insights from the current situation analysis, Chapter 3 explores academic literature on facility
location models for OOH delivery networks. The findings from Chapter 2 help define the practical requirements
for a suitable optimisation approach. In turn, this chapter investigates how existing models from the literature can
address these needs. It begins by positioning DHL’s case within the broader field of Facility Location Problems
(FLPs), focusing on models for PLs and SPs in both LM and FM contexts. An in-depth comparison of modelling
characteristics is provided, which supports the selection of an appropriate modelling direction and reveals literature
gaps which the model in Chapter 4 aims to address.

Chapter 3. Which methods for the strategic placement of OOH points are discussed in the literature?

- How can the OOH placement challenge be translated into a theoretical problem?

- What is the current state-of-the-art regarding OOH network design?

- What limitations regarding model realism, scalability, or applicability to DHL’s OOH network
remain in the literature, and how does this study contribute?

After identifying the challenges and current situation at DHL, the scientific gaps in the literature and insights from
academic studies, Chapter 4 introduces a mathematical model for the strategic placement and capacity sizing of
PLs in DHL’s OOH network.
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1.6 Research design 1 INTRODUCTION

Chapter 4. How can a mathematical model be developed to support strategic placement and sizing
decisions for PLs in DHL’s OOH network?

- How can the facility location problem be formulated to incorporate the specific characteristics of
DHL’s PLs and SPs?

- Which model extensions can enhance the practical applicability and robustness of the proposed
facility location model?

After developing the mathematical model, Chapter 5 describes how the model is implemented and prepared for
experimentation. This includes the required data input and processing, parameter settings, and experimental design.
Together, these elements form the foundation for evaluating the model in a realistic DHL context.

Chapter 5. How should the developed model be implemented for real-world application, and which
experimental setup should be used to evaluate it?

- What data sources and preprocessing steps are required to support the model input?

- How should cost structures, demand estimates, and capacity settings be translated into parameters?
- How should the key model extensions be used within the model?

- How should test scenarios be designed to evaluate model performance, validate outcomes, assess
robustness and sensitivity, and generate managerial insights regarding strategic PL placement?

Following the experimental setup, Chapter 6 presents the results of the conducted experiments. These results are
analysed from several angles, including model validation, robustness, sensitivity, scalability, and their implications
for DHL’s strategic decision-making.

Chapter 6. What are the outcomes of the experimental design?

This chapter evaluates the experimental outcomes from multiple perspectives:

- Model validity and performance: How well does the model perform under realistic baseline scenarios,
and are the results intuitive and in line with expectations?

- Robustness and sensitivity: How sensitive are the results to changes in parameters or settings?

- Scalability and applicability: How does the model scale and perform in different or larger configur-
ations?

- Managerial relevance: What strategic insights can be derived for DHL regarding their PL placement
and sizing decisions?

Deliverables After finishing the research and answering the main research question, the following deliverables
are presented:

A structured analysis of DHL’s current OOH network, including operational processes, placement challenges,
and performance analysis.

A literature-based positioning of the PL placement problem within the Facility Location Problem domain.

A mathematical model tailored to DHL’s OOH context to support strategic decisions regarding the placement
and sizing of PLs.

An experimental framework to evaluate the model under various scenarios.

Insights and recommendations for DHL on the strategic design of their OOH network, including the placement
and sizing of PLs.

An outline of the limitations of this research and directions for future research.

This concludes the research design and provides a roadmap for the remainder of this research. In the next chapter,
we present a detailed context analysis of DHL’s current OOH network, focusing on operational workflows, placement
practices, and network performance. These insights serve as input for identifying inefficiencies and requirements for
model development.

!
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2 Context Analysis

The goal of this chapter is to gain a thorough understanding of DHL’s current OOH network and its performance.
In doing so, the chapter aims to generate insights that can support DHL in evaluating the effectiveness of its current
placement and operational strategies. Furthermore, these insights are used to identify which aspects of the current
processes should be reflected in the strategic optimisation model and its experimental design. This chapter answers
the second set of research questions, which revolve around the following main question:

“What are the current operational processes, placement challenges, and performance characteristics of DHL’s
OOH network, and how can these insights inform a data-driven optimisation model?”

Section 2.1 examines the operational processes and delivery commitments surrounding FM and LM flows at OOH
points. Section 2.2 discusses the practical, strategic, and financial challenges related to the operations and placement
of PLs and SPs. Section 2.3 analyses the current state of the OOH network in terms of geographical spread and
capacity. Finally, Section 2.4 evaluates the performance of the network, based on turnover, utilisation, customer
pickup behaviour, parcel diversions, and the volume distribution between FM and LM within the OOH network.

2.1 Operational processes in FM and LM at OOH Points

This section outlines the operational processes at DHL’s OOH points. Section 2.1.1 first describes the role of DHL’s
CityHubs and their involvement in OOH deliveries. Section 2.1.2 then explains the service commitments that dictate
daily delivery and pickup schedules. Subsequently, the operational workflow at PLs and SPs is described at Section
2.1.3, followed by a discussion in Section 2.1.4 on the expected operational impact of the upcoming capacity control
system.

2.1.1 CityHub operations and role in OOHD

DHL operates an extensive network of around 130 CityHubs within the Netherlands (see Figure 41 in Appendix
A.0.1). These CityHubs serve as the distribution centres for all OOH and home deliveries. In these hubs, the routes
are determined by external vehicle routing software. Some SPs and PLs are driven in dedicated routes, while others
are delivered together with home deliveries. This depends on the volumes of these points and the expert opinion of
the CityHub owner.

Currently, DHL is changing the PL interface to reduce handling time. In addition, the company is transitioning
towards a specialised PL network, where PLs are serviced separately from other deliveries by dedicated personnel.
These changes aim to enhance efficiency in the PL process.

2.1.2 FM and LM commitments at OOH points

DHL has made specific service promises to its receivers/senders regarding parcel handling at OOH points for both
FM and LM processes.

e LM Delivery Promise: DHL guarantees that parcels delivered with day delivery to OOH points can be
received after 12:00. This means that DHL must visit all OOH points before 12:00, referred to as the ‘Morning
Trip’.

e FM Collection Promise: DHL ensures that parcels dropped off at OOH points before 16:00, will be shipped

the same day, meaning that DHL must visit all OOH points after 16:00 to ensure these shipments, referred
to as the ‘Afternoon Trip’.

2.1.3 OOH flow

Upon arriving at a PL, the driver must first collect outgoing parcels before placing new deliveries inside. This
process is regulated by DHL’s software system within the PLs. At SPs, this approach is also commonly followed,
as business owners prefer to clear outgoing shipments as soon as possible to free up storage space. Figures 42 and
43 in Appendix A.0.2 and A.0.3 illustrate the morning and afternoon trip workflows from the perspective of the
drivers.
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2.2 OOH points selection challenges 2 CONTEXT ANALYSIS

2.1.4 Impact of future capacity control project

As previously explained, the responsibility for handling full OOH points currently lies with the driver. When a
OOH point reaches full capacity, the driver must divert the package to the closest other OOH point. With the
implementation of the capacity control project, as explained in Section 1.4.3, the frequency of diversions due to full
OOH points is expected to decrease. The introduction of dynamic capacity control will prevent ‘expected’ future
full lockers from appearing as selectable options at checkout (e.g., in webshops), redirecting demand to nearby
available alternatives. This is expected to result in a more balanced distribution of parcel flows across the network.
Therefore, the variability in demand for an OOH point can be reduced drastically and extreme capacity spikes at
individual lockers become less frequent.

2.2 OOH points selection challenges

This section discusses key challenges in the placement of OOH points. Section 2.2.1 outlines strategic and operational
constraints. Section 2.2.2 addresses financial viability, including the current cost-efficiency threshold for PLs to
match the cost of SPs.

2.2.1 Strategic and operational challenges

Currently, DHL operates approximately 3,500 SPs and 1,000 PLs across the Netherlands. In recent years, DHL
has shifted its strategic focus toward expanding the PL network by setting ambitious targets for future growth. By
the end of 2025, DHL aims to more than double its number of PLs to 2,500, and by 2030, the company plans to
operate 6,000 PLs.

PLs can be placed on DHL-owned property, at third-party business locations, or municipal grounds. The lockers at
DHL-owned property are typically located at hubs, distribution centres or office buildings. However, the majority
of PLs are installed at third-party locations. These are locations such as supermarkets, gas stations, or sports clubs.
At these locations the placement is arranged through contractual agreements. When PLs are placed at municipal
grounds, approval from the local government is required.

SPs operate within independent businesses, such as retail stores. New SPs are generally recruited by the DHL sales
team but business owners can also apply to become a DHL SP. However, in recent years, retaining existing SPs and
attracting new ones has become increasingly challenging. This trend contributes to DHL’s strategic shift towards
expanding the PL network, in order to ensure future delivery capacity through a more controllable infrastructure.

DHL does not own the majority of OOH locations. For that reason, the expansion is dependent on external agree-
ments with third-party businesses, municipalities, and property owners. Therefore, precise placement requirements
for these OOH points are not practical. Instead, a strategic methodology is needed to estimate capacity requirements
for PLs at higher aggregation levels, such as region, postcode, or city level.

2.2.2 Financial challenges

The placement of OOH points involves different costs, depending on whether the location is a SP or PL. Opening
a SP does not incur direct setup costs for DHL. However, each parcel handled at a SP has a Cost per parcel (CpP)
for DHL of €

This figure has been removed due to confidentiality.

Figure 5: (Estimated) Cost per parcel (CpP) comparison between parcel lockers and service points, Data source:

Internal DHL data
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For PLs, CpP varies based on the throughput of the locker. The total costs are calculated per year based on an
average locker type and include both operating expenses and investment costs, with DHL assuming an expected
economic lifetime of 12 years. Operating expenses include, for example, location rental fees, cleaning services,
internet connectivity, and energy consumption. These costs need to be compensated by a sufficient parcel volume.

Figure 5 visualises the CpP for both PLs and SPs. The figure shows that PL becomes more cost-effective than
SP when processing at least packages per day, according to this internal average calculation. If the volume is
lower, the CpP increases sharply, making the PL financially less viable and significantly more expensive than a SP.

2.3 Current OOH network

This section provides an overview of the current structure of DHL’s OOH network. Section 2.3.1 discusses the
geographical distribution of PLs and SPs across the Netherlands. Section 2.3.2 then examines the capacity charac-
teristics of these OOH points.

2.3.1 Geographical distribution

Figure 6 presents the geographical distribution of DHL’s OOH points in the Netherlands. It shows a high concen-
tration in urban areas, particularly in the Randstad region (Amsterdam, Rotterdam, The Hague, Utrecht). More
rural areas, such as Friesland, Drenthe, Groningen, and Zeeland, have fewer OOH points. The network is dominated
by SPs, as they are more widespread compared to PLs, which are still in an expansion phase.

This figure has been removed due to confidentiality.

Figure 7: Capacity distribution parcel locker network for
the full period from 01-11-24 to 27-03-25

4| DHL service Types
Parcel Locker
® Senvice Point

Figure 6: OOH network available for the full
period from 01-11-24 to 27-03-25

2.3.2 Capacity distribution

Service points

Although SPs are physical locations with limited storage space, DHL does not register or manage their exact
capacity. DHL considers SPs to have no formal capacity limit, as most partnering stores are willing to handle large
parcel volumes in exchange for compensation. However, during peak periods, some SPs may still refuse additional
parcels due to space limitations, but this is not registered.

Parcel lockers
Figure 7 shows the distribution of capacities across all PLs. Most lockers fall within the 60 to 100 compartment
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range, with a peak around 70 to 80. Only a few lockers exceed 150 compartments, and these are considered
exceptions.

Figure 44 in Appendix A.0.4 shows the geographical distribution of these lockers and their corresponding capacities.
The map categorises lockers into six capacity levels, ranging from ‘Very Small’ to ‘Extra Large’. Larger lockers are
mainly located in urban areas such as the Randstad and major cities in Brabant and Limburg. Smaller lockers are
more commonly found in less densely populated regions, such as the northern and eastern parts of the Netherlands.

2.4 Performance

This section evaluates the performance of DHL’s OOH network, based on data collected between 1 November 2024
and 27 March 2025. This period represents the longest continuous time frame during which data from all OOH
points was consistently and correctly recorded. Prior to this period, not all SPs and PLs were systematically tracked,
making earlier data incomplete or unreliable for performance evaluation. The analyses are based on a combination
of internal data sources. The datasets were accessed, merged, filtered, and analysed using Python, with custom
scripts developed specifically for this research to extract relevant insights.

Due to data access restrictions, a direct connection to DHL’s Oracle-based database system was not permitted.
As a result, the available data was limited in scope, and daily-level data for individual locations was not always
accessible. However, in those cases, it was possible to calculate average values per or over all OOH locations over
the analysis period.

Section 2.4.1 analyses the distribution of FM and LM parcel flows. Section 2.4.2 investigates customer pickup
behaviour, while Section 2.4.3 explores parcel diversion patterns. Section 2.4.4 analyses turnover levels at different
OOH locations, incorporating the financial feasibility threshold for PLs. Finally, Section 2.4.5 examines utilisation
of PLs, both at the ‘peak hours’ and throughout the complete day.

2.4.1 Distribution FM and LM at OOH points

Table 1 presents the distribution of parcel flows between FM and LM at OOH points. Across the total network,
LM parcel flows represent 44.5% of the activity, while FM flows account for a slightly higher 55.5%. However, this
balance varies substantially between PLs and SPs.

PLs are predominantly used for LM deliveries, with 75.89% of their activity involving the delivery of parcels that
can be collected by the receivers. In contrast, SPs show a more FM-focused usage profile, with 60.31% of flows
being drop-offs from customers. This likely reflects the convenience of staffed SPs, where employees assist with
label printing and returns. In contrast, customers using PLs typically need to print the label themselves prior to
drop-off, which can form a barrier for some users. However, DHL has recently initiated a pilot for a printless return
process at PLs, which may lower this threshold in the future and potentially shift the balance between the two
OOH types.

Type LM (%) FM (%)
Parcel Locker 75.9 24.1
Service Point 39.7 60.3
This figure has been removed due to confidentiality.
Total (all OOH) 44.5 55.5

Table 1: Distribution of parcel flows in first
mile and last mile per OOH point type, based
on calculated average daily values on data
from 01-11-24 to 27-03-25

Figure 8: ECDF of time till pickup, based on data from 01-
11-24 to 27-03-25
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2.4.2 Customer pickup behaviour

Figure 8 presents the Empirical Cumulative Distribution Function (ECDF) of the times till pickup for parcels
collected from PLs and SPs by the receiver. The x-axis represents the number of days passed since the parcel
became available for pickup, while the y-axis indicates the cumulative proportion of parcels collected by the receiver
within these days. The analysis is based on aggregated pickup data across all OOH locations, as location-specific
records were unavailable as explained in Section 2.4.

The steep initial rise in both distributions shows that a significant share of parcels are picked up within the first
two days (around %). Parcels from lockers tend to be retrieved slightly faster, as indicated by the higher ECDF
values in the early days. This behaviour could be due to, in some cases, the increased opening times of PLs. Fast
pickup is crucial, as it frees up compartment space for incoming parcels and reduces the likelihood of capacity-
related rerouting or failed deliveries. DHL retrieves uncollected parcels from OOH points after a 7-day period to
re-send them to the sender. The slight increase after 7 days suggests some delays in this retrieval process, which
could be due to factors such as Sundays, when DHL does not collect parcels, or operational delays in recollecting
unclaimed packages.

2.4.3 Parcel diversion

Table 2 summarises diversion activities within the LM of the OOH network. Out of more than million LM

deliveries during the analysis period, around parcels were diverted. In the LM flow, a diversion represents a

failed delivery to the initially selected OOH point. As such, the diversion rate can be interpreted as an estimation

for the LMs service level: it reflects the proportion of parcels that could not be delivered to the receiver’s preferred

location. Based on this data, approximately % of all LM deliveries were diverted, implying a service level of
% in terms of successful delivery to the intended OOH point.

Metric Value From To Count %

Total Last Mile (LM) Deliveries
Total Parcel Diversions
% of Deliveries Diverted

Parcel Locker  Parcel Locker
Parcel Locker  Service Point
Service Point Parcel Locker
Service Point Service Point

Table 2: Summary of parcel diversions within the last . . . . . ..
) o P o ‘ lable 3: Detailed diversion breakdown by origin and

mile over the period 01-11-24 to 27-03-25. destination type, for the period 01-11-24 to 27-03-25.
Table 3 breaks down these diversions by OOH point type. It shows that % of diversions originated from PLs,
while only % were redirected to lockers. In contrast, SPs accounted for % of the diversions but absorbed
nearly % of all rerouted parcels. This imbalance highlights the key role of SPs in managing diversion, probably
due to their higher capacity. These findings might also suggest that couriers prefer SPs as fallback locations, as
they can more easily and faster accommodate all diverted parcels. Conversely, lockers, likely due to their fixed and
limited capacity, are involved in more frequent rerouting. However, it is important to note that the exact reason for
each diversion is not stored in the system. As a result, some diversions may not strictly reflect capacity limitations
but could also stem from couriers deviating from protocol, for instance by choosing more convenient or familiar
locations themselves. To further illustrate the geographic dynamics of these diversions, heat-maps of rerouting
origins and destinations for both SPs and PLs are included in Appendix A.0.9 (Figures 46 to 49).

2.4.4 Turnover

OOH points
This analysis evaluates the turnover of both SPs and PLs. Turnover is defined as the average total parcel flow per
day at an OOH point and is calculated by averaging the sum of the daily number of FM and LM packages.

Table 4, Figure 9 and Figure 10 show that SPs notably have a higher average turnover than PLs, with a mean
of compared to parcels per day. What is particularly noteworthy is the difference between FM and LM
turnover at PLs and SPs. The average LM turnover differs by only parcels between lockers ( ) and SPs
( ). In contrast, the gap in FM turnover is significantly larger with parcels. This indicates that PLs are
substantially underutilised for FM activities. This underutilisation is responsible for around % of the total
turnover difference between PL (= ) and SP (+- ) and therefore there is significant potential for improvement in
promoting or enabling more FM usage at PLs to get the turnover rates more equal.

UNIVERSITY
= )~/ A - OF TWENTE.



2.4 Performance 2 CONTEXT ANALYSIS

Table 32 in Appendix A.0.6 further shows the summary statistics of the turnover across the OOH points. PLs exhibit

a more consistent performance, as indicated by their lower standard deviation ( VS. ). The interquartile
range (Q3-Q1) supports this observation: turnover at SPs ranges from to , a spread of , whereas
turnover at PLs is more narrowly distributed between and , yielding a spread of . The maximum
turnover at SPs reaches , more than five times the maximum observed at PLs (=== ). This indicates that while

most lockers serve a ‘more average’ number of users, some SPs handle exceptionally high volumes. These outliers
suggest that certain SPs, probably especially in high-demand areas, handle substantial volumes far beyond the
average, making them particularly valuable nodes in the OOH network.

Figure 10: Supporting graph above table

This figure has been removed due to confidentiality.

This figure has been removed due to confidentiality.

Means Parcel Locker Service Point

FM Turnover
LM Turnover

Figure 9: Boxplot of turnover by OOH point Total Turnover

type, created using data from the period 01-11-

24 to 27-03-25. Table 4: Turnover by OOH Point Type, in-
cluding FM /LM split data from the period 01-
11-24 to 27-03-25.

Parcel lockers
Focusing only on PLs, a key financial benchmark for this analysis is the cost efficiency threshold of packages per
day, as explained in Section 2.2.2. A PL becomes only more or equally cost-efficient as a SP when this daily volume
is met. However, the analysis reveals that the average daily turnover of a PL is just parcels (see Table 4),
a figure that falls significantly below the break-even point, and already signals structural inefficiency across the
locker network mainly due to the lack of FM packages. Figure 11 further illustrates this: the distribution is heavily
right-skewed, with most lockers clustered in the to parcel range and only a limited number exceeding the
-parcel benchmark. This means that most lockers are structurally underperforming and less financially viable
than SPs. Table 5 quantifies this pattern: % of the lockers do not even reach a daily turnover of parcels,
and only % exceed the break-even threshold of . That means that % of the lockers are not financially
viable according to the threshold. Alarmingly, % of the lockers handle fewer than parcels per day, and
% operate at less than parcels per day, potentially making them up to ten times more expensive per parcel
than SPs.

Figure 12 shows that even the best performing provinces, such as Utrecht and Noord-Brabant, do not reach the
cost-efficiency threshold on average. In less urbanised provinces such as Drenthe and Fryslan, average turnover is
as low as — parcels per day, being on average already twice as costly per parcel than SP. This geographical
distribution of these turnover levels is further visualised in Figure 13, where each PL is colour-coded based on its
average daily turnover. The map reveals clear regional differences, with clusters of lockers around or better than
the threshold (green dots) concentrated in densely populated areas such as the Randstad, especially within the big
cities. Many lockers in rural regions, particularly in the north and east, show almost only lower turnover levels
(red and orange dots). These red dots, and especially dark red, indicate a significant financial burden. Their CpP
can range from approximately twice as expensive as an SP to nearly ten times more expensive in cases where daily
turnover drops to only parcels. From an operational cost-efficiency standpoint only, these locations could be
reevaluated for potential closure or integration into nearby higher performing points.
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This figure has been removed due to confidentiality. This table has been removed due to confidentiality.

Table 5: Cumulative distribution of parcel lock-
Figure 11: Distribution of parcel locker turnover ers by daily turnover threshold, based on data
across the network, based on data from 01-11-24 from 01-11-24 to 27-03-25.
to 27-03-25.

This figure has been removed due to confidentiality.

Parcel Locker Turnover Legend
[ ]
[ ]

Figure 12: Average parcel locker turnover by province Figure 13: Geographical distribution of parcel locker
over the period 01-11-24 till 27-03-25. turnover, based on data from 01-11-24 to 27-03-25.

To gain better insight into potentially well- or poorly-performing locker locations, Figure 14 shows the average
daily turnover for PL by location type. Due to the difference in group sizes, it is particularly notable to look at
groups with a high number of records. Supermarkets, DIY stores (e.g., Gamma, Praxis) and gas stations show
above-average turnover, each exceeding the overall average of parcels per day. Especially supermarkets and
tank stations, which make up about % of all lockers, perform significantly better than others, both averaging
around parcels per day. In contrast, gyms, sports clubs, and stadiums perform below average.
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This figure has been removed due to confidentiality.

Figure 14: Average locker turnover per ‘Group’ over period 01-11-24 till 27-03-25

2.4.5 Utilisation

Utilisation per locker

Unlike PLs, SPs do not have a predefined or registered capacity within the DHL systems. As a result, it is not
possible to calculate the utilisation rate of SPs. Therefore, this analysis focuses solely on PLs, for which the number
of compartments is known. The utilisation rate per PL is calculated as the average number of parcels handled
relative to the total capacity of the locker, providing information on how intensively the lockers are used. This is
based on available data, where maximum inventory levels are recorded for each hour of the day.

Figure 15 shows the distribution of average utilisation rates for PLs, with the mean utilisation across the PL network
being %. Unlike turnover, there is no universally accepted threshold for what is a ‘good’ or ‘bad’ utilisation level.
Interpreting utilisation is inherently more complex, as PLs are dynamic by nature: their compartments are filled
and emptied throughout the day. For example, a locker might be completely full right after the morning delivery
but nearly empty again in the evening and during the night as customers pick up their packages. Therefore, even
lockers with seemingly low average utilisation can experience moments of full capacity. This limits conclusions from
averages, though the distribution still gives useful insight into locker usage.

This figure has been removed due to confidentiality. This figure has been removed due to confidentiality.
Figure 15: Distribution of average utilisation for parcel Figure 16: Parcel locker capacity vs average utilisation,
lockers, based on data from 01-11-24 to 27-03-25. based on data from 01-11-24 to 27-03-25.

When examining the actual full occupancy moments of PLs, a relevant indicator for FM sending success, PLs were
found to be fully occupied only % of the time. In total, only five lockers ever recorded any full occupancy with
an average of % of the time, with the highest being % at a location in central Amsterdam. These results
suggest that senders in the FM flow rarely encounter capacity limitations.

The geographical trend of low percentage utilisation follows a similar pattern to what was observed with low-
turnover lockers, suggesting that lockers with higher turnover also tend to achieve higher percentage utilisation.
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Figure 45 in Appendix A.0.9 visualises this trend in a scatter plot. This pattern is intuitive, as more frequent usage
naturally results in better capacity usage over time.

Figure 16 explores another relationship by visualising average utilisation against locker capacity. A weak positive
correlation can be observed, indicating that larger lockers tend to have higher utilisation. However, this analysis
also reveals that a lot of high capacity PLs, ranging from 150 to even 300 compartments, are significantly un-
derutilised, operating at less than % capacity. Also, lockers with lower capacities, such as those with around
60-80 compartments, have enormous variation in usage. Some PLs operate under % while others exceed %
utilisation, highlighting a mismatch between locker size and local demand.

Utilisation per hour

In addition to the locker-specific utilisation calculation, a second method is used to analyse utilisation over time.
This approach examines the average utilisation across all PLs at each specific hour of the day. The average of the
maximum hourly inventory levels (relative to capacity) are computed across all lockers. This results in a time-based
utilisation profile, providing insights into how intensively lockers are used throughout the day.

This approach offers valuable insights for DHL. Around the expected peak, just before the LM delivery deadline
at 12:00, the average locker utilisation reaches only about % (Figure 17), . To better assess peak-period
capacity alignment, this section focuses on the hours 11:00-13:00, when deliveries have been made but most parcels
have yet to be collected, as explained in Section 2.1. This window provides a meaningful snapshot of how well
locker capacity aligns with actual demand at its anticipated peak. We only observe a peak driven by LM dynamics,
as the FM still represents a relatively small share of total locker flows as shown in Section 2.4.4

This table has been d due to conf

This figure has been removed due to confidentiality.

Table 6: Cumulative share of parcel lockers by util-
isation level (hours 11-13), based on data from 01-
Figure 17: % Utilization per hour for all parcel lockers, 11-24 to 27-03-25.
based on data from 01-11-24 to 27-03-25.

Table 6 presents the cumulative distribution of PLs during the ‘peak period’. It shows that half of all lockers operate
below % utilisation at this critical time of day, and only 2.25% exceed % utilisation. This distribution
highlights that high utilisation is the exception rather than the norm, even at the moment when occupancy is
expected to be at its highest. Notably, one in three lockers does not even reach % utilisation, indicating that
these lockers are also significantly underused during the delivery peak.

Together, these findings reinforce the earlier suggestion that capacity constraints for FM usage are minimal in
DHL’s current OOH network, even during the morning peak window capacity. Moreover, due to the natural flow
of operations, parcels are picked up throughout the day after deliveries, creating continuous availability for FM
drop-offs.

Figure 50 in Appendix A.0.8 provides a geographical view of PL utilisation during the peak period. Each locker
location is colour-coded based on its average percentage utilisation between 11:00 and 13:00. The geographical
distribution reinforces earlier findings: a significant share of lockers across the country, particularly in the northern
and eastern provinces, show low utilisation, indicated by the frequency of orange and red markers. These colours
represent lockers operating well below % capacity during the peak period. Only a limited number of locations,
mostly in urban centres, display green dots, signifying high utilisation.
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2.5 Summary & conclusion

This chapter investigated DHL’s current OOH network and processes to answer the research question: “What are
the current operational processes, placement challenges, and performance characteristics of DHL’s OOH network,
and how can these insights inform a data-driven optimisation model?” To answer this question, a structured analysis
of operational flows, placement challenges, and network performance was conducted. The findings consist of three
types of insights: (1) insights into how DHL’s FM and LM processes are currently structured and executed, (2)
insights for DHL regarding the actual performance of its OOH infrastructure, and (3) insights that can support the
development of a strategic optimisation model.

Insights into DHL’s OOH process

The DHL OOH network is coordinated by 130 CityHubs, which manage all parcel flows via routing software,
although flexibility remains in how PLs and SPs are served in practice. The operational model revolves around
two fixed trips per day: a morning delivery round (LM) before 12:00, and an afternoon pickup round (FM) after
16:00. PLs and SPs are handled accordingly, with outgoing FM parcels always cleared before new LM deliveries
are placed. The network is skewed towards urban areas, especially the Randstad, while rural regions remain less
covered. PLs vary in size and have known capacities, unlike SPs, which are more flexible but untracked in terms
of capacity. Most PLs are located at third-party venues such as supermarkets, gas stations, or gyms. The current
locker network is still in expansion, with plans to grow from 1,000 to 2,500 lockers by 2025 and to 6,000 by 2030.

Insights for DHL

Firstly, a clear distinction is observed between location types: PLs placed at supermarkets, gas stations, or DIY
stores consistently show above average turnover, while lockers at sports clubs, gyms, and stadiums often underper-
form. On a geographic level, urban regions, particularly the Randstad and large cities show stronger performance,
whereas rural provinces consistently fall short.

The turnover analysis shows that the average PL handles parcels per day. The analysis further highlights that
over % of lockers do not exceed parcels per day, and nearly % fail to meet the cost-efficiency threshold
of parcels. This threshold indicates the volume at which a locker becomes more cost-effective than a SP, based
on yearly costs spread over the expected lifetime of an ‘average’ PL. Although LM turnover is relatively consistent
between PLs and SPs, FM activity at lockers remains structurally low, accounting for % of the average turnover
gap of parcels between SPs and PLs.

The utilisation analysis reveals that PLs are rarely full. Even during peak hours (11:00-13:00), only 2.25% exceed

% utilisation, and just % reach full occupancy in this window. Across all hours, this figure drops to only

%, suggesting a notably high service level for FM packages. Note that utilisation is measured on total capacity
due to the data limitations. In practice, lockers may be ‘full’ for specific parcel sizes while still having overall space.
This can result in censored demand for FM parcels, as users may abort drop-offs when no suitable compartment
is available. In addition, locker space is frequently freed throughout the day due to continuous FM pickups, which
ensures that LM drop-offs remain possible. This underlines a clear opportunity for DHL: since capacity pressure is
mainly driven by LM deliveries, substantial locker space remains unused throughout the day, offering potential to
grow FM flows, especially because this is where the biggest turnover gap with SPs lies.

Finally, the diversion analysis, which examines cases where parcels are rerouted from their originally selected OOH
location, shows that SPs act as the primary buffer in the network. Although nearly % of the diversions originate
from lockers, most are redirected to SPs, indicating a heavy dependence on their flexibility. Despite a relatively
high service level for LM deliveries ( %), defined as the parcels that are successfully delivered to the intended
OOH point, the reasons behind diversions, whether due to capacity constraints, courier preferences, or other factors,
remain unclear. Gaining better insight into these causes is essential for DHL to improve the network and minimise
unnecessary rerouting.

Implications for the strategic optimisation model

First, the model should reflect DHL’s strategic focus on expanding the PL network. The primary objective is to
identify where new PLs should be placed to support long-term network growth, as DHL aims to scale up its locker
infrastructure nearly sixfold by 2030. Although the existing SP network is not the primary focus, the model should
still consider its role, alongside home delivery, as part of the overall OOH strategy. It can be used to explore how
these alternatives interact with the future locker network, particularly to identify areas where lockers may not be
viable and SPs or home delivery remain strategically relevant.
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Second, the results show a clear mismatch between the placement of lockers and the actual demand. Some lockers
handle fewer than 5 parcels per day, while others are heavily used. This is further supported by utilisation figures:
many large lockers are underused compared to smaller ones, revealing a mismatch between locker sizing and local
demand. These findings underline the need for a strategic model that aligns locker placement and sizing with actual
demand. Rather than applying uniform growth strategies, the model should estimate regional demand and allocate
capacity accordingly to prevent under- and overutilisation as well as inefficiencies.

Third, the model should support both the identification of new locker locations and the strategic evaluation of the
current network. By comparing the existing network to a greenfield scenario ignoring the current network, where
no lockers are yet placed and optimal locations are chosen purely based on demand and cost, it becomes possible to
assess which current placements align with optimal design, and which do not. This allows DHL to justify well-placed
lockers and identify underperforming locations that may be candidates for relocation or removal.

Fourth, while current cost comparisons between PLs and SPs are based on average figures, this approach is too
simplistic for designing a OOH network. The model must instead incorporate the full cost structure across all
delivery modes, including home delivery, different PL types, and their associated fixed and variable costs. Locker
sizes and installation expenses vary significantly, yet such variation is not reflected and known in DHL’s current
decision-making or analysis. A more granular financial perspective would enable the strategic model to evaluate not
just where capacity is needed, but also which type or size of OOH infrastructure, if any, is financially sustainable.
In low-demand areas, the model may even conclude that home delivery is the only cost-effective solution, a critical
insight given the increasing operational costs of DHL. This thesis addresses this gap by constructing a more detailed
and realistic cost framework across all delivery modes and OOH facility types and sizes, making strategic decision-
making possible within an optimization model.

Fifth, since this model takes a strategic perspective, it does not aim to address operational issues such as day-to-day
locker overflows. However, with the introduction of the capacity control project, which prevents customers from
selecting lockers ‘predicted’ to be full, such issues are expected to diminish, making them increasingly irrelevant
for strategic decision-making. This system will steer demand toward available locker capacity using short-term
forecasts, but this only works if sufficient structural capacity is in place within an acceptable pickup range from the
demand points. As a result, the main function of the strategic model is to ensure that sufficient OOH capacity is
available within each demand region, making sure that expected demand can be absorbed efficiently across DHL’s
network.

Last, the model should account for the distinct flow characteristics of FM and LM parcels, as these directly influence
locker capacity and are therefore essential for strategic capacity planning. FM parcels are always collected before
new LM deliveries are inserted, while LM parcels remain in the lockers until receivers collect them. As a result,
FM parcels are only in the locker for a short time, typically less than a day, while LM parcels can remain much
longer depending on when they are picked up. ECDF analysis of pickup behaviour shows that around % of LM
parcels are collected within one day, and all must be within seven days, due to DHL’s policy. Incorporating this
behaviour prevents underestimating capacity driven by parcel stay durations.

Together, these conclusions provide a clear foundation for the design of the strategic optimisation model, the
associated data preparation and usage, and the supporting literature review in the next chapter, that examines
academic approaches to optimising OOH networks.
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3 Literature Review

To inform the development of a su