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Abstract 

Purpose: 

Container fill rate is an important indicator of transport efficiency, as underutilised container 

capacity can lead to unnecessary transport movements, higher costs and increased 

environmental impact. Previous research has mainly addressed container fill rate from a 

technical optimisation perspective, focusing on how goods can be arranged inside containers. 

However, less attention has been given to how organisational processes, information quality 

and coordination between actor’s influence fill rate before the physical loading takes place. The 

purpose of this study was therefore to analyse how manufacturing companies’ internal and 

interorganisational processes should be structured to improve the fill rate in intermodal 

container transport. 

Methods: 

The study was conducted as a qualitative single-case study within a manufacturing company. 

Data were collected through semi-structured interviews, observations and document studies. 

The interviews included actors involved in order handling, transport planning, warehouse 

operations and logistics management. Observations were used to study how planning 

assumptions were translated into physical loading practice, while documents and system-related 

material provided insight into formal processes and available planning information. The 

empirical material was analysed thematically and interpreted through an analytical framework 

based on logistics planning conditions, information and uncertainty, organisational processes 

and decision-making, and interorganisational coordination. 

Results: 

The findings show that container fill rate is not only determined by the physical loading activity, 

but by a sequence of decisions and handovers before loading. Pallet characteristics, especially 

stackability, strongly affect usable container capacity. However, this information was not 

systematically available in the planning systems, which created uncertainty and encouraged 

conservative planning. The study also identified a gap between planned and actual loading, as 

planning tools and loading execution were not fully aligned. Invoicing and customs 

documentation created process lock-in, making late adjustments difficult. In addition, 

responsibility for fill rate was fragmented across functions and actors, with limited use of key 

performance indicators or structured feedback between planning and execution. 

Contribution/Value: 

The study contributes by showing that fill rate should be understood as a process-based logistics 

performance outcome rather than only as a technical loading measure. It connects technical 

loading constraints with organisational and interorganisational process conditions. Practically, 

the study suggests that manufacturing companies can improve fill rate by making stackability 

and pallet information available in central systems, defining clearer ownership and follow-up, 

creating feedback loops between planning and execution, and introducing controlled flexibility 

before process lock-in occurs. 
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Sammanfattning  

Syfte:  

Fyllnadsgrad i containrar är ett viktigt mått på transporteffektivitet, eftersom outnyttjad 

containerkapacitet kan leda till fler transporter, högre kostnader och ökad miljöpåverkan. 

Tidigare forskning har främst behandlat fyllnadsgrad ur ett tekniskt optimeringsperspektiv, med 

fokus på hur gods kan placeras i containrar. Mindre uppmärksamhet har riktats mot hur 

organisatoriska processer, informationskvalitet och samordning mellan aktörer påverkar 

fyllnadsgraden innan den fysiska lastningen sker. Syftet med denna studie är därför att analysera 

hur tillverkande företags interna och interorganisatoriska processer bör struktureras för att 

förbättra fyllnadsgraden i intermodala containertransporter. 

Metod:  

Studien genomfördes som en kvalitativ enfallsstudie inom ett tillverkande företag. Empiri 

samlades in genom semistrukturerade intervjuer, observationer och dokumentstudier. 

Intervjuerna omfattade aktörer som arbetar med orderhantering, transportplanering, 

lagerverksamhet och logistikledning. Observationerna användes för att studera hur 

planeringsantaganden översätts till praktisk lastning, medan dokument och systemrelaterat 

material gav förståelse för formella processer och tillgänglig planeringsinformation. Det 

empiriska materialet analyserades tematiskt med stöd av ett analytiskt ramverk baserat på 

logistiska planeringsvillkor, information och osäkerhet, organisatoriska processer och 

beslutsfattande samt interorganisatorisk samordning. 

Resultat: 

Resultatet visar att fyllnadsgrad i containrar inte enbart avgörs av den fysiska lastningen, utan 

av en sekvens av beslut och överlämningar innan lastningen sker. Pallars egenskaper, särskilt 

stapelbarhet, påverkar den praktiskt användbara containerkapaciteten. Samtidigt saknades 

systematisk information om stapelbarhet i planeringssystemen, vilket skapade osäkerhet och 

bidrog till mer försiktig planering. Studien identifierade även ett glapp mellan planerad och 

faktisk lastning, eftersom planeringsverktyg och lastningens praktiska genomförande inte var 

fullt samordnade. Fakturering och tulldokumentation skapade dessutom låsningar i processen, 

vilket gjorde sena ändringar svårare. Ansvar för fyllnadsgrad var även fördelat mellan flera 

funktioner och aktörer, med begränsad användning av nyckeltal och strukturerad återkoppling 

mellan planering och genomförande. 

Bidrag/värde: 

Studien bidrar genom att visa att fyllnadsgrad bör förstås som ett processbaserat logistiskt 

prestationsutfall, snarare än enbart som ett tekniskt lastningsmått. Studien kopplar samman 

tekniska lastningsbegränsningar med organisatoriska och interorganisatoriska processvillkor. 

Praktiskt visar studien att tillverkande företag kan förbättra fyllnadsgraden genom att göra 

information om stapelbarhet och pallstruktur tillgänglig i centrala system, tydliggöra ansvar och 
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uppföljning, skapa återkopplingsloopar mellan planering och lastning samt införa kontrollerad 

flexibilitet innan processen låses genom fakturering och tulldokumentation. 

Nyckelord: 

Intermodala transporter, fyllnadsgrad, kapacitetsutnyttjande, logistikplanering, 

informationskvalitet, interorganisatorisk samordning, tillverkande företag, tredjepartslogistik, 

processförbättring, containertransporter. 
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1 Introduction 

This chapter introduces the background and context of the study, outlining the key concepts 

and challenges related to fill rate in intermodal container transport. It further presents the 

problem statement and identifies the research gap, followed by the purpose of the study and 

research questions. The chapter concludes with the scope and delimitations of the study, as well 

as an outline of the thesis structure.  

1.1 Background 

Global trade has developed over a long period of time and has made companies increasingly 

dependent on international supply networks for access to resources, production capacity and 

markets (United Nations Conference on Trade and Development [UNCTAD], 2023). As supply 

chains have become more geographically dispersed, logistics and transportation systems have 

become central for enabling the movement of goods across long distances. Efficient transport 

solutions are therefore important not only for maintaining delivery performance and 

competitiveness, but also for controlling logistics costs and reducing the environmental impact 

of freight transport (Gajda et al., 2022). 

Containerisation has become an important part of modern logistics systems because 

standardised containers enable goods to be handled, stored and transferred efficiently between 

different transport modes (Rodrigue, 2020). In this study, the focus is on intermodal container 

transport, where goods are moved in the same loading unit across different transport legs, such 

as roads, rail and maritime transport (Agamez-Arias & Moyano-Fuentes, 2017). The intermodal 

context is relevant because containers are often used to enable long-distance transport where 

several transport modes and actors are involved. However, even when the transport unit is 

standardised, the efficiency of the transport depends on how well the available container 

capacity is utilised.  

One important measure of transport efficiency is fill rate. In this study, fill rate refers to the 

degree to which the available capacity of a shipping container is utilised, primarily in terms of 

volume (Ahmad et al., 2022; Bortfeldt & Wäscher, 2013; Santén, 2017). A high fill rate enables 

more goods to be transported within the same container, which can reduce the number of 

required shipments and lower transport cost per unit. From an environmental perspective, 

improved fill rate may also reduce emissions per transported unit, since fewer transport 

movements may be needed to move the same amount of goods (Ahmad et al., 2022; Santén, 

2017; Ülkü, 2012). In contrast, low fill rate indicates that available container capacity is 

underutilised, meaning that companies pay for transport space that is not fully used.  

For manufacturing companies, fill rate is particularly relevant in outbound logistics. These 

companies often ship finished goods to international markets and are therefore directly affected 

by how efficiently container capacity is used. Unlike carriers or shipping lines, which are often 

paid per container, manufacturing companies have an interest in reducing the number of 
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containers needed for a given volume of goods. Improving fill rate can therefore contribute to 

lower logistics costs, better use of transport resources and reduced environmental impact.  

1.2 Problem statement 

Although high fill rate is desirable, it can be difficult to achieve in practice. Container utilisation 

is not only determined by the amount of goods available, but also by whether the goods can 

actually be loaded in a stable, safe and space-efficient way. Pallet height, weight, product 

dimensions, packaging design, stackability and load stability can all affect whether the available 

space in a container can be used (Ahmad et al., 2022; Faisawati Badarudin et al., 2024). A 

container may therefore appear to have remaining volume while still being practically 

constrained by goods that cannot be stacked or rearranged.  

This creates a practical challenge for manufacturing companies. Decisions about shipment 

consolidation and container booking are often made before the physical loading takes place. At 

that stage, planners may rely on system information such as volume, weight and dimensions, 

while other loading-relevant information such as stackability or pallet stability, may be 

incomplete, unavailable or difficult to interpret. In real logistics settings, information quality, 

uncertainty and limited visibility can affect planning decisions and reduce the ability to utilise 

transport capacity effectively (Kankam et al., 2023; Sanches-Rodrigues et al., 2010; Santén, 

2017).  As a result, planners may leave safety margins to avoid situations where goods do not 

fit as expected. This can lead to containers being shipped with unused capacity, even when 

additional goods are available.  

Previous research on container loading has mainly addressed fill rate as a technical optimisation 

problem. Within operations research, the focus has often been on how goods can be arranged 

within a container to maximise space utilisation under predefined constraints (Bischoff & 

Ratcliff, 1995; Bortfeldt & Wäscher, 2013). This research provides important knowledge about 

physical loading constraints, such as dimensions, weight distributions, load balance and 

stability (Bortfeldt & Wäscher, 2013; Ramos et al., 2016; Ramos et al., 2018). However, such 

approaches often assume that relevant input data is known, accurate and stable at the time of 

planning.  

In real logistics settings, especially within manufacturing companies, the conditions for 

container utilisation are shaped earlier in the process. Planning routines, decision-making, 

process ownership and coordination between internal functions and external logistics actors can 

influence whether the theoretical loading potential can be realised in practice (Flynn et al., 2009; 

Oliva & Watson, 2011; Pagell, 2004). This means that low fill rate may not only be caused by 

poor loading execution, but also by how information and responsibilities are structured before 

loading begins.  

This indicates both a practical and theoretical gap. Practically, manufacturing companies need 

to understand why container capacity is not fully utilised and which process-related conditions 

limit improvement. Theoretically, there is limited understanding of how organisational and 

informational factors interact with technical loading constraints to influence fill rate in real-
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world intermodal container transport. Addressing this gap is important because improved fill 

rate can support reduced transport costs, better resource utilisation and lower environmental 

impact.  

1.3 Purpose and research questions 

The problem statement shows that fill rate in intermodal container transport is not only a 

technical loading issue, but also influenced by planning, information flows, coordination and 

decision-making before the physical loading takes place. This is particularly relevant for 

manufacturing companies, as low fill rate can lead to unused capacity, higher transport costs 

and increased emissions per transported unit. Therefore, this study takes a process perspective 

on fill rate, focusing on how internal and interorganisational processes shape the conditions for 

container utilisations.  

Internal processes refer to planning, decision-making and information handling within the 

company, while interorganisational processes refer to coordination and interaction between 

actors across organisational boundaries. In this study, fill rate refers to the degree to which the 

available capacity of a shipping container is utilised, primarily in terms of volume. The focus 

is on volume because unused space can increase the number of required shipments, while 

weight is only considered as a constraint when it affects the practical use of container space. 

Therefore, the purpose of this study is to: 

 

Analyse how manufacturing companies internal and interorganisational processes should be 

structured to improve the fill rate in intermodal container transport. 

To fulfil this purpose, three research questions (RQs) were formulated. The first research 

question identifies the factors that influence fill rate and provides the foundation for the 

following questions.  

RQ1: Which factors influence the fill rate in intermodal  

container transport? 

Building on RQ1, the second research question focuses on how internal and interorganisational 

processes influence these factors and thereby affect fill rate in practice.  

RQ2: How do internal and interorganisational processes influence  

the fill rate in intermodal container transport? 

The third research question focuses on how the identified processes can be developed to 

improve fill rate. 

RQ3: How can identified organisational processes be developed 

 to improve the fill rate in intermodal container transport? 

By addressing these research questions, this study aims to provide insight into how 

manufacturing companies can reduce unused capacity and improve the efficiency of outbound 

container transport.  
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1.4 Scope and delimitations 

This study focuses on fill rate in intermodal container transport from the perspective of 

manufacturing companies. More specifically, it examines how internal and interorganisational 

processes influence the conditions for utilising container capacity in outbound logistics. The 

focus is on planning, information flows, decision-making, coordination and responsibility, 

rather than on the technical optimisation of container loading.  

In this study, fill rate is understood primarily as volume utilisation. This perspective is used 

because the study focuses on unused container space and how this may increase the number of 

required shipments. Weight is acknowledged as a possible constraint, but the study does not 

aim to analyse or optimise fill rate based on maximum weight capacity.  

The study is limited to processes leading up to the loading of containers. Technical constraints 

such as pallet height, product dimensions, stackability and load stability are included only when 

they affect the practical possibility to utilise container space. The study does not develop 

loading algorithms, evaluate loading plans or analyse the physical loading execution in detail. 

Inbound logistics and other parts of the supply chain beyond outbound container transport are 

also excluded.  

1.5 Outline of the thesis 

This thesis is structured into seven chapters that guide the reader through the research process. 

The chapters are followed by the reference list and appendices. 

Chapter 1 introduces the background and context of the study. It presents the problem 

statement, the identified research gap, the purpose of the study, the research questions, and the 

scope and delimitations. 

Chapter 2 presents the theoretical framework. The chapter introduces key concepts and 

previous research related to fill rate, capacity utilisation, intermodal transport, technical loading 

constraints, information quality, organisational processes, decision-making, and 

interorganisational coordination. The chapter ends with an analytical framework that guides the 

analysis. 

Chapter 3 describes the methodology of the study. It presents the research design, research 

process, data collection methods, data analysis procedure, and considerations related to research 

quality and ethics. 

Chapter 4 presents the empirical findings from the document study, observations, and 

interviews. The findings are structured according to the three research questions and describe 

the factors, process conditions, and improvement-related aspects that influence container fill 

rate. 

Chapter 5 analyses the empirical findings in relation to the theoretical framework. The chapter 

is structured according to the research questions and explains how the identified factors and 
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processes influence fill rate, as well as how organisational processes can be developed to 

improve container utilisation. 

Chapter 6 discusses the main findings of the study in a broader theoretical and practical 

context. The chapter presents theoretical implications, practical implications, methodological 

limitations, and sustainability implications. 

Chapter 7 concludes the thesis by answering the research questions and summarising the main 

contribution of the study. The chapter also presents suggestions for further research. 

1.6 Use of Artificial Intelligence 

Artificial intelligence tools were used to support parts of this study. As shown in Table 1, 

ChatGPT was used to improve linguistic quality and structure of the written text, as well as to 

suggest potentially relevant sources and provide summaries for initial screening. All suggested 

sources were reviewed and validated by the authors before being included in the study. 

ChatGPT was also used to support the development of interview questions based on the purpose 

and research questions, as well as to simulate potential interview responses to refine the 

interview guide and identify relevant follow-up questions. In addition, MS Teams was used to 

transcribe recorded interviews. All critical thinking, analysis, and conclusions presented in this 

thesis are the authors own, and AI tools were used solely as supportive tools.  

 

Table 1: Use of AI tools in the thesis 

AI Tool Purpose Extent 

ChatGPT 
Improving written 

text 

Limited to language support, all content, analysis and 

conclusion are the authors own 

ChatGPT 
Suggesting sources 

and summaries’  

Provided sources and summaries on the content for the 

authors to check if relevant. Suggested sources were reviewed 

and certified before use 

ChatGPT 
Propose interview 

questions 

Based on role, purpose and research questions, proposed 

interview questions that the authors later refined to better fit 

the person and role interviewed  

ChatGPT 
Simulation 

interview answers  

Simulated answers to interview questions, provided feedback 

on the questions and where to put follow up questions 

MS Teams  Transcriptions Transcribed the recorded interviews  
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2 Theoretical framework 

This chapter presents the theoretical foundation for the thesis based on literature and 

theoretical concepts are explained. The chapter is structured into five sections that support the 

analysis of how fill rate is influenced in manufacturing companies’ internal and 

interorganisational processes in intermodal container transport and consequently answer all 

three research questions.  

2.1 Fill rate, capacity utilisation and the intermodal context 

Fill rate is one of many terms used in the literature as a key indicator of transport efficiency. 

Other common expressions are load factors, vehicle utilisation, space utilisation, capacity 

utilisation and cube utilisation. Different studies consistently defined the concept as the 

relationship between the actual load carried and the maximum available capacity of the 

transportation resource (Ahmad et al., 2022; Santén, 2017; Bortfeldt & Wäscher, 2013). 

Although most studies use a similar definition, Ahmad et al. (2022) show that there is variation 

in how the concept is applied and used. This conceptual variation matters because it reveals that 

utilisation can refer to different physical entities, such as packaging, pallets, containers, vehicles 

or warehouse space (Faisawati Badarudin et al., 2024). For this thesis, the concept of fill rate is 

defined more narrowly as the degree to which the available capacity of a shipping container is 

utilised.  

Several studies have also shown that fill rate can be measured using different dimensions, most 

commonly volume, weight or loading space (Faisawati Badarudin et al., 2024; Ahmad et al., 

2022; Santén & Rogerson, 2018) and that different actors may focus on different dimensions. 

Container shipment can therefore have a high-volume utilisation while still being constrained 

by weight, stability, load balance or handling limitations. Fill rate is not only about how much 

space is left in a container. It is a performance measurement that is constrained by whichever 

capacity constraint that becomes binding first. As a result, the fill rate can produce different 

values in the same transport operation depending on which measurement is used. These 

different dimensions introduce ambiguity in how transport efficiency is assessed and compared 

across contexts (Ahmad et al., 2022).  

2.1.1 Intermodal context 

Agamez-Arias and Moyano-Fuentes (2017) show that intermodal freight distribution should be 

understood as a multimodal system in which goods move in the same loading unit across 

different transport legs and actors. Other studies likewise argue that intermodal freight decision-

making involves multiple decision levels and actors (Macharis & Bontekoning, 2004; Caris et 

al., 2013). In other words, intermodal transportation is not only a technical transport mode 

combination, but also an organisational coordination problem.  
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2.1.2 Why fill rate matters  

Fill rate is widely recognised as a key performance indicator (KPI) of transport efficiency, as 

higher utilisation of available capacity reduces the need for additional transport movements and 

therefore improves resource efficiency (Santén, 2017; Ülkü, 2012). From a cost perspective, 

low fill rate implies that transport capacity is underutilised, meaning that companies incur costs 

for unused space, whereas improved utilisation enables more efficient use of booked transport 

capacity (Santén, 2017). At the same time, fill rate plays a central role in sustainability 

discussions, as increased vehicle utilisation reduces the number of trips required and which 

leads to lower fuel consumption and CO₂ emissions per transported unit (Ahmad et al., 2022; 

Ülkü, 2012). Several studies highlight that improving fill rate through measures such as 

consolidation and packaging efficiency can contribute to both economic and environmental 

performance, indicating that fill rate is closely linked to broader logistics objectives beyond 

cost efficiency alone (Ahmad et al., 2022; Santén, 2016; Santén, 2017; Ülkü, 2012). 

However, despite its importance, the literature also suggests that fill rate should not be 

interpreted as an isolated performance indicator. While higher fill rate is generally associated 

with improved efficiency, focusing on a single metric may lead to suboptimal decisions if trade-

offs with other objectives, such as lead times or service levels, are not considered (Santén, 

2017). This indicates that fill rate is best understood as part of a broader system of logistics 

performance measures rather than as a standalone objective. In addition, several studies 

highlight that fill rate is influenced by factors beyond the physical loading process. For example, 

packaging design, product characteristics, and standardisation affect how efficiently space can 

be utilised within a transport unit (Ahmad et al., 2022). This suggests that fill rate is not solely 

determined at the loading stage but is shaped by upstream decisions related to product design 

and logistics planning. 

2.2 Technical loading constraints 

A significant portion of the literature approaches fill rate from a technical and optimisation-

oriented perspective, focusing on how goods can be arranged within containers or vehicles to 

maximise space utilisation under given constraints. This research is commonly framed as the 

container loading problem, where the objective is to determine efficient loading configurations 

while considering factors such as item dimensions, weight restrictions and stability 

requirements (Bortfeldt & Wäscher, 2013; Bischoff & Ratcliff, 1995). 

This research helps explain the physical complexity of loading, highlighting that container 

utilisation is influenced by numerous constraints beyond simple geometric fitting. For example, 

practical loading situations must account for stability, load distribution, item dimensions and 

unloading sequences, which limit the applicability of purely theoretical optimisation models 

(Bortfeldt & Wäscher, 2013). These constraints can therefore reduce the theoretically usable 

capacity. At the same time, earlier studies argue that many existing approaches address only a 

limited set of real-world conditions, suggesting that technical models may lack practical 

relevance in complex logistics environments (Bischoff & Ratcliff, 1995). Later studies also note 
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that capacity utilisation in physical distribution depends on packaging-, transportation-, and 

logistics-related root causes, not on loading geometry alone (Faisawati Badarudin et al.,2024).  

Although this research provides useful insights into loading, it does not fully explain how fill 

rate is influenced in practice. While optimisation models for the container loading problem 

focus on how goods are arranged within a transport unit, they typically assume that relevant 

input data, such as product dimensions, volumes and shipment composition, are known and 

fixed (Bortfeldt & Wäscher, 2013). In contrast, other research highlights that such information 

is often incomplete or uncertain in practice, suggesting that the conditions for efficient loading 

are shaped earlier in the logistics process (Santén, 2017). Ramos et al. (2016) and Ramos et al. 

(2018) reinforce this point by showing that high utilisation often has to be balanced against 

static equilibrium, load balance, and transport safety. This challenges the assumption that the 

best container is simply the fullest container. This means that while the technical perspective 

explains how fill rate can be improved under given conditions, it does not explain how those 

conditions are created. As a result, there is a need to complement optimisation-based 

approaches with perspectives that consider planning, information and coordination in logistics 

systems. This creates a gap in the literature where organisational and informational theory 

becomes necessary. 

2.3 Information quality, information sharing and uncertainty 

Logistics planning is highly dependent on the availability, quality and sharing of information, 

yet previous research shows that such information is often incomplete, uncertain and distributed 

across multiple actors. This makes it difficult to achieve efficient transport capacity utilisation, 

as decisions regarding consolidation, booking and loading must be made under imperfect 

conditions (Santén, 2017; Sanches-Rodrigues et al., 2010).  

2.3.1 Information quality 

Information quality is important because it is a key enabler of effective logistics planning, as 

decisions depend on accurate, timely and complete data regarding orders, product 

characteristics and transport capacity. However, the literature indicates that such information is 

frequently unreliable or incomplete in practice, particularly regarding weight and volume data, 

which are central to assessing capacity utilisation (Santén, 2017). At the same time, uncertainty 

in information is not only a technical issue but also an organisational one. Research on supply 

chain uncertainty shows that poor information quality and lack of visibility across actors 

contribute to inefficiencies in transport operations and reduce the ability to utilise capacity 

effectively (Sanches-Rodrigues et al., 2010). This suggests that fill rate is not only constrained 

by physical limitations, but also by the quality of information used in planning. 

2.3.2 Uncertainty in logistics planning 

Logistics planning is inherently affected by uncertainty related to demand, order patterns and 

external disruptions. Several studies highlight that variability in demand and order arrivals 

creates unpredictability in the availability of goods, which complicates consolidation and 
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reduces the ability to achieve high fill rate (Sanches-Rodrigues et al., 2010; Disney et al., 2006). 

While some research suggests that variability can be managed through planning and control 

mechanisms, such as inventory policies and smoothing of replenishment flows, these 

approaches often involve trade-offs between efficiency and responsiveness (Disney et al., 

2006). At the same time, more recent studies emphasise that supply chains are increasingly 

exposed to external disruptions and systemic uncertainty (Ivanov, 2020). This means that 

factors such as lead times, disruptions and demand fluctuations interact and spread across the 

system, which makes planning more difficult. This means that fill rate is not a stable outcome, 

but rather as a dynamic result of planning under uncertainty, where both internal variability and 

external disruptions influence transport efficiency. 

2.3.3 Information sharing across functions and organisations 

Information in logistics systems is typically distributed across multiple functions and 

organisations, which creates a need for coordination and information sharing to support 

effective planning. However, research shows that limited information sharing and lack of 

integration across actors reduce the efficiency of transport operations and hinder the ability to 

utilise capacity effectively (Sanches-Rodrigues et al., 2010). At the same time, internal 

integration within organisations plays a crucial role in enabling coordination across functions. 

Studies indicate that integration between operations, purchasing and logistics is influenced by 

structural and cultural factors, communication patterns and incentive systems, which together 

determine how well information is shared and utilised (Pagell, 2004). This suggests that even 

when information exists, organisational barriers may prevent it from being effectively used in 

planning.  

Furthermore, research on warehousing and order fulfilment shows that order characteristics 

such as size, frequency and release patterns directly affect how information can be used for 

consolidation and planning, particularly in environments characterised by high variability and 

time pressure (Boysen et al., 2019). This highlights that information sharing is not only about 

availability, but also about how information is structured and used across different parts of the 

logistics system.  

An earlier study by Raghunathan (2001) also shows that the value of information sharing is 

contingent on the quality of the information and that the other actors cannot deduct the 

information from other sources in the planning environment. Later studies show that 

information quality affects how information is shared between actors (Kankam et al., 2023). 

When high-quality information is shared, it supports better decision-making, which in turn 

improves supply chain performance. Torok et al. (2024) also show how information distortions 

undermine decision quality in transport chains in a freight planning context. Overall, this shows 

that fill rate is shaped not only by the availability of information, but by the quality, uncertainty, 

usefulness and distribution of information across functions and organisations. 
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2.4 Organisational processes and decision-making 

While logistics planning conditions and information availability define the potential for 

achieving high fill rate, the actual outcome is shaped by how organisations structure their 

processes, responsibilities and decision-making. Previous studies show that logistics 

performance is not only dependent on technical or informational factors, but also on how work 

is organised and coordinated across functions (Pagell, 2004; Oliva & Watson, 2011). 

2.4.1 A process perspective on logistics work 

In logistics systems, activities such as order management, transport booking and warehouse 

operations are interdependent, meaning that decisions made in one part of the process influence 

outcomes in others (Pagell, 2004). Research shows that effective integration across these 

activities is essential for achieving coordinated outcomes, yet such integration is often difficult 

to achieve in practice due to functional boundaries and differing priorities (Pagell, 2004). This 

suggests that fill rate should not be understood as the result of a single activity, but as an 

outcome of interconnected processes spanning multiple functions. 

2.4.2 Decision-making structures 

Decision-making in logistics systems is typically distributed across multiple functions, each 

responsible for different aspects of the process (Oliva & Watson, 2011). For example, decisions 

regarding order acceptance, transport booking and warehouse operations are often made 

independently, even though they collectively influence transport outcomes. Previous research 

highlights that such distributed decision-making can create misalignment, as different functions 

may optimise for their own objectives rather than for overall system performance (Oliva & 

Watson, 2011). At the same time, integration across functions is often difficult to achieve in 

practice due to structural and organisational barriers (Pagell, 2004). This indicates that 

responsibility and decision-making are not always fully aligned, which can make it difficult to 

manage process outcomes across functions. 

2.4.3 Process ownership and responsibility 

A critical issue in cross-functional processes is the distribution of responsibility and process 

ownership. Process ownership refers to who is responsible for the overall outcome of a process, 

while multiple functions may contribute to different activities within that process. In practice, 

this often leads to situations where responsibilities are fragmented and unclear (Pagell, 2004). 

Research shows that decision-making authority and operational responsibility are often 

separated across functions, meaning that those who influence outcomes are not always those 

who are accountable for the final result (Oliva & Watson, 2011). As a result, managing process 

outcomes becomes difficult, since no single actor has full visibility or responsibility for the 

entire process (Pagell, 2004). As a result, outcomes such as fill rate can be understood as a 

shared result of distributed responsibility, where multiple actors contribute to the outcome 

without clear ownership of the overall performance. This highlights the importance of clearly 

defined roles and responsibilities in cross-functional processes. 



 Theoretical framework 

12 

 

2.5 Intra- and Interorganisational coordination in transport operations 

In addition to internal organisational processes, fill rate is influenced by coordination between 

different organisations involved in the logistics system (Flynn et al., 2009; Sanchez-Rodrigues 

et al., 2010). In intermodal transport, operations typically involve multiple actors, such as 

shippers, carriers and logistics service providers, which requires coordination across 

organisational boundaries (Agamez-Arias & Moyano-Fuentes, 2017; Macharis & Bontekoning, 

2004). As a result, responsibilities are distributed between actors, which creates additional 

challenges for achieving efficient capacity utilisation (Flynn et al., 2009). 

From a supply chain perspective, such challenges can be understood in terms of limited 

integration across organisational boundaries. Flynn et al. (2009) define supply chain integration 

as the extent to which firms coordinate intra- and interorganisational processes in order to 

achieve efficient flows of products, information and decisions. In this context, intermodal 

transport operations require not only coordination within individual firms but also alignment 

between multiple actors such as carriers, freight forwarders, 3PLs and terminals (Flynn et al., 

2009; Agamez-Arias & Moyano-Fuentes, 2017) 

2.5.1 Shipper–3PL relationships 

Transport operations are often carried out through collaboration between shippers and third-

party logistics providers (3PLs), where responsibilities for planning, booking and execution are 

shared across organisational boundaries (Flynn et al., 2009; Pagell, 2004). This division of 

responsibilities means that no single actor has full control over fill rate but depends on how 

decisions and information are coordinated between organisations (Oliva & Watson, 2011). 

Research suggests that effective interorganisational collaboration requires alignment of goals, 

information sharing and clearly defined roles, yet such alignment is often difficult to achieve in 

practice due to differing incentives and limited visibility across actors (Sanches-Rodrigues et 

al., 2010). 

2.5.2 Cross-functional coordination 

Effective coordination across functions is essential for aligning decisions and actions that 

influence fill rate. However, research shows that coordination is often challenged by differences 

in goals, priorities and information across functions such as sales, operations and logistics 

(Oliva & Watson, 2011). These challenges can be further understood through the concept of 

supply chain integration. When integration between actors is limited, information is not 

effectively shared, leading to suboptimal decision-making across the system (Flynn et al., 

2009).  

Previous research also shows that lack of integration and limited information sharing across 

supply chain actors contribute to inefficiencies in transport operations and reduce the ability to 

optimise capacity utilisation (Sanches-Rodrigues et al., 2010). At the same time, uncertainty 

and variability in demand further complicate coordination, as decisions must be made based on 

incomplete and distributed information. Oliva and Watson (2011) also state that coordination 

can be achieved even in the presence of conflicting incentives, if processes support alignment 
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and enable information sharing and communication. This suggests that coordination is not 

solely dependent on formal structures, but also on how processes are designed and executed in 

practice. 

2.6 Connection between research questions and theory 

This chapter links the theoretical framework to the purpose of the study and the research 

questions. Rather than treating the literature as separate areas, the framework combines 

different perspectives to analyse how fill rate is influenced by different types of conditions and 

processes. 

Research Question 1 focuses on identifying the factors that influence fill rate in intermodal 

container transport. This question is primarily addressed through the literature on container 

transport and fill rate (Section 2.2), as well as technical constraints related to loading and 

capacity utilisation (Section 2.3). These perspectives highlight how capacity utilisation is 

shaped by consolidation, order patterns, transport planning and operational constraints. In 

addition, insights from information and uncertainty literature (Section 2.4) further contribute to 

this question by showing how variability and imperfect information influence planning 

conditions and thereby affect fill rate. Previous studies show that fill rate is influenced by 

multiple interrelated factors rather than a single decision. Instead, it reflects a combination of 

physical constraints, shipment characteristics, packaging choices, planning rules and network 

conditions. 

Research Question 2 examines how internal organisational processes influence fill rate. This 

question is addressed through the organisational perspectives presented in Section 2.5, 

including process structures, decision-making and cross-functional coordination. These 

perspectives help explain how responsibilities, workflows and interactions between functions 

shape transport outcomes. At the same time, the information perspective (Section 2.4) is also 

relevant, as it explains how information availability and quality affect decision-making within 

organisational processes. This literature makes it possible to move beyond the container as a 

physical object and instead analyse the organisational conditions that shape utilisation (i.e., fill 

rate) before loading even begins. 

Research Question 3 focuses on how interorganisational processes influence fill rate. This 

question is primarily addressed through the literature on interorganisational coordination 

(Section 2.6), which highlights the role of collaboration between shippers and logistics service 

providers. These perspectives explain how distributed responsibilities, limited visibility and 

coordination challenges across organisational boundaries influence transport efficiency. In 

addition, insights from technical loading constraints (Section 2.3) contribute by highlighting 

the physical limitations that actors must coordinate around. Information sharing (Section 2.4) 

is critical, as coordination between organisations depends on how information is exchanged and 

used in planning. Together, these perspectives combine operational logistics with 

organisational and supply chain integration research. 
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Overall, the theoretical framework combines multiple perspectives to analyse fill rate as the 

result of interacting logistics, informational, organisational and interorganisational processes. 

This enables an integrated analysis where fill rate is understood not only as a technical outcome, 

but as the result of interconnected logistics, informational, organisational and inter-

organisational processes. 

2.7 Analytical framework  

This section presents an analytical framework for understanding how fill rate is shaped in 

practice. Rather than viewing fill rate solely as a technical measure of loading efficiency, the 

literature suggests that it should be understood as the result of multiple interacting conditions 

and processes. 

First, technical loading research shows that fill rate is constrained by the physical characteristics 

of the goods and the loading unit. Factors such as pallet height, weight, dimensions, load 

stability, stackability and weight distribution determine how much of the container capacity can 

actually be used in practice (Bortfeldt & Wäscher, 2013; Bischoff & Ratcliff, 1995). This means 

that fill rate cannot be understood only through nominal volume or available space, since 

practical loading constraints may reduce the capacity that can realistically be utilised. 

Second, logistics research shows that fill rate is influenced by planning-related conditions such 

as consolidation strategies, transport booking decisions and order structures. These factors 

determine the volume and timing of goods available for transport, thereby defining the potential 

for capacity utilisation (Santén, 2017; Ülkü, 2012). However, while these conditions set the 

structural basis for fill rate, they do not fully explain how capacity utilisation is achieved in 

practice. 

Third, the literature highlights that logistics planning is dependent on information, which is 

often incomplete, uncertain or distributed across actors. Variability in demand, limitations in 

data quality and lack of information sharing reduce the ability to match available goods with 

transport capacity, thereby constraining fill rate (Sanches-Rodrigues et al., 2010; Ivanov, 2020). 

This suggests that fill rate is not only determined by what is physically possible, but also by 

what is known at the time of planning. 

Fourth, organisational research emphasises that logistics outcomes are shaped by how processes 

and decision-making are structured within the firm. Since multiple functions contribute to 

transport planning and execution, fill rate emerges from cross-functional interactions rather 

than from a single decision point. Previous studies indicate that misalignment between 

functions, unclear responsibility and fragmented decision-making can reduce the effectiveness 

of logistics planning and limit capacity utilisation (Pagell, 2004; Oliva & Watson, 2011). 

Fifth, interorganisational research shows that fill rate is also influenced by coordination 

between firms. When responsibilities for planning and execution are distributed across 

organisations, such as between shippers and 3PL providers, limited information sharing and 

differing objectives may restrict the ability to optimise transport capacity at a system level 
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(Sanches-Rodrigues et al., 2010). This indicates that fill rate is shaped not only within 

organisations, but also across organisational boundaries. 

Together, these perspectives suggest that fill rate should be understood as the outcome of five 

interrelated dimensions: 

• Technical loading conditions, which determine the physical feasibility of using 

container capacity 

• Logistics planning conditions, which determine the structure and timing of transport 

flows 

• Information and uncertainty, which influence the ability to plan and utilise capacity 

• Organisational processes and decision-making, which shape how planning and 

execution are coordinated within the firm 

• Interorganisational coordination, which affects how decisions and information are 

aligned across actors 

These dimensions are not independent but interact in shaping fill rate. For example, the 

effectiveness of consolidation strategies depends on the availability of accurate information, 

while the use of such information depends on how processes and responsibilities are structured 

within and between organisations. Based on this, the study defines fill rate as a system-level 

outcome emerging from the interaction between technical, planning-related, informational, 

organisational and interorganisational conditions. Rather than focusing solely on loading 

efficiency, the framework enables an analysis of how upstream decisions, information 

conditions and coordination mechanisms influence transport capacity utilisation in practice. 

2.7.1 Summary on theoretical framework 

The reviewed literature supports a clear theoretical argument for the thesis. Fill rate in 

intermodal container transport should not be understood only as the outcome of technical 

loading optimisation. It should instead be understood as the operational result of a broader 

organisational and interorganisational system. Technical constraints define the feasible space, 

but information quality, internal integration, process ownership, and collaboration across firm 

boundaries determine how much of that feasible space is actually realised in practice.  
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3 Methodology 

This chapter describes how the study has been conducted. It outlines the research design and 

approach, followed by a description of the data collection methods and data analysis process. 

The chapter also presents considerations related to research quality and ethical aspects of the 

study.  

3.1 Research Design 

The purpose of this study is to analyse how manufacturing companies interorganisational 

processes should be structured to improve the fill rate in intermodal container transport. Based 

on this purpose, the study was designed as a qualitative single case study. A qualitative 

approach was considered suitable because the study aims to understand how fill rate is 

influenced by planning information flows, coordination and decision-making in a real 

organisational context, rather than to measure the statistical size of these relationships.  

The study was conducted as a case study because the phenomenon is complex and closely 

connected to its context. Fill rate is not only affected by the physical loading of containers, but 

also by decisions, information and coordination that occur earlier in the logistics process. A 

case study design therefore made it possible to study the phenomenon in its real setting and to 

examine how internal and interorganisational processes interact in practice.   

The study followed an abductive approach, meaning that there was an interaction between 

theory and empirical data throughout the research process. The theoretical framework was used 

to guide the development of the interview guide and observational protocol, as well as to 

support the interpretation of the empirical material. At the same time, the empirical findings 

contributed to a deeper understanding of how the identified factors and processes influenced 

fill rate in practice.  

The research questions guided the overall design of the study. The first research question 

focuses on identifying factors that influence fill rate in intermodal container transport. This was 

addressed by using the theoretical framework to identify factors discussed in previous research 

and then exploring whether and how these factors appeared in the empirical material. The 

second research question focuses on how internal and interorganisational processes influence 

fill rate. To answer this, data was collected from different parts of the process, including 

planning, order handling, transport coordination and loading-related activities. The third 

research question focuses on how the identified organisational processes can be developed to 

improve fill rate. This was addressed by analysing the empirical findings in relation to the 

theoretical framework and identifying areas where process structures, information flows and 

coordination could be improved.  

To capture the phenomenon from different perspectives, three data collection methods were 

used: document studies, observations and semi-structured interviews. The document study 

provided insight into formal process descriptions and available transport-related information. 

The observations showed how parts of the process were carried out in practice, while the 
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interviews provided explanations of how decisions were made, how information was used and 

which challenges were experienced by actors involved in the process. Together, these methods 

created a basis for analysing both formal structures and practical work.  

3.2 Case study and case selection 

This study was conducted as a single case study within a large multinational manufacturing 

company. The company was selected because it uses intermodal container transport as part of 

its outbound logistics flow and therefore represents a relevant context for studying how fill rate 

is influenced in practice. Since the purpose of this study is to analyse how manufacturing 

companies internal and interorganisational processes should be structured to improve the fill 

rate in intermodal container transport, it was important to study a company where container 

utilisation is affected by several connected activities, such as container planning, transport 

coordination, warehouse operations and collaboration with external logistics actors.  

The case company was considered suitable because it provided access to a real operational 

setting where container fill rate is not only a technical loading issue, but also connected to 

information availability, planning decisions, coordination and responsibilities across functions 

and organisations. This made it possible to study the phenomenon in its natural context and to 

analyse how decisions and information conditions before the loading stage affect the 

possibilities for utilising container capacity. The object of study was not the company as a 

whole, but the outbound logistics process related to container transport. More specifically, the 

study focused on the processes leading up to the loading of containers, including how shipments 

are planned, how transport capacity is coordinated, how information about products and pallets 

is used, and how different actors contribute to decisions affecting fill rate. The physical loading 

process was included only to the extent that it helped explain how earlier decisions and 

information conditions influenced the final utilisation of container space.  

The case was selected through purposive sampling, as the company and the studied process 

were chosen based on their relevance to the purpose and research questions. A single case study 

was considered appropriate because it allowed for an in-depth understanding of a complex 

process in a specific organisational setting. However, the findings should be understood in 

relation to specific context of the case company and are not intended to be statistically 

generalisable to all manufacturing companies. Instead, the case provides analytical insights that 

may be relevant for other manufacturing companies facing similar challenges in container- 

based outbound logistics.  

3.3 Research Process 

The research process was carried out in several phases. The first phase consisted of an initial 

literature review and problem formulation. During this phase, previous research on fill rate, 

container loading, transport efficiency, information quality and organisational processes was 

reviewed to identify the theoretical gap addressed in the study. This phase helped clarify how 

fill rate has mainly been studied from a technical and optimisation-oriented perspective, while 
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organisational and informational aspects have received less attention. Based on this the purpose 

and research questions were formulated.  

The second Phase consisted of developing the theoretical and analytical framework. Research 

was reviewed in more detail to identify concepts and perspectives relevant to the purpose of 

this study. The framework included literature on filling and capacity utilisation, technical 

loading constraints, information quality, organisational processes and interorganisational 

coordination. This framework was used to support the design of the empirical study, including 

the development of the interview guide and observation protocol. 

The third phase consisted of planning and conducting data collection. Data was collected 

through documents studies, observations and semi structured interviews. These methods were 

used to capture different perspectives on the studied process. The document study provided 

insight into formal process descriptions and available transport related information, the 

observations showed how parts of the process were carried out in practice, and the interviews 

provided explanations of how decisions were made, how information was used and which 

challenges were experienced by actors involved in the process. 

The fourth phase consisted of data analysis. The collected material was reviewed, coded and 

grouped into reoccurring themes. These themes were then analysed in relation to research 

questions and the analytical framework. This made it possible to identify factors influencing 

fill rate, analyse how internal and inter organizational processes affected these factors, and 

develop suggestions for how the process could be improved. 

The final phase consisted of writing and refining the thesis. During this phase, the empirical 

analysis was structured in relation to the research questions period the results were also 

compared with previous research to clarify the study's contribution and to ensure that the 

conclusions were grounded in both theory and empirical data. Table 2 provides an overview of 

the main phases of the research process. The table illustrates how the study progressed from the 

initial literature review and problem formulation to the development of the theoretical 

framework, data collection, data analysis, and finally writing and refinement of the thesis. In 

this way, the table summarises the overall structure of the research process and clarifies how 

each phase contributed to the development of the study. 
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Table 2: Overview of the main phases in the research process 

Phase Main Focus Description Outcome 

Phase 1: Initial 

literature review 

and problem 

formulation 

Identifying the 

research gap 

and 

formulating the 

study 

Previous research on fill rate, 

container loading, transport 

efficiency, information quality and 

organisational processes was 

reviewed to identify the research 

gap. 

The theoretical gap 

was identified, and the 

purpose and research 

questions were 

formulated. 

Phase 2: 

Development of 

the theoretical 

and analytical 

framework 

Building the 

theoretical 

foundation for 

the study 

Relevant literature was reviewed to 

develop a framework based on fill 

rate, capacity utilisation, loading 

constraints, information quality, 

organisational processes and 

interorganisational coordination. 

A theoretical and 

analytical framework 

was developed and 

used to guide the 

empirical study. 

Phase 3: Planning 

and conduction 

data collection 

Collecting 

empirical 

material 

Data was collected through 

document studies, observations 

and semi-structured interviews to 

capture formal processes, practical 

activities and actor perspectives. 

Empirical material was 

collected from 

multiple sources. 

Phase 4: Data 

analysis 

Coding, 

grouping and 

interpreting the 

empirical 

material 

The material was reviewed, coded 

and grouped into themes, which 

were analysed in relation to the 

research questions and analytical 

framework. 

Factors influencing fill 

rate were identified, 

process effects were 

analysed, and 

improvement 

suggestions were 

developed. 

Phase 5: Writing 

and refinement of 

the thesis 

Structuring, 

comparing and 

finalising the 

thesis 

The analysis was structured 

around the research questions and 

compared with previous research 

to clarify the study’s contribution. 

 
The thesis was written, 
refined and final 
conclusions were 
developed. 

3.4 Data Collection 

Data was collected through semi structured interviews, observations and document studies. The 

methods are presented in this order based on their role in the study. Semi-structured interviews 

constituted the primary source of empirical data, as they provided insights into how actors 
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involved in the process perceive and describe planning, information use, and challenges related 

to fill rate. Observations were used to study selected parts of the process and practice, while 

document studies provided information about formal process descriptions, available transport 

related information and historical data. 

The methods were primarily used to complement each other as they provided different 

perspectives on the outbound container transport process. At the same time, they also enabled 

partial triangulation where the same phenomenon was reflected in more than one type of 

material. For example, interview statements about information gaps or loading constraints could 

be compared with observations of how information was used in practice and with documents 

showing what information was formally available. In this way, the combination of nuanced 

understanding of how fill rate was influenced by both formal structures and everyday work 

practices. 

3.4.1 Interviews 

Semi structured interviews were the main source of empirical data in this study this method was 

chosen because it made it possible to cover predefined related to the purpose and research 

questions, while still allowing the respondents to elaborate on their experiences and describe 

issues that were important from their perspective. Semi structured interviews meant that an 

interview guide was used, but that the order of questions could vary and follow up questions 

were asked depending on the respondent’s role and answers. The respondents were selected 

through purposive sampling, as they were chosen based on their knowledge of, or involvement 

in, the outbound logistics process related to container transport. The selection included 

respondents connected to planning, transport coordination, warehouse related processes and 

managerial perspectives this made it possible to collect data from different parts of the process 

and to understand how fill rate was influenced by decisions, information and coordination 

across functions and organizational boundaries. 

The interview guides were developed based on the purpose, research questions and theoretical 

framework. The guides included themes such as container planning, and availability, palette 

and product characteristics, and perceived challenges related to fill rate. The same overall was 

used for all interviews, but the questions were adapted slightly depending on the respondent’s 

role and area of expertise. For example, respondents working close to order handling about 

planning, booking information used in daily work, while respondents in managerial roles were 

asked more about follow up come up process ownership and improvement possibilities. The 

interview guide is included in appendix 5. 

Before the interviews, the respondents were informed about the purpose of the study, how the 

collected data would be used, and that both the company and the respondents would be 

anonymised in the thesis. Interviews were conducted in March and April 2026. The interviews 

were conducted and transcribed through Microsoft Teams. With the respondents' consent, the 

interviews were recorded and transcribed. Microsoft Teams was used to support the 

transcription process, and the transcripts were reviewed by the authors for errors and to ensure 

that the content corresponded to the recordings. 
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Number of interviews needed to cover the key roles and perspectives involved in the study 

process, rather than by a fixed number decided in advance. Data collection was ended when the 

interviews had covered the main functions connected to the outbound container transport 

process and recurring themes began to appear in the material. No formal follow-up interviews 

were conducted, but clarifying follow-up questions were asked during the interviews when 

respondents described process details, terminology or examples that required further 

explanation. Table 3 presents an overview of the conducted interviews, the table shows the date, 

respondent role, main interview focus, format and duration. The interviews varied and focused 

depending on their response, but all interviews followed a semi structured format and 

contributed to understanding how different parts of the process influence container fill rate. 

In addition to the semi-structured interviews conducted, two written email interviews were also 

carried out. These were used to collect additional information from respondents who had 

relevant knowledge of the studied process, but where a full interview was not required or 

possible. The email interviews consisted of targeted questions related to the respondents’ 

specific areas of expertise, such as process details, information flows and challenges connected 

to container fill rate. The answers were used as complementary empirical material and helped 

clarify aspects that had been identified during the other data collection activities. 
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Table 3: The interviews performed in the study 

Date Focus Role Time 

2026-03-26  Supply planning functions 
Manager – supply 

planning 
63min 

2026-04-02  Order handling and export process Planner 56min 

2026-04-07 
Experience from earlier projects, issues 

within the organisation 

Manager – warehouse & 

transportation  
50min 

2026-04-09 Demand planning function  
Manager – demand 

planning 
35min 

2026-04-15 Stackability and container planning  
Manager – Customer 

Service  
56min 

2026-04-16 Order handling and export process Manager – Logistics  24min 

2026-04-16 Order handling and export process Planner 36min 

2026-04-17 
Experience from earlier projects, 

stackability, export processes 
Planner 56min 

2026-04-20 Order handling and export process Planner 51min 

2026-04-22 Warehouse processes 
Manager – Warehouse 

operations 
35min 

2026-05-20 
Warehouse processes clarification, 

information flows 

Administrative 

personnel WH1 

Email 

interview 

2026-05-07 
Warehouse processes clarification, 

information flows 

Administrative 

personnel WH2 

Email 

interview 

3.4.2 Observations 

Non-participant observations were conducted to study work processes in practice. All 

observations are shown in Table 4 below.  This means that the researchers observed the process 

without actively taking part in them. Observations are useful for understanding how activities 
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are carried out in real-world settings and how decisions are made in practice (Bryman, 2016). 

The observations focused on key parts of the process, including container loading, pallet 

building, and order handling. The purpose was to identify how decisions are made, how 

information is used in real time, and how the actual process may differ from formal procedures. 

This method made it possible to gain insight into how work is carried out in practice and to 

identify operational challenges and variations in the process. The red dotted boxes in Figure 1 

show where in the process the different observations were made. Table 4 shows the dates of the 

observations, what activity that was observed and what the focus of the observations were. 

 

 

 

Figure 1: Where in the process observations were made 
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Table 4: What activities were observed when and what the observation was focusing on 

Date Observed activity Focus of observation 

2026-03-16 Container loading 
Destination, loaded cubic metres, pallet characteristics, 

visible unused space 

2026-03-16 Container loading 
Destination, loaded cubic metres, pallet characteristics, 

visible unused space 

2026-03-16 Container loading 
Destination, loaded cubic metres, pallet characteristics, 

visible unused space 

2026-04-07 Warehouse processes 
Pallet building, portion creation, moving goods to 

export warehouse 

2026-04-07 
Warehouse 

administrative processes 

Order release, interorganisational activities, container 

release 

2026-04-20 
Order placement 

observation 
Order placements, planning, order process explanation 

2026-04-23 
Container booking 

observation 
Booking container and starting customs documentation 

2026-04-23 Shipment consolidation Consolidation of shipment, visual tools used 

3.4.3 Document study 

Document studies were used to analyse internal documents and system-related information. The 

analysed material included process descriptions and internal guidelines for order placement, as 

well as historical data on fill rate in both container and truck transport. In addition, shipping 

documents were used to support the analysis of observations and to provide further insight into 

how transport planning and container loading were carried out in practice. Document studies 

are commonly used to analyse existing data to understand how processes and structures are 

formally described within organisations (Bryman, 2016). The purpose of the document study 

was to gain an understanding of how processes are formally structured and what type of 

information is available in decision-making. Although the primary focus of the study is on 

container transport, data related to truck transport was also included, as the planning processes 

are similar. This made in possible to gain a broader understanding of how fill rate is managed 
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in practice. The document study provided a basic understanding of the process, which was used 

as a foundation for the observations and interviews. 

3.5 Data Analysis 

The empirical material was analysed through a framework guided coding process combined 

with pattern matching. Framework guided coding is suitable when qualitative data is organised 

and analysed in relation to predefined categories derived from previous literature or an 

analytical framework (Gale et al., 2013). In this study, the analytical framework developed in 

chapter 2 structuring and interpreting the empirical material. This means that the analysis was 

guided by theoretical add categories, such as technical loading constraints and uncertainty, 

organisational process is an interorganizational coordination. Pattern matching was then used 

to compare these expected theoretical patterns with the empirical patterns identified in the case 

study. This is a common analytical strategy in case study research, where empirically observed 

patterns are compared with expected patterns derived from theory (Yin, 2018). 

The analysis process began with a review of the empirical material to gain an overall 

understanding of the data. The material was then coded in relation to the main dimensions of 

the analytical framework. The coding resulted in several empirical codes, which were grouped 

into four main categories: technical and physical loading conditions, information and 

uncertainty, organisational processes, and interorganisational coordination. Statements, 

observations and document findings related to pallet characteristics, stackability, weight, 

dimensions and loading limitations were coded as technical and physical loading conditions. 

Material related to missing, uncertain or manually handled data was coded as information and 

uncertainty. Statements concerning planning routines, decision making, responsibility and 

process lock-ins were coded as organisational processes. Material related to handovers, 3PL 

interactions, warehouse coordination and limited shared visibility was coded as 

interorganisational coordination.  

After the initial coding, the coded material was compared across data sources to identify 

recurring empirical patterns. For example, interview statements about missing stackability 

information were compared with observations of non-stackable pallets and system or document 

material showing what information was available during planning. In this way, the analysis did 

not only identify isolated statements, but examined whether similar patterns appeared across 

interviews, observations and documents.  

Pattern matching was used to compare the empirical patterns with the analytical framework. 

The framework suggested that fill rate is influenced by the interaction between physical loading 

constraints, information conditions, organisational processes and interorganisational 

coordination. The empirical material was therefore analysed to examine whether these patterns 

could be identified in the case company and how they appeared in practice. This made it 

possible to analyse fill rate not only as a loading outcome, but as the result of upstream planning, 

information availability, decision-making and coordination between actors. Finally, the 

findings were analysed in relation to the research questions. RQ1 was addressed by identifying 
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the main factors influencing fill rate. RQ2 was addressed by analysing how internal and 

interorganisational processes shaped these factors in the outbound container transport process. 

RQ3 was addressed by identifying areas where process structures, information flows and 

coordination could be developed to improve fill rate.  

3.6 Research Quality 

As this study is based on a qualitative single case study, research quality was addressed through 

the concept of trustworthiness. Trustworthiness is commonly used to assess quality in 

qualitative research and includes the criteria credibility, dependability, transferability and 

confirmability (Lincoln & Guba, 1985). These criteria were used to evaluate how the study was 

designed, conducted and reported. 

Credibility concerns whether the findings provide a trustworthy representation of the studied 

phenomenon. In this study, credibility was strengthened by using several data sources, 

including interviews, observations and documents. These sources provided complementary 

perspectives on the outbound container transport process and made it possible to compare how 

the process was represented in internal documents. For example, interview statements about 

missing stackability information were compared with observations of non-stackable pallets and 

document or system material showing what information was available during planning.  

Dependability concerns whether the research process is described clearly enough for the reader 

to understand how the study was conducted. To support dependability, the research process, 

data collection methods and data analysis approach were described in detail. Interview guides 

and observation protocols were used to structure the empirical data collection. The analysis 

process was also made more systematic through framework-guided coding and categorisation, 

where the empirical material was organised according to the main dimensions of the analytical 

framework. The material was then compared across interviews, observations and documents to 

identify recurring patterns. This made it possible to trace how the collected data was connected 

to the findings and to the answers to the research questions. 

Transferability concerns the extent to which the findings may be relevant in other contexts. 

Since the study was conducted as a single case study within one manufacturing company, the 

findings are not intended to be statistically generalisable. Instead, the aim was to provide a 

detailed description of the case context, the studied outbound logistics process and the 

conditions influencing fill rate. This enables the reader to assess whether the findings may be 

relevant for other manufacturing companies with similar container-based outbound logistics 

flows.  

Confirmability concerns whether the findings are grounded in the empirical material rather than 

in the researcher’s personal assumptions. In this study, confirmability was supported by using 

empirical evidence from several sources and by presenting interview quotes, observations and 

document-based findings in the results chapter. The use of an analytical framework has also 

helped structure the analysis and reduce the risk of interpreting the empirical material during 
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the analysis to ensure that the findings were connected to the collected data. Table 5 summarises 

how the four trustworthiness criteria were addressed in the study. 

Table 5: Measures used to strengthen research quality 

Trustworthiness 
criterion 

Meaning Measures used in this study 

Credibility 

Whether the findings 
give a trustworthy 
picture of the studied 
phenomenon. 

Credibility was strengthened through triangulation 
of interviews, observations and documents. 
Different sources were compared, for example 
interview statements about missing stackability 
information were compared with observations and 
system or document material showing what 
information was available during planning. 

Dependability 

Whether the research 
process is clearly 
described and 
possible to follow. 

Dependability was supported by describing the 
research design, data collection methods and data 
analysis process. Interview guides and observation 
protocols were used to structure the empirical data 
collection. Framework-guided coding and 
categorisation, followed by pattern matching, were 
used to make the analysis process more systematic 
and traceable. 

Transferability 
Whether the findings 
may be relevant in 
similar contexts. 

Since the study is based on one case company, the 
findings are not statistically generalisable. Instead, 
the study provides a detailed description of the case 
context, outbound logistics process and conditions 
influencing fill rate, which enables readers to judge 
whether the findings may be relevant for similar 
companies. 

Confirmability 

Whether the findings 
are based on 
empirical material 
rather than personal 
assumptions. 

Confirmability was supported by using several 
sources of empirical evidence and by presenting 
interview quotes, observations and document-based 
findings. The analytical framework helped structure 
the analysis and connect interpretations to the 
collected data. 

3.7 Use of Artificial Intelligence 

Artificial intelligence tools were used as supportive tools during different stages of the research 

process. ChatGPT was primary used to improve the linguistic quality and structure of the 

written text, helping to refine clarity and readability. In addition, the tool was used to suggest 

potentially relevant academic sources and to provide summaries of literature. All suggested 

sources were critically reviewed by the authors and only included in the study if deemed 

relevant and appropriate. ChatGPT was also used to support the development of the interview 

guide. Based on the purpose of the study and research questions, the tool was used to refine 

initial interview questions. These were subsequently reviewed, adapted, and refined by the 

authors to better fit the specific context and roles of the respondents. The tool was further used 

to simulate pointer view responses, which supported the identification of relevant follow-up 

questions and helped improve the structure of the interviews. In addition, MS teams was used 

to transcribe recorded interviews. The transcriptions were reviewed by the authors to ensure 

accuracy before being used in the analysis.  
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4 Findings 

This chapter presents the empirical findings from interviews, observations, and document 

studies. The findings are organised according to the study’s three research questions to provide 

a structured and coherent analysis. RQ1 focuses on identifying factors affecting fill rate, 

including aspects related to pallet characteristics and stackability, information, organisation, 

and coordination. RQ2 builds on these findings by analysing how planning processes, decision-

making, information flows, and coordination between actors influence operational 

performance across organisational boundaries. RQ3 consolidates the empirical insights by 

outlining identified problems, key improvement areas, and suggested changes for future 

development. Throughout the chapter, empirical evidence is triangulated across data sources 

to highlight both alignments and gaps between intended processes and actual practices. 

4.1 RQ1: Factors influencing fill rate in intermodal container transport 

This section recounts raw data connected to RQ1, e.g. data that addresses the main factors 

influencing fill rate in intermodal container transport. The purpose is descriptive and focuses 

on clarifying what conditions and characteristics affect container fill rate, rather than explaining 

how or why these effects occur. The factors presented in this section represent different 

dimensions that shape fill rate outcomes across both planning and execution. To develop this 

overview, the sections draw on interviews, observations and documents and groups the 

identified factors into four categories: pallet characteristics and stackability, information, 

organisational, and coordination. Presenting the finding in this was provides a structured view 

of the factors that constrain or enable effective container fill rate and establishes a foundation 

for the subsequent sections, where process dynamics and development related implications are 

addressed. The section is structured as follows. Section 4.1.1 examines pallet characteristics 

and stackability as physical constraints on container utilisation. Section 4.1.2 addresses 

information availability and uncertainty and how these affect planning confidence. Section 

4.1.3 focuses on organisational conditions, including responsibility and decision consistency. 

Finally, section 4.1.4 examines coordination conditions and their role in aligning planning 

assumptions with execution realities. 

4.1.1 Pallet characteristics and stackability 

Respondents frequently returned to pallet build as a practical constraint when attempting to 

utilise container space. In interviews planners described how pallet height, pallet weight, and 

whether pallets can be stacked on top of one another influence how much of the containers 

vertical space can be used. As one planner summarised, the key information needed to plan 

more effectively concerns “stackability […] and the right information regarding dimensions 

and weight [of the pallets]” (Planner A, 2026, translated). In this sense, fill rate was not 

described as a question of having enough cargo available, but of whether the cargo is physically 

suitable for stable stacking.   
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This was also reflected in the way respondents talked about heavy and low pallets. Several 

participants described situations where pallets cannot be double stacked due to weight or 

stability, meaning that containers may look “half full” in terms of volume while still being 

constrained by practical loading feasibility. A 3PL representative highlighted pallet height as a 

recurring issue in certain flows, noting that there is a limitation where pallets are built to 

approximately 1,60 meters, whereas “in a container there should not be such a limitation[…] 

it should be 2,20 all days of the week” (Manager 3PL, 2026, translated). In these cases, as shown 

in Figure 2, lower pallet builds reduce the feasibility of double-stacking in a standard container 

and increase the likelihood of unused space, even when additional goods exist.  

 

 

Figure 2: High pallets prevent double stacking 
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Another pallet-related constraint concerned goods extending beyond the physical boundaries of 

the pallet. Interviewees described that the recorded pallet dimensions do not always reflect the 

actual outer dimensions of the load, particularly when the goods, as shown in Figure 3, protrude 

slightly from the pallet. Although such deviations may appear small, they can have a direct 

effect on container fill rate. As one 3PL respondent explained, there have been cases where 

“someone entered the pallet dimensions, but the goods extended 2cm beyond the pallet, which 

meant that fewer pallets than expected could fit. Unfortunately, those 2cm can have a major 

impact on what fits” (3PL Admin, 2026, Translated).  

 

 

 

 

Figure 3: Goods protruding outside the pallet 
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Observations from loading activities aligned with these interview accounts. As shown in Figure 

4, were not always suitable for stacking due to uneven top layers and stability limitation, which 

meant that some loads had to remain single-stacked. In practice, this restricted the ability to 

layer shipments vertically and required loading decisions that prioritised stability and safe 

placement over maximum fill rate. A related point raised in interviews was that planning 

representations do not always reflect these physical constraints. As one 3PL respondent 

explained, planning tools can indicate that stacking is possible based on dimensions, while “in 

reality it can be the opposite, some things cannot be placed on another pallet” (Manager 3PL, 

2026, translated). This highlights how stackability is ultimately constrained by the physical 

build of pallets during execution, rather than by nominal volume alone.  

 

Figure 4: Uneven top layers prevent stacking 
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Documentation reviewed in the study, further supported that pallet build practices can vary and 

may not always align with container loading requirements, particularly regarding pallet height. 

Across interviews and loading observations, pallet characteristics and stackability were 

repeatedly described as a recurring constraint when utilising vertical container space. In 

practice, heavy, uneven or unstable pallets, as well as pallets built to height that limit stacking, 

were associated with single-stacked loading and unused space in the container, as shown in 

Figure 5, even when additional goods were available.  

 

4.1.2 Information 

Respondents frequently described information availability as practical limitation when planning 

shipments and booking containers. Several interviews emphasised that stackability information 

is not available in the systems used during planning, and that planners therefore rely on nominal 

volume and weight rather than verified loading feasibility. As one planner puts it, “we have no 

stackability information in our systems” (Planner A, 2026, translated). Interviewees also 

described that even when dimensions and weight exist in the data, the information is often 

incomplete or not presented in a way that supports decision-making during shipment 

consolidation and booking. 

Figure 5: Heavy pallets leave unutilised space 
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Observations from loading activities reflected this uncertainty. During execution, stackability 

was often handled through manual judgement, and pallets that appeared feasible during 

planning were not always stacked in practice, contributing to conservative placement and 

unused space. A 3PL respondent described this mismatch between planning assumptions and 

execution conditions by noting that planning tools can suggest stacking is possible, while “in 

reality it can be the opposite, some things cannot be stacked on another pallet” (Manager 3PL, 

2026, translated). Documentation and system material also pointed in the same direction, as 

planning tools primarily present nominal volume and dimensions, while explicit stackability 

constraints are not systematically visible. As a result, planners and loaders described working 

with uncertainty. 

4.1.3 Organisation 

Respondents frequently described organisational conditions as shaping how container fill rate 

is approached in day-to-day work. In interviews, responsibility for fill rate was portrayed as 

spread across several functions, rather than being owned by single role or process owner. As 

one participant expressed it, “we need to find one responsible function […] one that owns the 

whole process” (Planner A, 2026, translated).  In this context, planners described working 

within local priorities and routines, with limited clarity regarding who is expected to drive 

improvements in fill rate.  

Several interviewees also stated that fill rate is not currently governed through formal 

performance measures or structured follow-up. One manager described the situation plainly: 

“we currently measure nothing” (Manager – Customer Service, 2026, translated).  This was 

reflected in the practical way respondents talked about fill rate. Rather than referring to clear 

targets or regular evaluation, they described it as something that competes with other priorities 

such as customer requirements, timely shipment release, and administrative constraints. As 

another respondent noted even when transport efficiency is considered important it is difficult 

to prioritise consistently when multiple objectives must be balanced at the same time (Manager 

– Customer Service).  

Document material reviewed in the study further reflected this organisational picture, as process 

documentation provided limited guidance on stackability and container fill rate in everyday 

planning. In addition, interviews suggested that planning outcomes may depend on individual 

experience, meaning that planning choices and risk assessments can vary between planners.  

4.1.4 Coordination 

Respondents described coordination as a recurring influence on fill rate, particularly through 

timing expectations and the way planning and execution are connected across actors. In 

interviews, planners explained that customer requirements can affect dispatch decisions, 

including situation where containers are sent before a “full” fill rate has been reached. One 

planner explicitly linked container planning to customer demands, noting that planning 

“depends a lot on the customer’s requirements” (Planner A, 2026, translated). This means that 
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shipment timing and service expectations can shape utilisation outcomes, even when additional 

cargo may be available.  

Interview accounts from 3PL context further highlighted limited shared visibility between 

planning and execution. A 3PL respondent described that warehouse teams do not receive the 

same planning visualisations as those used upstream and therefore build their own loading 

arrangement.  “The container visualisation system is not visualised to us[…] so we build our 

own ‘Tetris’ for each shipment” (Manager 3PL, 2026, translated). Observations from activities 

reflected this, where execution followed practical loading routines and adjustments were made 

based on feasibility and stability during the loading process rather than by replicating an 

upstream plan. In practice, larger and heavier pallets were placed first, and remaining space was 

adjusted towards the end of loading, reflecting local judgement in execution.  

Document and system material also indicated that administrative requirements could reduce 

flexibility once shipment content has been confirmed. In the empirical material, invoicing and 

customs-related steps were described as creating a stage where shipment content is effectively 

“locked”, leaving limited scope for late adjustments. Planner A described the consequences of 

this rigidity, explaining that once documentation is finalised and goods do not fit as planned, it 

becomes very difficult to correct. Across interviews and observations, coordination therefore 

appeared less as continuous joint planning and more as sequential handovers between actors, 

with limited opportunity to adjust shipment content once the process has progressed. 

4.2 RQ2: How internal and interorganisational processes influence fill rate 

Building on the factors identified in RQ1, this section addresses RQ2 by describing how internal 

and interorganisational processes influence fill rate in intermodal container transport. The focus 

is on how the outbound shipment process is carried out in practice and how the sequencing of 

activities affects what can be adjusted at different stages. Rather than evaluating performance 

or proposing solutions, the section reports how planning, decision making, information 

handling and coordination take place as shipments move from preparation to loading.  

In this way, RQ2 complements the factor-based perspective of RQ1 by showing how those 

factors are expressed through process dynamics across the shipment flow. The empirical 

material highlights where flexibility is available, where it becomes limited, and how planning 

and execution interact through system handovers and coordination between actors. This 

provides context for understanding how planned shipment configurations translate into actual 

loading outcomes.  

The section is structured as follows. Section 4.2.1 describes the shipment planning process and 

highlights key stages where shipment content becomes increasingly “locked”. Sections 4.2.2 

describes decision making practices during shipment consolidation and booing, including how 

uncertainty and risk are handled. Sections 4.2.3 describes how information is transferred and 

presented across systems and how this affects planning visibility. Finally, section 4.2.4 

describes how coordination between planners, warehouse actors and 3PLs takes place during 

planning and execution. 
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4.2.1 Planning process 

As illustrated in Figure 6, the shipment planning process begins with customer demand and 

progresses through a sequence of planning, administrative, and execution activities. Orders are 

typically initiated by customers, after which a planner creates the corresponding order in the 

ERP system. Once registered, the order is transmitted to the relevant warehouse locations, most 

of the time being, the finished goods warehouse and the spare parts and accessories warehouse, 

where picking and packing activities are carried out.  

After picking and packing, the goods are transported to an export consolidation point, where 

they are temporarily stored. At this stage, goods from multiple customer orders may be held 

simultaneously, awaiting further planning decisions. Shipments consolidation is subsequently 

performed by the planner within the Shipment Management System (SMS). During this 

activity, goods from one or several orders are grouped into a shipment, meaning that a single 

shipment can consists of items originating from multiple customer orders from the same 

customer. Prior to container booking, an additional coordination step may be required for 

certain customers. In such cases, the receiver is contacted to confirm whether the goods should 

be dispatched immediately or whether shipment should be delayed allowing further 

consolidation. Shipment planning proceeds only after the receiver has approved continuation 

of the shipment.  

Once the shipment content has been finalised and approved, a container is booked with a freight 

forwarder to collect the goods at the warehouse. After the booking has been confirmed, 

including details such as the planned data and time of pickup, the relevant information is 

communicated to the warehouse. The warehouse then receives a picking list and consignment 

documentation via EDI, specifying the goods prepared for loading. At least one day prior to 

physical loading, the shipment is invoiced. This step represents a critical process milestone, as 

invoicing effectively locks the shipment content, meaning that changes to the invoice are no 

longer possible. In parallel, the customs clearance process is initiated, whereby all required 

documentation is transferred to an outsourced customs service provider responsible for 

preparing the export declaration.  

On the day of loading, the container arrives at the warehouse with a unique container number, 

which is communicated to the planner. The container number is subsequently forwarded to the 

customs service provider to finalise the customs clearance. While customs processing is 

completed, the container is physically loaded at the warehouse. The container is not permitted 

Figure 6: Order process handled by planner 
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to leave the warehouse until customs clearance has been finalised, making it the final step in 

the shipment process.  

In the case of ERP- connected customers, order placement differs from the standard process in 

that customers enter orders directly into the ERP system without planner involvement at the 

order creation stage. In these cases, the role of the planner begins at the shipment consolidation 

stage in the SMS. From this point onwards, as shown in Figure 7, the planning, booking, 

invoicing, customs clearance, and loading activities follow the same process as for manually 

created orders.  

As described by respondents, the shipment planning process contains early decision points that 

later limit how much can be adjusted. Interviewees emphasised that key planning choices are 

largely set at the time of order placement and pack release, and that opportunities to change 

shipment composition become limited once the goods have been prepared. As one respondent 

put is “everything is decided when the order is placed” (Planner B, 2026, translated), reflecting 

the perception that changes become difficult once the process has moved beyond these early 

stages.  

This was also reflected in observations from the loading stage. Adjustments were sometimes 

made late in the process to accommodate physical or stability-related constraints, but these 

changes mainly involved rearranging goods within the container rather than changing which 

goods were included in the shipment. Documented process flows and system guides describe a 

sequential progression from ERP-based order handling to shipment consolidation in the SMS 

and onwards to booking and EDI communication with the warehouse. Once shipment 

information is transferred downstream and documentation activities have started there is limited 

scope for revisions, which further reduced flexibility later in the process.  

4.2.2 Decision-making 

Across interviews, planners described shipment planning as a situation where they often leave 

a deliberate margin rather than trying to fill the container to its maximum. Several respondents 

explained this as a practical way of avoiding problems later in the process if the cargo does not 

fit as expected. One planner described this very directly: “I always need to leave a margin… 

otherwise it becomes a catastrophe” (Planner A, 2026, translated), referring to the effort 

required if documentation must be corrected after the shipment has progressed. Another planner 

expressed the same cautious approach in simpler terms: “I don’t dare to fill it… I’m sure we 

send a lot of air because we don’t want to take the risk” (Planner B, 2026, translated). 

Figure 7: Order process partially handled by planner 
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This cautious planning was repeatedly linked to the point in the process where shipment content 

becomes difficult to change. Interviewees described that once invoicing has been completed 

and customs activities have started, the shipment is effectively “locked” and adjustments 

become time consuming and administratively difficult. This was also reflected in the 

documented process sequence, where invoicing and customs-related steps are completed before 

loading. In this context, planners described prioritising certainty and administrative feasibility 

over pushing fill rate to the limit, particularly during shipment consolidation.  

Observations from the loading stage reflected a similar emphasis on feasibility and stability. 

During loading, warehouse staff were seen making manual adjustments to ensure safe 

placement, rather than attempting to increase fill rate. These adjustments mainly concerned how 

goods were arranged inside the container, not which goods were included, suggesting that 

shipment content decisions had already been set earlier in the process. A 3PL respondent 

described the same overall tendency as “going safe rather than sorry”, noting that choosing 

slightly less volume is often preferred because the process is difficult to reverse once 

documentation has been initiated (Manager 3PL, 2026, translated).  

Interviewees also described differences in decision-making depending on individual 

experience. More experienced planners were portrayed as more confident in assessing what 

might fit, while less experienced planners tended to apply larger safety margins. In addition, 

respondents referred to competing priorities, such as pressure to dispatch goods and meeting 

customer expectations, which can limit the extent to which fill rate is prioritised in day-to-day 

planning.  

4.2.3 Information flow 

As described by respondents, information does not always move smoothly between the systems 

involved in shipment planning. Interviewees explained that data related to product 

characteristics, packaging and shipment content is handled across several systems, including 

the product information system (PIM), the ERP system, the SMS and planning tools. In practice, 

respondents described situations where information is lost between systems, as one planner 

explained, “some products lose information between systems[…] the information exists in one 

system, but when it moves to another system we use, it is lost” (Planner A, 2026, translated). A 

similar issue was also described from a managerial perspective by the Customer Service 

Manager, where information has been entered in the master data system, but may not have 

transferred to the SMS [Shipment Management System]. 

This was also reflected in the document material. While pack reporting provides volume and 

weight data system outputs and planning views were described as largely aggregated, focusing 

on nominal volume and dimensions rather than presenting packaging details that matter during 

loading, such as stackability or load stability. As a result, shipment consolidation decisions were 

described as being made with limited visibility of physical constraints that affect how goods 

can be arranged in the container.  
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Observations during loading further reflected this. Physical constraints emerged during 

execution that were not fully captured in upstream planning views, and adjustments were to 

ensure stability and safe placement. Interviews also described instances where additional 

information had to be retrieved manually, for example by contacting article owners, which 

indicated that decision-relevant details are not always readily accessible through the standard 

system flow. 

4.2.4 Coordination between actors 

Respondent described coordination between the different actors in the shipment process as 

largely structured around sequential handovers rather than continuous collaboration. This is 

shown in Figure 8. Interviewees explained that planners typically complete the planning 

activities upstream. From the 3PL perspective, this creates a situation where loading is carried 

out with limited opportunity to influence upstream planning decisions once the process has 

progressed. As one 3PL respondent described it, the warehouse team “builds our own ‘Tetris’ 

for each shipment” because upstream planning visualisations are not available to them 

(Manager 3PL, 2026, translated).  

This description was reflected in observations from the loading stage. Loading activities 

followed local warehouse routines and practical judgement, where stability and safe placement 

were prioritised during execution. In practice, adjustments were made to how pallets were 

positioned within the container, rather than to which goods were included, as shipment 

composition had already been determined earlier in the process. These observations suggest 

that coordination between planning and execution primarily takes place through predefined 

information handover, rather than through joint planning close to loading.  

Document material also reflected this sequential coordination. Information exchanged between 

actors mainly communicated which goods were to be loaded and when, but offered limited 

detail regarding how loading assumptions has been formed during planning.  Interviewees 

described that when physical constraints emerged during loading, communication tended to 

focus on managing the immediate situation rather than revising shipment content. 
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Figure 8: All actors and activities mapped out 
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4.3 RQ3: Developing organisational processes to improve fill rate 

Building on the identified influencing factors and process-related impacts from the previous 

RQ1 and RQ2, this section presents an empirical synthesis of development-related aspects 

concerning organisational processes affecting container fill rate. The focus of RQ3 is not on 

evaluating solutions, but on describing improvement-related ideas and change directions as 

expressed by respondents or observed in current practices.  

The chapter is structured as follows. Section 4.3.1 presents empirically identified problems that 

constrain container fill rate in the current process. Section 4.3.2 synthesises these problems into 

broader improvement-related areas that recur across interviews, observations and documents. 

Finally, Section 4.3.3 reports suggested changes as expressed by respondents, reflecting ideas, 

expectations and reflections on how processes, systems or coordination could function 

differently. 

4.3.1 Identified challenges 

Based on the empirical findings from research questions RQ1 and RQ2, a set of recurring 

problems related to container planning and execution were identified. These problems were 

consistently described across interviews with planners, managers and 3PL representatives and 

were further supported by observations of systems, processes and documentation. 

The problems presented in this section represent empirically observed conditions that constrain 

container fill rate in practice. They relate to how information is created and used, how processes 

are structured and sequenced, and how responsibilities and coordination are organised across 

functions. Rather than being isolated issues, the problems described below reflect patterns that 

recur across different parts of the container planning and execution process. 

The following subsections describe these problems in more detail, drawing on interview 

statements, system observations and process descriptions. Each problem highlights a specific 

aspect of the current way of working that respondents described as limiting their ability to plan, 

adjust or execute container shipments effectively. 

Insufficient and low-quality data for container planning 

A challenge that was brought up in almost all interviews was that planning decisions are made 

under conditions of insufficient and unreliable information. One thing that was consistently 

described as absent was stackability. Planners stated that they can only see volume and weight, 

not whether pallets can be stacked or not, which forces them to be more conservative when 

planning containers. As described by planner A “The challenge is that we have no information 

about stackability in our systems. We only see volume and weight.” (2025, translated). Another 

thing planners talked about was the pallet structure at the time of container planning. They don't 

know how the pallets look like, if they have a flat top that can be stacked on or if something is 

sticking out from the side of the pallet. Another planner also said: 
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We have also said internally, as far as I remember, that it might be better this way. When I 

calculate containers, I kind of choose to take a bit less cargo just to be on the safe side, so that 

everything really fits. Because if I take too much cargo and everything doesn’t fit, then I have 

to make changes to our documents. And that is also very difficult to do. Another important 

point is that our systems are not adapted to making changes. (Planner C, 2026, translated) 

This is supported by observation in the ERP, PIM and SMS systems where there was no 

dedicated information about stackability available. The only place to find this data is in 

personally written excel files that the planners themselves update when they learn from the 

warehouse if a product is stackable or not. The one product that have more detailed information 

for the most part is oil. But all this information is in excel files and not in systems like ERP, 

PIM or SMS which makes the process very manual.  

Mismatch between planned and actual loading  

When planning containers, the planners can use a system to visualise the container by inputting 

the dimensions and weight of the pallets. This makes it easier for the planner to decide when 

the container is full. A problem with this system is that they have insufficient and low-quality 

data so that the visualisation is not as reliable as it could be. This was looked at when looking 

though how the system worked, the data is input by the planner based on the information they 

have, and they are missing basic information like stackability.  

The visualisation is also not shared with the warehouse and the 3PL that are loading the 

containers, which makes the plan more for knowing if it could fit in the container not for the 

actual loading. The 3PL personnel sate that they don't have access to this tool and instead load 

containers based on experience and operational judgement. The operation manager at the 3PL 

said: “The container visualisation system shows how it could be built, but we build our own 

Tetris.” (Manager 3PL, 2026, translated).  

Observations conducted during loading activities confirmed this description. Container loading 

was performed based on visual assessment, prior experience and physical trial‑and‑error rather 

than digital loading instructions. No tablets, screens or printed loading plans linked to the 

planning system were observed at the loading area. As a result, the planned container 

configuration functions primarily as a planning aid rather than as an execution guide, 

contributing to differences between planned and actual loading outcomes. 

Limited flexibility in portion and shipment structure  

Several planners describe that once orders are created and the picking at the warehouse have 

started, possibilities to change portions or move pallets between shipments are very limited. 

Although functionality to move pallets or packaging between portions exists or has existed in 

the SMS planners stated that it is not used because it does not function reliably in practice and 

can cause errors. As explained by planner C “We have the functionality to move pallets between 

portions, but it doesn’t work very well, so we don’t use it. It creates more errors.” (2026, 

translated). As a result, planners reported that they are constrained to work with the portions as 
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packed and have limited ability to restructure shipments, even when changes would improve 

container utilisation. 

Invoicing and customs create process lock-in 

Respondents explain that invoicing, documentation and customs declaration must be completed 

at least one day before the container is physically loaded. If they want to add anything extra 

costs and double the work is required as explained by manager T “If we add more goods later, 

we need to make a second customs declaration. That means double work and extra costs.” 

(2026). As a result, any changes after loading or after the documentation are completed would 

require document corrections, which are described as complex and time consuming. One 

planner also said: “Once it’s invoiced, it’s almost impossible to change.” (Planner B). This then 

leads to planners intentionally leaving margin in containers as said by planner C in the first 

problem.  

Unclear ownership and absence of KPI´s 

Interviews indicated that responsibility for container fill rate is distributed across several 

functions, including planners, warehouses and transport function, without clear ownership. As 

explained by planner A “We don’t really know who is responsible for what. Different functions 

follow different goals.” (2026, translated) and manager T “There is no KPI and no one 

accountable for fill rate today.” (2026). Respondents also described that container fill rate is 

not currently measured or followed up using KPI´s, and that planned versus actual outcomes 

are not systematically compared. 

Tool misalignment between planning and execution 

Planning and execution are supported by different tools that are not integrated. Container 

planning is conducted using a digital visualisation system, while physical loading is performed 

using separate warehouse systems and manual judgement. Manager A said: “We never see how 

the goods are actually packed. Even if the system shows 50 cubic meters, it may only take 30 in 

reality.” (2026, translated).  System observations confirmed that the planning tool is not linked 

to warehouse execution systems and that planned container configurations are not transferred 

as loading instructions. There is also no structured feedback loop from execution back to 

planning. The only documented form of feedback observed was the use of photos taken after 

container loading. As explained by the 3PL operations manager: “No one really follows up 

planned versus actual fill rate. We take a picture, but nothing happens afterwards.” (Manager 

3PL, 2026, translated). 

Reactive rather than proactive coordination 

Coordination between functions was described as largely reactive. Communication typically 

occurs when issues arise, such as deviations, urgent deliveries or documentation problems as 

said by planner C: “We usually talk when there is a problem. Not before.” (2026, translated).  

Respondents described limited proactive coordination routines aimed at aligning planning, 



Findings 

44 

 

packing and loading activities as explained by manager 3PL: “Everyone sees the inefficiency, 

but no one drives it together. We all react instead.” (2026, translated).  

4.3.2 Suggested changes 

In addition to describing current problems, several respondents also expressed ideas, 

expectations or concreate suggestions regarding how processes, systems or coordination could 

function differently. These changes were articulated during interviews or observed in relation 

to existing workarounds and discussions in the organisation. The suggested changes presented 

below are not evaluated or prioritised in this section. Instead, they are reported as they appear 

in the empirical material and reflect respondent-expressed ideas related to the improvement 

areas described in Section 4.3.2. 

Suggested change 1: Availability of stackability and packaging information in central systems 

Several respondents stated that information about stackability and pallet characteristics should 

be available in the systems used for planning. Planners described that they currently lack 

structured information about whether pallets can be stacked and instead rely on experience or 

manually maintained Excel files. They are also hesitant to fully load the containers, one planner 

said “I’m hesitant to fully load the container. If we had system support saying what is stackable 

and what is not, we would dare to load more.” (Planner B, 2026, translated) The manager 

responsible for the planners also mentioned that stackability is currently discussed internally as 

a project but has not come far yet. According, such information would need to be available in 

upstream systems (e.g. PIM) and visible in planning systems used by planners. These statements 

are also supported by system observations, which showed that stackability information does not 

exist as a standard attribute in ERP, SMS or PIM.  

Suggested change 2: Standardisation of pallets and packing practices 

Respondents also pointed to standardisation of pallets and packing practices as a relevant 

change area. Variations in pallet height, building structure (e.g. no products are sticking out 

from the pallet, everything is inside the pallets sides), product packaging and the ability to stack 

pallets on one another, were described as common and limits flexibility when planning.  

Respondents highlighted that pallet construction is currently handled by two 3PL providers, 

one at the spare parts warehouse, where pallets are typically built to a height of approximately 

1.60 metres. These pallets are then transferred to another 3PL warehouse for finished goods and 

export, where the pallets cannot be rebuilt or adjusted prior to container loading. This was 

described as limiting flexibility during consolidation and negatively affecting container 

utilisation, as pallets of this height cannot be stacked, resulting in unused vertical space in 

containers. One manager said: “Spare parts 3PL provider pallets are built to 1.6 meters, which 

means we cannot stack anything on top of them in containers.” (Manager T, 2026). Several 

respondents emphasised that building pallets higher, when container transport allows, would 

significantly improve fill rate. In particular, pallets built to approximately 2.20–2.50 metres or 

lower pallets designed to be stackable were described as enabling better use of container 

capacity. Respondents also noted that the case company is charged per pallet or handling unit, 
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meaning that fewer, higher pallets would not only improve space utilisation but also reduce 

logistics costs. 

Allowing the receiving 3PL to rebuild pallets was mentioned as a potential improvement. 

However, respondents stressed that this would add unnecessary handling and complexity. 

Instead, a more effective solution would be to standardise pallet-building practices at the source, 

supported by clearer guidelines regarding pallet height, structure, and stackability. 

Suggested change 3: Increased flexibility in portion and shipment handling 

Several planners described that current portion structures limit the possibility to adjust 

shipments once picking has started. This limitation is not only experienced at operational 

planning level, but is also reinforced by how some orders are structurally created upstream. As 

one manager explained, “some products come in very large portions, sometimes 12 tons. We 

cannot break that portion, so we must ship everything together.” (Manager T, 2026). In 

interviews, planners expressed that greater flexibility in portion handling could allow pallets to 

be moved or split between shipments under certain conditions. 

Some planners further stated that functionality enabling such adjustments has existed 

previously or still exists in the system but is currently not used because it does not function 

reliably in practice. As described by the planners, the limitations are therefore not only related 

to the absence of functionality, but also to system behaviour and process constraints that prevent 

its practical use. In addition, respondents expressed that greater flexibility in shipment creation 

more generally would beneficial, noting that while some manual adjustments are possible, 

existing systems are not designed to accommodate such changes smoothly. 

Suggested change 4: Adjusting the timing of invoicing and customs documentation 

Respondents discussed the sequencing of invoicing and customs documentation as a constraint 

that limits later adjustments. Some planners described earlier internal discussions about whether 

documentation could be finalised closer to physical loading, rather than one day in advance. 

Another idea was of invoicing based on what has actually been loaded. These reflections were 

expressed as ideas rather than implemented changes, often mentioned when respondents 

explained current workarounds such as leaving unused space in containers. They do this 

workaround, so they don’t need to redo it because it is very complicated and double the work 

as explained by one manager: “If you build too much into the container and have to redo it, you 

need new documents and a new process. It becomes double work.” (Manager C, 2026, 

translated).  

Suggested change 5: Outsourcing container consolidation to 3PL 

Another suggested change from the 3PL personnel is to outsource container consolidation for 

high-volume destinations to the warehouse 3PL provider. Today the booking is done by the 

Case company which is not made on site in the warehouse. The operational manager for 3PL 

warehouse said: “The person booking the container is not operational. If this work was done 

by us, we could build containers much better.” (Manager 3PL, 2026, translated). The 3PL 
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provider can physically load and optimise the container before shipment. The new consolidation 

process would enable better “puzzling” of goods and ensure better utilisation of the container. 

Once the container is loaded, the Case company would be informed of the final contents, 

allowing shipment documentations to be created retrospectively based on the actual load. This 

shift would decuple physical consolidation from early documentation requirements, increase 

flexibility in the loading process.  

Suggested change 6: Clearer responsibility and follow-up related to fill rate 

Managers and planners stated that fill rate is currently not explicitly owned by any single role 

or function. In interviews, respondents expressed that clearer responsibility or follow-up related 

to fill rate could be useful, particularly in relation to transport costs and efficiency. On manger 

explained: “If you want a fill rate target, you need clear ownership, priorities, and follow-up. 

Otherwise, it becomes very ad hoc.” (Manager C, 2026, translated). Several respondents also 

mentioned that fill rate is not currently measured or followed up using KPI´s, and that planned 

versus actual outcomes are not systematically compared. One manager also said: “You need to 

be clear about what is prioritized – cost, service, or lead time – otherwise it’s difficult to 

optimize.” (Manager C, 2026, translated). Respondents also described that improvements in fill 

rate would require increased coordination across functions, including warehouses, product 

managers, supply and order planners, and referred to such changes as larger, cross-functional 

initiatives rather than isolated system or function fixes. 
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5 Analysis 

This chapter analyses the empirical findings through pattern matching, using the theoretical 

framework as an analytical lens. While Chapter 4 presented the empirical findings, this chapter 

interprets what the findings mean in relation to the study’s three research questions. Section 

5.1 analyses which factors influence fill rate, Section 5.2 explains how internal and 

interorganisational processes influence fill rate outcomes, and Section 5.3 evaluates how these 

processes can be developed to improve fill rate. Together, the sections show that fill rate is not 

only a technical loading issue, but a process-based logistics performance outcome shaped by 

physical loading conditions, information quality, decision-making and coordination between 

actors. 

5.1 RQ1: Which factors influence fill rate? 

This section analyses the factors influencing fill rate in intermodal container transport. The 

analysis is structured around the five dimensions of the analytical framework: technical loading 

conditions, logistics planning conditions, information and uncertainty, organisational processes 

and decision-making, and interorganisational coordination. Particular attention is given to the 

distinction between theoretical container capacity and usable planning capacity, since this 

explains why available container space cannot always be converted into higher fill rate. 

5.1.1 Interpreting factors through the five dimensions 

The factors identified in RQ1 can be interpreted through the five dimensions of the analytical 

framework. Technical loading conditions, such as pallet height, pallet weight, stability and 

stackability, determine whether available container space can physically be used. This is 

consistent with container loading research showing that utilisation is limited not only by 

volume, but also by constraints such as stability, weight distribution and loading feasibility 

(Bischoff & Ratcliff, 1995; Bortfeldt & Wäscher, 2013; Ramos et al., 2016; Ramos et al., 2018). 

Logistics planning conditions, such as customer requirements, lead times, dispatch timing and 

consolidation windows, influence which goods are available for shipment and how much time 

exists to improve utilisation. This aligns with previous research showing that transport 

efficiency and shipment consolidation are affected by timing, service requirements and 

planning conditions (Santén, 2017; Ülkü, 2012). Information and uncertainty affect how 

confidently planners can assess whether goods can be loaded as expected, which reflects 

research emphasising the importance of accurate, timely, complete and usable logistics 

information (Kankam et al., 2023; Sanches-Rodrigues et al., 2010; Torok et al., 2024). 

Organisational processes and decision-making influence how fill rate is managed, especially 

when responsibility, follow-up and decision rules are unclear. This relates to research on cross-

functional alignment and process ownership, where fragmented responsibility can reduce 

system-level performance (Oliva & Watson, 2011; Pagell, 2004). Finally, interorganisational 

coordination affects whether planning assumptions are transferred into actual loading, since 

handovers between planning, warehouse and 3PL actors require shared visibility and aligned 
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information (Flynn et al., 2009; Sanches-Rodrigues et al., 2010). The analysis therefore shows 

that fill rate is influenced by several connected conditions rather than by one isolated loading 

factor. These conditions are further analysed below by distinguishing between factors that 

define theoretical capacity and factors that determine whether this capacity can be used in 

practice. 

5.1.2 Which factors become “binding” and why? 

The empirical findings indicate that the factors influencing fill rate do not affect container 

utilisation in the same way. Some factors define the theoretical potential for achieving a high 

fill rate, while others determine whether this potential can actually be realised in practice. A 

container may appear to have available capacity in terms of volume or weight, while still being 

difficult to utilise further due to stackability, stability, handling requirements or uncertainty in 

the planning information. 

This can be understood as a difference between theoretical container capacity and usable 

planning capacity. Theoretical container capacity refers to the capacity that appears available 

when planning is based on nominal volume, weight and container dimensions. Usable planning 

capacity refers to the part of that capacity that can realistically be used when pallet 

characteristics, stackability, stability, handling requirements, load balance and information 

reliability are considered. This interpretation is consistent with previous research showing that 

capacity utilisation cannot be reduced to space availability alone, since physical, informational 

and operational constraints affect how much capacity can actually be used (Ahmad et al., 2022; 

Faisawati Badarudin et al., 2024; Santén, 2017). 

The factor that most clearly becomes binding is pallet stackability. In theory, unused vertical 

space represents available capacity. In practice, this capacity can only be used if pallets are 

physically suitable for stacking. The findings show that pallets may be too heavy, unstable, 

uneven or built in a way that makes stacking unsafe or impractical. As a result, vertical space 

may remain unused even when additional goods are available. This aligns with container 

loading research, which shows that loading efficiency is constrained by stability, weight 

distribution, load balance, handling requirements and transport safety (Bischoff & Ratcliff, 

1995; Bortfeldt & Wäscher, 2013; Ramos et al., 2016; Ramos et al., 2018). 

However, stackability does not only become binding during physical loading. It also becomes 

binding earlier in the planning process, because planners must estimate in advance how cargo 

can realistically fit in the container. Since stackability information is not systematically 

available in the planning systems, planners cannot fully assess whether the system-based 

volume can be used in practice. This creates a gap between system-based capacity and 

practically usable capacity. 

Information quality therefore becomes central. Missing information does not only create 

uncertainty; it affects planning behaviour. When planners cannot trust that volume-based 

calculations reflect actual loading feasibility, they compensate by leaving a safety margin in the 

container. This is rational from an operational perspective, since later changes may create 
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administrative work, documentation issues, customs-related complications and delays. From a 

fill rate perspective, however, this contributes to systematic underutilisation. This supports 

previous research showing that logistics planning depends on accurate, timely, complete and 

usable information, especially when decisions must be made before execution takes place 

(Kankam et al., 2023; Sanches-Rodrigues et al., 2010; Santén, 2017; Torok et al., 2024). 

The analysis therefore shows that underutilisation should not be interpreted simply as poor 

loading, lack of cargo or inefficient individual decision-making. Rather, it is partly the result of 

a planning situation where decision-makers must manage operational risk without complete 

information. When stackability information is known and reliable, it can be treated as a planning 

parameter. When it is unknown, it becomes a risk factor. Table 6 summarises how the main 

factors identified in RQ1 influence fill rate when interpreted through the five dimensions of the 

analytical framework. It shows that fill rate is shaped by the interaction between physical, 

informational, organisational and coordination-related conditions. Among these, stackability 

and information quality are particularly important, since they determine whether theoretical 

container capacity can be translated into usable planning capacity. 
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Table 6: Summary of factors influencing fill rate based on the analytical framework 

5.1.3 Trade-offs and evaluation 

The factors influencing fill rate create several trade-offs. A high fill rate is desirable from a cost 

and sustainability perspective, but the empirical findings show that fill rate must also be 

balanced against service performance, loading safety, administrative feasibility and planning 

reliability. This means that fill rate cannot be evaluated only as a question of increasing 

container utilisation. This is in line with previous research showing that transport efficiency 

should be evaluated together with service requirements, operational constraints and planning 

conditions (Santén, 2017; Santén & Rogerson, 2018; Ülkü, 2012). 

One central trade-off concern service requirements and consolidation. Waiting longer may 

increase the opportunity to consolidate more goods and improve fill rate. However, shipments 

are also influenced by customer requirements, dispatch expectations and lead time 

considerations. Low fill rate may therefore sometimes reflect a prioritisation of delivery 

reliability over maximum utilisation. This reflects previous research on shipment consolidation, 

Analytical 
dimension 

Main influencing 
factors 

How it affects fill 
rate 

Key interpretation 

Technical loading 
conditions 

Pallet height, pallet 
weight, stackability, 
stability, uneven top 
layers and goods 
extending outside pallet 
edges 

These factors 
determine whether 
the available 
container space, 
especially vertical 
space, can physically 
be used. 

Fill rate is limited by 
practical loading 
feasibility, not only by 
nominal volume or 
available container 
space. 

Logistics planning 
conditions 

Customer 
requirements, lead 
times, dispatch timing, 
shipment consolidation 
and order structures 

These factors define 
which goods are 
available for 
consolidation and 
how long the 
company can wait 
before dispatch. 

Fill rate is partly shaped 
before loading because 
planning conditions 
define the structural 
possibility for 
utilisation. 

Information and 
uncertainty 

Missing stackability 
data, incomplete 
packaging information 
and uncertain loading 
feasibility 

Planners cannot fully 
know whether 
system-based volume 
can be used in 
practice. 

Missing information 
turns technical loading 
constraints into 
planning uncertainty. 

Organisational 
processes and 
decision-making 

Unclear responsibility, 
limited follow-up, lack 
of KPI´s and reliance 
on individual 
experience 

Decisions depend on 
local judgement 
instead of shared 
routines, clear 
ownership or 
systematic follow-up. 

Fill rate becomes 
difficult to manage when 
no function owns the full 
process outcome. 

Interorganisational 
coordination 

Handovers between 
planning and 
execution, tool 
misalignment and 
limited shared visibility 
between the company 
and 3PL actors 

Planning assumptions 
are not always 
transferred into 
actual loading 
conditions. 

Fill rate depends on 
whether internal and 
external actors 
coordinate around the 
same information and 
constraints. 
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where improved utilisation must be balanced against responsiveness and service performance 

(Santén, 2017; Ülkü, 2012). 

A second trade-off concerns loading safety and capacity utilisation. Higher fill rate may be 

achieved by using more vertical space, but this requires that pallets are stable, stackable and 

suitable for transport. If pallets are uneven, heavy or unstable, safe handling and damage 

prevention may be more important than maximising volume. This aligns with container loading 

research showing that space utilisation must be balanced against stability, load balance, weight 

distribution and transport safety (Bortfeldt & Wäscher, 2013; Ramos et al., 2016; Ramos et al., 

2018). 

A third trade-off concerns information quality and experience-based decision-making. When 

structured information about pallet dimensions, weight and stackability is missing, planners 

rely on personal experience and local judgement. This creates flexibility, but also variation, 

since planning outcomes depend on individual knowledge rather than shared and standardised 

information. This supports previous research showing that information quality and information 

sharing influence logistics performance by affecting the ability to make coordinated and reliable 

decisions (Kankam et al., 2023; Sanches-Rodrigues et al., 2010; Torok et al., 2024). 

A fourth trade-off concerns planning ambition and operational risk. Planning closer to full 

capacity may improve fill rate, but if the goods do not fit after invoicing or customs-related 

activities have started, corrections may be difficult, costly and time-consuming. Conservative 

planning therefore becomes rational, even though it lowers fill rate. This is consistent with 

research showing that logistics uncertainty affects planning decisions and can reduce efficiency 

when actors must make decisions before all relevant information is known (Sanches-Rodrigues 

et al., 2010; Santén, 2017). Table 7 summarises the main trade-offs influencing fill rate. Overall, 

the trade-offs show that the goal should not be to maximise fill rate at any cost. Instead, fill rate 

should be improved in a way that remains operationally feasible, safe and aligned with customer 

and organisational requirements. 
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Table 7: Summary of trade-offs influencing fill rate 

Trade-off 
Potential fill rate 
benefit 

Main risk or 
limitation 

Implication 

Service 
requirements vs. 
consolidation 

Waiting longer can 
allow more goods to be 
consolidated in the 
same container. 

Longer waiting time can 
delay deliveries and 
reduce service 
performance. 

Low fill rate may 
sometimes be justified 
by customer 
requirements or lead 
time priorities. 

Loading safety vs. 
capacity 
utilisation 

Using more vertical 
space can increase 
container utilisation. 

Unstable, heavy or 
uneven pallets can 
increase risk of damage, 
unsafe loading or 
instability. 

The goal should be safe 
and usable capacity 
utilisation, not 
maximum fill rate at any 
cost. 

Information 
quality vs. 
experience-based 
decisions 

Better information 
about dimensions, 
weight and stackability 
can support more 
accurate planning. 

When information is 
missing, planning 
depends on individual 
experience, which can 
create variation. 

Standardised and 
reliable information is 
needed to reduce 
dependence on personal 
judgement. 

Planning 
ambition vs. 
operational risk 

Planning closer to full 
capacity can increase fill 
rate. 

If goods do not fit after 
invoicing or customs 
have started, corrections 
become difficult and 
costly. 

Conservative planning 
can be rational, even if it 
lowers fill rate. 

5.1.4 Summary of RQ1  

In response to RQ1, fill rate in intermodal container transport is influenced by a combination 

of technical loading conditions, logistics planning conditions, information and uncertainty, 

organisational processes and interorganisational coordination. These factors interact rather than 

operate independently. The analysis shows that stackability and pallet characteristics are central 

physical constraints, since they determine whether available vertical space can be used. 

However, these constraints become more difficult to manage when information about 

stackability, pallet structure and loading feasibility is incomplete or unavailable in planning 

systems. The organisation is therefore not only limited by what can physically fit in the 

container, but also by what can be planned with confidence. The analysis also shows that 

unclear responsibility, limited follow-up and sequential handovers affect how these constraints 

are managed. Fill rate is therefore not only determined at the loading stage, but shaped by the 

conditions created before loading. This provides the basis for RQ2, which analyses how the 

shipment planning and execution process translates these factors into actual fill rate outcomes. 

5.2 RQ2: How do processes influence fill rate?  

This section analyses how internal and interorganisational processes influence fill rate by 

shaping the conditions under which container capacity is planned, fixed, communicated and 

executed. While RQ1 identified the factors influencing fill rate, RQ2 explains how these factors 

become actual outcomes through the shipment planning and execution process. The focus is 
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therefore on process sequencing, information flows, decision points and handovers between 

actors. 

5.2.1 Interpreting processes through the five dimensions 

The processes identified in RQ2 can also be interpreted through the five dimensions of the 

analytical framework. Technical loading conditions become relevant when stackability, pallet 

structure, stability and loading feasibility need to be considered before and during execution. 

This is consistent with container loading research showing that utilisation is constrained by 

practical loading feasibility, stability and weight distribution (Bortfeldt & Wäscher, 2013; 

Ramos et al., 2016; Ramos et al., 2018). 

Logistics planning conditions are reflected in how customer demand, order release, shipment 

consolidation, container booking and dispatch timing define the planning window. This aligns 

with research showing that transport efficiency is affected by consolidation decisions, timing 

and planning conditions (Santén, 2017; Santén & Rogerson, 2018; Ülkü, 2012). Information 

and uncertainty are visible in how product, packaging, volume, weight and stackability 

information move between systems and actors, but are not always complete or usable for 

container planning (Kankam et al., 2023; Sanches-Rodrigues et al., 2010; Torok et al., 2024). 

Organisational processes and decision-making are reflected in how planners handle shipment 

consolidation, booking and documentation under decreasing flexibility. This relates to research 

showing that organisational routines, decision structures and responsibility allocation influence 

supply chain outcomes (Oliva & Watson, 2011; Pagell, 2004). Interorganisational coordination 

is visible in the handovers between the company, warehouse, 3PL provider, freight forwarders 

and customs-related actors. These handovers affect whether planning assumptions can be 

transferred into actual loading conditions, which reflects research on supply chain integration 

and coordination across organisational boundaries (Flynn et al., 2009; Sanches-Rodrigues et 

al., 2010). The analysis therefore shows that fill rate is not only influenced by which constraints 

exist, but also by when they become visible, who can act on them and whether there is still 

flexibility to adjust the shipment. 

5.2.2 How do process steps convert factors into outcomes? 

The analysis of RQ2 shows that the shipment process functions as a mechanism that converts 

the factors identified in RQ1 into actual fill rate outcomes. The process determines when 

decisions are made, what information is available at each stage and how much flexibility 

remains when uncertainty or physical constraints become visible. 

A central mechanism is the gradual reduction of flexibility. Early in the process, there is a 

greater possibility to influence shipment composition, consolidation and container planning. 

However, as orders are released, goods are picked and packed, shipments are consolidated, 

containers are booked and documentation is prepared, the possibility to make changes 

decreases. This means that decisions made early in the process have a strong influence on the 

final fill rate. This reflects process-based research showing that upstream activities can shape 

downstream logistics outcomes in cross-functional processes (Pagell, 2004; Santén, 2017). This 
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process logic explains why fill rate is affected by more than physical loading. Technical 

constraints such as stackability, stability and load balance need to be understood and managed 

before loading begins. If these constraints are not visible during shipment consolidation, they 

cannot be fully incorporated into planning decisions. As a result, a shipment may appear 

reasonable based on system data but be less efficient when translated into actual loading 

conditions. 

Information flow is therefore central. The findings show that information may exist in different 

systems or through individual experience, but it is not always accessible or usable in the 

planning situation. This creates a difference between data availability and decision usability. 

When information about stackability and pallet structure is missing or fragmented, planners 

cannot fully assess usable planning capacity. This supports research showing that logistics 

planning depends not only on whether information exists, but on whether it is accurate, timely, 

complete and usable at the point of decision-making (Kankam et al., 2023; Sanches-Rodrigues 

et al., 2010; Santén, 2017; Torok et al., 2024). 

This uncertainty affects decision-making behaviour. Since planners cannot fully know whether 

system-based volume reflects actual loading feasibility, they manage uncertainty by leaving a 

margin in the container. This is especially important because late changes may require 

corrections to invoicing, customs documentation or shipment information. The process 

therefore creates an asymmetry in decision-making. Planning too conservatively leads to 

unused space, but planning too aggressively may create administrative and operational 

problems if the goods do not fit. This is consistent with research showing that uncertainty in 

logistics affects operational decisions and can lead to inefficiencies when actors must make 

decisions before all relevant information is known (Sanches-Rodrigues et al., 2010; Santén, 

2017). 

Another important mechanism is the lock-in effect created by invoicing and customs-related 

documentation. Once documentation has been prepared, shipment content becomes difficult to 

change without additional work, cost or delay. This does not only affect later process steps, but 

also planning behaviour earlier in the process. Since planners know that late corrections are 

difficult, they build safety margins into the shipment before the lock-in point occurs. The 

findings therefore show that legal and administrative documentation requirements can create 

process lock-in that reduces flexibility before loading takes place. The findings also show a gap 

between planning and execution. Planners estimate whether goods may fit in a container based 

on system information and planning tools, while warehouse and 3PL actors perform the actual 

loading based on physical feasibility and practical experience. Since planning assumptions are 

not always systematically transferred as loading instructions, the planned configuration does 

not necessarily guide the actual loading process. 

This does not mean that execution actors make poor decisions. Rather, it shows that planners 

and loading actors operate under different conditions. Planners focus on shipment 

consolidation, documentation accuracy and customer requirements, while warehouse and 3PL 

actors focus on physical feasibility, stability and safe handling. Both perspectives are rational, 
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but because the process does not fully integrate them, fill rate becomes the result of sequential 

decisions rather than joint optimisation. This reflects previous research showing that supply 

chain outcomes are affected by cross-functional alignment, shared visibility and coordination 

across organisational boundaries (Flynn et al., 2009; Oliva & Watson, 2011; Pagell, 2004; 

Sanches-Rodrigues et al., 2010). Table 8 summarises how the analytical dimensions connect to 

the process-related mechanisms influencing fill rate. 

Together, the analysis shows that internal and interorganisational processes influence fill rate 

by shaping timing, information availability, decision-making conditions and coordination 

between actors. Fill rate is therefore not only an outcome of what is loaded into the container, 

but of how the process structures what can be known, changed and coordinated before loading 

takes place.  

 

Analytical 
dimension 

Main process-
related mechanisms 

How it affects fill 
rate 

Key interpretation 

Technical loading 
conditions 

Stackability, pallet 
structure, stability, 
uneven top layers and 
physical loading 
feasibility become 
visible late in the 
process. 

If physical constraints 
are not known during 
planning, shipments 
may look feasible in the 
system but be difficult 
to load efficiently in 
practice. 

Technical constraints 
do not only matter 
during loading; they 
must be visible earlier 
to support better 
planning decisions. 

Logistics planning 
conditions 

Customer demand, 
order release, shipment 
consolidation, container 
booking and dispatch 
timing structure the 
planning window. 

These process steps 
define which goods are 
available for 
consolidation and how 
much time remains 
before dispatch. 

Fill rate is partly 
decided before loading 
because the planning 
process defines the 
realistic possibility for 
utilisation. 

Information and 
uncertainty 

Product, packaging, 
volume, weight and 
stackability information 
is spread across systems 
and actors, but not 
always complete or 
usable. 

Planners may not know 
whether system-based 
volume reflects actual 
loading feasibility, 
which creates 
uncertainty and safety 
margins. 

The problem is not 
only lack of 
information, but 
whether the right 
information is usable at 
the right time. 

Organisational 
processes and 
decision-making 

Planning decisions are 
made under 
uncertainty, while 
flexibility decreases 
after order release, 
booking, invoicing and 
customs 
documentation. 

Planners often make 
conservative decisions 
because late changes 
can create 
administrative work, 
delay or 
documentation 
problems. 

Fill rate is influenced 
by process lock-in 
points and risk 
avoidance, not only by 
available container 
space. 

Interorganisational 
coordination 

Planning, warehouse 
execution, 3PL loading, 
freight forwarding and 
customs-related 
activities are connected 
through sequential 
handovers. 

Planning assumptions 
are not always 
transferred into 
execution, creating a 
gap between planned 
and actual loading 
conditions. 

Fill rate depends on 
how well internal and 
external actors 
coordinate 
information, decisions 
and physical execution. 
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Table 8: How the analytical dimensions connect to process-related mechanisms 

 

5.2.3 Trade-offs and evaluation  

The process analysis shows that fill rate is influenced by several trade-offs related to decision 

timing, administrative requirements, system dependencies and coordination between actors. 

Improving fill rate therefore requires more than identifying unused capacity. It also requires 

evaluating how process changes may affect flexibility, service performance, compliance, 

workload and operational risk. This aligns with research showing that transport efficiency 

should be balanced against service level, lead time and operational feasibility (Santén, 2017; 

Santén & Rogerson, 2018). 

One central trade-off concerns documentation accuracy and process flexibility. Invoicing and 

customs-related activities are necessary for administrative correctness and compliance in 

international transport. However, when these activities are completed before physical loading, 

they create a lock-in point. Greater flexibility closer to loading could improve fill rate, but late 

changes may increase the risk of documentation errors, delays and additional administrative 

work. The findings therefore show that the process prioritises documentation reliability, but 

partly at the cost of reduced flexibility. 

A second trade-off concerns dispatch reliability and consolidation potential. A longer 

consolidation window could allow more goods to be combined in the same container. However, 

this may also delay deliveries or reduce responsiveness to customer needs. Fill rate outcomes 

therefore reflect not only available cargo, but also how long the organisation can wait before 

dispatch becomes more important than further consolidation. This reflects previous research on 

shipment consolidation, where higher utilisation must be balanced against responsiveness and 

delivery performance (Santén, 2017; Ülkü, 2012). 

A third trade-off concerns standardised routines and local operational judgement. Standardised 

routines create predictability and support documentation control. At the same time, physical 

loading often requires situational judgement, since pallet stability, stackability and loading 

feasibility may only become fully visible during execution. Fill rate improvement therefore 

requires both stable routines and room for operational adaptation. This relates to previous 

research showing that logistics performance depends on the coordination of processes, 

information and decisions across functions (Flynn et al., 2009; Pagell, 2004). 

A fourth trade-off concerns planning efficiency and shared visibility. Separate tools and 

responsibilities may make the process simpler within each function, but they also limit shared 

visibility between planning and execution. This contributes to the gap between planning 

assumptions and actual loading conditions. From a supply chain integration perspective, the 

process may therefore be efficient within individual functions, but less effective from an end-

to-end fill rate perspective (Flynn et al., 2009; Sanches-Rodrigues et al., 2010). 
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A fifth trade-off concerns risk reduction and capacity utilisation. Planning closer to full capacity 

could increase fill rate, but if the plan fails, late corrections may be disruptive and costly. 

Conservative planning is therefore rational in the current process, but it also encourages 

systematic underutilisation. This supports previous research showing that logistics uncertainty 

affects planning behaviour and may reduce efficiency when decisions are made under 

incomplete information (Sanches-Rodrigues et al., 2010; Santén, 2017).Table 9 summarises the 

main trade-offs influencing fill rate. 
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Table 9: Summary of process-related trade-offs influencing fill rate 

 

Overall, the trade-offs identified in RQ2 show that internal and interorganisational processes 

influence fill rate by balancing flexibility against control, consolidation against responsiveness 

and utilisation against risk. A higher fill rate is therefore not automatically the best outcome 

unless it can be achieved without undermining the reliability and feasibility of the shipment 

process. 

5.2.4 Summary of RQ2  

In response to RQ2, internal and interorganisational processes influence fill rate by determining 

when constraints become visible, who can act on them and whether there is still flexibility to 

adjust the shipment. The analysis shows that fill rate is produced through the interaction 

between process sequencing, information uncertainty, decision-making behaviour and 

coordination between actors. Three mechanisms are particularly important. First, process 

sequencing reduces flexibility over time, meaning that early decisions regarding order release, 

shipment consolidation and container booking strongly influence the final fill rate. Second, 

incomplete or unavailable information about stackability and loading feasibility creates 

uncertainty, which leads planners to use safety margins. Third, sequential handovers between 

planning and execution create a gap between planned and actual loading feasibility. The current 

Trade-off 
Potential fill rate 
benefit 

Main risk or 
limitation 

Implication 

Documentation 
accuracy vs. 
process flexibility 

More flexibility closer 
to loading could make 
it easier to adjust 
shipment content and 
use available capacity. 

Late changes after 
invoicing or customs 
activities may create 
errors, delays and 
additional administrative 
work. 

The process protects 
documentation 
reliability, but this 
reduces flexibility to 
improve fill rate close to 
loading. 

Dispatch 
reliability vs. 
consolidation 
potential 

A longer consolidation 
window could allow 
more goods to be 
combined in the same 
container. 

Waiting longer may delay 
deliveries, reduce 
responsiveness and 
conflict with customer 
requirements. 

Low fill rate may 
sometimes reflect a 
prioritisation of delivery 
reliability over 
maximum utilisation. 

Standardised 
routines vs. local 
operational 
judgement 

Standardised routines 
create predictability 
and make shipment 
processes easier to 
control and follow up. 

Physical loading may 
require local judgement 
when stackability, 
stability or loading 
feasibility becomes 
visible during execution. 

Fill rate improvement 
requires both stable 
routines and room for 
operational adaptation. 

Planning 
efficiency vs. 
shared visibility 

Separate tools and 
responsibilities can 
make the process 
simpler within each 
function. 

Limited shared visibility 
creates a gap between 
planning assumptions 
and actual loading 
conditions. 

The process may be 
efficient within 
individual functions but 
less effective from an 
end-to-end fill rate 
perspective. 

Risk reduction vs. 
capacity 
utilisation 

Planning closer to full 
capacity could increase 
fill rate. 

If the plan fails, late 
corrections may be 
disruptive, costly and 
administratively difficult. 

Conservative planning 
can be rational, but it 
encourages systematic 
underutilisation. 
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process therefore supports documentation control, delivery reliability and risk reduction, but at 

the cost of flexibility and higher container utilisation. This provides the basis for RQ3, which 

analyses how the identified processes can be developed to improve fill rate while still managing 

trade-offs related to service performance, compliance, workload and operational stability. 

5.3 RQ3: How can processes be developed to improve fill rate? 

This section analyses how the identified processes can be developed to improve fill rate. While 

RQ1 explained which factors influence fill rate and RQ2 showed how these factors are 

translated into outcomes through the shipment planning and execution process, RQ3 focuses 

on what this means for process development. The aim is therefore to identify what needs to 

change in the process and why. 

5.3.1 Evaluating development directions across the five dimensions 

The development directions identified in RQ3 can be evaluated through the five dimensions of 

the analytical framework. Technical loading conditions show that process development should 

focus on making physical constraints, such as stackability, pallet structure, stability and loading 

feasibility, visible before loading takes place. This is consistent with container loading research 

showing that utilisation is constrained by stability, weight distribution and practical loading 

feasibility (Bortfeldt & Wäscher, 2013; Ramos et al., 2016; Ramos et al., 2018). 

Logistics planning conditions indicate that fill rate can be improved by strengthening shipment 

consolidation before container content becomes fixed through booking, invoicing or customs-

related documentation. This relates to research showing that transport efficiency is affected by 

consolidation decisions, flow timing and planning conditions (Santén, 2017; Santén & 

Rogerson, 2018; Ülkü, 2012). Information and uncertainty show that stackability, pallet 

structure and packaging data need to be reliable, updated and usable in the planning systems. 

Without this, planners must continue to manage uncertainty through safety margins, which 

reflects previous research on information quality in logistics planning (Kankam et al., 2023; 

Sanches-Rodrigues et al., 2010; Torok et al., 2024). 

Organisational processes and decision-making indicate that fill rate improvement requires 

clearer ownership, follow-up and decision rules, since the outcome is shaped by several 

functions rather than one isolated activity. This relates to research on process ownership, cross-

functional alignment and distributed decision-making (Oliva & Watson, 2011; Pagell, 2004). 

Finally, interorganisational coordination shows that the company, warehouse and 3PL actors 

need stronger feedback loops and shared visibility between planning and execution. This 

reflects research on supply chain integration, where performance depends on coordination of 

information, decisions and physical flows across organisational boundaries (Flynn et al., 2009; 

Sanches-Rodrigues et al., 2010). Taken together, the five dimensions show that improving fill 

rate requires connected process changes across planning information, decision timing, 

ownership and coordination, rather than isolated improvements in physical loading. 
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5.3.2 What needs to change? 

The analysis from RQ1 and RQ2 shows that fill rate is shaped by both physical constraints and 

how the process manages those constraints. RQ1 identified stackability, information 

availability, organisational conditions and coordination as central factors. RQ2 showed that 

these factors become difficult to manage in a sequential process where flexibility decreases 

over time and decisions are made under uncertainty. Based on this, five development areas can 

be identified.  

Development area 1: Strengthening upstream planning conditions 

The findings show that fill rate is largely determined before loading takes place. Shipment 

content is defined during shipment consolidation, while later stages such as invoicing and 

customs documentation reduce the possibility to make changes. As a result, the loading stage 

mainly involves arranging goods that have already been selected, rather than influencing which 

goods are included. This aligns with research showing that fill rate is shaped by consolidation 

decisions, order structures and timing of flows rather than by loading alone (Santén, 2017; Ülkü, 

2012). 

Therefore, the process must be developed to strengthen upstream planning conditions. Planners 

need better possibilities to make accurate consolidation decisions before shipment content 

becomes fixed. This can be done by introducing clearer consolidation windows, enabling 

controlled adjustments of shipment composition before invoicing, and aligning portion 

structures more closely with container planning logic. This means that improving fill rate is not 

primarily a question of loading optimisation. It is a question of enabling better decisions earlier 

in the process, while there is still time to adjust shipment content. 

Development area 2: Translating physical constraints into usable planning information  

The findings show a gap between nominal capacity and practically usable capacity. Planners 

rely mainly on volume and weight, while stackability and pallet structure are not systematically 

visible in planning systems. As a result, system-based representations of capacity do not always 

reflect actual loading feasibility. This aligns with previous research showing that utilisation is 

constrained by stability, load balance, weight distribution, handling requirements and 

packaging characteristics, rather than geometric fit alone (Ahmad et al., 2022; Bortfeldt & 

Wäscher, 2013; Faisawati Badarudin et al., 2024; Ramos et al., 2018).  

Therefore, the process must be developed so that physical loading constraints are translated into 

decision-relevant planning information. Stackability, pallet structure and packaging data need 

to be visible and usable during shipment consolidation, rather than becoming apparent only 

during execution. This can be operationalised by introducing stackability as a standard attribute 

in central systems, integrating pallet structure and packaging data into planning tools, and 

formalising data ownership. This development area is important because stackability is already 

treated as decision-relevant in practice through experience and manual information. However, 

as long as this knowledge is not integrated into planning systems, the process remains 

dependent on individual judgement. This supports information quality literature, which shows 
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that information must not only exist, but also be accurate, complete, timely and usable at the 

point where decisions are made (Kankam et al., 2023; Sanches-Rodrigues et al., 2010; Santén, 

2017). 

Development area 3: Reducing risk-driven underutilisation  

The findings show that planners leave margins in containers to avoid problems related to 

loading feasibility, documentation, system limitations and late corrections. This indicates that 

underutilisation is partly a rational response to uncertainty, rather than only a result of poor 

planning or lack of available cargo. This is consistent with research showing that uncertainty 

and poor information quality can reduce planning efficiency and capacity utilisation (Sanches-

Rodrigues et al., 2010; Santén, 2017). 

Therefore, the process must be developed to reduce the need for risk-averse planning. This can 

be done by improving the reliability of planning data, reducing the consequences of late 

adjustments and clarifying acceptable trade-offs between fill rate and operational risk. This does 

not mean that all uncertainty can be removed. However, if the process provides better 

information and clearer decision rules, planners can make more confident consolidation 

decisions and reduce unnecessary safety margins. The findings also show that uncertainty is not 

only demand-driven or externally caused, but can be created by internal process design, system 

limitations and early documentation requirements. 

Development area 4: Maintaining flexibility before process lock-in 

The findings show that flexibility decreases as the process progresses. Once portions are 

created, goods are packed and documentation is initiated, changes become more difficult, even 

when better consolidation options exist. This creates a situation where suboptimal shipment 

structures are carried forward through the process. This aligns with process-based literature 

showing that order management, transport booking and warehouse operations are 

interdependent, meaning that early decisions can influence later outcomes (Oliva & Watson, 

2011; Pagell, 2004). 

Therefore, the process must be developed to maintain controlled flexibility before lock-in points 

are reached. This can be done by reviewing the timing of invoicing and customs processes, 

enabling controlled relocation of pallets between shipments and ensuring that system 

functionality supports adjustments in practice. Flexibility should not be unlimited, since late 

changes may increase workload, documentation errors and compliance risks. Instead, flexibility 

should be designed into the process before documentation becomes legally and administratively 

fixed. This is important because the findings show that invoicing and customs documentation 

do not only create administrative requirements, but also influence planning behaviour by 

defining when shipment content becomes difficult to change. 

Development area 5: Establishing ownership, follow-up and coordination mechanisms 

The findings show unclear ownership of fill rate, absence of systematic KPI follow-up and 

limited feedback between planning and execution. As a result, fill rate becomes an outcome of 
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multiple local decisions rather than a managed process outcome. This aligns with research on 

cross-functional integration and distributed decision-making, where fragmented responsibility 

and misalignment between functions can reduce system-level performance (Flynn et al., 2009; 

Oliva & Watson, 2011; Pagell, 2004). 

Therefore, the process must be developed to establish ownership and coordination mechanisms. 

This can be operationalised by defining clear ownership of fill rate across the process, 

introducing KPI follow-up that compares planned and actual utilisation, establishing structured 

feedback loops between planning and execution, and increasing shared visibility between 

actors. This development area is important because recurring inefficiencies cannot be addressed 

systematically if no function is responsible for analysing them. Ownership should therefore be 

placed at process level, not with one isolated actor such as a planner, warehouse team or 3PL 

provider. This also reflects supply chain integration research, where coordination of 

information, decisions and physical flows across actors is central for improving performance 

(Flynn et al., 2009; Sanches-Rodrigues et al., 2010; Agamez-Arias & Moyano-Fuentes, 2017). 

5.3.3 Trade-offs and evaluation  

The development areas identified in Section 5.3.2 may improve fill rate, but they also involve 

trade-offs. This is important because fill rate should not be treated as an isolated performance 

measure. A higher fill rate is only beneficial if it can be achieved without creating unacceptable 

risks for service performance, compliance, workload, safety or process stability. This is 

consistent with previous research emphasising that transport efficiency must be balanced 

against service level, lead time and operational feasibility (Santén, 2017; Santén & Rogerson, 

2018). 

The first trade-off concerns better stackability information and data maintenance complexity. 

More reliable stackability and pallet information could help planners’ base consolidation on 

actual loading feasibility instead of only volume and weight. However, incorrect or outdated 

information may create false confidence and lead to unrealistic planning. This means that 

stackability information can improve fill rate only if the data is reliable, updated and clearly 

owned. The second trade-off concerns process flexibility and process stability. More flexibility 

before invoicing and customs documentation could make it possible to adjust shipment content 

and use better consolidation options. However, too much flexibility may increase administrative 

workload, system errors, delays and compliance risks. Therefore, flexibility should be 

controlled through clear rules for when changes are allowed, who approves them and when 

shipment content becomes final. 

The third trade-off concerns fill rate follow-up and suboptimization. Ownership, KPIs and 

feedback loops could help identify recurring causes of underutilisation and support systematic 

improvement over time. However, if fill rate becomes too narrow as a KPI, planners may be 

pressured to prioritise utilisation over service level, lead time, customer requirements or 

compliance. Fill rate should therefore be followed up as part of a broader logistics performance 

system. The fourth trade-off concerns operational loading knowledge and process control. 

Stronger coordination between planning and execution could reduce the mismatch between 
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planned and actual loading. However, moving responsibility too close to execution may create 

unclear roles, documentation issues or additional administrative burden. The solution should 

therefore not simply move responsibility from planners to warehouse or 3PL actors. Instead, it 

should create shared visibility and clearer decision interfaces. Table 10 summarises the risks 

and potential of the identified trade-offs. 
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Table 10: Risk and Potential of trade-offs 

Overall, the most feasible short-term improvements are likely to be structured follow-up, clearer 

ownership and basic feedback loops between planning and execution. These changes require 

less technical development and can create learning about where the largest fill rate losses occur. 

Improvements related to stackability data and system integration are likely to have stronger 

long-term effects, but require more effort because they depend on data ownership and system 

reliability. Changes related to process flexibility and documentation timing may have high 

potential, but also carry the greatest risk, particularly in relation to compliance, workload and 

process stability. This means that the development directions should not be implemented as 

isolated solutions. Better information increases planning confidence, controlled flexibility 

makes it possible to act on that information, and ownership with feedback ensures that the 

process learns over time. 

Trade-off 
Potential fill rate 
benefit 

Main risk or 
limitation 

Implication 

Better stackability 
information vs. 
data maintenance 
complexity 

More reliable 
stackability and pallet 
information could help 
planners’ base 
consolidation on actual 
loading feasibility 
instead of only volume 
and weight.  

Incorrect or outdated 
information may create 
false confidence and lead 
to unrealistic planning. It 
also requires clear data 
ownership, maintenance 
routines and system 
integration. 

Stackability 
information can 
improve fill rate, but 
only if the data is 
reliable, updated and 
clearly owned. 

Process flexibility 
vs. process 
stability 

More flexibility before 
invoicing and customs 
documentation could 
make it possible to 
adjust shipment content 
and use better 
consolidation options. 

Too much flexibility may 
increase administrative 
workload, system errors, 
delays and compliance 
risks. 

Flexibility should be 
controlled rather than 
unlimited, with clear 
rules for when changes 
are allowed, who 
approves them and 
when shipment 
content becomes final. 

Fill rate follow-up 
vs. 
suboptimization 

Ownership, KPI´s and 
feedback loops could 
help identify recurring 
causes of 
underutilisation and 
support systematic 
improvement over time. 

If fill rate becomes too 
narrow as a KPI, 
planners may be 
pressured to prioritise 
utilisation over service 
level, lead time, customer 
requirements or 
compliance. 

Fill rate should be 
followed up as part of 
a broader logistics 
performance system, 
not as an isolated 
target. 

Operational 
loading knowledge 
vs. process control 

Stronger coordination 
between planning and 
execution could reduce 
the mismatch between 
planned and actual 
loading and improve 
future planning. 

Moving responsibility too 
close to execution may 
create unclear roles, 
documentation issues or 
additional administrative 
burden. 

The solution should 
not simply move 
responsibility from 
planners to warehouse 
or 3PL actors. It 
should create shared 
visibility and clearer 
decision interfaces. 
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5.3.4 Summary of RQ3 

In response to RQ3, the analysis shows that improving fill rate requires process development 

across several interrelated areas rather than isolated changes in container loading. The most 

plausible development directions are strengthening upstream planning conditions, improving 

the availability and usability of stackability and pallet information, maintaining controlled 

flexibility before process lock-in, and establishing clearer ownership, follow-up and feedback 

mechanisms between planning and execution. 

A central point is that physical loading constraints need to become visible earlier in the planning 

process. If planners have access to reliable information about stackability, pallet structure and 

practical loading feasibility, shipment consolidation can be based on usable planning capacity 

rather than only nominal volume and weight. However, better information alone is not 

sufficient. The process must also allow planners to act on this information before shipment 

content becomes fixed through invoicing, customs documentation or other lock-in points. 

Another important point is that fill rate should be managed as a process outcome rather than as 

the responsibility of one function. Since the final fill rate is shaped by planning decisions, 

system information, warehouse execution and external logistics actors, ownership and follow-

up must reflect this cross-functional and interorganisational character. 

Overall, the most plausible development direction is not one single solution, but a combination 

of better planning information, controlled process flexibility and stronger coordination 

mechanisms. Short-term improvements may be achieved through clearer ownership, structured 

follow-up and feedback between planning and execution, while longer-term improvements 

likely require more reliable system data and better integration of physical loading constraints 

into planning tools. A higher fill rate is only beneficial if it can be achieved without creating 

unacceptable risks for delivery reliability, documentation accuracy, workload, safety or 

compliance. These findings provide the basis for the broader discussion in Chapter 6. While 

Chapter 5 has analysed how the empirical findings answer each research question, the 

discussion chapter will consider the wider theoretical and practical implications of the study. In 

particular, it will discuss how fill rate should be understood as a process-based logistics 

performance outcome, how the findings contribute to existing research on transport efficiency, 

logistics uncertainty and supply chain coordination, and what this means for managerial 

practice in containerised outbound flows. 
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6 Discussion 

This chapter discusses the findings in relation to the purpose of the study and the three research 

questions. While the previous chapter analysed the empirical findings in relation to the 

theoretical framework, this chapter discusses what the findings mean for theory, practice, 

methodology and sustainability. 

6.1 Discussion of main findings 

The purpose of this study is to analyse how manufacturing companies’ internal and 

interorganisational processes should be structured to improve the fill rate in intermodal 

container transport. The findings show that fill rate is not only determined by the physical 

loading of containers. Instead, it is shaped by how information, decisions, responsibilities, 

documentation and coordination are structured before the container is loaded. This means that 

fill rate should be understood as an outcome of the whole process, rather than as a result of the 

loading activity alone. 

Previous research shows that fill rate and capacity utilisation are affected by several constraints, 

including dimensions, weight, stability, load balance, packaging and product characteristics 

(Ahmad et al., 2022; Bortfeldt & Wäscher, 2013; Faisawati Badarudin et al., 2024; Ramos et 

al., 2018; Santén, 2017). The findings of this study support this, since pallet height, pallet 

weight, uneven pallet tops, goods outside pallet edges and stackability all affected how much 

container space could be used in practice. 

However, the findings also show that these physical constraints become process constraints 

when they are not visible during planning. Stackability is therefore not only a loading issue, but 

also an information and decision-making issue. If planners do not know whether pallets can be 

stacked when shipment consolidation is performed, they cannot fully use the available capacity 

with confidence. As a result, planners may leave safety margins to avoid later problems during 

loading. This means that low fill rate can partly be a rational response to uncertainty, rather 

than simply poor planning. 

A central contribution of the study is therefore the distinction between theoretical container 

capacity and usable planning capacity. Theoretical capacity refers to what appears possible 

based on container dimensions, volume and weight. Usable planning capacity refers to the 

capacity that can realistically be planned and used when stackability, pallet stability, 

information quality, documentation requirements and process timing are considered. This 

distinction helps explain why a container may appear to have available space while still being 

difficult to fill further in practice. 

The findings also show that fill rate should not automatically be evaluated only through cubic 

meters. In some flows, volume may be the main limitation, while in others, weight, stackability, 

stability or load balance may be more important. A container with heavy products may have a 

low volume-based fill rate while still being close to its practical weight limit. Therefore, 

companies need to define what “good fill rate” means for different flows. For some product 
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mixes, volume-based utilisation may be most relevant, while for others a combined measure 

including volume, weight and loading feasibility may be needed. 

The process should therefore be structured so that planning decisions are based on the type of 

capacity that actually limits the flow. If the limiting factor is weight, the company should not 

only push for higher cubic meter utilisation. Instead, it may need to investigate whether heavy 

goods can be combined with lighter goods, where this is operationally and legally feasible. If 

the limiting factor is stackability, the focus should be on improving pallet and packaging data. 

If the limitation is documentation lock-in, the focus should be on where and when shipment 

content becomes fixed. 

The findings show that the current process reduces flexibility over time. Early in the process, 

there is still a possibility to adjust shipment content and improve consolidation. Later, after 

picking, booking, invoicing and customs documentation, changes become more difficult. This 

is important because legal and administrative requirements create lock-in points in the process. 

Invoices, customs documents and shipment information need to match the actual cargo. If 

changes are made too late, this can lead to manual rework, incorrect documents, delays, 

compliance risks and additional costs. These requirements are necessary, but they also reduce 

flexibility and may indirectly contribute to lower fill rate. 

This means that the process should be structured with clear decision points before 

documentation becomes legally and administratively locked. The company needs to define 

when shipment content is still flexible, when adjustments are allowed, and when the shipment 

is considered final. The aim should not be to allow constant late changes, since this would 

increase workload and risk. Instead, the process should create controlled flexibility before 

invoicing and customs preparation. This would allow planners to improve consolidation while 

still protecting documentation accuracy and compliance. 

The findings also show that fill rate is affected by several functions and external actors, 

including planners, warehouse actors, 3PL providers, freight forwarders and customs-related 

actors. However, this does not mean that fill rate has clear ownership. Rather, the study shows 

the opposite: several actors influence the outcome, but no single actor has clear responsibility 

for the end-to-end process. This creates a risk that fill rate becomes everyone’s concern but no 

one’s responsibility. 

To improve fill rate, the process should therefore have clearer end-to-end ownership. This does 

not mean that one person should control every activity, but that one function or process owner 

should be responsible for monitoring, coordinating and improving the process across planning, 

documentation and execution. This owner should ensure that fill rate is measured, that 

deviations are followed up, and that learning from loading outcomes is fed back into planning. 

Without such ownership, improvement actions risk remaining local and fragmented. 

Another important process-change concerns feedback between planning and execution. The 

findings show that planning and loading are mainly connected through sequential handovers. 

Planners estimate what should fit, while the warehouse and 3PL deal with the actual loading 
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conditions. However, knowledge from loading is not systematically returned to planning. This 

makes it difficult to learn why planned fill rate and actual loading feasibility differ. The process 

should therefore include structured feedback loops where deviations are documented and 

categorised. For example, deviations could be linked to non-stackable pallets, unstable pallet 

tops, incorrect master data, urgent orders, customer requirements or documentation lock-in. 

Such feedback would make it possible to distinguish between justified and avoidable 

underutilisation. Justified underutilisation occurs when lower fill rate is necessary because of 

safety, legal requirements, customer requirements, weight limits or service commitments. 

Avoidable underutilisation occurs when capacity is lost because of missing information, unclear 

responsibility, weak coordination or unnecessary process rigidity. This distinction is important 

because not every low-fill container should be treated as a failure. The goal should be to reduce 

avoidable underutilisation, not to force maximum fill rate in every shipment. 

The study therefore shows that the process should be structured around four main principles. 

First, relevant loading information, especially stackability and pallet characteristics, should be 

available before shipment consolidation. Second, shipment content should remain flexible until 

clear and controlled lock-in points before invoicing and customs documentation. Third, fill rate 

should have end-to-end process ownership across planning, documentation and execution. 

Fourth, planned and actual loading outcomes should be compared through feedback loops so 

that recurring causes of underutilisation can be identified and improved. 

This answers the third research question by showing that the process should not only be 

improved through better loading, but through earlier visibility, clearer responsibility, controlled 

flexibility and systematic learning. This is also the main practical result of the study. The study 

does not provide a detailed redesigned process map, but it identifies the process logic that needs 

to change. Fill rate improvement requires a shift from a sequential process with late problem 

discovery to a more integrated process where loading feasibility is considered before the 

shipment is fixed. 

This also represents a contribution to existing research. Previous container loading research 

explains how goods can be arranged efficiently inside a container, while logistics and supply 

chain research explains the importance of information quality, uncertainty and coordination. 

This study connects these perspectives by showing that technical loading constraints become 

organisational problems when they are not visible, owned or managed at the right point in the 

process. Fill rate is therefore not only about what fits inside the container, but about what can 

be known, planned, changed and coordinated before the container is loaded. 

6.2 Theoretical implications 

This study contributes to existing research by analysing container fill rate as an outcome of 

internal and interorganisational processes, rather than only as a technical loading problem. 

Previous container loading research has mainly focused on dimensions, weight, stability, load 

balance and loading optimisation (Bischoff & Ratcliff, 1995; Bortfeldt & Wäscher, 2013; 

Ramos et al., 2018). These studies are important, but they often assume that the necessary input 
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data is available before the loading decision is made. The findings of this study show that this 

is not always the case in practice. Technical constraints, such as stackability and pallet stability, 

can become organisational constraints when they are not translated into usable planning 

information. This means that fill rate cannot be fully understood by studying loading feasibility 

alone. It also needs to be analysed through information quality, process timing, documentation 

requirements and coordination. The study therefore contributes by introducing the distinction 

between theoretical container capacity and usable planning capacity. This distinction shows 

that the relevant issue is not only how much capacity exists, but how much of that capacity can 

be planned with confidence. The study also contributes by showing how legal and 

administrative documentation requirements create process lock-in, which can reduce flexibility 

and influence fill rate decisions. 

6.3 Practical implications 

The main practical implication is that manufacturing companies should manage fill rate as an 

end-to-end process outcome. Low fill rate should not be treated only as a warehouse or 3PL 

issue, since many of the conditions that affect fill rate are created earlier in the process. Table 

11 summarises the main practical implications and shows how the identified issues can be 

translated into process-related actions. 
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Table 11: Practical implications for structuring the fill rate process 

These implications are discussed in more detail below. First, companies should improve the 

availability and quality of stackability and pallet information in central planning systems. 

Planners need reliable information about whether pallets can be stacked, how they are built and 

whether they are suitable for vertical loading. Planning based only on volume and weight is not 

sufficient, since nominal system data does not always reflect actual loading feasibility. 

However, this requires clear data ownership. If stackability data is incorrect, outdated or not 

maintained, it may create false confidence and lead to loading problems. 

Second, companies should clarify ownership of fill rate. Since several functions influence the 

outcome, ownership should be placed at process level rather than with one isolated function. A 

responsible process owner should follow up planned and actual fill rate, coordinate 

improvement actions and ensure that learning from execution is used in future planning. This 

would reduce the risk of fill rate becoming everyone’s concern but no one’s responsibility. 

Third, companies should introduce structured feedback loops between planning and loading. 

Deviations between planned and actual loading outcomes should be documented and 

Identified issue Practical implication 
How the process should be 

structured 

Stackability and pallet 

information are not 

sufficiently visible during 

planning 

Improve the availability 

and quality of stackability 

and pallet data in central 

planning systems 

Make stackability, pallet 

structure, height, weight and 

loading restrictions available 

before shipment consolidation 

decisions are made 

Several functions influence 

fill rate, but no single actor 

owns the full outcome 

Clarify end-to-end 

ownership of fill rate 

Assign responsibility at process 

level for follow-up, coordination 

and improvement across 

planning, documentation and 

execution 

Planning and loading are 

connected mainly through 

sequential handovers 

Introduce structured 

feedback loops between 

planning and execution 

Compare planned and actual 

loading outcomes and categorise 

deviations to support learning in 

future planning 

Shipment content becomes 

difficult to change after 

invoicing and customs 

documentation 

Define clear process lock-

in points 

Allow controlled adjustments 

before legal and administrative 

documents are finalised 

Fill rate KPIs may create 

suboptimization if they 

only focus on high cubic 

meter utilisation 

Use flow-specific and 

balanced fill rate KPIs 

Connect fill rate targets to the 

specific flow and allow 

explanations for justified low 

fill rate 

Low fill rate can be caused 

by both avoidable and 

justified constraints 

Distinguish between 

avoidable and justified 

underutilisation 

Focus follow-up on why 

capacity is unused, rather than 

treating all low-fill containers as 

poor performance 
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categorised. This would help the company understand whether underutilisation is caused by 

physical constraints, missing data, customer requirements, legal documentation, process timing 

or coordination issues. Over time, such feedback could support more accurate planning and 

reduce recurring causes of avoidable underutilisation. 

Fourth, companies should review where the process becomes locked. Invoicing and customs 

documentation are necessary, but they reduce flexibility once shipment content has been 

confirmed. Since these documents need to match the actual cargo, late changes can create 

manual rework, documentation errors, delays, compliance risks and additional costs. Therefore, 

companies should define clear decision points where shipment content can still be adjusted 

before legal and administrative documents are finalised. This would support higher fill rate 

without increasing the risk of rework or compliance issues. 

Fifth, companies should use fill rate KPIs carefully. A KPI can support improvement, but it 

may also create suboptimisation if it only rewards high cubic metre utilisation. Fill rate targets 

should therefore be connected to the specific flow and should allow explanations for justified 

low fill rate, such as weight limits, safety requirements, customer demands or legal 

documentation constraints. This would make it possible to distinguish between avoidable 

underutilisation and lower fill rate that is justified by operational or regulatory conditions. 

In summary, companies should not only ask how containers can be filled more. They should 

ask how the process can be structured so that higher fill rate becomes possible without 

increasing operational risk, documentation errors, rework or unsafe loading. This means that 

fill rate should be managed through better information, clearer ownership, structured feedback, 

controlled decision points and balanced performance measurement. 

6.4 Methods limitations 

This study was conducted as a qualitative single case study, which was suitable for 

understanding how internal och interorganisational processes influence container fill rate in 

practice. The approach made it possible to study decision-making, information flows, 

coordination and process constraints in depth, which would have been difficult to capture only 

through quantitative fill rate data. The use of interviews, observations and document studies 

strengthened the credibility of the findings, since the different data sources made it possible to 

compare respondents account with observed work practices and formal process documentation. 

However, the research design also creates limitations. Since the study was based on one 

manufacturing company, the findings are influenced by its specific organisational structure, 

systems, process conditions and relationships with external logistics actors. The results should 

therefore not be understood as statistically generalisable to all manufacturing companies or all 

intermodal transport contexts. Instead, the results may be analytically transferable to companies 

with similar outbound flows, documentation requirements, external logistics actors and 

information-related challenges.  

Another limitation concerns the qualitative nature of the data. The study explains how and why 

certain factors influence fill rate, but it does not quantify the exact impact of each factor. For 



 Discussion 

73 

 

example, the findings indicate that missing stackability information can lead to conservative 

planning, but the study cannot calculate how many percentage points of fill rate are lost due to 

this issue. Further quantitative research would be needed to measure the financial and 

environmental effects of specific improvement areas. The interview data may also have been 

affected by respondent’s perspectives, since planners, managers and 3PL representatives 

described the process from their own roles, responsibilities and experiences. This is valuable 

for understanding an interorganisational process, but it also means that the findings should be 

interpreted as role-based accounts rather than objective measurements of all process conditions. 

In addition, the interviews were conducted in both Swedish and English, and two interviews 

were conducted by email, which may have affected some nuances and limited the possibility to 

ask follow-up questions directly.  

The observations provided valuable insights into actual loading and process practices, but were 

limited to selected situations. Container loading may vary depending on product mix, customer 

requirements, destination, season and order patterns. Moe observations over a longer period 

could therefore have strengthened the robustness of the findings and made it possible to identify 

more variation in loading outcomes. A further limitation is that the study focused on 

organisational and informational aspects rather than technical loading optimisation. This was 

consistent with the purpose of the study, but it means that the study does not provide an 

optimised loading model or calculate the best possible loading configuration. Instead, it 

explains why technical optimisation may be difficult to realise in practice when information, 

process timing and coordination are limited.  
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6.5 Sustainability implications 

Improved fill rate can support environmental, economic and social sustainability, but only if it 

is achieved in a controlled and realistic way. From an environmental perspective, improved fill 

rate can reduce the number of containers needed to transport the same amount of goods. This 

can reduce emissions per transported unit and support more resource-efficient freight transport. 

However, this requires that increased fill rate is achieved without creating unsafe loading or 

higher risk of product damage. From an economic perspective, improved fill rate can reduce 

the cost of unused transport capacity. However, maximum fill rate is not always economically 

optimal. If higher fill rate leads to rework, delays, documentation corrections, compliance risks 

or product damage, the expected savings may be reduced. Therefore, the goal should be 

improved usable capacity utilisation rather than maximum fill rate in every shipment. From a 

social and work-environment perspective, fill rate improvements must consider the people 

involved in planning and execution. Stricter fill rate targets without better information, 

ownership and system support may increase pressure on planners and warehouse actors. 

Similarly, building higher pallets may improve container utilisation, but could create ergonomic 

risks if workers need to lift heavy goods above shoulder height. Sustainable fill rate 

improvement therefore requires balance. Environmental and economic benefits should be 

achieved through better information, clearer responsibility, controlled flexibility and safer 

loading practices. The aim should be to reduce avoidable underutilisation, not to force higher 

fill rate when lower utilisation is justified by safety, service or legal requirements. 
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7 Conclusions and Further research 

This chapter concludes the thesis by summarising the main findings in relation to the purpose 

and research questions. The purpose of the study is to analyse how manufacturing companies 

internal and interorganisational processes should be structured to improve the fill rate in 

intermodal container transport. Based on the empirical findings and analysis, the study 

concludes that fill rate is not only determined by the physical loading activity, but by a wider 

set of planning, information, organisational and coordination conditions that are established 

before the container is physically loaded.  

7.1 Conclusions 

The study shows that fill rate in intermodal container transport is influenced by several 

interconnected factors. In relation to RQ1, the main influencing factors identified were pallet 

characteristics and stackability, information availability and quality, organisational conditions, 

and coordination between actors. Pallet height, weight, stability and stackability affect how 

much of the containers vertical space can be used. However, these physical constraints are not 

always visible in the planning systems used before loading. As a result, the available container 

capacity is not limited by the goods themselves, but also by the extent to which planners have 

access to accurate and usable information about the goods.  

The findings also show that information quality is central to fill rate performance. Missing or 

unreliable information about stackability, pallet structure and loading feasibility creates 

uncertainty during shipment planning. When planners cannot fully assess whether goods can 

be safely stacked or loaded as expected, they tend to apply safety margins. This means that 

containers may be intentionally planned with unused space in order to avoid downstream 

problems. Therefore, low fill rate can partly be understood as a rational response to uncertainty 

and process risk, rather than simply as inefficient planning. 

In relation to RQ2, the study concludes that internal and interorganisational processes influence 

fill rate by shaping when decisions are made, when constraints become visible, and how much 

flexibility remains to adjust the shipment. The shipment process is sequential, meaning that 

early decisions regarding order release, shipment consolidation and container booking define 

the conditions for later loading. Once invoicing and customs-related documentation have been 

initiated, shipment content becomes difficult to change. This creates a process lock-in where 

better loading alternatives may no longer be possible, even if they become visible later in the 

process.   

The study further shows that planning and execution are not fully integrated. Planners may use 

planning tools to estimate whether goods could fit in a container, while the warehouse or 3PL 

performs the actual loading based on operational judgement, experience and the physical 

condition of the pallets. Since the planning loading assumptions are not always shared or 

possible to follow during execution, a gap can occur between planned and actual loading 
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feasibility. This indicates that fill rate is shaped across organisational boundaries, but without 

sufficient shared visibility between the actors involved.  

In relation to RQ3, the study concludes that organisational processes should be developed in a 

way that reduces uncertainty, increases controlled flexibility and strengthens process 

ownership. Improving fill rate does not only require better loading methods, but also better 

information before planning decisions are made. This includes making stackability, pallet 

structure and loading feasibility more visible and reliable in the systems used during shipment 

consolidation and container planning. Without this information, planners will continue to rely 

on individual experience and conservative judgement, which may protect process stability but 

limit container utilisation. 

Furthermore, clearer ownership and follow-up are needed if fill rate is to become a managed 

process outcome. The findings show that responsibility for fill rate is currently distributed 

across several function has clear ownership of the overall outcome. Without clear ownership, 

KPI´s or systematic comparison between planned and actual fill rate, the organisation has 

limited ability to learn from deviations or improve the process over time. Therefore, improving 

fill rate requires not only technical or system-related improvements, but also organisational 

alignment around responsibilities, priorities, and follow-up. 

Overall, the thesis concludes that fill rate should be understood as a system-level logistics 

outcome. It is created through the interaction between physical loading constraints, information 

quality, process sequencing, decision. Making and coordination between internal and external 

actors. A higher fill rate is therefore not achieved simply by asking planners or warehouse staff 

to fill containers more efficiently. Instead, manufacturing companies need to structure their 

internal and interorganisational processes so that accurate information is available early, 

responsibilities are clearly defined, planning and execution are connected, and flexibility exists 

before the process becomes administratively locked.  

The main contribution of the study is therefore that it broadens the understanding of fill rate 

from a technical loading problem to an organisational and interorganisational process issue. 

This provides a more practical explanation of why containers may be underutilised in real 

logistics settings, even when there appears to be available space. For practitioners, the findings 

indicate that improvements should focus on data quality, stackability information process 

timing, ownership, KPI follow-up and coordination with 3PL actors. For research, the study 

highlights the need to integrate technical loading perspective with organisational and 

information-based perspectives when studying container utilisation. 
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7.2 Further research 

This study was based on a single case company within a manufacturing context, which enabled 

an in depth understanding of how fill rate is influenced in practice. However, further research 

could study similar processes in other companies, industries or logistics settings to examine 

whether the identified challenges are also present in other contexts. Comparative case studies 

could be particularly useful for understanding how organisational structure, planning systems 

or 3PL relationships influence container fill rate. 

Further research could also examine the relationship between planned and actual fill rate in 

more detail. This could include quantitative analysis of shipment data, planned container 

utilisation, actual loading outcomes and the reasons for deviations. Such research would make 

it possible to evaluate the measurable impact of missing information, safety margins and 

process lock-in on container utilisation. 

Another relevant area for further research is how stackability information can be captured, 

maintained and shared across systems and actors. Since this study identified stackability as a 

central but often unavailable piece of information, future studies could investigate how 

companies can design master data structures, packaging standards or digital tools that support 

more reliable planning decisions.  

Finally, further research could explore how fill rate should be balanced against other logistics 

objectives, such as customer service, lead time, documentation accuracy, loading safety and 

operational workload. Since the findings show that maximising fill rate is not always the best 

outcome in practice, further research is needed on how companies can define suitable 

performance measures both high-capacity utilisation and stable logistics execution.  
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Appendices 

Appendix 1: Interview guide for managerial and logistics coordination roles 

Appendix 1 presents the interview guide used for managerial and logistics coordination roles. 

The guide focused on container fill rate, transport efficiency, improvement initiatives, 

constraints, responsibilities, KPI´s, and coordination between functions. The interview guide 

was also adapted depending on the respondent’s role and language used during the interview. 

Applied to the following respondent roles: 

Manager – warehouse & transportation 

Manager – Logistics 

Introductory information 

This interview is conducted as part of a bachelor’s thesis in Industrial Engineering and 

Management at Jönköping University. The purpose of the study is to develop a deeper 

understanding of how internal and interorganizational processes influence container fill rates in 

transport operations.  

Participation in this interview is voluntary, and the respondent may withdraw at any time or 

choose not to answer specific questions without providing a reason.  

The interview will be recorded to ensure an accurate representation of the respondent’s 

answers. The recording will be transcribed and used as empirical material for analysis in the 

study. Only the authors of the thesis will have access to the recordings and transcripts.  

All collected data will be treated confidentially. No personal information will be disclosed in 

the final report, and respondents will be anonymized. However, the respondent’s role or 

function (e.g., “Demand Planning Manager”) may be stated to provide context and enable an 

understanding of different perspectives within the organization.  

The material will be used solely for the purpose of this thesis and handled in accordance 

with applicable academic guidelines.  

Questions:  

1. Can you briefly describe your role and your involvement in work related to container 

fill rate? 

2. How would you describe the current process for planning and filling containers? 

3. Before previous improvement initiatives, what were the main challenges related to 

container fill rate? 

4. From your perspective, what are the main factors that influence container fill rate? 
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5. Which internal functions or roles have the greatest impact on container fill rate, and how 

do they interact? 

6. What constraints make it difficult to fully optimize container fill rate? Examples: 

customer requirements, lead times, system limitations, compliance, documentation, or 

demand uncertainty. 

7. What specific changes have been implemented to improve container fill rate? 

- How did these changes affect planning, coordination, decision-making, or overall 

transport efficiency? 

- What challenges still remain today in achieving a higher or more stable fill rate? 

8. Are there situations where low fill rates are deliberately accepted? 

- If yes, why are these trade-offs made, and what is prioritized instead? 

9. To what extent do external actors’ requirements or ways of working affect container fill 

rate? 

10. How does information sharing work internally and across organisational boundaries? 

11. Which KPI´s are used to measure transport efficiency and fill rate, and how are they 

calculated? 

- Do you experience conflicts between different KPI´s, such as service level, lead 

time, cost, and fill rate? 

12. What is considered a good fill rate in your operations, and how is that target defined? 

13. Is there anything related to container fill rate that is often overlooked but crucial in 

practice? 
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Appendix 2: Interview guide for planning functions 

Appendix 2 presents the interview guide used for early planning-related roles. The guide 

focused on demand planning, supply planning, planning information, systems, uncertainties, 

order volumes, and the connections between planning and container fill rate. The interview 

guide was also adapted depending on the respondent’s role and language used during the 

interview. 

Applied to the following respondent roles: 

Manager – supply planning  

Manager – demand planning 

Introductory information 

This interview is conducted as part of a bachelor’s thesis in Industrial Engineering and 

Management at Jönköping University. The purpose of the study is to develop a deeper 

understanding of how internal and interorganizational processes influence container fill rates in 

transport operations.  

Participation in this interview is voluntary, and the respondent may withdraw at any time or 

choose not to answer specific questions without providing a reason.  

The interview will be recorded to ensure an accurate representation of the respondent’s 

answers. The recording will be transcribed and used as empirical material for analysis in the 

study. Only the authors of the thesis will have access to the recordings and transcripts.  

All collected data will be treated confidentially. No personal information will be disclosed in 

the final report, and respondents will be anonymized. However, the respondent’s role or 

function (e.g., “Demand Planning Manager”) may be stated to provide context and enable an 

understanding of different perspectives within the organization.  

The material will be used solely for the purpose of this thesis and handled in accordance 

with applicable academic guidelines.  

Questions: 

1. Can you briefly describe your role and main responsibilities within planning? 

2. What role does planning have in the supply chain? 

3. How would you describe the planning process from your perspective? 

4. How are forecasts or plans translated into actual orders or shipment volumes? 

5. How are decisions made regarding order size, timing, and frequency? 

6. Which systems or tools are used in the planning process? 

7. How do these systems influence the way you plan or make decisions? 
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8. What type of information do you rely on when creating or adjusting plans? 

9. How accurate, reliable, and available is this information? 

10. What uncertainties do you typically face in planning? 

11. How do these uncertainties affect downstream decisions, such as order creation or 

transport planning? 

12. Is transport considered at any stage in the planning process? 

13. What information do you provide to other functions involved in order handling or 

transport planning? 

14. How do you collaborate with other functions, such as sales, logistics, supply planning, 

customer service, or warehouse operations? 

15. Which factors in planning affect how well a container can be filled? 

16. Which KPI´s are used in planning, and how do they influence your decision-making? 

17. Do you see any conflicts between different KPI´s, such as forecast accuracy, service 

level, cost, and fill rate? 

18. What would need to change in planning or collaboration to improve container fill rate? 
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Appendix 3: Interview guide for order handling, customer service and container planning 

roles 

Appendix 3 presents the interview guide used for respondents involved in order handling, 

export-related processes, customer service, and container-related planning. The questions 

focused on order decisions, information quality, systems, customer requirements, collaboration 

and the point at which shipments become difficult to change. The interview guide was also 

adapted depending on the respondent’s role and language used during the interview. 

Applied to the following respondent roles: 

Manager – Customer Service 

Planners 

Introductory information 

This interview is conducted as part of a bachelor’s thesis in Industrial Engineering and 

Management at Jönköping University. The purpose of the study is to develop a deeper 

understanding of how internal and interorganizational processes influence container fill rates in 

transport operations.  

Participation in this interview is voluntary, and the respondent may withdraw at any time or 

choose not to answer specific questions without providing a reason.  

The interview will be recorded to ensure an accurate representation of the respondent’s 

answers. The recording will be transcribed and used as empirical material for analysis in the 

study. Only the authors of the thesis will have access to the recordings and transcripts.  

All collected data will be treated confidentially. No personal information will be disclosed in 

the final report, and respondents will be anonymized. However, the respondent’s role or 

function (e.g., “Demand Planning Manager”) may be stated to provide context and enable an 

understanding of different perspectives within the organization.  

The material will be used solely for the purpose of this thesis and handled in accordance 

with applicable academic guidelines.  

Questions: 

1. Can you briefly describe your role and its area of responsibility within the supply chain? 

2. How would you describe the order handling or export process from your perspective? 

3. What information do you receive, and how do you use it when deciding what, when, 

and how much should be shipped? 

4. Which systems do you mainly work in, and how do they affect your way of planning or 

making decisions? 
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5. Where in the process are the most important decisions made regarding what should be 

shipped and when? 

6. Who makes these decisions, and what are they based on? 

7. What information is needed to plan containers or shipments efficiently? 

8. How would you describe the quality and availability of the information used in the 

process? 

9. What information is often missing, unclear, or uncertain? 

10. How do order handling and planning affect the possibility to fill containers efficiently? 

11. Which factors in planning, information, or ways of working affect fill rate the most? 

12. At what point in the process does it become difficult or impossible to change an order 

or shipment? 

13. What makes changes difficult at that point? 

Examples: systems, picking, customs, documentation, or transport booking. 

14. Are there situations where it becomes difficult to influence or optimize fill rate? 

If yes, why? 

15. How do customer requirements, lead times, and delivery precision affect the possibility 

to consolidate orders? 

16. How do you view the relationship between fill rate and load safety? 

17. How do you collaborate with other functions, such as supply planning, warehouse 

operations, logistics, or transport? 

18. Where do problems, misunderstandings, or information gaps most often occur? 

19. Which external actors affect container fill rate, and how does the collaboration with 

them work? 

20. Which KPI´s guide your work, and how do they influence your priorities? 

21. Do you experience conflicts between different KPI´s or goals? 

22. What would need to change in order handling, systems, processes, or collaboration to 

improve container fill rate? 
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Appendix 4: Interview guide for 3PL warehouse operations  

Appendix 4 presents the interview guide used for warehouse operations. The guide focused on 

practical warehouse processes, loading conditions, information availability, operations 

constraints, and the warehouse´s ability to influence container fill rate.  

Applied to the following respondent roles: 

Manager – Warehouse operations 

Warehouse admin – 3PL 

Warehouse worker – spare parts warehouse 3PL 

Introductory information 

This interview is conducted as part of a bachelor’s thesis in Industrial Engineering and 

Management at Jönköping University. The purpose of the study is to develop a deeper 

understanding of how internal and interorganizational processes influence container fill rates in 

transport operations.  

Participation in this interview is voluntary, and the respondent may withdraw at any time or 

choose not to answer specific questions without providing a reason.  

The interview will be recorded to ensure an accurate representation of the respondent’s 

answers. The recording will be transcribed and used as empirical material for analysis in the 

study. Only the authors of the thesis will have access to the recordings and transcripts.  

All collected data will be treated confidentially. No personal information will be disclosed in 

the final report, and respondents will be anonymized. However, the respondent’s role or 

function (e.g., “Demand Planning Manager”) may be stated to provide context and enable an 

understanding of different perspectives within the organization.  

The material will be used solely for the purpose of this thesis and handled in accordance 

with applicable academic guidelines.  

Questions: 

1. Can you briefly describe your role and its area of responsibility within the supply chain? 

2. What can you actually influence in how containers are filled? 

3. How does the process work from receiving an order until the container is fully loaded? 

4. What information is missing when you load containers? 

5. How does missing information affect how you fill the containers? 

6. How often does it turn out that the planning does not match reality? 

7. What prevents you from filling containers more efficiently? 
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8. Are you allowed to change the loading if you notice unused space in a container? 

- Why or why not? 

9. What would be needed for you to improve the fill rate? 

10. Do you receive or provide feedback about how well containers are filled? 

11. Is there anything you see as inefficient today but cannot influence? 

12. What would need to change in the system or process to improve container fill rate? 
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Appendix 5 Semi-structured container loading observation protocol  

This appendix presents the observation protocol used during the container loading and pallet 

assessment observations. The protocol was used to structure the non-participant observations 

and to ensure that similar aspects were considered during each observation. The focus was on 

loading-related conditions that could influence container fill rate, including pallet height, 

stackability, use of vertical space, visible loading constraints, stability concerns, destination, 

and loaded volume. The protocol also included space for handwritten notes, a short summary 

after each observation, and follow-up questions for interviews or document review. 
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Appendix 6 
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Appendix 7 
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