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Abstract 

ICT innovation has become a key prerequisite for maritime supply chain (MarSC) stakeholders to 

remain competitive. In this context, new technological advancements from early EDI-based (electronic 

data interchange) solutions to contemporary blockchain-based tools are continuously changing the 

market. The MarSC actors need to decide which ICT solution to implement. In this process, own 

financial benefits are key. Equally so, the broader effects on other stakeholders participating in the 

chain are relevant. However, there is no comprehensive framework available to identify the costs and 

benefits of ICT innovation in the MarSC reported in the literature, nor applications that calculate their 

cost-effectiveness.  

This research identifies the cost-effectiveness of integration practices introduced by ICT innovation in 

the MarSC. To do so, it develops, validates and applies a comprehensive costs and benefits framework 

taking into consideration key characteristics of ICT innovation. A collection of 44 cases provides further 

empirical evidence with regard to the cost and benefit elements they generate. Subsequently, four 

detailed cost-effectiveness analyses are carried out focusing on integration. The first analysis shows 

how an internal data integration practice is cost-effective for a road transport company and reduces 

external environmental effects at the same time. The second one studies horizontal data-integration 

practices in the MarSC. Focusing on data integration amongst hinterland transport operators, the 

analysis proves that taking a multi-disciplinary approach in building ICT innovation provides a more 

cost-effective outcome. The third case study focuses on vertical data integration in the MarSC. It 

discusses the cost-effectiveness of three strategies to implement a blockchain-based application in the 

MarSC that facilitates the official documents transfer. This last analysis provides evidence with regard 

to the increase in a community’s competitive advantage, when a mixed data integration tool is used. 

This tool is developed in the framework of a port community system. Overall, this dissertation provides 

new relevant insights with regard to costs and benefits generated by ICT innovation in the MarSC, and 

is valuable for both academia and industry. 
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Nederlandstalige samenvatting  

ICT-innovatie is een noodzakelijke voorwaarde geworden voor het behoud van de concurrentiepositie 

van de stakeholders in de maritieme toeleveringsketen (MarSC). In deze context verandert de markt 

voortdurend door nieuwe technologische ontwikkelingen, van EDI-gebaseerde oplossingen tot 

hedendaagse digitale technologieën (bv. blockchain). Daarom moeten de MarSC-actoren beslissen 

welke ICT-oplossing zij willen implementeren. In dit proces zijn de eigen financiële voordelen van 

cruciaal belang. Ook de bredere effecten op andere stakeholders die deelnemen aan de keten zijn 

relevant. De literatuur over deze sector biedt geen uitgebreid kader om de kosten en baten van ICT-

innovatie in de MarSC in kaart te brengen, alsook zijn er geentoepassingen voorhanden die de 

kosteneffectiviteit van ICT-innovatie berekenen.  

Dit onderzoek identificeert de kosteneffectiviteit van de integratiepraktijken die door ICT-innovatie in 

de MarSC worden geïntroduceerd. Daartoe ontwikkelt, valideert en past dit onderzoek een uitgebreid 

kosten-batenraamwerk toe, waarbij rekening wordt gehouden met de belangrijkste kenmerken van dit 

type innovatie. Een verzameling van 44 gevalstudies levert empirisch bewijs met betrekking tot de 

kosten en baten die zij genereren. Vervolgens worden vier gedetailleerde kosteneffectiviteitsanalyses 

uitgevoerd, gericht op de soorten integratie. De eerste analyse laat zien hoe een interne data-

integratietoepassing kostenefficiënt is voor een wegvervoerder en tevens externe milieueffecten 

vermindert. Een tweede analyse kijkt naar de horizontale data-integratietoepassingen in de MarSC. 

Met de focus op data-integratie tussen transporteurs in het hinterland bewijst deze analyse dat een 

multidisciplinaire aanpak bij het opbouwen van ICT-innovatie een kosteneffectief resultaat oplevert. 

Een derde gevalstudie richt zich op verticale data-integratie in de MarSC. Deze gevalstudie bespreekt 

de kosteneffectiviteit van drie strategieën om een blockchain toepassing in het MarSC te 

implementeren die de officiële documentenverwerking vergemakkelijkt. De laatste analyse levert 

bewijs over de toename van het concurrentievoordeel van de havengemeenschap, wanneer een 

gemengde data-integratietool wordt gebruikt. Deze tool is in het kader van een port community 

systeem ontwikkeld. Dit proefschrift biedt nieuwe relevante inzichten met betrekking tot de kosten en 

baten van ICT-innovatie in de MarSC, die waardevol zijn voor zowel de academische wereld als het 

bedrijfsleven. 
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1. Introduction 

In the last decade, the society as a whole follows an intense digitalization process (Evangelista, 

Guerrieri, & Meliciani, 2014). The contemporary ICT users seek to solve urgent, immediate problems 

by using any new technological advancement that might seem to be offering a solution, while the 

attention to implementing long-term visions and strategies is weakened (Valenduc & Vendramin, 

2017). This fact is reflected in the wide range of ICT tools and applications that have been developed 

in the last decade. The trend to rapid digitalization is not followed only by individuals, but also by 

businesses (Lenka, Parida & Wincent, 2017). In the context of innovation development, ICT systems 

form a distinct category. For the purpose of this research and for further clarification, the following 

definitions are put forward. 

Innovation1 is defined as ‘a technological or organizational change to the product (or service), or to the 

production process that either lowers the cost of the product (or service) or increases its quality’ 

(Arduino et al., 2013, p.14). In addition to reducing costs and improving quality, Roumboutsos, Sys and 

Vanelslander (2016) suggest that a key role of innovation in the port sector is also to improve 

information flow as a means to improve efficiency. 

Under ICT (information communication technology) is understood those technologies required for 

information processing in general, and in particular the use of electronic computers, communication 

devices and software applications to convert, store, protect, process, transmit and retrieve 

information (Weiser, 1991; Brown & Watson, 2010; Laudon & Laudon, 2016). Therefore, digitalization 

is the introduction of ICT (Hagberg, Sundstrom, & Egels-Zandén, 2016). 

In this dissertation, ICT innovation (digitalization) refers thus to devices (hardware), software or a 

combination of both that make use of information processing contributing to cost reduction and/or 

increase in the quality of products (and services). It is important to mention that ICT innovation not 

only refers to optimization seek (although it might be desired as, optimization leads to cost reduction), 

but also  gains from the digitalization process (as digitalization leads to quality increase). Changes 

acquired thought optimization of data/information flow and the introduction of ICT tools are seen 

through this dissertation as innovation. The focus of this dissertation is thus on the (economic) changes 

introduced by ICT innovation in businesses. 

In practice, the introduction of ICT innovation seeks the gaining of benefits (Chapman, Soosay, & 

Kandampully, 2002). In this context, academia a.o. Keceli (2011), Tijan, Agatić and Hlača (2012) or 

Aydogdu and Aksoy (2015), provide a scattered overview of costs and benefits generated by 

digitalization as later shown by the in-depth literature review. This research develops a generalized 

framework, which contains specific cost and benefit elements generated by the digitalization process. 

To do so, the maritime supply chain (MarSC) is the core focus. Although this research adopted initially 

a transversal approach orientated to study the economic effects of ICT innovation from a MarSC chain 

perspective, while conducting research it was realized that a perspective that highlights the integration 

practices introduced by digitalization in the MarSC is more suitable and addresses the challenge faced 

by industry This perspective shapes thus the structure of the present dissertation’s empirical analysis.  

This dissertation’s goal is to fill the literature gap at the interface between the following research 

topics. Firstly, by addressing the general topic of ICT innovation, it contributes to research by defining 

categories that ICT innovation take in the MarSC. Secondly, the literature review aims at providing a 

consistent approach in identifying the costs and benefits that ICT innovation generates. Thirdly, the 

                                                           
1 For an innovation typology see Vanelslander et al. (2019) 
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empirical analyses provide insights with regard to the costs, benefits and cost-effectiveness of ICT 

innovation. These outcomes contribute to research in the field of applied economics. Hence, it offers 

new insight with regard to the economic effects of ICT innovation introducing in the MarSC. The 

following sub-section gives an introductory overview of ICT innovation in the MarSC. 

1.1. ICT innovation in the maritime supply chain 

The future of supply chains that are built up on individual, stand-alone ICT solutions is threatened by 

fragmentation. The mix of systems, data sources, applications and working practices leads to further 

segregation of the logistics supply chain and hinders further optimization possibilities. The following 

sub-sections give an overview with regard to contemporary technological changes that take place in 

this field and the potential of ICT solutions. 

1.1.1. Context: the changing world in the maritime and logistics sector 

This sub-section highlights the importance of ICT innovation in the (maritime) supply chain. In the 

context of the Fourth Industrial Revolution, digital technologies such as the Internet of Things, artificial 

intelligence, robotics, unmanned vehicles, and blockchain are changing the processes of producing, 

transporting and consuming goods (Schwab, 2017). Research gives evidence with regard to 

fundamental changes introduced by digitalization to just-in-time production processes, on-demand 

deliveries and introduction of goods with a higher replacement rate (Kagermann, 2015; Kolberg & 

Zühlke, 2015). In this context, new technologies enable supply chain stakeholders to deliver more 

flexible solutions (provide options at the users’ choice on a.o. mode of transport, delivery time window 

etc.), yet, in the same time to easily incorporate optimization (cost reduction) elements (e.g. bundle 

transport or use transport infrastructure, if possible, in off-peak periods etc.).  

Given the relevance of ports and maritime transportation in global supply chains, as well as the number 

of processes and actors involved, available literature encourages operations’ transparency in MarSC 

and port-related contexts (Song & Panayides, 2008; Woo, Pettit, & Beresford, 2013). A key aspect to 

increase transparency in MarSCs is connectivity or information-sharing through the electronic linkage 

among supply chain partners. Reported literature shows that increased information-sharing between 

the port and supply chain actors contributes to reduced order cycle times, cut in inventories and enable 

more flexible supply chains (Woo et al., 2013). In addition, evidence shows benefits for ports’ users, 

since increased connectivity and transparency can help them better accommodate the growing 

capacity of maritime transportation and other relevant trends in a highly-fluctuating, competitive, low-

margin industry (Panayides & Song, 2013; Woo et al., 2013). Therefore, the partnership between port-

related actors and supply chains to introduce ICT innovation can be beneficial for all the actors involved 

in MarSCs processes. This new vision of collaborative work between the port and the stakeholders in 

the supply chain shapes the future landscape in the port and shipping industry (Deloitte, 2015). 

In the field of Supply Chain Management, the adoption of digital technologies promises to bring new 

levels of connectivity and transparency to supply chain actors and processes, thus enabling better 

management of increasingly complex global supply chains (Wu, Yue, Jin, & Yen, 2016). Particularly 

relevant to this dissertation is that new technologies make the electronic linkage -or connectivity- 

among supply chain partners possible leading to further integration (integrative working practices). 

1.1.2. ICT innovation in the supply chain 

The introduction of standardized containers in the shipping industry remains the milestone that 

affected the entire sector, so players had to rethink operations, but also business models. Both 

academia and industry representatives show interest in identifying the next disturbing element in 

logistics. From this point of view, digitalization and further IT technological advancements such as 
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artificial intelligence or blockchain (distributed ledger technology) have a high potential to dominate 

the change in the future MarSC operations. 

Maritime supply chain is seen as a conservative sector, yet it is catching up with contemporary 

technological advancements (Sys, Vanelslander, Acciaro, et al., 2015). This sector is not a digital native, 

and therefore doesn’t act like one. The journey to reach digitalization suffers from a slow process. Key 

changes are required with regard to data availability, uniform data formats usage and centralization of 

data. Further implementation of IoT technologies that make use of blockchain technology or integrate 

artificial intelligence algorithms is currently being researched and are seen as the next  disturbing 

elements in the MarSC, e.g. Kemp, (2016), Chen et al. (2017) or Gausdal, Czachorowski, & Solesvik 

(2018). 

To implement digital solutions, data is key. Data availability is enforced through supply chain 

stakeholder openness. Once an inter-organizational agreement is closed, technological barriers with 

regard to data formats need to be solved next. Finally, data ends in centralized platforms that manage 

and process it, ensuring that the available information in the chain does reach to all links. The ability 

to centralize decentralized digital information on a digital platform creates great potential for 

organizing markets efficiently. Large data-platforms are expected to be developed to fill the 

informational gap between suppliers and purchasers. Despite that MarSC stakeholders recognize their 

potential, there is no agreement on who and which type of stakeholder should orchestrate these types 

of platforms. 

Artificial intelligence, IoT applications, blockchain or centralized data platforms are enabled through 

ICT innovation and open new ways toward disrupted supply chains. In this context, standardization, 

all-in encompassing solutions integrating each MarSC stakeholder’s will in decision algorithms are key. 

By present date, these technologies are not incorporated in solutions available for MarSC and fall out 

of the scope of this dissertation. However, as shown further by the current dissertation, the decisions 

that support ICT implementation refers as well to this type of developments. For their implementation, 

the economics have still to be demonstrated. The following sub-section presents briefly the 

contemporary ICT-related shortcomings from a supply chain perspective. 

1.2. The ICT innovation insufficiency in the supply chain 

With the increased growth of ICT solutions implementation within the daily operations of the supply 

chain and the announcement of new technologies, the supply chain stakeholders are trying to keep up 

the pace.  

In this context, supply chain stakeholders have taken different approaches to deal with digitalization. 

Big companies have invested internally in IT teams or all-in software packages. These packages 

introduce much redundancy if used in parallel with other solutions. Medium sized companies are 

following the same trends but at a slower pace, acquiring only by need and learning from the 

experience of the others. The small ones finally are in many cases marginalized and forced to look into 

manual solutions or locked-in into solutions that limit further integration. Nonetheless, this situation 

leads to increased costs, decreased efficiency and a waste of capabilities for the entire chains. 

The solutions that exist on the market overwhelm in number, functionalities and costs. This leads 

sometimes to the feeling that the benefits of digitalization are not always seen. Academia, a.o. 

Aksentijević, Tijan and Hlaća (2009); Čišić, Hadžić and Tijan (2009), is addressing the importance of ICT 

solutions and the benefits that they bring mostly from descriptive perspectives. These descriptions are 

usually incomplete and/or overlapping. As a consequence, MarSC stakeholders implement integrative 

ICT solutions, but there is no clarity with regard to the costs, benefits and cost-effectiveness they 
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generate. The research rationale and the main research questions are detailed in the following sub-

section. 

1.3. Research rationale and questions 

This sub-section presents the key arguments for choosing the topic of the current PhD dissertation. 

The research questions and the additional triggered sub-questions are given in table 1.1.  

Table 1.1. Research questions. 

Principal research questions Additional triggered research questions 

1. Which dimensions of 

ICT innovation exist in 

the MarSC? 

1.a. What are the main dimensions of innovation that arise from an ICT 

perspective? 

1.b. What is a comprehensive typology of innovation dimensions from a 

MarSC and integration perspective? 

2. Which quantification 

methods can be used 

to assess the effects of 

ICT innovation? 

2.a. What are the limitations of cost-related methods used in assessments of 

ICT innovation introduction? 

2.b. Which cost and benefit elements must be included in a comprehensive 

quantification framework?  

3. Which ICT innovation 

cases are developed 

for/or by MarSC 

stakeholders and in 

which objectives do 

they succeed?  

3.a. Which ICT innovation cases are developed for/or by MarSC stakeholders 

and what is their typology? 

3b. Is the importance of ICT innovation objectives aligned with their success? 

3.c. Which important objectives are achieved with low or high success? 

4. Which costs and 

benefits are brought 

by ICT innovation in 

the supply chain? 

(evidence from an 

empirical point of 

view) 

4.a. What is the occurrence of costs and benefits when ICT innovation is 

introduced in the MarSC? 

4.b. What is the occurrence of costs and benefits of ICT innovation according 

to the type of integration it supports? 

5. What is the cost-

effectiveness of ICT 

innovation according 

to the type of data-

integration approach 

taken? 

5.a. What is the cost-effectiveness of internal data integration within one 

company and its environmental effects? 

5.b. What is the cost-effectiveness of ICT tools introducing horizontal data 

integration in the MarSC? 

5.c. What is the cost-effectiveness of vertical data integration practice 

through the use of a blockchain enabled application? 

5.d. How does a port community system, through a mixed data integration 

approach, improve the competitiveness of the community as a whole? 

Source: own composition. 

Contemporary business organizations that take part in the supply chain have to choose from a wide 

range of ICT tools that, based on the offered functionalities, have different implementation costs and 

generate another range of benefits. Naturally, a rational decision actor would choose an option that 

maximizes the revenues minus the cost (Marschak, 1959). This strategy counts in only the immediate 

effects of individual ICT innovation, namely the monetary costs and benefits they generate. However, 

this decisional rationale does not consider, for example, the extra costs and benefits generated by ICT 
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tools when they are upgraded or are integrated with other systems (of third party manufacturers or 

user). While in theory the benefits of these further actions could be monetized, in practice they are 

exempted. Not accounting for these benefits means that ICT options incur ‘penalties’. The cost of not 

being able to perform these actions can be very high. Research suggests that the benefits of the 

collaborative IT solution might be directly proportional with the value of a network as a whole raised 

to the square of the number of participants (Ries, 2011). Yet, quantitative arguments are again lacking. 

Nonetheless, the further desk research and insights brought via contacts with representatives for the 

MarSC sector proved that ICT innovation has high potential to contribute to further integration in this 

sector, yet the costs and benefits they generate are not known. Collecting all these complementary 

statements together generates a straightforward research trigger, the costs and benefits of ICT 

innovation in the supply chain as a whole are an unexplored field. To fill this gap, this PhD dissertation 

addresses as main research question the following: What is the cost-effectiveness of ICT innovation 

introducing integration in the MarSC? 

To answer this main research question, several sub-research questions have to be answered as show 

in table 1.1. These questions generate new knowledge with regard to the following elements. Firstly, 

it puts forward a comprehensive literature review with regard to the cost-related methods used in 

quantification of innovation outcomes. Secondly, it shows insights with regard to the costs and benefits 

of ICT in the supply chain according to its typology and finally, it provides evidence, from a cost-

effectiveness perspective, for the effects produced by different types of data integration approaches 

in the supply chain. In line with these objectives, five principal research questions are identified as 

follows. 

The first principal research question has the goal to identify the types of ICT innovation that are 

developed in the MarSC and to list their definitions from the literature. A literature review is triggered 

by the second principal research question with regard to the methods used by researchers in 

assessments of innovation. In addition, it identifies the costs and benefits elements that ICT innovation 

generates to MarSC stakeholders. The third research question identifies ICT innovation cases 

developed for/by MarSC, and initiates an analysis on their objectives. The outcomes provided through 

these research questions are used as input for the further quantitative analyses. The fourth principal 

research question uses the list of costs and benefits, provided through the literature review, and points 

out which of these elements are generated by the ICT innovation cases identified. Four in-depth cost-

effectiveness analyses that address integration practices are carried out to answer the final principal 

research question. 

1.4. Methodological approach and research scope 

To answer the main and the sub-research questions, the following overall methodological approach is 

followed. While this sub-section presents the research process followed, the more detailed description 

of the central method applied and choices with regard to case selection are detailed in the later 

content of the dissertation.  

 

Figure 1.1 visualizes from a conceptual perspective the flow and the interlinking of the research 

process. The grey-colored boxed show where independent methodologies are applied as follows: light 

grey for the literature review and data collection methods; dark grey for the support method helping 

to identify the focus and scope of the coming detailed analyses; and black for the main methodology 

blocks determining the core outcome of the thesis.    
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Therefore, a desk research in parallel with an empirical analysis are carried out to fill in the above 

mentioned gap. To understand how ICT innovation is introduced and which changes it produces in the 

MarSC, the term ‘ICT innovation’ needs firstly to be defined. A general literature review is carried out 

to identify the definition, characteristics and dimensions used by academia to differentiate amongst 

types of ICT innovation. A dedicated methodology for querying dedicated databases is applied. A first 

dimension is centred on the typical characteristics of innovation from an ICT perspective, while a 

second one explores them from a maritime supply chain perspective. The literature review concludes 

that integration (e.g. internal, horizontal, vertical, mix) is a common criterion that requires attention 

when studying ICT innovation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. Overall methodological approach. Source: own composition. 
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brought by innovation in ports (Giuliano et al., 2016). These conclusions are the foundation of this 

dissertation. 

Subsequently, a detailed literature review is carried out to show which methods are used by academia 

to evaluate innovation introduction. Researchers, a.o. Florio et al. (2008), Corbett, Wang and 

Winebrake (2009) or Aronietis (2013), have put forward a wide a range of methodologies used to 

quantify the impact of an innovative concept. This overview presents, amongst others, methods that 

use innovation indicators, total factor productivity index or extended (social) cost-benefit analyses. 

Although, there is a high interest from both the academia and industry in methods that consider the 

costs and benefits generated by innovation, yet in practice, their application faces difficulties. These 

difficulties are due to lack of knowledge on the cost and benefit elements generated by ICT innovation, 

low availability of data or to its confidential (private) statute. Therefore, a comprehensive framework 

for identifying the costs and benefits of ICT innovation is derived from the literature review. This 

framework brings together the cost and benefit elements generated by ICT innovation and is used 

further in the empirical part of the dissertation. In addition, due to the fact that in the shipping 

industry, 75% percent of data with regard to costs, operations or operational changes/decisions are 

stored in emails, Microsoft Excel sheets, pdf or paper documents (Sondergaard, 2016), make it 

impossible to reach or aggregate this data. From the literature review, it was also concluded that cost-

effectiveness analysis (CEA) is a suitable method to carry out analysis on innovation. A CEA evaluates 

the outcome of innovation based on a ratio between the costs and the benefits, keeping the latter in 

its initial unit of measurement. In a CEA, while the general approach remains the same, the 

particularities of the case studies and the scope of the analysis (for example availability of dedicated 

data, its format or other quantitative elements measuring innovation goals/objectives) determine the 

framework of each evaluation. An analysis frame is thus defined for each CEA. In this context, a CEA 

presents relevant preliminary results with regard to ICT innovation introduction, yet the numerical 

results are consistent within the pre-defined borders of analysis. 

The empirical research carried out by this dissertation collects a comprehensive list of innovation 

cases. A semi-structured approach was followed where questions were addressed to get insights on 

ICT innovation’s scope, characteristics, development process, involved stakeholders, objectives, and 

the type of costs and benefits they generate. A first empirical analysis is carried out to point out the 

occurrence of cost and benefit elements introduced by ICT innovation. Key results are provided from 

the perspective of the entire case sample and sub-categories of cases according to the type of 

integration they introduce, using the outcome of the general literature review. The empirical analysis 

continues by carrying a detailed analysis on innovation objectives. This analysis reveals that, although 

important objectives are successfully achieved, there are objectives that are achieved with an 

unexpected rate of success (lower or higher relatively to their importance). This conclusion triggers 

that detailed CEAs are conducted on topics pointed out by these objectives (with an unexpected rate 

of success). This input narrows further the focus of the empirical analysis to detailed CEA individual 

applications. In addition, each objective defines the analysis framework of each CEA. These conclusions 

determine that further numerical data is collected for these case studies on cost and benefit elements. 

Moreover, the cases used for these analyses introduce either internal, horizontal, vertical or mixed 

type of integration, enabling conclusions to be drawn from this perspective as well. The final research 

results of the PhD dissertation are given from both the desk and empirical research perspectives. 

1.5. Dissertation chapters and outline 

This PhD dissertation consists of ten chapters. The follow up of chapters and its structure is presented 

in figure 1.2.  
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The first chapter provides an introductory overview on the topic of ICT innovation. This overview is 

given from a MarSC perspective. It presents as well the research rationale and the overall 

methodological approach carried out throughout this dissertation. 

Chapter 2 summarizes the literature review focusing on ICT innovation with the aim to set up a 

typology. To do so, it identifies the fundamental characteristics of ICT innovation and pinpoints an 

overview of typical categories used to differentiate them. Subsequently, it discusses the types of 

innovation identified by academia in the maritime and the port sector. 

Chapter 3 provides the fundamental approach followed to reach the outcomes of this dissertation. An 

in-depth literature review is pursued to offer a comprehensive comparison between methodologies 

that quantify the outcome of innovation. A further focus on cost-related methods points out an up-to-

date comparison and the limitation that each of these methods face. This methodology chapter results 

in a comprehensive framework for quantification of costs and benefits incurred by supply chain 

stakeholders using ICT innovation. This framework is used as core and recalled in every application 

part that follows. Moreover, due to the specificity of each application presented in the current 

dissertation, case-specific methodological aspects are presented in each application chapter.   

Chapter 4 provides the outcomes of an empirical research considering a collection of 44 ICT innovation 

cases. An in-depth analysis with regard to the strategic objectives and their ranking according to the 

importance and success is provided.  

Chapter 5 discusses the results of an in-depth study focused on the occurrence of costs and benefits 

of each type of ICT innovation in the supply chain. The resulted typology of ICT innovation presented 

in chapter 2 is used to further group innovation by type and point out the occurrence of costs and 

benefits for each category. 

The chapters 6 to 9 provide detailed cost-effectiveness analyses of ICT innovation focused on the main 

types of data-integration practices identified in the MarSC. These empirical analyses presented in each 

of the four chapters are conducted in parallel and follow a similar structure line. An introduction about 

the topic addressed and more details about the case study(ies) are given. The research approach is 

presented as well with explaining the particularities of the CEA applied for each case study. Following 

up, the research results are provided and discussed. The last point delivers concluding remarks, 

research limitations and potential tracks for future research. Each of these chapters have the following 

focus. Chapter 6 conducts an analysis centred on innovation that aims at internal (company level) data 

integration. This ICT innovation is studied from the perspective of a cost-effectiveness analysis where 

the outcome is centred on the increased efficiency of a road transport company in using a variety of 

multifunctional chassis. Chapter 7 applies also a cost-effectiveness analysis. The core of this analysis is 

set on the achievements gained by three ICT innovation cases. These ICT innovation cases introduce 

horizontal data integration in the supply chain. Chapter 8 focuses on an application that introduces a 

vertical data integration practice in the MarSC. This application uses the cost-effectiveness analysis to 

assess three implementation strategies for a blockchain-based application. Chapter 9 seeks the 

benefits offered through a mixed data integration approach. This chapter uses the case of a port 

community system to point out the increased competitiveness of its users. 

The synopsis, general conclusions and recommendations for future research are given in chapter 10. 
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Figure 1.2. Interlink of the PhD dissertation chapters. Source: own composition. 
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2. ICT innovation in the supply chain: from literature review to an 

exhaustive typology 

Given the rising trend toward ICT implementation, academia develops studies that look into the details 

of ICT innovation (Von Hippel, 2005; Freeman, 2013). Yet, only limited research has focused on 

identifying the types of ICT innovation that is introduced in the MarSC. This PhD dissertation 

acknowledges the presence of it and sets pioneering research steps on this new topic. This chapter 

reviews thus previous research carried out on the topic of ICT innovation and sets the fundamental 

base on which the later chapters are developed (as presented in figure 1.2). This chapter provides 

results from a desk research perspective, identifies which types of ICT innovation arise in the maritime 

supply chain and answers RQ1 - Which dimensions of ICT innovation exist in the MarSC? To do so, it 

reviews first the dimensions of innovation from an ICT perspective and then from a MarSC perspective, 

formulating further the following sub-research questions: 

RQ 1.a: What are the main types of innovation that arise from an ICT perspective? 

RQ 1.b: What is a comprehensive typology of innovation from a MarSC and integration 

perspective? 

This chapter is structured as follows. A first sub-section presents the ICT innovation state-of-the-art in 

the maritime supply chain. The second sub-section gives insights with regard to the two main 

dimensions that this innovation carries. The first dimension is centred on innovation characteristics 

from an ICT perspective. The second starts from the typology made by Vanelslander et al. (2019) and 

discusses its particularities from a maritime supply chain perspective. A summarizing overview 

concludes this chapter.  

2.1. Supply chain actors and the need for ICT innovation  

The chain interaction of stakeholders is of key importance to enable efficient goods flow. ICT 

innovation development differs fundamentally from the classic innovative process as it requires at 

least the involvement of two types of stakeholders and the creation of a multidisciplinary context 

(Alves, Marques, Saur, & Marques, 2007). In this context, ICT developers bring in programming 

capacities and technical knowledge; and on the other side, the industry (i.e. the supply chain 

stakeholders) share practical knowledge over maritime supply chain’s processes and potential 

optimization needs. By doing so, ICT innovation in the MarSC carries multiple characteristics. 

The research of Meersman, Van de Voorde and Vanelslander (2010) provides an overview of the links 

existing between the MarSC stakeholders and illustrates them in figure 2.1. This visualization shows 

(with dotted lines) that, in parallel with the physical goods flow, there is an adjacent network that 

ensures the data exchange necessities. In this context, ICT innovation is developed to serve these 

necessities. A common list of characteristics of innovation in the MarSC from an ICT perspective is not 

yet known. 

The invention of microprocessors and later the production of computers on a large scale enabled the 

introduction of ICT innovation in the supply chain (Furber, 2017). The practical experience shows that 

ICT introduction is the results of several drivers (some example of drivers are new technologies, 

management will, culture etc. Yet, MarSC stakeholders are not following simultaneously the same 

phases nor have the same adoption goals for ICT innovation. For example, differences in types of ICT 

innovation introduced in production differ according to business scale or scope. While some 

stakeholders, although part of international supply chains, are acting locally and have paperless 

transport accepted through regulation, others provide their services in an international context where 
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a shift towards digital documents has not been introduced. Hence, a general label or a timeline with 

regard to the period of implementation of each phase in the supply chain would be elusive. Yet, the 

logical follow-up of these steps is of relevance.  

Figure 2.2. puts forward the logical follow-up of these steps in implementing ICT innovation in the 

supply chain. 

 

Figure 2.1. Illustration of the maritime supply chain informational links. Source: Meersman et al. (2010) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2. The bottom-up evolutionary pyramid of ICT solutions in the supply chain. Source: own 

composition based on Wortmann (1998); Carbone and de Martino (2003); Perego, Perotti and 

Mangiaracina (2011). 

Implementation of internal ICT solutions 

Implementation of inter-organizational data transfer solutions 

Data transfer within (port) community systems 

ICT integration initiatives within/across supply chains 

Automatic data processing/enrichment solutions 

Development of self-learning systems  
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As shown in figure 2.2, the introduction on a large scale of ICT in the supply chain began with the 

implementation of internal ICT solutions. This process started in the early 80’s.  Since then, there is a 

continuous process of implementing internal ICT solutions. These solutions’ goal is to lower the cost 

and/or increase the quality of products and/or services (Arduino et al., 2013), thus providing 

innovation. The initial usage of this innovation is destined for word processing, report(s) compilation 

and/or information storage. Once ICT solutions are set in place for individual users and/or supply chain 

stakeholders, a new challenge takes shape in getting these systems connected. A further evolution 

step is then made by initiation of community systems, that facilitate the data-exchange need of supply 

chain stakeholders having their commercial activities in the same (usually constrained) geographical 

area (Carlan, Sys, & Vanelslander, 2016). Another step in developing ICT solutions/innovation is to 

provide a supply chain end-to-end informational system. These types of systems are at conceptual 

level and would cover the operational data/informational needs of stakeholders involved in one supply 

chain. Lastly, a further advancement is developing so called ‘data pipe lines’ that feed parallel supply 

chains with the needed information (CORE, 2015). The latter are used for capacity optimization or 

cargo bundling purposes (increase the loading factor of transport units), matching transportation 

assets with planned orders or for more efficient reverse logistics (re-positioning of empty loading units 

according to next transport needs). The phases presented above strive for information integration and 

the enhancement of logistics operations through data use from multiple sources and/or different 

supply chain stakeholders.  

A first distinction between data exchange services needed in a supply chain is made according to which 

stakeholders have goods ownership or not. The key roles and functions of each category are presented 

below. First, the stakeholders’ group with a direct link to the goods ownership is formed from: 

suppliers, manufacturers, wholesalers, distributors, retailers and users. For this group of stakeholders, 

information with regard to goods identification and traceability is key. For the purposes of this study 

only, this type of stakeholders is generically referred to as shippers or receivers of the goods 

(consignees). Secondly, the stakeholders that have an indirect link (or no link) with the ownership of 

goods, but that play a key role in service offering and contributing to the goods movements are: port 

and hinterland stakeholders (e.g. freight forwarder, maritime carrier and/or shipping lines, terminal 

operators, hinterland transporters, depot/warehouse etc.), authorities (e.g. port authorities, customs, 

harbour master, pilotage or administrative authorities, etc.) and other third parties (e.g. agents or 

financial institutes, ICT providers etc.). The key issues signalized by this group of stakeholders are 

related to data retrieval for operational planning, cargo ownership and the security of asset/personal 

information. At an aggregate level, a potential data-related solution has to guarantee both track and 

trace needs of goods for shippers and enable smooth operational planning for MarSC stakeholders. 

However, contemporary technological solutions face barriers set by confidentiality conditions with 

regard to data ownership and asset/personal information sharing, as shown by Carlan, Coppens, Sys, 

van Gastel and Vanelslander, 2019). Table 2.1 presents the state of the art of the solution set in place 

by MarSC stakeholders for data exchange and the challenges they face during information retrieval. 

Table 2.1 shows that MarSC stakeholders face fundamental barriers when it comes to data retrieval. It 

is obvious that fragmentation of data sources is a fundamental problem amongst the MarSC 

stakeholders. Operational tasks with regard to data bundling are still done manually, in their behalf, 

by an operator, planner or dispatcher. This observation is valid for all stakeholders. Hence, retrieving 

real-time information is time-consuming, and thus costly. Maritime carriers develop or join global data 

platforms for cargo data, yet, at an operative level they work still with in-house developed/acquired 

solutions to solve their needs only. This practice is shared by the other stakeholders as well that aim 

at optimizing their asset use. Moreover, track and trace services for shippers are currently available 
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only in closed distribution chains, operated by the shipper itself or, in the case of a distribution chain, 

by the last-mile distributors. Completing information retrieval tasks generates inefficiencies for the 

supply chain stakeholders. This preliminary overview shows that further fundamental research on 

creating a typology of ICT innovation that addresses contemporary inefficiencies in the MarSC is 

needed. 

Table 2.1. Supply chain barriers, challenges and own solution to information exchange. 

Supply chain 
stakeholder 

Challenges to information retrieval Solutions 

Shipper, consignee Fragmentation of data sources 
  
Low transparency of supply chain 
operations 

Manual data retrieval and own operational 
check points to track the cargo flow 

Freight forwarder Fragmentation of data sources 
 
 
Up-to-date shipping tariffs and other 
relevant input  

Manual data entry and information retrieval 
with regard to orders and cargo flows 
 
Manual shipping tariffs retrieval 

Maritime carrier Retrieval information over the cargo 
(B/L) 
 
Retrieve information over the 
transport dues payment (L/C) 
 
Fragmentation of data sources 
 
Fragmentation of data used for 
invoicing 

Working with platforms (e.g. INTTRA, GT 
Nexus) 
 
Clients working with letter of credits and 
electronic confirmation 
 
Manual data bundling 
 
Manual up-date/check-up 

Terminal operator Non-uniform truck arrivals 
 
Unpredictable own equipment 
planning due to late arrivals of trucks 
 
Fragmentation of data sources 

Gate appointment system 
 
Overbooking of the equipment and working 
with long reserves 
 
Manual data bundling 

Hinterland carrier Unpredictable transit time due to 
congestion 
 
Delay at terminals/destinations 
 
 
 
Opening hours of terminals/depots 

Take into account extra buffer time based 
on own experience 
 
Investments in own depots on 
concessionaire’s grounds within the port for 
off-peak deliveries 
 
Combining manual/electronic operational 
planning and checking of the available time 
slots 

Depot/warehouse Update the available capacity Manual update into own systems. 

Source: Carlan et al. (2019) 

This state-of-the-art ICT innovation in the MArSC shows the complex environment where ICT 

innovation arises. Yet, a comprehensive overview of in-depth characteristics of innovation is spread 

across the literature. The next sub-sections provide an overview of types of ICT innovation that are 

developed by MarSC stakeholders.  

2.2. Innovation in the supply chain: an ICT typology 

Previous research has also studied innovation and formulated types of innovation that arise in different 

sectors (medical, construction, energy, etc). A comprehensive overview of types of innovation used in 
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research is given by Garcia and Calantone (2002). Their overview contains studies referring to 

innovation regardless the field from which it arose. The same authors show the presence of multiple 

elements used to categorise innovation, but also that academia did not yet reach a consensus when it 

comes to fixing innovation categories as they are sector-specific. To fill this gap, the below sub-sections 

give an overview and distinguish between types of ICT innovation as defined by academia. 

The literature overview is carried out applying the following method. The overview is built up by 

querying scientific databases like Scopus, ScienceDirect and Web of Science, and journals of 

information technology (e.g. Journal of Information Technology and IEEE Transactions on Industrial 

Informatics). Given the focus on ICT innovation the following string key words are used: ‘software 

solution’, ‘ICT’ or ‘digital information’ each complemented by the terms ‘typology’ and ‘classification’. 

For each query, a period for running the search is fixed to 2001 and 2017. Table 2.2 shows thus the 

databases considered for querying and the results obtained after each key word search. The total 

number of search results is given per database in the furthest right column and the selected number 

of publications for in-depth read are shown on the left side. 

Table 2.2. Data bases considered for the literature review and number of papers shown by the search 

queries. 

key words 
searched: 

‘software 
solution’ 

followed by 
‘typology’ or 
‘classification’ 

‘ICT’ followed 
by ‘typology’ 

or 
‘classification’ 

‘digital 
information’ 
followed by 
‘typology’ or 
‘classification’ 

Total selected 
papers/ 

Total search 
results given 

Journal 
Results selected for detailed reading/ 

results given by the searched key words 

Scopus 3/84 6/153 3/235 12/472 

ScienceDirect 6/284 1/102 2/217 9/603 

Web of Science 4/46 1/142 1/149 6/337 

    27/1412 

Source: own composition. 

As shown in table 2.2, 27 publications are selected to be included in the further overview. The selection 

procedure is made based on the information given in the title and abstract. Publications that refer to 

characteristics of innovation from an ICT perspective are selected for detailed reading. Annex 2.1 

presents thus the 27 publications selected for this overview and shows their: (i) authors; (ii) year of 

publication; (iii) publication journal; (iv) scope of the publication; and (v) the reference they make to 

types of ICT innovation.  

After centralizing the results of the literature overview, the following ICT innovation categories arise. 

A first distinction is made according to ICT innovation nature. Secondly, a further split can be made 

according to innovation outcomes and thirdly, innovation is distinguished among according to the type 

of access given to its outcomes. Each of these types are discussed below. 

2.2.1. Innovation nature  

ICT innovation, according to it nature, is the development of hardware, software or integrated 

solutions (Moore & Benbasat, 1991). For each of those, technical competences are required, yet, the 

innovation process, the generated costs and the benefits are fundamentally different (Kline & 

Rosenberg, 2010). A hardware component is described as a tangible device that is or is attached to a 

computer (Dougherty, 2012). Without hardware components, any software development is obsolete. 

Software innovation is a general term to identify a collection of programs, procedures or 

documentation that run on hardware devices (Toffolon & Dakhli, 2003; Fissore, Pirotti, & Vettore, 
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2017). Software is an ordered sequence of instructions for changing the state of the computer 

hardware in a particular sequence. Software is typically programmed with a user-friendly interface that 

allows humans to interact more efficiently with a computer system. An integrated solution is an ICT 

innovation that consists of both hardware and software components. 

2.2.2. ICT innovation outcome 

Schumpeter (1939) introduces the definition of innovation referring to the results of innovation as a 

change in product or service. Later research refers to product innovation as the development and 

market introduction of a new redesigned or improved good or product (Utterback & Abernathy, 1975; 

Nardelli, 2015). In ICT, a product innovation can take the shape of a hardware or a software piece as 

defined above. The supply chain stakeholders use ICT product innovation for either operational, 

administrative or management purposes. Service innovation is developing a new customer interaction 

channel, a distribution system or a combination of them (Tekes, 2007; Lusch & Nambisan, 2015). 

Through ICT service innovation, supply chain stakeholders open new customer interaction channels, a 

non-exhaustive list of examples that are offering track and trace services, push automatic notifications 

generated by operational triggers or retrieve automatic transport order details (Den Hertog & 

Bilderbeek, 1999; Weber, Heller-Schuh, Godoe, & Roeste, 2014). These applications are also known as 

Software as a Service (SaaS) developments.  

Table 2.3. Type of innovation according to the type of outcome. 

Outcome type 

Product 

 
The development and market introduction of a new, 
redesigned or improved product. (Nardelli, 2015) 
 

Service 

A new or significantly improved service concept that is taken 
into practice. It can be for example a new customer 
interaction channel, a distribution system or a combination of 
them. (Tekes, 2007) 

Source: own composition. 

2.2.3. Access to ICT innovation outcome 

According to Chesbrough and Bogers (2014), and West, et al. (2014), open innovation is a trend that 

companies follow. Often by merging external sources, innovation developers long for creating more 

added value products or services. Along the MarSC, ICT innovators have replaced standalone practices 

by collaborative thinking as well, and use external sources to innovate. Academics like Rohrbeck, Hölzle 

and Gemünden, 2009) or later Nambisan and Baron (2013) studied the opportunities brought by the 

digital era and observe that new innovation ICT ecosystems arise. The new element expands the limits 

of ICT concepts by offering innovators new ways for sharing, storing and merging together knowledge 

(Nambisan & Baron, 2013; Rohrbeck et al., 2009).  

Literature has addressed the problematics of open innovation from two viewpoints. The first viewpoint 

refers to access to capabilities used in the innovation process (Lawson & Samson, 2001; Roumboutsos 

& Saussier, 2014), and the second to its outcomes (Felin & Zenger, 2014). Research focusing on open 

source innovation (e.g. Laursen and Salter, 2006) often points at innovators boundaries. As such, Paasi, 

et al. (2012) put intellectual property (IP) rights in the centre of their research. They designate open 

innovation as a development process that involves sharing IP. In addition, Chesbrough and Bogers 

(2014) explain that developing open innovation is a process based on purposively managed knowledge 

flows across an organization’s frontier. Similarly, Felin and Zenger (2014) state that open innovation is 

achieved by companies that go beyond their borders in the quest for knowledge and technology. In 
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contrast, companies giving preference to closed innovation valued in-house capabilities exclusively. 

The same authors make a distinction between open and closed innovation outcomes. In this case, the 

difference is made by the type of access that users have when using the innovation’s outcome (Felin 

& Zenger, 2014; Vanelslander et al., 2015a). Vanelslander et al. (2019) put forward a typology looking 

at the access to innovation outcomes. 

Table 2.4 presents a new dimension for ICT innovation in the supply chain in relation with the type of 

access that the innovation champion sets to it. Firstly, unconditioned innovation points to new 

developments that can be accessed by any stakeholder. Secondly, the conditioned type refers to 

innovation that has been developed only for the use of the developer and for which the development 

process did not include external stakeholders. Lastly, locked innovation refers to in-house 

developments that offer preferential access when used by third parties. In this case, the innovation 

champion (developer) gives its agreement to external users for the innovation usage. As an example, 

this category refers to collaborative ICT platforms, which are protected by log-in credentials. Thus, 

although flexible to be used by other users, the developer still has complete control over its innovative 

outcome. 

Table 2.4. Types of innovation according to the access to its outcome. 

Access to 
innovation 
outcome 

Unconditioned 
(Open) 

Innovation that produces outcome available to external parties with 
no access restrictions. (Felin & Zenger, 2014) 

Conditioned 
Innovation that has an outcome that can be used by external 
parties, but in a controlled way (e.g. ICT platform secured by login 
credentials). (Morzy, 2015)  

Locked (closed) 
Innovation that produces outcome for the internal use of a company 
with no external spread. (Felin & Zenger, 2014) 

Source: own composition. 

2.3. ICT innovation typology from a supply chain perspective 

Innovation in the supply chain and its typology has been also studied by previous research. Arduino et 

al. (2013) and Aronietis (2013) conduct research on policy innovation in the supply chain and provide 

a typology of this type of innovation. Their research groups innovation in the supply chain in four 

categories according to the types of changes it introduces. The first type is represented by purely 

technology innovation changes; the second one by managerial, organisational and cultural innovation 

modifications; the third category refers to changes in technology, managerial, organisational, cultural 

innovation; and finally the fourth one points to public policy innovation change. The later research of 

Vanelslander et al. (2019) provides an uplifted categorisation of innovation focusing on ports. They 

detail innovation further and point out that the second and the third categories can both have effects 

either on business (unit) or market, expanding the typology provided by Arduino et al. (2013) to six 

categories of innovation. These key innovation categories overarch also ICT innovation in the maritime 

supply chain as put forward by this sub-section. Complementing to sub-section 2.2, these categories 

are considered under a fourth set of ICT innovation type. Lastly, the data-integration practices 

introduced amongst the MarSC stakeholders is considered as a fifth ICT innovation category. Each of 

these sets of types of innovation are discussed below. 

2.3.1. Changes in the maritime supply chain linked to ICT innovation 

In order to provide an in-depth understanding of ICT innovation in the maritime supply chain, this sub-

section points out the types of changes introduced by innovation in the MarSC starting from the  

typology presented by Vanelslander et al. (2019) and presents them from an ICT perspective. According 

to this research, elements such as the technological evolution, the managerial push, customer/cultural 
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demand (applications need) and/or the policy measures are interconnected and influence innovation. 

Equally, innovation deployed at either only at singular business unit or at a market level must be also 

considered.  

2.3.1.1. Technological evolution (unit or market change) 

Technological evolution is an important driver for implementing new ICT innovation. Table 2.5 presents 

an exhaustive list of contemporary technologies that drive ICT innovation in general. These examples 

trigger the implamentation of IT tools, services or software applications in the supply chain.  

Table 2.5. Exhaustive list of technologies that drive ICT innovation in the MarSC. 

Technology Definition 

Cloud storage A computing model in which data is stored on remote servers accessed from 
the internet, or ‘cloud.’ It is maintained, operated and managed by a cloud 
storage service provider on a storage server that is built on virtualization 
techniques (Bowers, Juels, & Oprea, 2009; Kamara & Lauter, 2010). 

Cloud computing The practice of using a network of remote servers hosted on the Internet to 
store, manage, and process data, rather than a local server or a personal 
computer (Armbrust et al., 2010; Mell & Grance, 2011). 

Big data The process of using extremely large data sets that may be analysed 
computationally to reveal patterns, trends, and associations (Provost & 
Fawcett, 2013; John Walker, 2014). 

Internet of things The interconnection via the internet of computing devices embedded in 
everyday objects, enabling them to send and receive data (Kopetz, 2011; Xia, 
Yang, Wang, & Vinel, 2012; Bosmans, Mercelis, Ceulemans, Denil, & Hellinckx, 
2017; Steinker, Hoberg, & Thonemann, 2017).  

Artificial intelligence It is the theory and development of computer systems able to perform tasks 
normally requiring human intelligence (De Kleer, 1986; F.-Y. Wang, 2010). 

Blockchain (Distributed 
Ledger Technology) 

It is a digital ledger in which the change in the ownership rights is recorded 
chronologically and simultaneously on several servers, personal computers or 
electronic storage devices (Swan, 2015).  

Source: own compilation  

These technological achievements will bring improvement steps in the supply chain operation. Cloud 

technology enables significant savings when it comes to archiving or handling transport-related 

documents. A further extension of the cloud technology is the computing or the processing power 

(functionally). As traditional systems were operated only from a PC, with new technology 

advancements, ICT systems are operated remotely with the use of the cloud technology. Big data 

opens new opportunities for forecasting and enable further processes optimization possibilities in the 

supply chain. Internet of things in logistics has immediate application on assets that benefit from 

tracers and sensors. For example, by linking the GPS data of a truck with series of temperature data 

generated by sensors from refrigerated containers, one can track back the location of and 

responsibility for temperature changes. Artificial intelligence in logistics presents as well a lot of 

potential when it comes to route decision making or transportation task acceptance. The most recent 

example of technological achievement that stimulated the transport sector was the implementation 

of several blockchain proofs of concept (Calatayud, Carlan, Sys, & Vanelslander, 2018; A. Gausdal et 

al., 2018). The blockchain technology is used to assist ownership rights exchange for which a neutral 

party is not needed anymore to guarantee. Besides technology, elements like managerial drive, 

organisational or cultural setting contributes as well to innovation deployment. The following sub-

section gives insights with regard to the multi-disciplinary approach of ICT innovation in the MarSC. 
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2.3.1.2. Technological, Managerial, Organisational or Cultural (unit or market change) 

Sys et al. (2015) mention competitive advantage (first mover advantage) as one of the factors that 

drive innovation in the supply chain. Managers are usually empowered to take decisions with regard 

to where the next effort (financial or human resource wise) is going to be invested. However, aiming 

at benefits brought by being first movers involves risk quantification. This quantification can be done 

through methods that analyse costs, apply game theory elements or assume the failure when 

innovation does not bring the expected benefits. The risk taken by the first mover advantage seeker 

covers development costs, loss of other opportunities and even reaching a lock-in situation (Makadok, 

1998; S. Wang, Cavusoglu, & Deng, 2016). 

The type of decisions that the managers in the supply chain are confronted with depends on the 

technological change or on the functionalities introduced by each ICT system. Yet, the main ICT 

challenges that managers currently face in the port sector are put forward by Verstraelen (2017): 

 Identify the right knowledge (expertise) and development capacities 

 Define common goals and strategy for the interested stakeholders 

 Build business cases for each type of user 

 Achieve a state-of-the-art enhanced ICT system 

These points prove that the introduction of ICT in the supply chain is, in some cases, more than a 

technological change and that it requires managerial support. The trade-off that managers often make 

when it comes to ICT systems choice is with regard to the security options offered, the costs and the 

data-transfer efficiency (productivity). Rosenquist (2014) states that the more security layers a system 

has, the more difficult it is for a system to perform and thus to serve its operational purposes. 

Moreover, security and high productivity comes with an extra cost. 

 

Figure 2.3. The trade-off that managers make when implementing ICT solutions. Source: own 

compilation based on Verstraelen (2017)  

As shown by figure 2.3, managers have to take decisions that are associated with risks with regard to: 

data security (cybersecurity) options, data sharing channels and functionalities or evaluating the 

acquisition and maintenance costs.  

The ICT application/technology adoption and usage (data platforms, online booking platforms, 

middleware (conversion) layers, visualization layers, artificial intelligence applications or distributed 

ledger chains for assets ownership tracking) at a company’s level are also pre-validated and enforced 

by the organization’s board itself. 
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2.3.1.3. Managerial, Organisational or Cultural (market change only) 

The development of which solutions in the supply chain faces, in some cases, technological barriers. 

Yet, their uptake requires the formulation of new business models and/or the presence in the market 

of new stakeholders that offer data integration services. Thus a change in the market is achieved. 

New technological achievement enables new business models. Data integration services and solutions 

bring benefits to business units. Yet, the acquisition cost of such services and/or solutions has to be 

lower than the value of the produced benefits to be successful. In other words, the uptake of ICT 

innovation has to be supported by a business model. The use of electronic data enables new business 

opportunities in the supply chain. One example is the contemporary calculation of the detention and 

demurrage costs. Traditionally, detention and demurrage costs are calculated according to the number 

of days that a container is in use, where an extra day counts for 24 hours. Hence, in theory, one minute 

delay means a cost increase with the tariff of one day for detention or demurrage. To avoid these costs 

and lower the risk, road transporters queue in traffic, internalising waiting costs, and return containers 

to depots with a significant time margin before the time-limit (Joosen, 2017). Setting up a new business 

model for shifting the detention and demurrage charging practice from a daily basis to an hourly or 

even minute basis, would enable ICT innovation to kick in. The new business model would have to 

determine the road transport operators’ benefits for being able to choose more in detail the moment 

they return a container, and charge the maximum of their willingness to pay for their time gain. 

Innovation in general, and ICT innovation in the supply chain in particular, is also driven by demand. 

Despite the fact that declared demand for certain solutions is identified, the unclear roles of leading 

stakeholders and the lack of initiative of supply chain stakeholders to assume a precise business model, 

sets ICT innovation on hold. Figure 2.4 visualizes a demand loop that, until the introduction of an 

agreed business model, stops ICT innovation to move forward. This loop is identified in two practical 

examples at the port of Antwerp. 

 

 

 

 

 

 

 

 

 

 

Figure 2.4. Demand loop paradox in implementing ICT innovation in ports. Source: own composition. 

ICT solutions require the involvement of several types of supply chain stakeholders, as it brings benefits 

for each. As shown through figure 2.4, the innovation development process is stopped as each 

stakeholder relies on the others (having a potentially greater need and benefits for a certain solution) 

to set the initial steps. This situation is identified at the port of Antwerp for both the quay and the land 

side of the terminals and explained from the perspective of two yet-to-be-implemented ICT solutions. 

Table 2.6 centralizes the key characteristics of each solution from stakeholders’ demand point of view. 

Port Authority (infrastructure 
manager)

Low control over the 
infrastructure usage

Hinterland operators

Low visibility on port 
infrastructure availability

Terminal operators

Low transparency on the 
hinterland operations
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The role and the potential of each stakeholder in the ICT solutions is put forward in table 2.6. In each 

of the ICT potential solutions, each stakeholder (stakeholder group) can take initiative and develop a 

potential ICT solution as they would have benefits from it. This potential ICT solution can have the form 

of a common data platform that equally represents the data interests of each stakeholder and supplies 

the needed data. A first option is that the port authority can develop a solution that monitors the 

traffic in the port and have its own overview of the activities in the port. The terminal operators and 

road transport operators could benefit as well from this information for their operational planning. 

The second option is that the terminal operators would join their capabilities and develop a platform 

from which, by knowing each other’s operational planning, they can anticipate better the incoming 

and outgoing volumes, and thus plan more efficiently. This type of centralisation would then be very 

much useful for the port authority and the hinterland operators for their operational planning. A third 

option is that the hinterland operators would share their planned operations and be able to optimize 

their transportation tasks. This type of platform would be then also interesting for the port authority 

to monitor the traffic within the port, but also for the terminal operators to better plan their 

operations. Yet, the vicious expectations that ‘the others’ would initiate ICT innovation hinders the 

development of a win-win innovation that impacts the market level. 

Table 2.6. Particular needs of several stakeholders from a centralized booking system. 

Potential ICT 
solution 

Stakeholders The demand 

Centralized booking 
system for the quay 
mooring (waterside) 

Port authority Overview of the quay occupancy and vessels position in 
the port 

Terminal operators Internal operations planning based on the vessels arrival 

Barge operators Poor planning decision for terminal visits  

Centralized booking 
system for terminal 
slots (land side) 

Port authority Efficient usage of on-land infrastructure (roads, parking, 
bridges, etc.) 

Terminal operators Internal operations planning based on the trucks’ arrival 

Road transport 
operators 

Unreliable planning for pick-up/drop-off operations 

Source: own composition. 

2.3.1.4. Public drive (market change) 

This sub-section provides evidence that innovation might arise in a public driven context. It gives an 

overview of innovation that has a legislative, policy or public funding background. 

Legislation and ICT innovation 

A further driver for ICT innovation in the supply chain is the legislative framework. Despite the fact that 

legislation has a reactive character, there are also examples where legislation is stimulating the 

development and implementation of ICT solutions. Moreover, supply chain stakeholders can 

implement ICT innovation in the anticipation of incoming legislative enforcements. This legislative 

initiative determines MarSC stakeholders (customs agents, forwarders etc.) to adopt ICT innovation 

that enables working with electronic customs documents previously to legislative obligation. This type 

of decision, although it is costly and apparently not forced, provides these stakeholders with a 

temporary competitive advantage. A non-exhaustive list of examples linked to the supply chain is 

presented below.  

Carlan et al. (2016) examine the effect of innovative ICT solutions on the maritime supply chain. Their 

research concludes upon a set of ICT innovation used in customs operations. One of the observations 

is that the customs sector benefited from an exceptional legislative push. The first step to the EU-wide 

electronic exchange of customs declarations was established with New Computerised Transit System 
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(NCTS) in 1997. After a set of multi-annual strategic planning, EC (2013) releases the Union’s Customs 

Code (UCC) which adoption and application was due on 1st May 2016. This document sets the ground 

for a shift by European customs agencies to a paperless, fully electronic and interoperable environment 

with core values of simplicity, service and speed. The UCC represents the latest framework for 

regulation on the rules and procedures for customs throughout the EU and covers most of the projects. 

The main project within this initiative is the EU single window environment for customs initiatives. 

Another legislative framework that enables innovation is with regard to the use of the electronic CMR. 

A CMR is a standardized document for cross-border transport of cargo by road, based on UN 

recommendations for uniform international rules and in force in the European Union (UNECE, 1961). 

Having already developed ICT solutions to handle the required data in electronic format, supply chain 

stakeholders were constrained by legislation to use paper based documents for CMR. In 2018, the 

European Union acknowledged the use of the electronic documentation in freight transport in some 

member states that closed, on bilateral level, an additional protocol to the United Nations Conventions 

for the carriage of goods. 

Shapira and Youtie (2010) show that in the US, the federal government can marshal and apply 

significant resources or promulgate major legislative changes (as with the Bayh-Dole Act). These 

changes can influence technological developments and ICT innovation.  

As technology advances, legislation enables slowly the use of ICT innovation in the supply chain (e.g. 

documentation handling). However, legislative barriers still hamper innovation. For example, the use 

of reduced crewing services is still forbidden, even though many monitoring tasks have been taken 

over by sensors and ICT systems; the use of autonomous vehicles is enabled by current technology, yet 

legislation is not prepared to handle it.  

Although legislation can have a facilitating role for ICT innovation in the supply chain, it would not 

represent a disruptive factor. Legislation is always reactive and it has the role of setting the borderlines 

for the human activities. 

Policy-driven ICT innovation 

Public institution accelerate the uptake of innovation through policy guidelines. This sub-section 

provides a summary of policy that drives ICT innovation.  

In Europe the innovation system is centralized as the European Commission gives the general 

guidelines for innovation development and the countries are working towards setting them in practice. 

For example, European Commission developed an EU innovation policy through the H2020 programme 

(European Commission, 2016). Five main topics for policies in innovation are identified. These topics 

refer to social, public sector, public procurement, design and workplace. The research of Calatayud, 

Carlan, Sys and Vanelslander (2018) lists the goal, the approach, and the related projects (if any) of 

these topics. With regard to social innovation, the EU took the facilitator position and facilitates the 

inducement, uptake and scaling-up of social innovation solutions. These goals are set in practice 

through two projects: Social Innovation Community and European Social Innovation Competition. In 

parallel, the EU also encourages public sector innovation and seeks for efficiency gains, better 

governance, faster delivery, and more citizens' involvement in the public sector. With this regard, best 

practices are identified through several market surveys and disseminated among the EU governments. 

Furthermore, the EU set its vision on public procurement of innovation to use its purchasing power 

and act as early adopter of innovative solutions. To do so, a public platform for innovation procurement 

has been set up. Additionally, the EU encourages the innovation design to accelerate the take-up of 

design in industrial and innovation activities at European, national, and regional level. Several events 
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and a web-based platform have been set up to support best practices on this topic. Finally, the EU 

addresses a change in the work environment itself through policies on workplace innovation. With this 

regard, a Europe-wide learning network was launched to improve the performance of organizations 

and the quality of jobs in a sustainable way. 

The United States has a highly decentralized and diverse innovation system (Shapira & Youtie, 2010). 

This system involves multiple actors, including branches of federal and state governments, public 

agencies, universities, the private sector, and non-profit and intermediary organizations. According to 

Melaas and Zhang (2016), the US is often quick to establish innovative national approaches, as for 

example with the National Nanotechnology Initiative, the SBIR or the MEP, which are often used as 

models for national policy making in other countries. On the other hand, the federal government can 

also hold on outdated or inefficient policies and programs (Bozeman & Youtie, 2017). Up to date 

budgetary priorities emphasize new directions for innovation including the development of policies 

and programs for clean-tech research and innovation and by commitments to expand US research and 

innovation capabilities to move away from foreign oil dependence while ICT-related innovation is not 

mentioned (Colgan & Van de Graaf, 2017). 

Rasiah (2018) provides an overview of six ASEAN countries and their innovation policy systems. 

According to that report Singapore’s innovation policy is the most advanced among the ASEAN 

countries. Its sophisticated innovation system has helped sustain rapid economic growth. Singapore 

has continued to promote the upgrading of its innovation inputs and outputs through proactive 

support from the government. Three (Singapore, Indonesia and Vietnam) out of the six ASEAN 

countries give direction with regard to ICT development in their policy program. 

The above overview show that policy encourages as well ICT developments. Further fundamental 

research is needed to review the effects of policy on ICT innovation in general and to the MarSC in 

particular. The next sub-section details the influence of public funding on ICT innovation. 

Public funding for ICT innovation 

ICT innovation benefits from support from private stakeholders, however public sources for innovation 

also exist. This sub-section shows non-exclusive worldwide examples on how innovation is reinforced 

through public sources.  

In Europe, an option is to have innovation streamed from the regional framework for innovation 

development like EU strategy and orientation on digital innovation.  EU funding programs open for the 

development or implementation of innovation and covering the 2014-2018 period are identified as 

follows: financial support offered through the H2020 program for SMEs, the Structural and Investment 

Fund, and the European Strategic Investment Fund. These funds aim at innovation development from 

early development stage to market expansion, all in the benefit of the supply chain stakeholders. 

Hence, the scope of funds covers investments in ICT innovation as well.  

In the US, the federal government funds 60 percent of basic research and up  to 31 percent of the R&D 

activities (Atkinson & Hicks, 2012). As later shown by Singer (2014), who give an overview of 22 

innovation cases, this funds are provided also to information technology developments. As the 

‘Compendium of Productivity Indicators’ report by OECD (2017) shows that software investment 

comprises a much larger share of overall investment in US, as for the non-manufacturing sector alone, 

the investment in computer software in 2015 was more than six times as large as that of the 

manufacturing sector. 



23 
 

Wang, Wang, Ni, and He (2013) present how ‘Government venture capital guiding fund’ works in 

financing high-tech start-ups in China. Their conclusion indicates that the investment in high‐tech start‐

ups is not always perceived as an attractive target for private venture capitalists since there are a large 

number of investment opportunities available in China. Therefore, promoting the venture capital 

market by stimulating private investors' engagement is a first step to create the foundation of PPPs 

from a local government perspective by sharing risks. However, the quantity of patent applications 

from universities has increased dramatically in recent years, the rate of patent commercialization is 

somewhat lower than was expected (Gong & Peng, 2018). This conclusions shows that the government 

type of funding of innovation focused on quantity only, did not get the expected outcome in China. 

2.3.2. Types of data-integration supported by ICT innovation in the supply chain 

Logistics stakeholders in their quest of providing cost-effective services are seeking new business 

strategies. Mohr et al. (2013) suggest that the transport sector will continue also after 2020 to exploit 

the ICT opportunities at an accelerated level. Emerging technologies such as blockchain, IoT or AI are 

expected to be linked and to re-shape the operations in the supply chain. Applying these technological 

advancements in the supply chain requires the development of new mixed collaborative business 

practices, for which ICT solutions are a key element. Rai, Patnayakuni and Seth (2006) define ICT 

integration as the degree by which a firm covers its needs for transferring supply chain-related 

information with a consistent information system within and across its boundaries, differentiating 

internal from external integration practices. As external integration (across firms boundaries), 

academia distinguishes among horizontal, vertical or mixed practices of collaboration in the supply 

chain (Cruijssen, Cools, & Dullaert, 2007; Cao, Vonderembse, Zhang, & Ragu-Nathan, 2010). ICT 

innovation covers data-transfer needs of supply chain stakeholders. The sub-sections below give a 

literature review and point to four types of supply chain integration practices and uses them as new 

dimensions to differentiate between ICT innovation types.  

First, ICT innovation addresses internal integration achieved within a company. Companies implement 

ICT solutions to stream into one-stop-shop several data flows. An example of internal data integration 

is given through the implementation of a platform for road transport operators. This platform 

centralizes data with regard to both import and export transport orders relatively through an 

international port. This data is then internally used to form round trips and optimize transport capacity 

usage. Further data-integration options are observed at an inter-organizational level.  

Second, horizontal data-integration practices refer to agreements established between logistics 

stakeholders of the same type and used by shippers, transporters, terminal operators, and/or 

forwarders. These practices are applied across supply chain where cargo is bundled to fill in spare 

capacities. Studies refer to horizontal collaboration between logistics players, for example Cruijssen, 

Cools and Dullaert (2007) or Leitner, Meizer, Prochazka and Sihn (2011), and point to practices such as 

partnerships for freight consolidation matters or sharing the same infrastructure capacity.  

Third and in contrast with the previous, Cao et al. (2010) define the term ‘vertical integration’ as 

collaboration between logistics service providers at a different level within a specific supply chain. 

Later, the research of Renko (2011) gives evidence of vertical collaboration between suppliers and 

manufactures in retail services. Hence, Van de Voorde and Vanelslander (2014) highlight that vertical 

data-integration is one of the emerging trends in the future development of the supply chain. 

Furthermore, this advancement leads to complex governance structures and mixed business models. 

Fourth, mixed data integration practices support collaborative business models that integrate 

advanced ICT solutions, means integrating protocols defined by multi-user ICT networks. These multi-
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use networks involve the contribution of both horizontal and vertical integration aspects. In the supply 

chain, several examples are shown through data inter-change using port community systems, 

proximity terminal networks or ICT set in place to serve logistics clusters.  

2.4. Summary of typology of ICT innovation in the supply chain 

This PhD dissertation focuses on ICT innovation in the supply chain and points out that innovation 

developed in this sector is of multiple types. This means that while an innovation can be categorised 

either as a product or service by its outcome, it can as well be categorised by its nature and 

differentiate between innovation that delivers either a hardware or a software piece. Therefore, the 

independent innovation dimensions are put forward in table 2.7 and are further used to label ICT 

innovation in the supply chain.  

Table 2.7. Typology of digital innovation in the supply chain. 

 Dimensions Types Definition 

IC
T 
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Innovation 
nature 

Hardware 
Technological development of physical parts of a computer 
of related devices (Dougherty, 2012). 

Software 
Programs to operate computers and related devices 
(Dougherty, 2012). 

Outcome 
type 

Product 
The development and market introduction of a new, 
redesigned or improved good. (Utterback & Abernathy, 
1975) 

Service 

Service innovation is a new or significantly improved service 
concept that is taken into practice. It can be for example a 
new customer interaction channel, a distribution system or a 
combination of them. (Tekes, 2007) 

Access to 
innovation 
outcome 

Unconditioned (Open) 
Innovation that produces outcome available to external 
parties with no access restrictions (Felin & Zenger, 2014) 

Conditioned 
Innovation that has outcome that can be used by external 
parties, but in a controlled way (e.g. ICT platform secured by 
login credentials) 

Locked (closed) 
Innovation that produces outcome for the internal use of a 
company with no external spread (Felin & Zenger, 2014) 
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p
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 c
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Change 
introduced in 
the supply 
chain 
(Vanelslander 
et al., 2019) 

Technology – unit 
change 

A primarily technological change occurring at one specific 
location and/or for one specific operator 

Technology – market 
change 

Like previous, but the change occurs for an entire product 
market (e.g. container handling). 

Technological, 
Managerial, 
Organisational, Cultural 
– business change 

Next to technological changes, the innovation also allows for 
changes at managerial, organizational and cultural level, all 
of those at the level of a specific business. 

Technological, 
Managerial, 
Organisational, Cultural 
– market change 

Like previous, but the change occurs for an entire product 
market. 

Data 
integration 
practice 
introduced 

Internal  Data integration within one business unit. 

Horizontal (inter-
stakeholders) 

Horizontal collaboration practices refer to agreements on ICT 
innovation use or data sharing established between logistics 
stakeholders of the same type (Cruijssen et al., 2007). 

Vertical (inter-
stakeholders) 

Vertical collaboration is referred to as practices of sharing 
data, information or assets sustained through ICT innovation 
between logistics service providers of different types within a 
supply chain (Cao et al., 2010). 

Mixed (inter-
stakeholders) 

Collaboration practices that merges the previous two.  

Source: own compilation according to the mentioned sources 
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As shown in table 2.7, the first dimension for innovation classification is given from an ICT perspective. 

Three categories are distinguished among: innovation nature, outcome and type of access it provides. 

This outcome answers RQ 1.a: What are the main types of innovation from an ICT perspective? The 

first sub-dimension refers to innovation’s nature and it distinguishes among hardware, software or 

mixed types. The second dimension looks at the type of outcome, separating innovation in product 

and service. The third ICT sub-dimension is made according to the access to the innovation outcome. 

A further dimension refers to the type of changes introduced in the supply chain following the typology 

put forward by Vanelslander et al. (2019). These categories to changes are introduced from a business 

and organizational point of view. And lastly, also from a supply chain perspective, a typology is made 

according to the type of inter-organisational data-exchange practice it supports, answering to RQ 1.b. 

What is a comprehensive typology of innovation from a MarSC and integration perspective?  

This research brings in one place the main dimensions that ICT innovation in the maritime supply chain 

can take. By doing so, it contributes to the literature by providing academia and practitioners in-depth 

insight with regard to which specific type of innovation is generated in this sector. These classification 

criteria provide a solid foundation for further research towards multi-dimensional innovation, analysis 

of its key characteristics and identification, from a practical perspective, of which types of ICT 

innovation are present in the supply chain. The later point is covered by the empirical part of the 

present dissertation, providing insights with regard to the occurrence of costs and benefits for each 

type of innovation. 

As further focus, this dissertation gives primer- attention to the integration dimension of ICT 

innovation. Academia recognizes that data integration is key in managing and optimizing the flow of 

goods in the MarSC. From this perspective, ICT innovation is the technical foundation for data 

integration. Moreover, the later literature review and the inquiries with representatives of MarSC 

validate that the internal, horizontal, vertical and mixed type of integration are the main focus and 

interest of MarSC stakeholders when referring to digitalization. These perspectives are not yet 

addressed by academia in the context of MarSC and definitely not from the perspective of the costs 

and benefits generated by ICT innovation. While the other types of ICT innovation remain of high 

importance, the empirical part of this dissertation focuses and provides detailed results primarily from 

the perspective of type of integration that ICT innovation introduces in the MarSC. 
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3. Literature review with regard to methods quantifying innovation 

introduction 

The literature review work presented in this chapter is carried out in parallel with the one set in chapter 

2. Therefore, chapter 3 gives detailed insights in quantitative methods that assess innovation 

introduction and it sets a fundamental basis for the later costs and benefits related empirical analyses, 

as shown in figure 3.1. It does so, by answering RQ2 - Which quantification methods can be used to 

assess the effects of ICT innovation?, through the following sub-research questions:   

RQ 2.a: What are the limitations of cost-related methods used in assessments of ICT 

innovation introduction? 

RQ 2.b: Which cost and benefit elements must be included in a comprehensive quantification 

framework? 

This literature review gives firstly a general overview of methods that are used in innovation 

assessments and secondly an in-depth overview of publications that evaluate the costs and benefits of 

innovation. While the first gives a wider perspective from a cross-sectorial perspective in sub-section 

3.1, the latter focuses on transport and applications addressing MarSC stakeholders in sub-section 3.2. 

The approach followed for each overview is described in the introduction part of each sub-section. This 

literature review points out that a gap in literature exists with regard to applications that quantify the 

cost-effectiveness of innovation. To fill this gap, a comprehensive framework that considers the costs 

and benefits of ICT innovation in the MarSC is developed. This framework is presented at the end of 

sub-section 3.2.    

 

Figure 3.1. Positioning of chapter 3 in the dissertation outline. Source: own composition. 
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3.1. General overview of methods used in analysing innovation 

Innovation has always raised the interest of academia and served as research topic (Gassmann, Enkel, 

& Chesbrough, 2010; Giullia Arduino et al., 2013; A. H. Gausdal, 2015). As presented in chapter 2, 

research studies have tried to answer questions such as which is the right definition of innovation, how 

to classify innovation and what their drivers are. Additional questions are addressed on what is a more 

in-depth analysis method for innovation. The approach followed is detailed below. 

This sub-section provides a non-exclusive literature review of papers with a focus broader than the 

MarSC. The approach taken to provide this general overview follows a backward snowballing 

methodology (Jalali & Wohlin, 2012). This technique implies finding citations in publications and 

identifying sources that developed certain methodologies, fundamentals theories or conclusions, 

which are picked up by recent research. This approach points to the source of methods addressed by 

this general overview and it aims at understanding their advantages and limitations. The methods 

identified as dominant for benchmarking of transport related projects and innovation, and therefore 

addressed by this general overview, are related to the development of indicators, applications of 

regression analysis, meta-analysis studies or application of cost-benefit analysis to quantify the 

economic effectiveness of innovation. A short overview of the use of each method is given in the sub-

sections below. This general overview centralizes then these elements in a summarizing table at the 

end of this sub-section. 

3.1.1. Innovation indicators 

The use of indicators to analyse innovation has a wide range of purposes. Farbey, Land and Targett 

(1992) argue that the use of indicators in measuring innovation (projects) have the following goals: to 

justify a proposed or existing system; to enable comparison between different innovation projects; to 

create a tool for managing an innovation project; or to enable new learning experiences. Research with 

regard to the theoretical foundation that contributes to industrial organization effectiveness is put 

forward by Lipczynski et al. (2005). They provide a detailed overview on firms’ production, costs, 

demand and profit maximization strategies. Later, OECD (2011) shows that innovation and R&D 

activities are enhancing firms’ capacity to absorb and to make use of new knowledge. In this regard, 

the development of indicators has also the purpose of measuring the firms’ effectiveness to make use 

of this knowledge. 

Hipp and Grupp (2005) take a critical approach against existing measurement concepts derived from 

manufacturing, and introduces a new typology of indicators with the goal to obtaining a better 

understanding of innovation in services. They highlight the specific role of human capital and 

innovation in the service sector and propose that measurements done through indicators should take 

into account also those elements. Moreover, their paper argues that the service-providing companies 

are less innovative than the manufacturing ones. The indicators used are own R&D activities, patents, 

innovation output (new products), and companies’ size. 

Later on, Tohidi and Jabbari (2011) propose a new framework to measure the innovation in firms. They 

create a four dimensions framework under which several key aspects are being evaluated for each 

company.  Moreover, Edison et al. (2013) explore various aspects relevant to innovation measurement 

ranging from definitions, measurement frameworks and metrics that have been proposed in literature 

and used in practice. Their study focuses on developing a conceptual model of measurable elements 

to evaluate the innovations in the software industry.  
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At European level, the Innovation Union Scoreboard (IUS) was created to define a comparative 

assessment method of the innovation performance of EU member states. A short review of the 

Innovation Union Scoreboard shows that the innovation index used in each year has a different 

structure. For the year 2009, it uses 1 indicator, in 2010, it quantifies 9 indicators, in 2011, it gathers 

four indicators and in 2012, it ranks countries accordingly to 11 indicators. The last two releases 

regarding the innovation performance measurement of EU Member States, namely 2013, 2014, use 

25 indicators structured in three main categories (i.e. enablers, firm’s activity and outputs). 

Another release of the EU that aims to quantify the performance of innovation output in Europe is the 

Regional Innovation Scoreboard (RIS). This indicator follows the same structure as IUS, but it looks 

more into details than the one released at country level. The RIS defines regions within the EU Member 

State countries and applies the same set of indicators as IUS (EU, 2014). 

The European Public Sector Innovation Scoreboard (EPSIS) is another publication released by the EU. 

This exercise had the goal to measure the innovation output focusing on the public sector. In EPSIS 

2013, the EU adopts a conceptual model along the lines of the IUS measuring business innovation and 

it makes a distinction between innovation enablers, activities and outputs (similar to IUS). The 

difference is that the outputs of EPSIS also evaluate the impact of public sector innovation on business 

performance (EU, 2013; EPSIS, 2013). 

Another indicator created at the European level is the Community Innovation Survey (CIS). This survey 

is designed to monitor the progress of innovation activity in Europe, starting from data collected at 

firm level. This initiative allows a better understanding of the innovation process and analyses the links 

between innovation and economic issues such as competitiveness, employment, economic growth. 

The results of CIS are available in the Eurostat database. This release uses the declarations of 

enterprises from industry regarding their innovation activity. It uses as indicators the innovation types 

that were developed by each enterprise (i.e. product, process, on-going, suspended or abandoned, 

organizational and marketing innovation) (EU 2013). 

3.1.1.1. The use of indicators to measure performance in ports 

The history of port performance indicators dates back to the 70’s, when UNCTAD (1976) separated 

port performance indicators into two categories: financial indicators and operational indicators. For 

the financial indicators, the bulk of the information should come from the accounting system and 

should express whether they are increasingly financially viable. The operational indicators are seen as 

a control tool of operational performance in order to keep track of the financial efficiency. Moreover, 

the port performance indicators can also be used as input for negotiation on port congestion 

surcharges, port development or other investment decisions (UNCTAD, 1976).  

The same publication provides a set of indicators for each category of cargo since the port provides 

different facilities according to the way cargo is handled. These indicators had been designed to 

evaluate the cargo handling services in ports. The following categories of goods flows are suggested as 

necessary to measure the ports performance (UNCTAD, 1976): 

 Break-bulk general (or conventional) cargo 

 Unitized cargo 

 Liquid bulk 

 Dry bulk (ore, grain, cement, fertilizer) 

 Passengers (if port is handling a significant number of passengers) 
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Port performance and efficiency in terms of cargo handling and terminal operations is reviewed by 

Tongzon and Ganesalingam (1994) who propose a new set of indicators. The following determinants 

of throughput are underlined in their paper:  

 Container mix 

 Work practices 

 Crane efficiency 

 Vessel size and cargo exchange 

Talley (2006) notices that the US Army Corps of engineers introduced its own performance indicators 

to evaluate its level of operations and maintenance services provided for the national navigational 

waterway systems. The indicator selection process was finalised after 6 years. The US Army Corps of 

Engineers National Program Proponents Workshop – Navigation (1994) concluded that after a 

thorough selection, four indicators related to port should be used to measure their activity. 

Port measurement indicators have to focus on measuring the increase in port operations transparency. 

This transparency enables port stakeholders and actors related to adjacent supply chains to better 

integrate and consequently to develop a stronger port network. Marlow and Casaca (2003) proposed 

a measurement set of indicators to evaluate the multimodal process in ports. Moreover, Kruk (2006) 

presents a set of performance indicators that evaluate the hinterland connection of ports.  

The outcomes of The Committee on the Marine Transportation System – transport research board 

conference present a conceptual framework analysing the performance of the Maritime Transport 

System (MTS) within the broader freight transportation system. The outcomes also summarize the 

existing performance indicators already in use by MarSC stakeholders and government agencies 

(CMTS, 2013). 

Haralambides et al. (2010) propose a benchmark approach for seaport efficiency and technological 

change. Their approach uses the innovative Luenberger indicator to analyse seaports’ efficiency and 

productivity growth. Moreover, they make a description of the method and give details regarding its 

applicability in the seaport evaluations. Furthermore, they refer to two categories of indicators, 

outputs and inputs. For the first category, they include the total throughput (bulk and containers) and 

number of ship calls, as for the second category they consider the number of employees; total costs 

(operational cost of infrastructure usage); and the number of quay cranes. 

PPRISM (2012) and later PORTOPIA (2017) also delivers a list of indicators that are designed to measure 

the port performance trends in the European port sector. This list of indicators is not destined to 

compare the performance of individual ports or terminals, but to focus on the performance of the port 

system as a whole. Table 3.1 presents the authors and the scope of each developed set of indicators 

to measure the ports’ indicators.  

Table 3.1. Developed set of indicators used in port studies. 

Indicators set Source 

Cargo handling service indicators UNCTAD (1976), Tongzon and Ganesalingam (1994), Haralambides 
et al. (2010)  

Port navigational services indicators US Army Corps of Engineers (1994), Marlow and Casaca (2003) 

Maritime transport indicators CMTS (2013) 

Cargo storage services indicators Marlow and Casaca (2003) 

Hinterland connections indicators Kruk (2006), Marlow and Casaca (2003) 

Port performance indicators Bichou and Gray (2007), PPRISM (2012) 

Source: own composition. 
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3.1.1.2. Measuring innovation using a sustainable set of indicators 

Developing a sustainable set of indicators to measure the performance of port innovation considers 

elements equally referring to profit, people and planet (Acciaro et al., 2014). There is a growing 

awareness that when introducing a process of ‘measuring’ innovation, a long-term sustainable vision 

is necessary (González Laxe et al. (2019). Port and MarSC stakeholders must be encouraged to look 

into multiple aspects of innovation and, along with the financial perspective (profit), social (people) 

and environment (planet) objectives should also be targeted by future innovation. The following sub-

sections propose a method to first classify indicators according the three P’s and secondly suggest how 

to integrate the quantification of several indicators in one composite measurement (Sys, Vanelslander, 

Acciaro, et al., 2015). 

Simple indicators 

Indicators developed to quantify the performance of port-related innovation have a link with the 

performance of MarSC stakeholders that have their activity in the port area. One of the challenges in 

assessing the innovation performance in ports and the MarSC is how to opt for indicators and how to 

distinguish among the outcomes of each innovation.  

Trujillo and Nombela (1999) state that the port efficiency or productivity indicators can be reduced to 

three broad categories: physical indicators, factor productivity indicators, and economic and financial 

indicators. Yet, the contemporary market demand for innovation is oriented towards more balanced 

developments that have a sustainable approach. Similar point is later made also by De Martino et al. 

2013). Thus, three categories of indicators are being proposed for the measurement of innovation in 

port-related sectors: economic growth (profit driven), environment protection (planet protection) and 

social added value (offer shelter for people). Each category is defined below. 

 Economic growth indicators show the firms’ behaviour related to their economic performance 

when investing in innovation processes. It includes both expenses and revenues of the 

innovation development process. (Lipczynski et al., 2005) 

 Environmental indicators are being used by firms to benchmark their own environmental 

strategies, while policy makers could use them to develop policies to encourage firms to 

minimize their environmental impact through innovation (Arundel et al., 2004).  

 Social added value indicators observe the improvement in personnel’s skills that are involved 

in the innovation process and also the impact of each innovation on the safety and security of 

port-related activities. (De Martino et al., 2013; Esser et al., 2017) 

Developing a Composite innovation indicator 

In sub-section 2.4. it was shown that innovation has many dimensions. The partial composition of 

strengths and weaknesses of innovation may result in contradictory conclusions. Nevertheless, despite 

the fact that Schumpeter's (1934) understanding of innovation is not given in formal mathematical 

terms, it has become a current practice to combine several indicators referring to either science, 

technology or labour innovation to form an aggregate or composite measurement tool. A composite 

indicator is defined as ‘a single real-valued metric which is derived from a set of indicator components 

by some (mostly linear) aggregation method’ (European Commission, 2008). Often the composite 

indicator is presented in the form of a rank order (ordinal scale) or a normalized interval scale (Grupp 

& Schubert, 2010). 

Another way of measuring innovation is the use of composite innovation indexes (CII’s). These indexes 

were firstly introduced in the 90’s for firm-level measurement of innovation. As there are many 
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innovation indicators, researchers have argued that each individual indicator is just a partial indication 

of the total realized innovation effort of a subject (Makkonen & van der Have, 2013). 

In short, composite indicators bring benefits on: synthesizing complex or latent indicator constructs, 

providing the ‘bigger picture’, attracting public interest and reducing the size of information (Saisana, 

Saltelli, & Tarantola, 2005). Carayanis and Provance (2007) aim to provide a composite perspective on 

the fundamental component of innovation and to provide managers a means to guide their decision-

making in the allocation resources to innovation routines. Their composite indicator is housed within 

a different ‘3P’ framework that engages three firm-level factors: posture, prosperity, and performance. 

Oprean, Bucur and Vanu (2009) proposes a mathematical model to create an innovation indicator to 

be used in measurements of any type of organization. They argue that the dynamics of each system 

are the most suitable elements to describe the state of a particular system. Their model can include 

any dynamic process (economic, educational, social, biological, chemical, etc). Each indicator is then 

quantified on a Likert scale. After determining an average indicator for every predefined process, the 

authors determine a global average indicator calculated at the organizational level. Schubert et al. 

(2011) propose a composite indicator that is calculated by aggregating the rescaled indicators via 

weights. In their proposal a composite indicator is simply a weighted average of rescaled indicators. 

They claim their method as being the most transparent weighting scheme of measuring innovation. 

3.1.1.3. Limitations in using innovation indicators 

Measuring the innovation performance is not always possible through indicators. This limitation rests 

in the lack of data or unreliable data sources. Furthermore, the results of one set of innovation 

indicators cannot be always used to make comparisons as they cover partially the effects of innovation 

introduction (as could be selected based on subjective criteria). The use of sets of indicators, which are 

independently selected, can lead to evaluations of innovation where double countings are introduced. 

One example could be counting the increase in economic efficiency of innovation while, at the same 

time, costs reductions effects are also accounted for.  

Another difficulty in using indicators to measure the innovation’s added value is to determine its exact 

effects. OECD and Eurostat (2005) note that private innovators are faced with the situation that once 

developed an innovation, other users cannot be denied to further develop it. This is called the spill-

over of the benefits of innovation (positive externalities), the fact that the social return on innovation 

is usually higher than the initial private return (customers and competitors benefit together from a 

firm’s innovations). These benefits should be also added to the account of the first innovation initiator. 

3.1.2. Regression analysis  

Regression analyses have been used as methods to analyse innovation paths. Researchers, after 

defining in a numeric way the scope of innovation, have tried to determine the ‘equation’ that leads 

to its success. The determined equation includes numerical elements, e.g. investments path, history 

of development costs, etc. This way, Kirner, Kinkel and Jaeger (2009) use a set of innovation indicators 

to empirically demonstrate that low-technology manufacturing firms lag behind regarding their 

product service innovation performance. They use the linear regression model to highlight the 

performance differences between the two categories of firms. As well, Keizer et al. (2002) uses the 

linear regression method to compute the correlation between a set of independent variables that lead 

to innovation success (e.g. innovation’s financial efforts) and another set of variables (e.g. innovation 

outcomes). They note that their model has two main limitations. The first one refers to the applicability 

of their method only in analyses where there is a known linear dependency between the input and 

output variables. The second one refers to the inclusion of only numeric variables that have a 

heterogeneous nature. Nonetheless, authors like Scott and Bruce (1994), Sood et al. (2012), Mahr, 
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Lievens and Blazevic (2014) suggest that in many cases, the success of innovation is influenced by 

heterogeneous elements that have a non-predictable path. Therefore, the use of linear regression 

analysis cannot be considered a reliable analysis tool. 

The quantile regression is also a form of regression analysis developed to analyse innovation. The 

quantile regression analysis is used to discover patterns of innovation sources for different conditional 

quantiles (Segarra-Blasco, 2007). Coad and Rao (2008) use the quantile regression analysis to prove 

that innovation is of crucial importance for the fast-growth firms. Crepon, Duguet and Mairessec 

(1998) use OLS (ordinary least squares) to determine the mathematical link between productivity, 

innovation and research at the firm’s level. They prove that the firm’s innovative output (measured by 

the amount of patents or innovative sales) increases together with its research efforts. Another 

element that is positively correlated with innovation output is the firm’s productivity. Yet, they do not 

mention the effect of innovation on firm’s profitability. 

Linear regression method was used for modelling the performance of both product and service 

innovation. Researchers such as Crepon et al. (1998), Coad and Rao (2008), Kirner et al. (2009) have 

applied this model in innovation analysis of both sectors. 

3.1.3. Factor analysis and innovation 

Factor analysis is a method in which the values of observed data (innovation inputs and outputs) are 

expressed as a function of possible determinant elements. The aim of this method is to determine the 

most important cause(s) of an event (Harman, 1960). Recent research studies focusing on innovation 

have used the factor analysis method as a tool to determine the elements that contribute to innovation 

success.  

For example Li and Atuahene-Gima (2001) use factor analysis to investigate the effect of different 

product innovation strategies on the performance of new technology ventures. As well, the study of 

Bradford and Florin (2003) uses this method to address both product and service innovation. They 

draw upon the Diffusion of Innovation (DOI) theory and Information Systems Success (ISS) theory to 

develop and test a model of enterprise resource planning implementation success. A study looking at 

Norwegian companies conducted by Mathisen et al. (2006) addressed both product and service 

innovation. Their goal was to investigate the role of team climate and team-level consensus in bringing 

up successful innovation. Elements like vision, support, safety and task orientation were quantified 

from an individual level and were integrated as determinants of the innovative climate. Their 

conclusion is that characteristics of individuals are suppressed by team climate and suggests that teams 

that score high on one climate factor tend also to have a high score on other climate factors. As well, 

Dobni (2008) uses factor analysis to develop an empirical instrument to measure organization’s 

innovative culture. 

This method has been mostly applied in behavioural investigations and research designed to 

determine successful innovation paths from an innovation management perspective. This method uses 

data collected at organization level. Although it is useful to capture the influence of unquantifiable 

elements to innovation, the applications of this method have not been extended to include also 

quantifiable economic aspects that lead to innovation success.  

3.1.4. Total factor productivity analysis and innovation 

The study of the relation between the firm’s active stock and its productivity was firstly defined by 

Solow (1957). His approach starts from a Cobb-Douglas productivity function and assumes that 

productivity in this case is a function of a firm’s capital and labour. At that time, no reference to the 

influence of innovation in a firm’s productivity increase was made.  
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Researchers calculate the productivity of a firm taking into account the capital stock and labour input 

(other possible inputs can be used as well). The total factor productivity (TFP) is then, by taking into 

account input production elements, a measure of firms’ output. The latter is defined according to each 

analysis purpose. 

A step further in the study of the relation between productivity and technological changes was made 

by Link (1987). He notes that the quantification of impact by R&D spending on productivity is modelled 

by extending Solow’s model. The productivity function in this case includes the stock of technical 

capital as contributing element to firm’s productivity. The relation between innovation and the 

productivity of an industrial organization was studied by Hall (2011). His approach is based also on a 

extending the Cobb-Douglas production function. He adds to the production function a measure of 

knowledge or the intangible capital created by innovative activity. This way, Hall (2011) has the goal to 

offer an equation that can define the revenue of a firm taking into account variables such as capital 

stock, labour and innovation capability. Moreover, his model introduces the stock of knowledge or 

innovative capability as proxies to measure the level of innovative activity over a period of time. 

TFP introduces several biases and uncertainties. Caves and Christensen (1980) argue that the growth 

of productivity is biased if there have been shifts in the composition of out-/input indexes structures. 

For example, if the type of commodity carried by a road transport operator changes, this has a clear 

effect on the number of ton-kilometre used as output factor but also on the costs as an input element. 

Nonetheless, TFP is not a reliable method that could indicate the profitability of a firm (also of its 

innovative activity). As Windle and Dresner (1992) or Van Beveren (2012) point out, an overall measure 

of profitability, in some cases, is uncorrelated with the TFP of the firm. 

3.1.5. Frontier analyses and innovation 

The organizations’ innovation performance have been analysed also using a frontier analysis 

perspective. In this view, two holistic approaches, the Stochastic Frontier Analysis and Data 

Envelopment Analysis, have been applied to measure the efficiency of new production activities. The 

following two sub-sections present the applications of both methods in relation with innovation 

efficiency measurement. 

3.1.5.1. Stochastic frontier analysis (SFA) 

SFA has a solid grounding in economic theory. The use of this method is based on a function that 

captures the relation between the inputs and output of innovation. Cullinane et al. (2006) note that 

elements such as costs, profits or level of production can be used as variables of the stochastic 

function. The use of SFA has been mostly oriented to determining the efficiency of organization in 

product innovation (BRUNING, 1992; Diaz & Sanchez, 2007; Wang, 2007). Namely, it uses data 

collected across several firms in order to provide an overall conclusion regarding the efficiency of 

innovation over the entire investigated group.  

Kathuria (2001) uses SFA to test a series of spill-over hypotheses in innovation development. For his 

first hypothesis, he considers the presence of foreign-owned firms to lead to higher productivity 

growths for Indian manufacturing firms. His second hypothesis refers to the acquisition of new 

technology and the relation with productivity growth. His concludes that in only 13 of the 26 sectors 

he analyses, foreign development investment firms were closer to the frontier, meaning that his 

hypothesis were confirmed. He mentions that his results are explained by the nature of the sectors to 

which firms belong and this differentiation was not made by the method he used. Equally, Diaz and 

Sanchez (2007) apply SFA to analyse the performance of the small and medium-sized manufacturing 

firms focusing on the degree of technical inefficiency and its determinants. They find a positive 
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correlation between efficiency and competitiveness in manufacturing firms. Further comments are 

given concerning the innovation inefficiency trend of firms introduced by a high ratio of temporary 

workers, foreign capital, firm size and low market share. Wang (2007) constructs a cross-country 

production model to evaluate the relative efficiency of aggregate R&D activities. His frontier analysis 

reveals that increasing the technological density and economic freedom indeed lessens the degree of 

R&D inefficiency. 

The common ground of these studies is represented in that each analysis starts from a Cobb-Douglas 

function, which is then extended to a translog production function. The difference in these analyses is 

made by the variables and data that are used in each case. Nonetheless, the above-mentioned authors 

applying SFA to study innovation admit that there are no universal definitions of the R&D inputs and 

outputs or their measurements. These factors always introduce biases in the analysis unless a more 

exhaustive list of input and output indicators is defined.  

3.1.5.2. Data envelopment analysis (DEA) 

DEA has been defined by Cullinane et al. (2006) as a nonparametric method of measuring the efficiency 

of a Decision Making Unit (DMU) with multiple inputs and/or outputs. This is achieved by constructing 

a single ‘virtual’ output to a single ‘virtual’ input without pre-defining a production function. According 

to Graham (2013), the DEA is therefore a more attractive technique for dealing with multiple input and 

output activities than the index number TFP because it has less demanding data requirements. 

In studies oriented to applying DEA on innovation or R&D efficiency, authors a.o. Cullinane, Wang, 

Song, and Ji (2006) or Graham (2013) have tried to demonstrate the link between the development 

framework within which innovation was developed and a measurement of its efficiency. The non-

parametric frontier-based methodology looks for best-practice observations and takes them as 

benchmark, thus, one can expect a relatively high number of observations to be required in order to 

provide a statistically reliable result. Sharma and Thomas (2008) conducted a study to determine the 

relative efficiency of the R&D process across a group of 22 developed and developing countries. They 

use data from both private and public organizations at each country level. They use the amount of 

patents developed at country level in comparison with the percentage of GDP spent for R&D activities. 

Chen and Guan (2012) measures the efficiency of China’s regional innovation system also by using the 

DEA. They decompose the innovation process into the two connecting sub-processes: technological 

development and subsequent technological commercialization. The authors did not find a significant 

relationship between the two components of innovation process processes that could indicate the 

system’s performance.   

In the transport sector, researchers applying DEA have focused mostly on evaluating the efficiency of 

ports (Roll & Hayuth, 1993; Gillen & Lall, 1997; Martinez-Budria, Diaz-armas, Navarro-Ibanez, & Ravelo-

Mesa, 1999; Tongzon, 2001; Valentine & Gray, 2001) and airports (Gillen & Lall, 1997; Peck Jr., 

Scheraga, & Boisjoly, 1998; Coelli, Perelman, & Romano, 1999; Adler & Berechman, 2001; Meersman 

et al., 2015). Yet, these studies do not focus on innovation and R&D efficiency, but rather on the 

productivity and performance of each entity.  

3.1.6. Meta-analysis 

Meta-analysis is a method built around a statistical technique with the purpose of combining the 

findings of two or multiple studies. In other words, Glass (1976), Damanpour (1991), King et al. (2004) 

define meta-analysis as the statistical analysis of a large collection of analysis results from individual 

studies with the purpose of integrating their findings. In analysis of innovation, researchers have used 

this method to demonstrate different characteristics of organisational innovation.  
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Damanpour (1991) uses meta-analysis to find the relationships between organizational innovation and 

13 of its potential determinants. After he depicts the most common determinant of innovation, he 

uses a set of innovation studies to statistically confirm the relation between those elements and the 

organisation’s characteristics. Lee and Xia (2006) as well developed an application of meta-analysis to 

determine the correlation between organizational size and IT innovation adoption. Their application 

uses 54 correlations derived from 21 studies. They manage to explain the effect of organizational size 

on IT innovation adoption. Grinstein (2007) also uses a meta-analysis approach to study the effect on 

innovation in market-oriented firms. Within his approach, he formulates a series of research 

hypotheses, which he test against the results of a collection of market-orientated studies. 

The applications of meta-analyses have been developed to determine correlation between 

characteristics of firms and innovation in the private sector. The use of meta-analysis requires a 

relatively large collection of case studies, necessary to increase the representativeness of the results. 

Moreover, a significant link between the outcomes resulting from each individual study must be found 

as well (Rosenbusch, Brinckmann, & Bausch, 2011). Although they were developed to serve strategic 

management purposes, research studies developed as application of meta-analysis do not take into 

consideration elements like investments, labour or capital stock to define the effectiveness of 

innovation.   

3.1.7. Methods quantifying the costs and benefits of innovation 

The literature review of studies that quantify the costs and benefits of an investment proposal or 

innovation, shows that a series of practices have been developed. These analysis practices are 

presented in table 3.2, as they all create a separate category for methods used to analyse innovation 

investments.  

From table 3.2, it can be concluded that academic and non-academic sectors have developed several 

cost-related methods to conduct analyses of investments in innovation, each having its own 

applicability and usage. Moreover, each method proposes its own approach to use and to quantify the 

elements used for quantification. For example, while a cost feasibility analysis quantifies only the costs 

of developing an alternative in order to determine the budget exceeding solutions (Murdoch & 

Danezis, 2005; Q. Chen, Tang, Lei, Sun, & Jiang, 2015), the cost effectiveness analysis creates a ratio 

between the costs of an innovation and its immediate outcome. This way, the later analysis expresses 

its results as the average cost spent for achieving one unit of outcome (Robinson, 1993; Levin & 

McEwan, 2001). More particularized analysis methods are cost utility analyses or cost-benefit analysis 

(CBA) which focus on quantification of all costs and benefits of an innovation or investment alternative. 

The difference between the two is that the first, by using weights for each outcome of the innovation, 

it creates an aggregated measurement unit for its benefits, while the CBA converts all the benefits that 

an innovation generates in monetary units. Lastly, the elements considered for quantification differ 

according to the sector within which the method is used. 

The quantification of costs and benefits of an innovation has the ultimate aim to point out the 

effectiveness of the investment. Applying a method that quantifies the cost and benefit implies the 

identification of input elements that contribute to each analysis. The following sub-sections capture 

the details in usage of CEA and CBA as main methods used to quantify the effectiveness of innovation 

developments. 
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Table 3.2. Methods quantifying costs and benefits. 

Type of 

analysis Definition Quantification practice Conditions of use 

Sources  

(non-exhaustive 

selection) 

Cost 

minimisation  

It is used to analyse 

the least costly 

intervention through 

the comparison of 

several programmes. 

It refers only to cost 

calculations. 

Used when the impact 

of the interventions is 

supposed (or believed) 

to be identical. 

(Bergmo, 2000; 

Briggs & O’Brien, 

2001; EC, 2005) 

Cost-

feasibility  

Can a single 

alternative be carried 

out within the existing 

budget. 

Refers to the method of 

estimating only the 

costs of an alternative 

in order to determine 

whether or not it can be 

taken into account, it is 

used for exclusions of 

budget exceeding 

solutions. 

It represents a limited 

form of analysis that 

can determine only 

whether or not 

alternatives are within 

the boundaries of 

consideration. 

(Levin & 

McEwan, 2001; 

Murdoch & 

Danezis, 2005; Q. 

Chen et al., 

2015) 

Cost-

effectiveness  

The impact of a project 

is assessed with (non-) 

monetary, quantifiable 

and homogeneous 

indicators. 

Physical and 

quantifiable units are 

used as criteria for 

measuring the 

outcomes. It focuses on 

one measure of 

effectiveness at a time. 

Used when the impact 

of the interventions can 

be expressed with a key 

variable for which the 

evaluator has a 

quantifiable indicator. 

(Robinson, 1993; 

Sugden & 

Williams, 1978; 

Levin & McEwan, 

2001; Išoraite, 

2005) 

Cost-utility  

It determines which 

alternative yields a 

given level of utility at 

the lowest cost. 

Combine multiple 

measures of analysis 

into a single estimate of 

utility, it weights each 

measure of outcome. 

The results are difficult 

to reproduce among 

different evaluators of 

criteria and weights. 

(Robinson, 1993; 

Sugden & 

Williams, 1978) 

Cost-benefit  

It allows determining 

whether the benefits of 

a given alternative 

outweigh the costs. All 

the benefits of a 

project are monetized. 

Units of benefit 

measuring the usage 

value of the outcomes 

for the users and 

beneficiaries. 

Used when the impact 

of the interventions has 

two or more major 

dimensions. 

(Layard & 

Glaister, 1994; 

Levin & McEwan, 

2001; Nijland, 

Van Kempen, 

Van Wee, & 

Jabben, 2003; 

EC, 2005; 

Boardman, 

Greenberg, 

Vining, & 

Weimer, 2006) 

Source: own composition. 

3.1.7.1. Cost effectiveness analysis (CEA) 

The main purpose of a CEA is to identify the economically most efficient way to fulfil an objective (EC, 

2005). European Commission agrees with applications of CEA in the following cases: to evaluate the 

cost-effectiveness of programmes or projects, to assess the choices in resource allocation, to 
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determine the strategy-planning priorities and to conduct complex debates. CEA is a reliable method 

in the context of ex-ante, intermediary or ex-post evaluations. Despite of CBA monetizing practice, CEA 

puts in balance two elements: the cost of achieving one objective and the level of achievement of that 

objective. In other words, a cost-effectiveness analysis makes a ratio between the inputs in monetary 

terms and the outcomes in non-monetary quantitative terms (Išoraite, 2005). The limitation to one 

single outcome element as main evaluation element in a CEA is the main difference with a multi-criteria 

analysis or economic impact analysis. The latter two work with a broader list of innovation outcome as 

evaluation criteria. Moreover, input data for the cost-effectiveness analyses, as well as for the cost-

benefit analysis, is difficult to collect. The main reason for this difficulty is the availability of this type 

of data and the confidentiality status of it. Nevertheless, applying the cost-effectiveness analysis has 

its benefits. CEA is a tool for innovation assessment through a single dimension of its output. CEA can 

measure the technical effectiveness of an innovation due to its particularity of comparing the costs of 

an innovation directly with its immediate outputs. Furthermore, the CEA can also be used as a 

comparison tool of several innovation cases. For this situation, it must be taken into consideration that 

the evaluated criteria should be the same over the entire range of compared innovation cases (EC, 

2005). 

The cost-effectiveness method is adapted for the analysis of actions in which expected outcomes are 

clearly identified and whose direct or indirect monetary benefits are not easily measurable. If the 

outcome of an innovation cannot be clearly defined, or if homogeneous and quantifiable units cannot 

be determined, the use of cost-effectiveness analysis should be avoided (EC, 2005). For example, when 

an investment aims at reducing the amount of air pollutants that are released in the atmosphere, the 

effectiveness criteria for that investment could be the decrease in the daily average of the air 

pollutants emitted. Other criteria may be more relevant depending on the context of the innovation.  

As such, the CEA output is a ratio between the costs and the outcomes of an innovation. One has to 

consider the actualisation of investments and depreciation. A more elaborated way of using the CEA 

is to calculate the ratio between the incremental costs ∆𝐶 and the incremental outputs ∆𝐸 of an 

innovation. This ratio gives information about the cost difference which is paid to receive the extra, 

more beneficial, output ∆E (EC, 2005). The incremental cost in some cases can be substituted with the 

total expenses (costs) Cf of each innovation. This situation can occur when the outputs of different 

option (innovation cases) are ‘compared’ with a zero scenario (when Ci is equal to zero). In this case 

the ratio result is interpreted as the total cost paid to receive the full benefit ∆E (EC, 2005). 

 𝑅 =
𝐶𝑓 − 𝐶𝑎

𝐸𝑓 − 𝐸𝑖
=

∆𝐶

∆𝐸
 (3.1) 

CEA: a literature review in transportation studies 

A series of journals in transportation were used as main sources to point out the usage of CEA. For this 

reason, research publications that had the aim of applying the CEA on practical case studies were 

analysed and a non-exhaustive literature review was conducted focusing on the 2000 - 2015 period. 

Serving the scope of the literature review, four studies conducted before 2000 were also considered 

in the current overview. The main aspects that were investigated are linked with the transport sector 

for which the CEA was used, the scope of the analysis, the elements that were considered for analysis, 

the quantification practice and the way each study put forward its findings. Observations for each 

category are detailed in the following sub-sections. 

In parallel with other sectors, the CEA has been applied also to decisions taken in the transport sector. 

Looking at the rail segment, Mulvey (1979) creates a ranking of Amtrak routes that should be 
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modernized by using a cost-effectiveness analysis. He puts in balance the cost of upgrading the Amtrak 

service and the number of passengers, which will be encouraged to use the train for long distance 

travels. Rufolo (1986) creates a cost-effectiveness analysis taking into account the cost of introduction 

of articulated buses in comparison with the time gained for boarding of the passengers. Wang (2004) 

calculates the cost effectiveness of mobile source emission control measures by dividing the total costs 

by the total emissions that are being reduced. Barkan (2004) determines the cost effectiveness of a 

new refuelling system, by comparing the installation cost of the new equipment with the yearly volume 

of fuel spared from spilling, but without quantifying the pollution saving. 

CEA applicability in the transport sector 

A literature review of studies focusing on applying CEA is conducted. From this investigation, it is clear 

that the road transport sector has benefited from a lot of attention from researchers applying CEA. 

The scope of studies in this case was to prove the effectiveness of different measures either on social 

or environmental impact (Wang, 2004; Rizzi, Cumsille, Fresard, Gazmuri, & Muñoz, 2011). 

Furthermore, the rail sector has benefited from the attention of CEA applications. The review of studies 

shows that the scope of CEA in this case was mixed, being focused on either social, economic or 

environmental matters (Barkan, 2004; Islam, Laparidou, & Burgess, 2015; Matute & Chester, 2015). 

Hence, applications of CEA have also been developed to determine the effect of maritime policies on 

environmental matters. Here is to be mentioned the effect of speed limitations (Cariou & Cheaitou, 

2012; Corbett, Wang, & Winebrake, 2009) or the consequences of policies regarding container-

repositioning (Song & Dong, 2011) on maritime transport emissions. CEA was not preferred in 

analysing issues dedicated to air transport. Stewart & Mueller (2014) use CEA (only as an extension of 

a wider cost-benefit analysis) to point out the cost-effectiveness of measures taken by several airports 

against terrorist attacks. Their findings indicate that any additional measures against terrorist attacks 

would be too expensive to be justified by their effectiveness. 

The literature review shows that the scope of CEA in transport studies is to determine the effectiveness 

of measures for which a complete estimation of benefits is difficult to determine (Išoraite, 2005). For 

this reason, most CEA are limiting their applicability on a specific topic such as, assessing the 

environmental impact of an investment (Matute & Chester, 2015; Small & Frederick, 1989;  Wang, 

2004; Zhu et al., 2012) or quantification of costs for measures addressing social benefits on short term 

(Rizzi et al., 2011).  Researchers applying CEA have quantified either the average cost of emission 

mitigations measures or actions aimed at decreasing the number of road fatalities to prove the cost-

effectiveness of different investments. In some cases, CEA can also use monetary value as outcome 

indicators; these studies have a purely economic purpose (Barkan, 2004; Klemick, Kopits, Wolverton, 

& Sargent, 2015; Liu, Yin, & Yang, 2015).  

CEA quantification practice 

The CEA outcome is most of the time expressed in units of monetary value spent to achieve one unit 

of a specific result. Depending on the purpose of each analysis, the units used as measurement of 

effectiveness (in achieving a result) are chosen accordingly. More specifically, the effectiveness of 

pollution control measures is expressed as the average cost of emission amounts avoided (CO2, NOx, 

PM10, or SOx) (Cariou & Cheaitou, 2012; Corbett et al., 2009; Matute & Chester, 2015; M. Q. Wang, 

2004). In the case of measures with a social impact, the immediate outcomes are quantified as the 

amount of averted deaths or value of life (Rizzi et al., 2011). Some of the research studies focusing on 

determining the cost-effectiveness of innovation cases in the transport sector do not finalize with 

calculating a CEA ratio. These studies are structured in three parts. Firstly, the costs of the analysed 

measures are inventoried and quantified. Secondly, the implications and the immediate benefits of 
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these measures are also calculated. Following these calculations, a discussion is being conducted based 

on the cost and the innovation’s outcomes previously determined (Liu et al., 2015; Nealer, Matthews, 

& Hendrickson, 2012; Rangel, Vassallo, & Arenas, 2012). 

As stated before, CEA is an analysis tool that puts in balance the costs and the advantage of a decision. 

This sub-section summarizes the general steps that have to be undertaken to conduct a CEA. Figure 

3.2 offers a brief overview of the steps that are undertaken and its specific outputs for a road transport 

case analysis.  

In order to apply the cost effectiveness analysis, a first step is to define the framework and the scope 

of the evaluation. Also at this stage, the reference scenario and the alternative(s) are being described. 

As a second step, the cost of each alternative operational solution is calculated. In particular, for a road 

transport case analysis, this step refers to the calculation of operational expenses such as fuel 

consumption, tolls, labour cost or other fees that are being supported by the transport company 

(Blauwens, de Baere, & Van de Voorde, 2012). Thirdly, the benefits are calculated. For the latter, 

qualitative data is needed to point the analysis goal and in line with its scope. Referring back to a road 

transport case analysis, the benefits can be highlighted in terms of distance, hours of labour or amount 

of CO2 saved by each alternative. These savings are calculated with respect to the reference scenario 

previously defined. An analysis comparing the differences in costs and benefits for each alternative is 

then made. In a CEA, while the general approach remains the same, particularities of the case studies 

and the scope of the analysed determine the analysis framework. This framework needs thus to be 

detailed for each CEA.   

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. Steps taken in applying the cost effectiveness methodology. Source: own composition based 

on European Commission (2005). 

CEA results management 

CEA are oriented to providing an indication of the costs in comparison with the immediate outcome of 

benefits. CEA results are given as a comparison between a reference scenario and several measures 

aiming at improving the same objective. The most cost-effective measure is indicated as the outcome 

of the cost effectiveness analysis and a discussion is formulated round the other alternatives. For 

example, Wang (2004, p. 160) points out that his study shows an indication of ‘the emission control 

cost of many mobile source control measures is below $10,000 per ton of emissions reduced’. Equally, 

Matute & Chester (2015, p.108) conclude that ‘the cost of GHG reductions that come from the analysed 
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projects is quite high until we consider the net cost savings to users’. Finally, the analysis conducted by 

Rizzi et al. (2011) determines that the plan they propose to reduce the number of road accidents has 

a potential of reducing 460 fatalities per year at a given cost. 

3.1.7.2. Cost-benefit analysis (CBA) 

The second method investigating in detail the costs and benefits of innovation is the CBA. This method 

to consider all costs and benefits (monetary and non-monetary, including externalities) over the life of 

an innovation. All costs and benefits are monetized, summed up over the life of the innovation and 

adjusted to account for the time value of money. The result of this process is an estimate of net present 

value (NPV), the value of the stream of all benefits, net of the stream of all costs, in today’s currency 

value. CBA requires a substantial amount of generated or inferred data (Giuliano et al., 2015). 

As such, CBA is the most comprehensive form of economic evaluation (Robinson, 1993; Layard & 

Glaister, 1994; Mishan & Quah, 2007). By assigning values to both costs and benefits, it offers the 

potential for comparison between a wide range of options, innovation cases and innovation proposals. 

Moreover, it provides a protocol to measure the efficiency of short to long term investments 

(Boardman et al., 2006). 

The application of CBA has a long tradition. It mostly has been used to prove the value added of 

investments that have a social or public resource component. Lichfield (1960) has developed a CBA to 

prove the community’s welfare brought by different city planning innovation cases or as Hammond 

(1960) investigates the costs and benefits of water-pollution measures. In the ’60 the first studies 

survey this method have started to be developed (Feldstein, 1964; Prest & Turvey, 1965). Ever since, 

many studies have used CBA analysis across different sectors. CBA has mostly been applied in health 

sector investment (Boardman et al., 2006; Siegel, Weinstein, Russell, & Gold, 1996), environmental 

evaluations (Pearce, Atkinson, & Mourato, 2006) and/or decisions in the transport sector (Layard & 

Glaister, 1994; Mishan & Quah, 2007; Litman, 2009).  

The difficulties that usually emerge when applying the CBA are as follows: 

 Choosing the right discount rate (Dasgupta, 2008; Gollier, 2013; M. A. Moore, 

Boardman, & Vining, 2013) 

 A high volume of data needed (Giuliano et al., 2015) 

 Data required is most of time difficult to obtain due to confidentiality reasons (Layard 

& Glaister, 1994) 

 Uncertainty introduced by forecasts is difficult to be accounted (Sinden, Kysar, & 

Driesen, 2009) 

 Literature provides a wide range of methods used to quantify the costs and benefits 

(Harrington & Heinzerling, 2009) 

 Its complexity creates the potential for manipulation of results (Sinden et al., 2009) 

3.1.8. Centralization of methods and partial conclusion 

In table 3.3, a centralization of methods used in analysis of innovation is made. From each of the 

methods presented in the above sub-sections, the definition, the usage and the main limitations are 

depicted. The purpose of table 3.3 is to offer a general overview of the possibilities and limitations for 

analysis offered by each method. One should be aware that, although this thesis presents a parallel 

overview of method used in analysing innovation introduction, in practice the use of one method does 

not exclude the others. The methods presented in this sub-section can be complementary and 

strengthen the outcome delivered by the final analysis. For example, regression analysis or the multi 

criteria analysis can be as well used to deliver input for CBA.  
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Table 3.3. Methods used in innovation analyses. 

Method Definition Usage Limitations 

Indicators A tool to compare the performance of 

innovation based on rough characteristics. 

It is used to measure both product and 

service innovation outcomes. 

 

It introduces biases according to the indicator 

used. 

A set of concrete indicators for measuring 

innovation outcomes in port sector has not been 

developed. 

Regression analysis A method that analyses the evolution of 

innovation paths. 

It is used to test whether individual 

innovation follows the same trajectory 

as other successful innovation.  

The use of this type of models is limited for 

variables characterising innovation that are 

expressed in numeric values. 

Factor analysis A method in which the values of observed 

data are expressed as a function of possible 

determinant elements. It has the aim to 

determine the most important cause(s) of an 

event. 

It has been used to determine the 

elements that have led to innovation 

success.  

The applications of this method have not been 

extended in such way to include also 

quantifiable economic aspects that lead to 

innovation success. 

Total Factor Productivity It studies the relation between the inputs of 

productivity for organizations and the 

realized changes in their productivity. 

It has been applied to determine the 

increase in the productivity of 

organizations based on variables such as 

capital, labour, knowledge or new 

technologies use. 

The growth of productivity is biased by the 

composition of input/output elements’ 

structures used in the analysis; hence, the 

trustworthiness of the results is questioned.  
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Method Definition Usage Limitations 

Frontier 

analysis 

Stochastic 

Frontier 

analysis 

It is one of the main parametric approaches 

used by researchers to evaluate the efficiency 

of new processes. It has been also referred to 

as the econometric frontier approach 

It has been used to measure the 

productivity of organizations starting 

from a Cobb-Douglas function. 

It does not separate the random errors that 

might intervene in the process from the 

efficiency measurement procedure. 

Data 

envelopment 

analysis 

It is a nonparametric method that measures 

the efficiency of a decision unit with multiple 

inputs and/or outputs 

Authors applied DEA to determine the 

framework within which successful 

innovation was developed and to find a 

measurement of its efficiency. 

The focus of this method is diverted from 

finding a function that relates the input and 

output elements of innovation. The studies 

applying DEA do not focus on innovation and 

R&D efficiency, but rather on the productivity 

performance of each entity. 

Meta-analysis A statistical study that uses a large collection 

of analysis results. The aim of these type of 

studies is to find statistically representative 

correlation among parallel studies. 

It is used as a tool to find a statistically 

relevant relation between the results of 

both qualitative and quantitative 

studies.  

Already developed applications did not take 

into consideration elements like investments, 

labour or capital stock to define the 

effectiveness of innovation although they have 

been developed to serve strategic management 

purposes. 

Methods quantifying the costs 

and benefits of innovation 

It represents a particular application of well 

know methods, such as cost-effectiveness 

analysis or cost-benefit analysis 

Methods applied to determine the cost 

effectiveness of innovation or to 

quantify the benefits over costs of 

innovation. Economic indicators such as 

ROI or cost-benefit ratio are calculated. 

Difficulties in applying these methods in 

research studies rest in identifying the right 

framework of analysis (e.g. use of right 

discount rate, quantify the right set of benefits) 

and collecting data with confidential status. 

Source: own composition.
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Table 3.3 concludes on the literature review studying the methods used to quantify the effectiveness 

of innovation and points out their limitations. By doing so, it answers RQ 2.a: What are the limitations 

of cost-related methods used in assessments of ICT innovation introduction? 

Firstly, studies using indicators as main analysis method are aiming to define a conceptual framework 

to measure the innovation performance through indicators (Kaydos, 1999; Lanjouw & Schankerman, 

2004; Smith, 2005; Boyle, 2006). This type of assessment using indicators is carried out either at a firm, 

an industry or a country level. Studies that use indicators in their analysis bias the results according to 

the type of indicators they use. 

Secondly, applications of regression analysis for innovation assessments had the goal to determine 

successful paths for innovation in achieving a declared objective. It enables later a comparison 

amongst the characteristics of firms that followed different development strategies and the level of 

successfulness in innovation (Keizer et al., 2002; Scott & Bruce, 1994; Sood et al., 2012). In general, the 

results provided by this method are limited to the numeric variables characterising innovation. 

Thirdly, researchers have used the factor analysis method to cluster elements that lead to innovation 

success (Blind, Cuhls, & Grupp, 2001; Ritter & Gemünden, 2003; C. L. Wang & Ahmed, 2004; Mathisen 

et al., 2006). This method has been applied on data collected from individual organizations with the 

aim of offering results for a specific sector and/or a geographic area. Moreover, this method does not 

include quantifiable economic aspects that can also contribute to innovation’s success.   

Furthermore, researchers such as Damanpour, (1991); Camisón-Zornoza, Lapiedra-Alcamí, Segarra-

Ciprés and Boronat-Navarro (2004) or Rosenbusch, Brinckmann and Bausch (2011) use meta-analysis 

to identify the correlation between innovation adoption and firm’s characteristics such as size, market 

orientation, resources etc. Nonetheless, the latter does not guarantee an indication of innovation 

optimum effectiveness.  

Fifthly, the relation between innovation and productivity is often modelled using the total factor 

productivity (TFP) method (Englander, Evenson, & Hanazaki, 1988; Oum, Tretheway, & Waters, 1992; 

Karafillis, Papanagiotou, & others, 2008). Despite the fact that the results of these analyses are based 

on innovation input (e.g. example firm’s capital, labour or knowledge) and output (e.g. productivity 

growth), yet the outcome of this method does not also ensure a measurement of innovation 

profitability (Windle & Dresner, 1992; Van Beveren, 2012). The application of more elaborated TFP or 

frontier analysis methods received criticism regarding the reliability of their results concerning the 

inputs/outputs elements used. Depending on the scope of the analysis, each method uses either 

statistical tests, importance weights or dummy variables to offer confident results. 

Finally, cost-related models that imply the quantification of innovation cost and benefit elements are 

used to measure the economic effectiveness of innovation (Christopher Freeman & Soete, 1997; 

Išoraite, 2005; Sinanovic & Kumaranayake, 2006). Applying these methods in research studies raises 

difficulties in identifying a single framework of analysis when several innovation cases are compared 

(e.g. using the right discount rate, quantifying the right set of benefits) and collecting data with 

confidential status. 

These elements contributed to the decision of further conducting an in-depth research and a detailed 

literature review with the aim of contributing to the CEA as a quantitative method that can evaluate 

the effectiveness of port-related innovations. Yet, while the general approach remains the same, 

particularities of the case studies and the scope of the analysis determine the analysis framework. 

Hence, a detailed CEA framework is defined for each analysis.The following sub-section presents how 
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a general analysis framework is built for analysing ICT innovation in the MarSC. This framework takes 

into account key elements specific for ICT innovation types developed in this field. 

3.2. Developing a costs and benefits quantification framework for ICT innovation 

in the maritime supply chain  

With the costs related methodologies defined and their applicability delineated as in previous sub-

sections, the current sub-section focuses on defining the costs and benefits that stakeholders incur 

when implementing or using ICT systems/innovation. Sub-section 3.1 provides the methodological 

approach followed to carry out a comprehensive literature review and to provide this costs and 

benefits framework. As a follow up, sub-section 3.2 details the costs elements and sub-section 3.3 the 

benefits. 

3.2.1. Methodological approach for the detailed literature review  

The in-depth literature review carried out throughout this sub-section searches the scientific data-

bases to provide a consistent literature review that puts forward the costs and the benefits incurred 

by MarSC stakeholder when using ICT tools. This literature review is centred on peer-reviewed 

publications released between 1990 and 2018, and written in English. The process of identifying 

relevant research papers for this study starts firstly by looking up specific key words in journals used 

as dissemination channels for publication of research linked to transport, logistics and supply chain. A 

sequence of initial searches is carried out on each journal first by looking the up the words ‘cost benefit 

analysis’. As this type of search delivers a relative number of results, extra key words are introduced in 

the search field like ‘software solution’, ‘ICT’ or ‘digital information’, and each followed by the term 

‘quantification’. Table 3.4 provides an overview of the journals considered for searching and the 

number of results the search query gave for each key word sequence, in the right side of each cell. The 

total number of search results is given per journal in the furthest right column.  

Out of these results, a second step is taken and a further selection is made based on title and abstract. 

Also, when the title or abstract was giving doubts about the content of the paper, the full text is also 

checked. The criteria used for selecting the publication to extract detailed information about costs and 

benefits considered in analysis of ICT innovation in the MarSC are as follows: publications that (1) 

address at least a practical application or a case study linked to ports, logistics and supply chain 

stakeholders; and (2) their case study(ies) collect(s) quantitative data on costs and benefits. The 

number of papers selected to be included in the literature review is shown on the left side of each cell. 

This final selection ended in 19 publications. These publications are listed in Annex 3.1 .  

Based on these publications, a final third step is carried out and the text of each publication is read is 

detail. From these remaining studies, the following information is extracted and shown in Annex 3.1: 

(i) the authors; (ii) the year of publication; (iii) the title; (iv) the Journal of publication; (v) the purpose 

of the study; (vi) findings referring to costs and (vii) findings referring to benefits. 

The stakeholders that implement ICT innovation in the MarSC are either the MarSC stakeholders 

themselves, authorities or IT developers. A conceptual overview of costs and benefits of ICT innovation 

is presented in the following two sub-sections and in table 3.5 and table 3.6 respectively. 

Both overviews show that there is a lack of consensus regarding a unique set of elements as costs and 

benefits generated by ICT innovation in the supply chain. Moreover, a widely agreed set of cost and 

benefit elements linked with the development or integration through ICT innovation in the supply 

chain has not yet been developed. 
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Furthermore, little attention was paid to identifying the types of costs or benefits that each type of ICT 

solution brings. The framework developed in this sub-section has the aim of filling this gap. 

Table 3.4. Journals considered for the literature review and number of papers shown by the search 

queries.  

key words searched: 

cost benefit 
analysis 
software 
solution 

quantification 

cost benefit 
analysis ICT 

quantification 

cost benefit 
analysis digital 

information 
quantification 

Total 
selected 

paper/ 
Total search 
results given 

Journal 
Results selected for detailed reading/ 

results given by the searched key words 

Applied Economics 1/25 0/24 0/35 1/84 

International Journal Of E-Navigation 
and Maritime Economy 

0/1 0/1 0/1 0/3 

Journal Of Engineering Design And 
Technology (Web Of Science) 

0/1 1/4 0/2 1/7 

Journal Of Shipping And Trade 1/25 0/0 0/0 1/25 

Maritime Policy & Management 3/18 0/2 0/7 3/27 

Maritime Research 0/0 0/0 0/0 0/0 

RTBM – Research In Transportation 
Business And Management 

0/8 0/7 0/5 0/20 

Supply Chain Management: An 
International Journal 

1/188 1/50 0/25 2/263 

The Journal Of Strategic Information 
Systems 

1/28 0/6 1/12 2/46 

Transport Policy 0/48 0/19 1/18 1/85 

Transport Reviews 0/29 0/15 1/15 1/59 

Transportation Research Part A: 
General 

0/3 0/0 0/1 0/4 

Transportation Research Part A: 
Policy And Practice 

0/85 0/22 0/33 0/140 

Transportation Research Part B: 
Methodology 

1/59 0/7 0/5 1/71 

Transportation Research Part C: 
Emerging Technologies 

1/82 2/10 0/31 3/123 

Transportation Research Part D: 
Transport And Environment 

0/62 0/8 0/25 0/95 

Transportation Research Part E: 
Logistics And Transportation Review 

2/66 0/4 
 

0/5 2/75 

Transportation Research Record 1/50 0/36 0/15 1/101 

 19/1228 

Source: own composition. 

3.2.2. Costs generated by ICT innovation in the supply chain 

The challenges that need to be overcome when developing an ICT innovation in the supply chain are 

various. Developing IT systems is costly, requires long time and effort and needs to find solutions for 

the needs of all actors that have their activity in a port or the surroundings (F. J. Tsamboulas & Ballis, 

2013). Table 3.5 presents the most cited types of costs that are associated with ICT innovation 

developments in the supply chain. 
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Table 3.5. ICT innovation cost elements. 

 Cost elements Source 

IC
T 

o
p

er
a

to
r 

co
st

s 

(a
d

m
in

is
tr

a
to

r)
 

Platform development costs (including 
hardware/software 
acquisition/development cost, staff 
cost, training etc.) 

(Miranda, 2003; P. Evangelista & Sweeney, 
2006; Balasubramanian, Kulatilaka, & Storck, 
2000; Golob & Regan, 2001; Morimoto, 2013) 

Market uptake costs 
(Golob & Regan, 2001; P. Evangelista & 
Sweeney, 2006) 

Operating cost (staff cost, 
maintenance cost, storage and data 
management costs) 

(Tijan, 2009; Maresova et al., 2017) 

U
se

r 
co

st
 (

SC
 

st
a

ke
h

o
ld

er
s)

 

Connection cost (Giannoutakis & Li, 2012; Morton, 2015) 

Hardware/software 
acquisition/development cost 

(Miranda, 2003; Marlow & Gardner, 2006; 
Morton, 2015) 

Training cost 
(Srour, Van Oosterhout, van Baalen, & 
Zuidwijk, 2008) 

Transaction fees (license fees) 
(Southon, Sauer, & Dampney, 1999; Morton, 
2015; Maresova et al., 2017)   

Source: own composition. 

Table 3.5 shows which costs elements are generated by ICT innovation. Academia makes a clear 

distinction between costs incurred by the ICT operators (administrators) and by the other users. 

Evangelista and Sweeney (2006) or Morimoto (2013) refer to this first category of costs as general ICT 

implementation costs, seen also as one-time costs. The research of Maresova, Sobeslav and Krejcar 

(2017) notes that, if an investment makes good sense in the long-term, but it ends up also being 

beneficial to others, including competitors, it will not be seen as feasible by the private sector, since it 

would imply free-riding behaviour. In this situation, the role of government or of a neutral authority is 

key in developing and providing the initial capital. Moreover, the system developer or administrator 

often incurs the operating costs of an ICT innovation. 

As for the second category, Miranda (2003) considers that the ICT users defined as stakeholders 

adhering to a ICT systems, have fixed operating costs, namely the purchase of the hardware equipment 

and the cost of a secured connection. His statement is later on completed by Tijan (2009) who adds 

that ICT implies costs for information storage and data governance. The latter are ultimately 

formulated as ICT transactions fees (licence fees) that can be either fixed or variable. Moreover, Tijan, 

Agatić and Hlača (2012) agree that the cost of ICT implementation and maintenance must follow a 

sharing scheme agreed by its developers and customers.  

3.2.3. Benefits generated by ICT innovation in the supply chain 

Next to the identification of the costs, an ICT system also provide a wide range of benefits. Table 3.6  

gives a detailed overview of the most cited benefits to be considered when adhering to ICT systems. 

The benefits definition and quantification methods were adopted from literature that studied the 

benefits of ICT systems. The methods addressing quantification of ICT systems’ benefits mostly refer 

to identifying time and labour saved for obtaining, verifying or correcting certain information, 

determining the difference in cost of previous means of communication compared to current ones and 

summing up the revenues from fees or increased productivity.  
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Table 3.6. ICT innovation benefits and their proposed evaluation method. 

 Benefit Definition Quantification method 

1. Digital economy benefits 

1.1. Economic benefits 

Reduces cost to access/receive 

information 

The concerned companies can access information in a more efficient way. Less paper 

work and labour consumed to find specific data. (Miranda, 2003; Marlow and 

Gardner 2006; Cišic et al., 2009; Keceli, 2011; Tsamboulas, Moraiti and Lekka, 2012; 

Aydogdu and Aksoy, 2015; Maresova, Sobeslav and Krejcar 2017)  

Value of time and labour saved 

Reduces cost to send 

information 

Companies can send information in a more efficient way. Less paper work and labour 

consumed to find specific data. (Marlow and Gardner 2006; Keceli, 2011; Aydogdu 

and Aksoy, 2015)  

Difference with cost of previous 

forms of communication 

Avoid illicit transactions 

and/or their prejudice 

The temptation of corruption is eliminated through using PCS. Automated systems 
will ensure fair transactions between all the stakeholders involved in the community. 
(Marlow and Gardner 2006; Keceli, 2011; Aydogdu and Aksoy, 2015) 

Percentage of illegal transaction 

reduction, estimation of prejudice 

1.2. Increased quality 
of information 

Avoid error correction 
Errors due to the human factor and their consequences are being eliminated. (Diaz, 

2003; Srour et al., 2008; Keceli, 2011) 

Time and labour consumed to correct 

the errors 

Avoid information matching 

(benefit from automatic data 

matching – if applicable) 

Automatic exchange of data from/to the central PCS database ensures a reliable set 

of information. (Marlow and Gardner 2006) 

Time and labour consumed to 

manually verify data 

1.3. Increased 
performance 

Avoid information search 

The time to access a specific kind of information is less, thanks to the implementation 

of electronic platforms. (Aydogdu and Aksoy, 2015; Maresova, Sobeslav and Krejcar 

2017) 

Measurement of the increase of 

activity (for instance same amount of 

employees but tripled activity 

volume), increase in revenue 

Efficient use of resources 
The stakeholders’ infrastructure is being used in a more efficient way. (Wrigley, 

Wagenaar and Clarke, 1994; Mila, 2007; Tijan, Agatić and Hlača, 2012; Keceli, 2011) 

Increase in capacity usage of 

equipment (infrastructure) 

2. Community attendance benefits 

2.1. Increased 
efficiency (user 
level) 

Access to broad (real-time) 

information 

No matter their sequence in the supply chain, stakeholders are better informed about 

their incoming tasks. (Keceli, 2011; Tsamboulas and Ballis, 2013) 

Savings in cost of accessing certain 

information 

Higher value-added services 

Collaboration is easier to be established between the members of the community. 

(Compes, Lopez and Poole, 1998; Srour et al., 2008; Tsamboulas, Moraiti and Lekka, 

2012) 

Revenue from added value services 

through PCS 

2.2. Increased 
connectivity 

Compliance with community 

standards and regulations 

Standardized messages and data are better structured for the use of all interested 

actors. (Long, 2009; Panayiotou, Gayialis, Evangelopoulos and Katimertzoglou (2015) 

Less investment needed for business 

growth 

 

Source: own composition
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ICT innovation’s benefits can be divided into two broad categories, namely the digital economy and the 

community attendance benefits. The term ‘digital economy benefits’ refers either to the following: 

benefits of the universal use of IT (hardware, software, applications and telecommunication) in all aspects 

of the economy, including internal operations of organizations (business, government and non-profit); 

transactions between organizations; and transactions between individuals and organizations (Atkinson & 

Mckay, 2007).  Each of the benefits identified in table 3.6 are discussed in detail next. 

3.2.3.1. Digital economy benefits 

Most ICT innovation cases in the supply chain have applications that enable the use of data in digital 

format and eliminate the use of paper-based documents and hard copies (like for example follow the 

principles of data interchange (EDI) modules). Those benefits are considered under the digital economy 

category. The application of electronic data (and document) interchange can produce the following 

advantages: faster and more efficient information exchange, reduced lead time, lower costs by reducing 

paperwork, reduced number of errors, better sharing and tracking of data and higher inventory turnovers. 

Moreover, Aydogdu and Aksoy (2015) or Maresova, Sobeslav and Krejcar (2017) indicate that ICT systems 

have also indirect economic benefits such as: decreased cost of information access, decreased 

communication costs, extra income for government agencies (i.e. through fees), correct taxation, 

prevention of smuggling, prevention of illegal income (i.e. bribery), and decreased foreign dependency on 

port and logistics software. 

3.2.3.2. Community attendance benefits 

Supply chain stakeholders being involved in collaborative ICT systems have extra benefits gained from 

being involved in a community network. From this perspective, the critical need is to achieve an 

understanding between the different parties in the port community. Each port stakeholder has divergent 

roles and different interests, whereby they need to agree on the procedures to be followed by all for the 

benefit of the overall port performance (M. F. Diaz, 2003; Marlow & Gardner, 2006; D. Tsamboulas et al., 

2012). Within a PCS for example, the information is entered into the system only once and is accessible 

by each participant that is granted access to that information. Therefore, working with different 

companies becomes much easier as they all share common front-to-end structured information and 

business rules. In terms of transparency, having a PCS in place drastically reduces the opaqueness of the 

port as the information which is crucial for each individual actor’s operation, can also be valued by others 

(Gustafsson, 2007). Cruijssen et al. (2007) identify three categories of opportunities that the co-operating 

logistics service providers can enjoy when being integrated in a community. These propositions are related 

to cost and productivity, service (greater customer value added) and market position. 

3.2.3.3. Benefits of ICT innovation according to each type of supply chain stakeholder 

The benefits of ICT innovation developments, from a port stakeholder point of view, are often associated 

with both development of IT platforms and merger to a community. From a stakeholder’s perspective, 

the former category of benefits is more predictable and easily quantifiable. This can be done by evaluating 

the difference in communication expenditures made before and after the implementation of the 

supposed IT platform. The benefits brought by community integration are more difficult to estimate. The 

former overlaps with the benefits put forward by OECD (2011) as digital economy benefits and it refers to 

the upgrade of communication to IT. The latter are more dependent on the other stakeholders’ actions. 

On the contrary, the most important pre-condition for the long-term materialisation of ICT innovation 
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benefits is achieving a critical mass of participants. Srour et al. (2008) note that the more parties are 

involved, the more and accurately information can be processed within the community, the higher the 

rate of re-use of information, the more and the higher-quality information services can be provided to the 

participants. 

A detailed calculation of the amounts of time and costs saved by the use of electronic documents transfer 

in port-related transactions proves the effectiveness of community systems implementation. Čišić, Hadžić 

and Tijan (2009) demonstrate that the labour price, time and cost of document processing for the 

application of e-documents could be a very significant source of savings and can lead to the accumulation 

of funds for investments. For instance, in 2008, these authors found that the monetary savings obtained 

by the use of e-documents (compared to traditional, paper-based documents) can save costs up to 

38.79%: the average cost of an e-document is $4.52 (compared to $7.39 for a paper document). Time 

savings achieved by using the e-document drops by 39.64%. Electronic communication can result in 

savings of up to 39% in the document flow and will affect the profitability of the entire port community 

(Cišic et al. 2009). 

Benefits for shippers 

By using ICT applications, the shippers do not have to enter data manually regarding their consignment in 

order to book a maritime transport. This way, less mistakes are made due to human errors, so labour costs 

for solving these errors are saved (Keceli, 2011). The data that is used for these types of operators comes 

from reusing the booking information of transport orders and shipping instructions. 

Benefits for importers/exporters (customs brokers) 

Import/exporters connected via an ICT platform benefit from a more reliable, accurate and transparent 

source of information. Most of the modules dedicated to the use of this type of operators are part of the 

customs functionality. Their main advantages of linking up with a collective ICT platform are related to 

simplification of customs processes and automatic sending of the customs clearance reports. The 

information given by/to importers/exporters is automatically cross-checked to match existing references 

in a PCS’s database (De la Guia, 2013). 

Benefits for pre- and on-carriage (road, rail, inland waterway operators) 

By using the ICT platform, road transport operators may benefit from less turnaround time at the 

terminals, increased transparency of the duration of handlings and better planning of their activities by 

avoiding queuing at the terminals. Modules of the logistics functionality (e.g. ‘container release’, ‘booking 

of transport orders’, etc.) allow road operators to pick their transport orders according to their available 

capacity (or to perform a combination of tasks) in order to reduce their cost of empty trips or to gain new 

income. The administrative work done by the road carriers is optimized by having standard documents 

pass through an automatic crosschecking system at the delivered/pick-up moment at the terminals. 

Detailed examples and case studies from the port sector are presented in the research conducted by Sys 

et al. (2015) 

For the rail as well as barge operators, joining a collaborative ICT system results in a more transparent 

view of the duration and scheduled time of handling operation, less turnaround time, better organization 

of the process and precise information regarding the estimation of the infrastructure capacity. Inland 

waterway operators, after registering to a platform, can create planning requests to the (maritime and 
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inland) terminals through a single registration platform (Aydogdu & Aksoy, 2015). For barge operators, a 

useful additional feature of community systems is showing the transparency of the terminal schedule and 

the sailing constraints in and around a port. Information regarding the port physical infrastructure (e.g. 

lock planning) is also available. This allows barge operators to better plan their activity and estimate the 

time of arrival/departure at/from every terminal. Real-time information is used also by barge operators 

to optimize their speed for less fuel consumption (Port of Antwerp, 2015). 

Benefits for freight forwarders and maritime agents 

Jugović, Hadžić and Ogrizović (2009) show that the forwarders and maritime agents who are dealing with 

numerous documents and are interacting with other port stakeholders in arranging import or export 

transactions, will gain significant advantages through ICT implementation. The benefits gained by this 

category of port stakeholders are: faster and better work organization, reduction of transaction expenses 

(expenses of finding potential business partners, negotiation expenses, contracting, agreement 

protection, expenses of contract induction, expenses that occur if the contract does not run as planned, 

expenses regarding conflicts and disputes during the contract materialization, and, finally, reduced service 

expenses). The advantages gained by the forwarders and maritime agents are reflected in the entire 

operation process in the (sea)port. 

Benefits for stevedores and terminal operators 

The main benefits gained by (maritime and inland) terminal operators after installing a collaborative ICT 

system are directly linked with the planning of terminal operations. Important gains are seen from lower 

turnaround times and exact estimation of required labour and handling equipment at the terminal. For 

example, the electronic processing of container data and the vessels’ stowage plans increases the 

efficiency of the loading and discharge orders. Nevertheless, this community information allows terminal 

operators to quickly follow up the containers or cargo along the supply chains, thereby decreasing the 

chances for errors. 

Benefits for (Port) Authorities/customs 

The implementation of the collective ICT innovation (or PCS) will provide benefits for the port authority 

in all of its activities. Port authorities will be able to easier co-ordinate the port activities, better supervise 

the activities of port operators, better control the port operations, and enjoy a setup of a time-dependent 

and accurate database for decision making and development of strategic plans (Tijan et al, 2012). 

Another aspect of ICT innovation benefits is presented from the perspective of the port of Valencia. In this 

specific setting, the customs police receives the list of goods at the same time as terminal operators, and 

that list is automatically cross-checked against the authorizations from customs declarations through a 

link with Spanish Custom’s central system, all paperless. As a result, it only takes three minutes to check 

a list of 5,000 movements, compared to four hours before the platform was implemented (De la Guia, 

2013). 

Benefits for IT developers stakeholders 

IT developing companies are seen as a new player that creates new interactions in the MarSC. This type 

of stakeholder plays a key role in the introduction of ICT innovation in the MarSC. Although it requires 

experience or knowledge with regard to operational practices in the supply chain, this type of 
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stakeholders has the potential of introducing new business models and be the disturbing element in the 

future chains. The benefits incurred by this type of stakeholders are usually related to the added-value 

that they bring through services on data transferred through the chain.  

3.2.4. ICT innovation costs and benefits framework 

The detailed analysis of the ICT innovation costs and benefits results in the development of a conceptual 

framework. This framework allows identification and, latter quantification of costs, benefits and cost-

effectiveness of an ICT innovation adopted by MarSC stakeholders. This costs and benefits framework 

(CBF) is useful in evaluations of internal software solutions, data integration tools or collaborative 

platforms (like PCS, ACS, CCS, etc.) and ICT innovation. As it was described in the previous sub-sections, 

the SC stakeholders as ICT users incur different types of costs and benefits. The CBF avoids double 

counting as it makes a clear distinction between two categories of benefits (one by working with digital 

tools as opposed to paper-based documents, the other by working with community-based tools as 

opposed to working with stand-alone (individual) ICT systems). Table 3.7 shows the framework that can 

be used to identify these costs and benefits as key step in their quantification, answering to RQ 2.b.: Which 

cost and benefit elements must be included in a comprehensive quantification framework? 

The perspectives of both the costs (developer or join-in users) and the benefits (from attending a digital 

platform and being involved in an information network community) are captured in the current 

framework for evaluating the ICT innovation costs and benefits. 

The ICT operator, by subcontracting software developers, is usually the developer and administrator of 

the innovation, and therefore is the one who encounters most of this category of costs. Access fees, 

requested by the operator have mainly the purpose to cover the development and maintenance expenses.  

Practical experience has shown that port actors had developed IT systems under individual means to 

optimize their activity. Nonetheless, there are still users for which connecting to a ICT platform means 

digitalizing part of their activity and therefore gaining advantages from this perspective. Late 

developments of ICT innovation have tried to integrate previously in-house built information 

management systems into the community platform. Therefore, open access to the community 

information system brings all its advantages also from this point of view. The latter subcategory of benefits 

are enjoyed by all the ICT innovation users. 

Although the costs and benefits incurred by users are similar in typology, the actual values of costs and 

benefits might differ. Therefore, the balance between costs and benefits regarding the adherence to a ICT 

platform should be evaluated form each stakeholder’s perspective. From this point of view, if the costs of 

implementing ICT innovation are higher than the benefits, the private operators have no willingness to 

pay and the collaboration stops. An equitable balance between the costs and benefits brought by the 

implementation of an ICT innovation are difficult to determine. Hence, a careful evaluation must be 

carried out. 

This framework sheds light on the costs and benefits that each MarSC stakeholder encounters when 

implementing an ICT innovation. A further step in coming research is to use this framework as a 

quantification tool. This way, companies willing to adopt ICT innovation or to join community information 

platforms can have a better view on the types of costs and benefits they can have. Nonetheless, this 
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framework also helps ICT innovation administrators to have a clear view on the types of costs and benefits 

each ICT user encounters and to benefit from the already developed theory. 

The framework enables further applications and cost-effectiveness analyses deployment. Relevant costs 

and benefits elements are now centralized. These elements are defined for each case individually as well 

as the data used to quantify them. 

The following chapter presents the data collection approach and the ICT innovation cases used in the 

empirical analysis of this PhD dissertation.   

Table 3.7. ICT innovation cost-benefit framework. 

  
Notation 

Supply chain 
stakeholders 

Authorities 
Capacity Building 

Stakeholders 

C
O

ST
S 

Development and operation     

Platform development Co1    

Market uptake Co2    

Operating  and 
maintenance Co3 

   

User (join-in)     

Connection  Cu1    

Hardware/software 
investment  

Cu2    

Training  Cu3    

Transactions fees (license 
fees) 

Cu4    

B
EN

EF
IT

S 

Digital economy benefits     

Reduces cost to 
access/receive information. 

Bu1    

Reduces cost to send 
information. 

Bu2    

Avoid illicit transactions 
and/or their prejudice 

Bu3    

Avoid error correction Bu4    

Avoid information matching 
(benefit from automatic 
data matching – if 
applicable) 

Bu5    

Avoid information search Bu6    

Efficient use of resources Bu7    

Community attendance 
benefits 

 
   

Access to broad (real time) 
information 

Bu8    

Higher value-added services Bu9    

Compliance with standards 
and regulations 

Bu10    

Source: own composition. 
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4. ICT innovation cases in the MarSC 

A case-based approach is taken to answer further the proposed research questions. Chapter 4 bridges the 

literature review results with the later empirical analyses as shown in figure 4.1. It presents a sample of 

cases and an analysis of objectives for ICT innovation implemented by MarSC stakeholders and answers 

generally RQ3 - Which ICT innovation cases are developed for/or by MarSC stakeholders and in which 

objectives do they succeed? Cases from this sample are referred to in the coming empirical analyses. 

Therefore, the (sub-)research questions addressed in particular through the present chapter are:  

RQ 3.a: Which ICT innovation cases are developed for/or by MarSC stakeholders and what is their 

typology? 

RQ 3.b: Is the importance of ICT innovation objectives aligned with the success? 

RQ 3.c: Which important objectives are achieved with low or high success?  

By answering these questions, the research presented in this chapter shows fundamental information for 

each case study and presents an analysis of their objectives. In addition, by answering RQ 3.c, this research 

shows what should be the focus of future detailed analyses as follows. Cases of which important objectives 

are achieved with low or high success are studied in detail to draw conclusions on their cost-effectiveness. 

Sub-section 4.1 details the methodological approach used to collect the data for these innovation cases. 

Sub-section 4.2 provides a description of the cases for which data was collected, while sub-section 4.3 

shows which data was collected for each case. Sub-section 4.4 presents an analysis of objectives targeted 

by these cases and points out the further focus of the empirical analysis. 

 

Figure 4.1. Positioning of chapter 4 in the dissertation outline. Source: own composition. 
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4.1. Data collection approach 

The empirical part of this dissertation is built on a convenience sample of cases. The methodological 

process followed to collect the data is described in this sub-section. The data collection approach was set 

in practice through two research initiatives (the research conducted through BNP Paribas Fortis chair of 

Transport, Logistics and Ports at the University of Antwerp and own independent research) and consists 

of four phases as presented in figure 4.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2. Data collection process. Source: own composition. 

As shown in figure 4.2, the first phase consisted of sending requests to representatives of MarSC 

stakeholders to join a one-hour individual meeting where they could present the most representative 

innovation cases that are rolled-out in their companies. The second phase consisted of research activity 

and one-to-one meetings for actually collecting the initial data; this phase is referred to as ‘data collection 

interviews’. The third phase refers to an extra inquiry with the interviewees, if applicable. For this extra 

encounter, ‘detailed data collection interviews’ were carried out to receive information with regard to the 

costs and the benefits that innovation brings. The fourth phase was validation. 
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The initial requests for a meeting in phase one were carried out as a research task with the BNP Paribas 

Fortis chair of Transport, Logistics and Ports at the University of Antwerp and own independent research. 

This initial request contained a short description of the research and its goals. This initial request was sent 

by email to the network of contacts built in a consortium of seven universities. This consortium of 

universities was led by the Department of Transport and Regional Economics at the University of Antwerp 

and is described in Annex 4.1. From this inquiry, 36 companies have responded positively. Through own 

independent research, further representatives of supply chain stakeholders were asked to share insights 

with regard to ICT innovation they developed. These latter inquiries led to 12 companies that accepted to 

participate and share their knowledge in a next phase. This type of approach ensured that a random 

sample of cases was collected and no exception was made from giving the opportunity to cases to join 

the sample list. However, following this approach, there is limited control on the sample collection. For 

example, this approach did not consider innovation that is rolled out and of which initiators were amongst 

the contact group or for any reason did not respond to the initial call. Generalizing the results of the 

empirical part to all innovation developed in the MarSC should be done with care. The later findings are 

mainly valid for the studied collection of cases.  

The second phase of the data collection approach consisted of scheduling face-to-face interviews with 

representatives of the MarSC stakeholders that responded positively to the initial request. This phase is 

carried out within the two research initiatives as follows. A first group of interviews were planned during 

the research conducted by BNP Paribas Fortis Chair of Transport, Logistics and Ports and were carried 

between Autumn 2013 and Spring 2015 (Sys, Vanelslander, Acciaro, et al., 2015). This step finalized with 

the collection of 75 innovation cases. As this initiative was initially launched addressing innovation in 

general (regardless their type), a later selection is made where ICT cases are extracted from the sample. 

From the initial group, 31 innovation cases were identified as ICT innovation and were used in the 

empirical part of this dissertation. Thus, for these cases, the data collection method overlapped with the 

one applied within the BNP Paribas Fortis chair research, yet the analysis method and the results 

presented through this dissertation differ. The second research initiative was set to look into the details 

of several other case studies between Autumn 2015 and Spring 2018 by taking direct contact with 

representatives of the industry and mentioning that the inquiry focuses on ICT innovation. This inquiry 

finished in collecting general data for 13 ICT innovation cases. Therefore, a total of 44 ICT innovation cases 

completed the sample used by this analysis.  

The data that was collected for each of the 44 cases and is used in this dissertation covers information 

with regard to innovation’s description and the type of changes it addresses. This data is referred to as 

‘general data’. Extra data was further collected with regard to objectives’ importance and success, and 

the type of costs and benefits generated to the involved stakeholders. This data is indicated as ‘context 

data’. The data collected is centralized in a standardized xls sheet as shown in Table 4.1, representing the 

layout of the centralizing table carrying the ‘general data’. 

Table 4.1. Table describing each ICT innovation case and its typology. 

Case 
title Short description 

Outcome's 
tangibility Outcome type 

Access to 
outcome 

Type of change 
introduced in the 
supply chain 

Type of 
collaboration 
practice 

       

Source: own composition. 
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The types of general data collected for each case is presented in table 4.1. This table holds a short 

description for each ICT innovation case in the first column. This description is followed up by marking the 

type of change that innovation introduces, in line with the typology outcome presented in sub-section 2.4 

(where changes according to nature, access to outcome, etc. are marked). This data is provided through 

both research initiatives taken.  

Next, context data was collected as well for the ICT innovation cases. The first type of context data gives 

insights into the importance and success of innovation in achieving strategic objectives. This type of data 

was collected through the research carried out by the BNP Paribas Fortis chair. The method for data 

collection is developed by Acciaro et al. (2014) and relies on the triple bottom line approach to highlight 

the achievements of ICT innovation on three layers: economic, environmental and social added-value. For 

each of these layers, Acciaro (2015), defines a list of objectives that can be achieved through an innovative 

process. Table 4.2 lists the objectives used in this research. Each objective has an attributed code for easy 

identification and readability of the graph presented within this sub-section. Objectives from the 

economic added value (profit) group are identified with the ‘Pr’ indicative; objectives from the 

environmental (planet) group have the ‘Pl’ notation; finally, the social added value (people) objectives are 

labelled with ‘Pe’. Leading actors along the maritime supply chain evaluated the level of importance and 

the degree of success achieved in each innovative ICT initiative with values from 1 to 52, according to the 

methodology presented in detail by Acciaro (2015). The data collection was a stated preference exercise, 

where the interviewees were asked to rate the importance and success of each objective from a personal 

perspective. This process introduced the subjectivity of the interviewees, each rating the ICT innovation 

they were responsible for. The data collected through this research is used to formulate intermediary 

conclusions, which triggered further the focus on specific ICT innovation cases and the data collection in 

phase three. The second type of context collected data marks the types of cost and benefit elements 

generated by each ICT innovation case to MarSC stakeholders. This data is streamed for the research 

activities done within the BNP Paribas Fortis chair of Transport, Logistics and Ports, and own research. For 

both, the CBF developed in sub-section 3.2.4 is used as a uniform layout to centralize the data. The first 

research activity collected data to be initially used in the Systems of innovation approach (SIA) method. 

The SIA method is developed by Roumboutsos, Kapros and Vanelslander (2014) based on the research 

carried out by Smith (2005), Woolthuis, Lankhuizen and Gilsing (2005), and Edquist and Chaminade (2006). 

This method requires that a set of external factors and a set of actors are identified that contribute the 

innovation development process. The actors and the external factors are marked in a matrix. Because this 

set of data does not indicate directly which costs and benefits each innovation generates, a conversion 

framework is set up. This framework identifies the SIA external factors with the cost and benefit elements 

from the CBF. This conversion framework is presented in table 4.3. Extra information was used about the 

external factors from the qualitative data collected for the SIA. This quantitative data is described in the 

collection of cases of Sys, Vanelslander and Carlan (2015) and details, for each innovation case, how the 

stakeholders influence the SIA external factors. The second own research uses the CBF directly and 

presents it to the interviewees. Therefore, the interviewees marked directly the costs and benefits 

                                                           

2 For the level of importance, the scoring choices were: 1 - irrelevant, 2 - slightly relevant, 3 - moderately relevant, 4 
- relevant, 5 - very relevant; while the degree of success was evaluated as follows: 1 - unsuccessful, 2 - slightly 
successful, 3 - moderate successful, 4 – successful and 5 - very successful. 
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generated by the ICT innovation they promote. For these cases, data on external factors as in the SIA was 

not used.  

Table 4.2. List of innovation objectives and their notation. 

ECONOMIC ADDED 
VALUE Notation 

ENVIRONMENTAL IMPACT 
(CLIMATE CHANGE) Notation 

SOCIAL ADDED 
VALUE Notation 

Minimizing cost Pr1 Reducing CO2 Pl1 

Offering new 
employment 
opportunities Pe1 

Optimizing 
operations Pr2 Reducing air pollutants Pl2 

Retaining human 
capital Pe2 

Gaining market share Pr3 

Minimizing impact of activity 
on landscape (or proximity 
territory ) Pl3 

Improving relations 
with local 
communities Pe3 

Obtaining first mover 
advantage Pr4 Reducing noise Pl4 

Reducing number of 
accidents Pe4 

Avoiding depletion of 
resources Pr5 Reducing congestion Pl5 

Reducing fraud 
attempts Pe5 

Gaining 
competitiveness Pr6 Reducing water/soil pollution Pl6 

Improving the 
efficiency of security 
requirements Pe6 

Growing Pr7 
Improving management of 
waste Pl7 

Complying with 
social and labour 
regulation Pe7 

Increasing 
employment Pr8 Recycling Pl8 

Complying with 
safety regulation Pe8 

Using resources 
efficiently Pr9 

Integrating other 
developments which have a 
sustainability orientation Pl9   

Differentiating from 
competitors Pr10 

Complying with 
environmental regulation Pl10   

Increasing scale of 
operations Pr11     
Improving energy 
efficiency Pr12     
Integrating with 
other actors Pr13     
Offering larger and 
equitable access to 
service Pr14     
Encouraging other 
investments Pr15     
Facilitating transfer 
of official documents Pr16     

Source: own composition based on Acciaro (2015). 

The third phase of data collection process focused on detailed cost and benefit data. This phase was 

triggered by intermediary conclusions drawn upon the analysis of importance and success of ICT 

innovation objectives. This process consisted of carrying out more in-depth interviews where data was 

collected for the quantification of the costs, benefits and the cost-effectiveness of ICT innovation. The CBF 

was used as general guidelines for carrying out the interviews but, because each case is unique, specific 
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data was collected and stored individually (as presented in each dedicated chapter). The in-depth data 

collection interviews pursued the following guidelines in four steps. The first step was collecting data with 

regard to the development cost of innovation. Secondly, data with regard to user costs was retrieved. The 

third and fourth steps collected data with regard to the benefits brought by the ICT innovation from a 

digital-change and from attending-a-community perspective respectively. 

Table 4.3. Conversion of SIA external factors to CBF elements. 

Institutions/ 
rules/ factors 

Data collection CBF (Cost and benefits framework) 

Infrastructure  

Infrastructure that was the object of the 
innovation process (software, equipment….) 
and its effects 

It identifies and marks the stakeholders 
inquiring the development and operation costs. 
(Co1, Co2 and Co3). 
On the benefits side, it points out which 
stakeholders take benefits from the new ICT 
innovation on digital economic benefits like 
receiving, sending, correcting, matching and 
searching information (Bu1, Bu2, Bu4, Bu5 and 
Bu6) 

Hard 
Institutions  

Regulation and legal system framework 
regarding the specific innovation development  It identifies the stakeholders that benefit from 

having barriers removed in complying with 
standards and regulation (Bu10) 

Soft 
Institutions 

Political culture, cultural values, social aspects, 
economic influence, standards imposed by 
stakeholder or different groups. 

Weak 
Networks 

Missing actor; actor that was missing from the 
innovation network itself; actor that should 
have been involved in the process with the 
result of accelerating the innovation. 

It identifies the stakeholders that benefit from 
having barriers removed in accessing broad 
information and/or building higher value-
added services (Bu8 and Bu9) Strong 

Networks 

Actor was involved in the development phase.  
Negative scale indicate a negative involvement 
towards the innovation project, while the 
positive scale indicate a positive involvement.  

Capacities 

Capacities that were put together by each 
actor:  personnel involvement; financial 
capabilities, money invested; availability of 
time and/or knowledge. 

It identifies the both stakeholders inquiring the 
development and operation costs (Co1, Co2 and 
Co3), and stakeholders inquiring user costs (Cu1, 
Cu2, Cu3 and Cu4).  

Lock-in effects 

Action of reaching to a dead-end in a certain 
phase of the innovation process; answer to the 
questions: which actor had a lock-in effect? 
How important was the effect on the 
innovation? 

It identifies the stakeholders that benefit from 
having barriers removed in accessing broad 
information and/or building higher value-
added services in a community attendance 
context (Bu8 and Bu9). 

Market 
Demand 

Market is demanding for the innovation and 
which actor is demanding 

The market demand points out benefits that 
ICT innovation brings, which are not directly 
linked to labour savings. E.g. avoiding illicit 
transactions (and/or their prejudice) and/or 
efficient use of resources (Bu3 and Bu7).  

Competition 
(innovation) 

Competition felt (by initiating stakeholder) 
from other similar innovations.  It identifies and consolidates the finding of 

stakeholders inquiring market uptake costs 
(Co2). Competition 

(Port) 
Competitions felt (by initiating consortia) from 
other ports’ side. 

Source: own composition based on Roumboutsos, et al. (2014). 
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The fourth phase of the data collection was the validation process. Depending on the data that were 

collected about the ICT innovation cases, two validation tracks were carried as follows. The first validation 

track was carried out for the general and context data processes, while a separate second validation track 

was carried out for the cases providing detailed data over the costs and benefits. The first validation track 

consisted of generating, for each case, a two-page document titled ‘Innovation monitor’. This activity was 

pursued within the research carried out within the BNP Paribas Fortis chair for Transport, Logistics and 

Ports. The ‘innovation monitor’ document summarises the general information contained about each 

cases with regard to description, typology and results of applying each methodology. These results were 

benchmarked with the average results given by the complete sample. This document was sent to the 

interviewees who took part in the data collection process and ask for validation or further completion. 

This approach ensured that extra input was received and so the data is validated. For the cases where no 

further remarks were received, it was considered that the data collection process was validated. For cases 

for which data was collected within own research, the data collection phase carried out the validation 

process as, for these cases, input is directly added and checked by intervieewes during the face-to-face 

meetings. The second validation track was applied for the cases that were included in the detailed data 

collection process. This process was completed by scheduling a dedicated validation meeting with the 

representative that participated provided the initial data. During this meeting, the results of the analysis 

and conclusions are presented. Hence, further feedback was received and potential clarifications of the 

results were discussed. The latter input is considered in writing the conclusions of each analysis. 

This research extends the data collection process carried within the BNP Paribas Fortis chair of Transport, 

Logistics and Ports, and builds in parallel an own methodology for analysis. This methodology generates 

complementary knowledge on the specific topic of costs and benefits of ICT innovation in the maritime 

supply chain. The following sub-section presents the sample of cases collected applying the above-

mentioned approach. 

4.2. ICT innovation cases used in the empirical chapters 

The sample of cases consists from ICT innovation cases that cover the entire supply chain. Table 4.4 

provides the titles, a short description and the codes attributed to each case for easy identification 

throughout the dissertation. The further empirical parts of this dissertation use sub-divisions of cases to 

formulate conclusions. Therefore, the case codes and the titles of the innovation cases are used in each 

empirical chapter to frame the coming analyses. Figure 4.3 gives insights with regard to the type of MarSC 

stakeholders that initiated these ICT innovation cases. 

Figure 4.3 presents the share of stakeholders that initiated the innovation cases analysed throughout this 

dissertation. According to this figure, 30% (13) of the innovation cases were initiated by terminal 

operators, and 23% (10) by inland terminals. Software developing companies provided 16% (cases) of the 

innovation cases and port authorities 14% (cases) of the cases. The rest of the supply chain stakeholders 

have given insights into ICT innovation cases that represent less than 5% (two or one case) in this 

collection. Annex 4.2 presents the innovation name and the company (and persons participating in 

interviews were known) giving input for each innovation case. 
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Figure 4.3. Stakeholder share as initiators of ICT innovation cases presented in this dissertation. Source: 

own composition. 
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Table 4.4. ICT innovation reference code and description 

A1 - Port community system Portnet: PORTNET is PSA's port community system. This IT platform is the world's first nation-wide business-to-business (B2B) port community system 
and positions PSA at the forefront of e-business operations in the port and maritime industry. Its constant technological innovation allows PSA to develop technology-based operational 
solutions for its clients in the port and shipping community. Such a single sign-on portal network improves the overall efficiency of information flows. The advantages are threefold: it 
connects shipping lines, freight forwarders, hauliers and government agencies, it helps these stakeholders to better manage information and it synchronizes their complex operational 
processes. (www.portnet.com) 

A2 - SEAGHA - port community system: SEAGHA is a system for electronic data exchange. This innovation case is an example of the continued development of a past innovation. Over 
the 1986-2007 period, the system was key to electronic integration and the development of software applications with priority on data related to vessel traffic. The focus was primarily 
on cost and error reduction. This system has evolved to APCS, the latter puts forward commercial applications. 

A3 - APCS (e-desk): APCS (Antwerp Port Community System) is an initiative of the port authority, private port association and customs that aims at providing well-structured information 
(standardised exchangeable messages) within the port. The electronic message standards are based on the Edifact standards of the United Nations. The system was developed for the 
purpose of enhancing the administrative activities and cargo flow to the fore- and hinterland. APCS supports all types of goods and transport modes and connects all stakeholders, 
namely the port authority, customs, shippers, shipping companies, shipping agents, forwarders, terminal operators, road and rail carriers, barge operators and logistics service 
providers. 

A4 - Port Single Window: The Port Single Window, implemented nationally in Portugal, is an open, web-based platform currently in its second version. It streamlines the communication 
and flow of information among all supply chain agents and authorities. This initiative was originally launched by Portugal’s Ministry for Economic Affairs. 

A5 - Administration replaced by EDI: Electronic data interchange (EDI) has transformed the way in which inter-organisational transactions are carried out. It is also crucial for the 
optimisation of operations in the maritime supply change. This innovation case aims at replacing all physical administrative documents with electronic versions through EDI. EDI is a 
tool that facilitates computer-to-computer exchange of business documents and data between two or more businesses, according to predefined information formats and rules 
recognised both nationally and internationally. This framework is designed in such a way that human interference is minimised, particularly in repetitive business processes involving 
large volumes of documentation (Narayanan, Marucheck, Handfield, 2009, pp. 3-4). 

Increasingly, EDI is being incorporated into the digitalisation of the transportation supply chain. The challenge lies in its efficient application for more complex tasks, rather than 
relatively easy or repetitive ones. 

A6 - E-freight system ‘E-port’: The e-freight system integrates all data linked to the freight passing through the port of Genoa. The main goals are the optimisation of administrative 
procedures and the maximisation of information-sharing capability. 

A7 - Central port community system (CPCS) for breakbulk (initiative from the port): In comparison to the container sector, where port community systems are sufficiently well-
integrated, the break-bulk sector is lagging behind, possibly due to the greater complexity involved. This innovation project has its roots in the desire of the break-bulk sector to go 
digital. Individual stevedoring companies took the initiative by digitalising data on cargo handled at their terminals. The data is made available to other stakeholders via the port 
community system. 

A8 - KVBG (Royal Association of Traffic Flow Controllers): The main objective of the KVBG (or Royal Association of Traffic Flow Controllers) is to enhance the economic performance 
of its members. To this end, several stakeholders have agreed to notify and pre-send data regarding incoming freight. 

A9 - IT data management (exchange data): This innovation case is initiated by a freight forwarder and it concerns an IT data management platform designed to offer smooth and 
efficient data exchange between interested parties. The initial instrument was conceived as a track and trace tool, but it has since evolved into a useful and reliable IT data source that 
helps avoiding delays and facilitates cargo transfer. 



 

62 
 

A10 - e-transit (previous to the extended gate): e-transit is an IT application designed to make the manifest available to customs brokers for validation and processing upon ship 
arrival. The underlying idea is to reuse data from the manifest and eliminate the need for manual data input/copying. 

A11 - Extended-GATE 1.0: The (cross-border) eGate license ensures much faster throughput of containers at the initiative of a shipping line. It allows the license holder to send import 
consignments from the deep-sea terminal in the port to inland terminals without any accompanying (transit) documentation. The main benefit is that transit time is halved. This 
innovative process requires the continuous improvement and extension of existing software and depends on approval from customs services. 

A12 - Extended-GATE 2.0: Same as above with the extension of the paperless service from the inland terminal to the clients’ warehouses. 

A13 - Extended-GATE 3.0: Same as above with the focus on the export flow. 

A14 - Paperless Customs flow: import/extended gate, up to the end consumer: In co-operation with a customs agent, an inland terminal operator offers its customers (i.e. import 
industries) an entirely paperless procedure from deep-sea terminal to the warehouse. The commonly used current method known as an Extended Gate works paperless only up to 
the inland terminal, where, specifically in the case of transit goods, new documents need to be drawn up. With this new initiative, this part of the process will also become paperless. 

A15 - Paperless Customs flow: import - paperless NCTS pilot (Port of Antwerp): With this innovative concept, the inland terminal concerned intends to replace all printed documents 
with electronic forms for the benefit of barges and trucks operating between its inland and deep-sea terminals in Antwerp. In a bid to strengthen its market position, the company 
launched a pilot project called ‘Paperless Customs Flow for Imports’. The goal of this project is to replace the T1 document with an electronic form. To this end, the current New 
Computerised Transit System (NCTS) software needs to be modified. 

A16 - Paperless Customs flow:  Export - paperless until deep-sea terminal: The pilot project ‘Paperless customs flow for exports’ envisages the full digitalization of the document flow 
in exports. In other words, the physical paper document presently accompanying containers is to be replaced with a digital version, more specifically a pdf file delivered by email. The 
same principle is applied for the import document flow. Through barcode scanning, all the required data can be entered automatically into the terminal operating system. From this 
point the information is communicated to the deep-sea terminal. Hitherto, data are entered into the system manually. The new system will make the process easier, faster and less 
prone to error.  (D’Agnolo & Vansteenbeeck, 2014) 

A17 - Expansion OCR capabilities: Optical Character Recognition (OCR) is the process of converting a hand-written or printed text into computer-readable text. This can be helpful for 
text input or for the capture of texts. The intended goal of expanding OCR capability is to enhance the efficiency of the document flow for Dangerous Goods Declaration (DGD). This 
innovative OCR application also needs to be integrated with existing applications. 

A18 - Pre-notification deep-sea terminals Antwerp: Pre-notification of arrivals at deep-sea terminals is organisationally important, not only for the deep-sea terminals themselves but 
also for the connecting inland terminal. The innovation of this particular project lies in the application of EDI software (e.g. Container Pick-up Notice or COPINO). Its operational 
integration will reduce the need for direct human involvement, thereby benefiting speed and reducing cost as well as the likelihood of error. 

A19 - Pre-notification deep-sea terminals Rotterdam: Pre-notification relates to the import flow of containers and refers to a message of the carrier notifying the terminal operator 
about loading and/or discharging assignments. Containers imported from overseas are discharged at deep-sea terminals. Subsequently, they are transported to the hinterland by 
truck, barge or rail. If a deep-sea terminal does not know in advance when the containers will be arriving or with which type of transport mode, it will stack the containers randomly 
and hence inefficiently. This problem can be resolved by improving communication between inland and deep-sea terminal, so that the latter is provided with information (e.g. a list of 
containers to be delivered or picked up by a specific barge within a given timeframe) prior to the arrival and unloading of the cargo. The communication may also contain information 
about whether a container is ready for loading onto a truck or barge or whether sufficient capacity is available to receive the load. It might also specify whether the necessary customs 
documents have been cleared. With this information, it becomes possible to stack specific containers strategically at the loading quay. 

A20 - Digital CMR: The need for integrated processes and electronic information flows between stakeholders continues to grow. This inland terminal aims at replacing the pre-printed 
CMR by a digital form. However, Belgium is one of seven countries that have not signed up to the additional protocol of the e-CMR. This is delaying testing of the application of the 
digital CMR in transfers between inland terminal and road haulage. 
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A21 - 3PL - Primary Gate of Leixões Port: This innovation initiative has created a one-stop shop for trucks delivering or picking up cargo at the port. The main objective is to minimise 
and optimise the administrative procedures for road hauliers accessing the port area. 

A22 - Vado Ligure ‘Port gate’: The Vado Ligure ‘Port gate’ is a new port-gate system designed to integrate different procedures for all the terminals located in the Vado Ligure seaport 
area. The project aims at optimising the traffic of all the cargoes managed by three different terminals (container – ro/ro - bulk) and the physical spaces as well as administrative 
processes/procedures. The new port gate will involve 15 (according to the preliminary project) reversible lanes dispatching trucks ‘in line’, both at Port and Terminal Gate, assuring a 
safety and efficiency improvement as compared to the traditional gate set-up. 

A23 - Container terminal: bottleneck at terminal’s landside: Increasing ship sizes and low schedule reliability in the container liner shipping industry lead to peak loads at terminals, 
causing landside bottlenecks and thus longer waiting times for trucks. To resolve this problem, a deep-sea terminal developed its own container management system. This newly-
designed system has the aim of improving the efficiency of container handling, while satisfying increased security requirements in global door-to-door intermodal container transport 
chains. In more general terms, mobility is expected to increase and waiting times are estimated to decrease. The system offers the possibility of monitoring containers within the 
terminal, of helping reduce clearance times for customs checks and of accessing the container-related information from different sources. This should result in better planning and 
operations management. 

A24 - Corridor management system: Co-operation between inland terminals leads to the bundling of freight flows to the hinterland of major ports. A service network design model 
for intermodal barge transport is developed and applied to the hinterland network of the port of Antwerp in Belgium. The scope of this solution is to efficiently manage barge traffic 
on Albertkanaal by integrating the locks and the barges request in a single system. The aim is to reduce congestion and enhance the schedule of barges along the canal. 

A25 - Port Wide Lighter Schedule Port of Antwerp: The Antwerp Port Authority has invested heavily in the development of all kinds of electronic communication that allow optimal 
control of the supply chain, as well as in a system designed to facilitate collaboration between sea vessels and inland barges. Nearly 40% of transport to and from the port of Antwerp 
happens by barge. BTS, short for Barge Traffic System, is a free web application that simplifies the handling of container barges in the port. Launched in 2007, it operates as an online 
platform that allows barge operators to make terminal planning requests and check which terminals are available when for loading and unloading of containers. Since then, the early 
versions of BTS have already been enhanced. 

A26 - Weighbridges: Under-declaration of container weight is an issue carriers, as they are confronted with incidents caused by overloaded containers (Cf. the sinking of the MSC 
Napoli in 2007). Anticipating on the new UN code of practice, more and more deep-sea terminals are investing in equipment to verify the weight of loads dispatched, as will be 
mandatory from July 2016 onwards. Henceforth, the focus will be set on shippers to ensure that the containers they transport are not overloaded. 

A27 - Advanced Gate Automation and FATS (Full Automated Truck System): Advanced Gate Automation integrates a wide variety of software and hardware installations that are 
connected to the Terminal Operations System (TOS). The online truck appointment systems, time slot management and online payment systems are examples of such software 
applications. The main purpose of this automation is to reduce the need for human intervention. 

A28 - Truck Appointment System: TASs are not new in port or terminal operations. The main objective of such systems for advance notice of container arrivals at the terminal is to 
reduce vehicle waiting times through more accurate scheduling. TAS is also conducive to more efficient handling. Furthermore, it may include automatic recording of the RFID tag with 
which containers are sealed. Prior to their collecting or delivering containers, truck drivers must provide administrative details. Moreover, the e-portal makes it possible to check 
whether or not a container has been released, thereby avoiding unnecessary trips. TAS is not operational yet for IMDG containers, transtainers and containers with excess height 
and/or width. (www.dpworld.com) 

A29 - Autotrakker: Autotrakker is a solution for accurately measuring break-bulk cargo as it arrives at a multipurpose terminal. It is an IT system that relies on low-powered (eye-safe) 
lasers/scanners. The main purpose of the application is to accurately measure cargo in order to avoid inaccurate billing. Incorrect cargo measurements can also cause accidents or 
damage to cargo or ship during loading and unloading,  often leading to delayed departures, customer insurance claims, or even injuries or fatalities among personnel. 
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A30 - Platform Eurotranscom (import/export + re-use): The EuroTransCon platforms, brings together information from several road transport operators with regard to their potential 
tasks for container transport. By doing so, it enables its users to choose transport tasks and fill in their potential journeys towards picking or after delivering a container task. This 
platform is used for both import and export flows of containers. Furthermore, an extra functionality is offered applying the same principle on bringing information together for empty 
containers that can be used in productive tasks. 

A31 - Portal with clients: An e-portal application is primarily used for electronic transfer of documents from shipping agents to clients, authorities or other agencies. Electronic 
document submission offers shipping agents greater flexibility, as it is quicker and can be performed from any geographical location. 

B32 - NxtPort: This data utility platform was created to facilitate data sharing practices among the users of the Port of Antwerp. NxtPort addresses the specific type of data transfers 
that was not covered via other community systems. It was set up by a private ownership and it aims mainly at, but not limited to, integrating data from terminal operators. Via NxtPort, 
it is expected that operational efficiency of port stakeholders will increase through the overlap of a new layer of data on top of existing information. Furthermore, the platform seeks 
to create added value for data owners and users by allowing market applications to be built upon existing data. 

B33 - NextLogic: NextLogic is a data integration platform that addresses the MarSCs parties involved in inland container shipping (e.g. barge operators, inland terminals, deep-sea 
terminals and depots, shipping companies, and ultimately also freight forwarders and shippers at the port of Rotterdam). NextLogic focuses on a more efficient handling of inland 
container shipping, by providing a platform where the entire chain of container shipping by barge can work together. Benefits for supply chain stakeholders adhering to the NextLogic 
platform are generated from a more reliable planning and thus predictable turnaround time, better use of the quays, cranes and barges, and fewer calls at the seaport. 
(www.nextlogic.nl) 

B34 - Cargo-Stream: CargoStream is a data integration initiative that relies on the participation of all MarSCs stakeholders (e.g. shippers, intermodal terminals, rail & barge operators, 
and logistics service providers). Such multi-actor supply chain collaboration is another good example of co-innovation. The platform was developed by Nallian, a five-year old company 
focused on improving supply chain collaboration (www.nallian.com). Being an open platform, it offers a plug and play architecture allowing solution providers to offer their algorithms 
on the platform. In addition, participating shippers contribute to its development by providing input and sharing knowledge.  

The purpose of this independent, neutral, open, and pan-European platform is to help participating shippers reduce their truck transportation kilometres by bundling their regular 
transportation needs with other shippers, so that vehicle fill rates can be improved, distribution routes can be optimized, and use of multi-modal transportation can be improved.  

B35 - Re-Use: Avantida, a software developer company, initiated the innovative concept of Re-Use. The goal is to provide shipping companies and container owners with a way to use 
their equipment (containers) more efficiently. Through this platform, empty containers from import operations can be requested to be re-used for export operations, thus enabling 
the matching of full transport orders with planned empty trips of containers. In other words, this application allows maritime carriers (or container owners) to communicate with land 
operators and integrate their transport necessities with the unused land transport capacities. By using this platform, the unproductive transport of empty containers is being capitalized 
on, so that it brings benefits to all the involved parties. In addition, this innovative initiative results in decreasing transport costs and CO2 emission for the carriers, and could contribute 
to a decline of port congestion. 

B36 - Temperature traceability sensors: A trucking company operating in the geographic area analyzed deployed dedicated sensors to monitor temperature inside trailers. These 
trailers are used for transporting pharmaceutical products and medical devices, which require product temperature to be maintained within certain ranges. In addition to sensors, 
trucks have on-board-units that collect data on unit location, speed, fuel consumption and other operational data. The information gathered through different technologies is combined 
to provide a complete status of the transported goods. Aside from enhancing traceability along the transport leg of the supply chain, these technologies provide the trucking company 
with useful information for vehicle routing, asset management, and payroll calculation. 

B37 - RFID data logger tags in pallets: Zespri, the world leader in kiwi trade, has deployed RFID tags on pallets to identify, monitor, and trace back the products shipped by the 
company. This technology is aligned with the company’s goal to control product status and ensure product quality along its extended and complex supply chain. 
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B38 – Xynaps (digiCMR): Xynaps by Pionira is a cloud-based collaboration and data-sharing platform for transport and logistics. Organizations can create closed and secured 
collaboration groups to share information and give transparency to transport movements. Each connected stakeholder is notified in real-time on changes in transport and freight 
documents. The platform originated from the application DigiCMR, implemented by Pionira. DigiCMR offers a government-accredited platform through which an e-CMR replaces the 
paper CMR to improve administrative processing and billing. From authoring the document and through its various stages in its lifecycle – e.g. digitally signing for pickup and delivery 
–, each party is notified of any changes to the document. This guarantees that the document cannot be altered without notifying the parties involved. Furthermore, the complete 
digitally signed consignment notes -or CMR- implicitly guarantee non-repudiation of the contained and enriched data. The data gathered during the lifecycle of the consignment note 
can be imputed to other connected systems. In addition, DigiCMR lowers administrative work by eliminating the need to ‘decrypt’ and manually input handwritten data on CMR. The 
reduction of manual inputs (up to 80%) is reflected in reduced administration costs, greater billing efficiency, and a substantial reduction in errors. 

B39 – Pin Codes via Blockchain: The start-up T-mining is currently testing a digitized supply chain pilot in the Port of Antwerp using distributed ledger technology. This ‘proof of 
concept’ for container handling will set up a network among an ocean carrier (MSC), a terminal operator (PSA), a consignee and transport companies.  

The test aimed at providing a solution for the administrative work related to the physical handover of containers at the port. Currently, the shipping agent uses EDIFACT message to 
send information about the container and the PIN code to the terminal and the consignee of the goods. The latter passes this information to the transport company, which often 
writes the PIN code manually on the CMR-document. When picking up the container, the driver types the code in the terminal operator’s system. However, this way of handling 
information not only increases the probability of errors (wrong PIN manually written on CMR, wrong PIN entered in the terminal system), but it also puts MarSCs at risk of security 
breaches, with PIN being copied or container information being manipulated with criminal purposes. To overcome these challenges, blockchain technology is being tested so that the 
right truck driver picks up the right container at the port terminal, at no risks of third parties intercepting this information or counterfeiting PIN data with blockchain technology. Upon 
arrival at the terminal, the driver receives a PIN via his/her smart phone. This PIN code is generated and saved on a blockchain, making it impossible to counterfeit PIN data. In the 
first phase of development, the driver still types this information at the terminal gate to get access, but in the next phase, the mobile phone of the right driver at the right gate will 
automatically be recognized. Given that about 11 million containers are handled each year at the Port of Antwerp, it is expected that this emerging technology will help reduce 
operational and administration costs related to container release, enable more efficient information sharing, improve security in container release, and eliminate fraud. 

B40 – PortPass: PortPass is a solution that enables paperless transit of cargo from the port of entry to the end-customer’s warehouse. It is a cloud platform that stores and distributes 
information and documents required for international trade procedures among the parties involved. Using this platform, customs officers can benefit from a transparent access to the 
cargo’s documentation. In return, customs brokers can monitor the customs clearance status of the cargo. The parties involved are released from handling paper documents and the 
related administrative and handling costs. This innovative concept could be compared to a fast lane ticket for containers, which complies with the multiple formalities and customs 
requirements for international trade processes. 

B41 – essDocs and Bolero: The strong demand for digital products in trade finance has given rise to different innovations, which aim to foster the transition from paper documents to 
electronic solutions in commercial transactions. Digitization of trade finance and shipping documents is of increasing interest to shippers and receivers, carriers, and the banking 
sector. Combining digital trade finance instruments (eUCP, eDocumentary, Bank Payment Obligation -BPO) with the management of electronic bills of lading (eB/Ls) and other 
supporting electronic documents (electronic invoice, certificates of origin, inspection certificates, insurance, etc.) can help improving transparency, payment certainty, risk mitigation, 
and process streamlining (BNP Paribas Fortis, 2017). Two of the cases analyzed provide this type of solutions to MarSCs in North-Western Europe: essDocs and Bolero. 

B42 – Smart L/C: Another solution in this cluster used blockchain technology to create a smart Letter of Credit (L/C). The term ‘smart’ refers to contracts written in computer code 
that can be completed automatically once certain conditions are satisfied. Once the smart L/C is posted on the blockchain, the bank can then add its commitment, once the blockchain 
is in use, all stakeholders together will benefit from better visibility over the financial transactions and the adjacent official documents. 

B43 – Transport management tower: An IT providing company develops a system that delivers automatic notifications with regard to the status of transport operations. This software 
tool centralizes data from multiple transport management systems to enable real-time communication and allow cooperation with other players.  

B44 – Blockchain phytosanitary certificate: New blockchain technology is used to facilitate the transfer of phytosanitary certificates. This tool’s goal is to serve the vertical flow of 
data across the globe from the supplier of goods to the end destination. 

Source: On compilation based on Sys et al. (2015) and Carlan et al. (2018) 
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Table 4.5 lists the ICT innovation cases used in the empirical part of this dissertation. The research source 

(through the case codes) and the typology of each case are indicated. The cases numbered with ‘A’ were 

streamed from research conducted by the BNP Paribas Fortis chair for Transport, Logistics and Ports, while 

for the cases numbered with ‘B’ the data was collected through own research. 

Table 4.5. ICT innovation typology. 

Case 
code 

Financial source 
Outcome's 
tangibility 

Outcome type Access to outcome 
Type 
of 
change 

Type of 
collaboration 
practice 

A1 Private Software Product-Service Protected (Semi-Open) IV Mixed 

A2 Public Software Product-Service Protected (Semi-Open) IV Mixed 

A3 Public-Private Software Product-Service Protected (Semi-Open) IV Mixed 

A4 Public-Private Software Product-Service Protected (Semi-Open) IV Vertical 

A5 Private Software Product Conditioned (Closed) III Horizontal 

A6 Public Software Product-Service Protected (Semi-Open) IV Mixed 

A7 Public-Private Software Product-Service Protected (Semi-Open) IV Mixed 

A8 Public-Private Software Product-Service Conditioned (Closed) IV Mixed 

A9 Private Software Product-Service Conditioned (Closed) IV Mixed 

A10 Private Software Product Conditioned (Closed) III Vertical 

A11 Private Software Product Conditioned (Closed) III Vertical 

A12 Private Software Product Conditioned (Closed) III Vertical 

A13 Private Software Product Conditioned (Closed) III Vertical 

A14 Private Software Product Conditioned (Closed) IV Vertical 

A15 Private Software Product Conditioned (Closed) IV Vertical 

A16 Private Software Product Conditioned (Closed) IV Vertical 

A17 Private 
Both soft-
hardware 

Product Conditioned (Closed) IV Vertical 

A18 Public-Private Software Product-Service Protected (Semi-Open) IV Horizontal 

A19 Public-Private Software Product-Service Protected (Semi-Open) IV Horizontal 

A20 Private Software Product Protected (Semi-Open) III Vertical 

A21 Private Software Product Conditioned (Closed) IV Mixed 

A22 Public-Private Software Product Unconditioned (Open) IV Horizontal 

A23 Public-Private Software Product-Service Protected (Semi-Open) III Vertical 

A24 Private Software Product-Service Protected (Semi-Open) IV Horizontal 

A25 Public-Private Software Product-Service Protected (Semi-Open) IV Mixed 

A26 Private 
Both soft-
hardware 

Product Conditioned (Closed) III Vertical 

A27 Private Software Product-Service Conditioned (Closed) IV Vertical 

A28 Private Software Product-Service Protected (Semi-Open) IV Vertical 

A29 Private 
Both soft-
hardware 

Product Conditioned (Closed) III Vertical 

A30 Private Software Product Conditioned (Closed) III Horizontal 

A31 Private Software Product-Service Conditioned (Closed) III Vertical 

B32 Private Software Product-Service Protected (Semi-Open) IV Mixed 

B33 Public Software Product-Service Protected (Semi-Open) IV Mixed 

B34 Public-Private Software Product-Service Protected (Semi-Open) IV Mixed 
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B35 Private Software Product Protected (Semi-Open) IV Horizontal 

B36 Private 
Both soft-
hardware 

Product-Service Conditioned (Closed) III Vertical 

B37 Private 
Both soft-
hardware 

Product Unconditioned (Open) III Vertical 

B38 Private Software Product Unconditioned (Open) IV Mixed 

B39 Private Software Product Protected (Semi-Open) IV Vertical 

B40 Private Software Product-Service Protected (Semi-Open) IV Mixed 

B41 Private Software Product-Service Protected (Semi-Open) IV Mixed 

B42 Private Software Product-Service Protected (Semi-Open) IV Mixed 

B43 Public-Private Software Product-Service Protected (Semi-Open) IV Vertical 

B44 Private Software Product-Service Protected (Semi-Open) IV Vertical 

Source: own composition. 

As presented in sub-section 2.2, given its tangibility, ICT innovation can be divided in hardware, software 

or integrated hardware-software. As shown in table 4.5, this sample of cases contains no ICT innovation 

that had purely a hardware outcome; on the contrary, 88% of the innovation cases have a pure software 

outcome, while12% of the innovation cases have an integrated hardware-software outcome. 

Furthermore, ICT innovation that brought a product to the market is seen in 44% of the cases, while 56% 

of the cases provide a mixed product-service outcome. ICT innovation cases that release a conditioned 

type of access to their outcome are the most popular (51%). Nonetheless, innovation that locks its 

outcome is also seen, in 42% of the cases, while 7% of the cases have an unconditioned access to their 

outcome. 

4.3. Data collected for each case and its use throughout the empirical analysis  

The previous sub-section showed that cases and data collection approaches originate from two research 

initiatives. Table 4.6 presents the sources of research and the type of data that is collected. The same 

table shows also (with a ‘X’) which cases are used in which chapter of the empirical analysis. 

Moreover, general data was also collected for each case. This data is used in formulating a description of 

the case and pointing out the type of change it introduces. Context data was collected from the two 

perspectives as presented in sub-section 4.1. Data with regard to the objectives’ importance and success 

was collected through the BNPPF research and it covers the cases that, at the moment of data collection, 

were operating in production environment. This data is further used in sub-section 4.3 where an analysis 

of ICT innovation’s objectives is developed. Equally, data was collected according to the SIA framework 

for cases streamed from the BNPPF research. This data was converted into the CBF format following the 

method presented in sub-section 4.1. The CBF is also used to collect data for the later cases. This data is 

used in the empirical analysis developed in sub-section 4.4. Detailed data with regard to costs and benefits 

generated by innovation was collected for the following cases: A3, A31, A35, B43 and B44. These cases 

represent the central focus of the later chapters that deal with individual cost-effectiveness analyses 

(chapters 6 to 9). 

The following sub-section presents thus an analysis of ICT innovation based on the data collected with 

regard to the importance and success of their objectives. The conclusions of this intermediary analysis are 

used to further motivate the focus of the empirical part of the present dissertation and the choices made 

for cases for which in-depth data on costs and benefits is collected. 
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Table 4.6. Data collected for each case and the case use in the empirical parts of the dissertation. 

Case 
code 

Originating 
data 
collection 

General 
data 
(description 
and 
typology) 

Context data 

Detailed 
CB data 

Chapter 5; 
sub-section 
5.1 

Chapter 5; 
sub-
section 5.2 Chapter 6 Chapter 7 Chapter 8 Chapter 9 

Objectives' 
importance and 
success SIA/CBF 

A1 BNPPF X X SIA (CBF)  X X     

A2 BNPPF X X SIA (CBF)  X X     

A3 BNPPF X X SIA (CBF) X X X    X 

A4 BNPPF X X SIA (CBF)  X X     

A5 BNPPF X X SIA (CBF)  X X     

A6 BNPPF X  SIA (CBF)   X     

A7 BNPPF X  SIA (CBF)   X     

A8 BNPPF X  SIA (CBF)   X     

A9 BNPPF X X SIA (CBF)  X X     

A10 BNPPF X X SIA (CBF)  X X     

A11 BNPPF X X SIA (CBF)  X X     

A12 BNPPF X  SIA (CBF)   X     

A13 BNPPF X  SIA (CBF)   X     

A14 BNPPF X  SIA (CBF)   X     

A15 BNPPF X  SIA (CBF)   X     

A16 BNPPF X X SIA (CBF)  X X     

A17 BNPPF X  SIA (CBF)   X     

A18 BNPPF X  SIA (CBF)   X     

A19 BNPPF X  SIA (CBF)   X     

A20 BNPPF X  SIA (CBF)   X     

A21 BNPPF X X SIA (CBF)  X X     

A22 BNPPF X  SIA (CBF)   X     

A23 BNPPF X  SIA (CBF)   X     

A24 BNPPF X  SIA (CBF)   X     
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A25 BNPPF X  SIA (CBF)   X     

A26 BNPPF X  SIA (CBF)   X     

A27 BNPPF X X SIA (CBF)  X X     

A28 BNPPF X X SIA (CBF)  X X     

A29 BNPPF X X SIA (CBF)  X X     

A30 BNPPF X X SIA (CBF) X X X  X   

A31 BNPPF X X SIA (CBF)  X X     

B32 Own research X  CBF   X     

B33 Own research X  CBF   X     

B34 Own research X  CBF   X     

B35 Own research X  CBF X  X  X   

B36 Own research X  CBF   X     

B37 Own research X  CBF   X     

B38 Own research X  CBF   X     

B39 Own research X  CBF   X     

B40 Own research X  CBF   X     

B41 Own research X  CBF   X     

B42 Own research X  CBF   X     

B43 Own research X  CBF X  X  X   

B44 Own research X  CBF X  X   X  
Source: own composition. 
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4.4. Analysis of ICT innovation objectives 

This sub-section shows the results linked to the objectives targeted by MarSC stakeholders when 

implementing ICT innovation. Literature shows that the main reasons (objectives) behind the investment 

decision in transport ICT developments are threefold. Firstly, cost reduction and improvement of the 

service level are the most important elements in the ICT investment decision (Piplani, Pokharel, & Tan, 

2004; Pokharel, 2005; P. Evangelista & Sweeney, 2006). Secondly, the transport process control and 

monitoring enhancement is another important element in the adoption of ICT concepts (Button, Doyle, & 

Stough, 2001). Lastly, safety and security improvement is another reason why the transport sector also 

invested in digital innovation (Juan, Wu, & McDonald, 2006). The research done within the BNP Paribas 

Fortis chair of Transport, Logistics and Ports at the University of Antwerp (Sys, Vanelslander, Acciaro, et 

al., 2015) has shown that, amongst others, some innovation in the supply chain arises also from the 

entrepreneurial spirit of managers or their desire to experiment. In these situations, the outcome of the 

innovation process is not pre-defined in the last details and therefore measuring whether a certain 

outcome was achieved is obsolete. Moreover, the innovative process can lead also to knowledge building 

(positive thinking in case of failed innovation), but also to other unexpected benefits like, for example, 

positive environmental effects or new employment opportunities. These outcomes might be ignored by 

an assessment that looks only at the achievement of pre-defined objectives.  

This research presents objective conclusions with regard to the objectives that ICT innovation target when 

implemented in the MarSC. It formulates answers to the remaining research questions RQ 3.b: Is the 

importance of ICT innovation objectives aligned with their success? and RQ 3.c: Which important objectives 

are achieved with low or high success? 

This sub-section is structured as follows. Sub-section 4.4.1 details the methodological approach taken to 

answer the above questions, while sub-section 4.4.2. presents the results. Sub-section 4.4.3. provides 

summarizing conclusions.  

4.4.1. Methodological approach 

The method used to analyse the objectives of innovation is input for CEA. As previously  presented in sub-

section 3.1.8, individual CEA requires to have a framework defined. The outcomes obtained from 

analysing the objectives of ICT innovation set the further focus and scope of the individual CEA 

applications presented in the later chapters. The data collected to analyse the objectives of innovation is 

collected following the method presented in sub-section 4.1 and developed by Acciaro (2015). This 

method is a stated preference exercise, where the interviewees are asked to rate from a personal 

perspective, the importance and success of each objective. For each objective, ranking scores on a scale 

from 1 to 5 are thus obtained (as detailed in sub-section 4.1). The scores of the importance and success 

of each objective is processed as follows. A first step is to calculate the average score (mean) for each 

objective starting from the initially given scores. Table 4.7 gives an overview of the formulas used for these 

calculations where the following notations were made: 

i – innovation objective i 
m – total number of innovation objectives 
𝑖𝑚𝑝𝑛

𝑖  – Importance scores of objective i corresponding to innovation n 

meanImpi – Average value corresponding to the importance scores for the objective i 
meanSuci –  Average value corresponding to the success scores for the objective i 
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Table 4.7. Calculation of objectives importance and success average scores. 

 Importance  Success  

Objectives scores 𝑚𝑒𝑎𝑛𝐼𝑚𝑝𝑖 =
∑ 𝑖𝑚𝑝𝑛

𝑖𝑛
1

𝑚
 (4.1) 𝑚𝑒𝑎𝑛𝑆𝑢𝑐𝑖 =

∑ 𝑠𝑢𝑐𝑛
𝑖𝑛

1

𝑚
 (4.2) 

A further step is, for each group g of objectives (Pr, Pl or Pe), to determine the average values (mean) and 

the standard deviation (SD). The mean and the SD calculated for each group of objectives shows whether 

there is an alignment in the importance and success of ICT innovation among the MarSC stakeholders. 

Table 4.8 gives an overview of the formulas used for these calculations where the following notations 

were made: 

Pg_meanImpi – Average value for the economic group of objectives Pg, corresponding to the 
importance score for the objective i, where Pg can be either Pr, Pl or Pe 

Pg_meanSuci – Average value for the economic group of objectives P, corresponding to the success 
score for the objective I, where Pg can be either Pr, Pl or Pe 

S𝐷𝑖𝑚𝑝 – Standard deviation of the importance scores 
𝑆𝐷𝑠𝑢𝑐 – Standard deviation of the importance scores 

Table 4.8.  Calculation of objectives average scores (per groups) and their standard deviation. 

 Importance  

Objectives scores 𝑃𝑔_𝑚𝑒𝑎𝑛𝐼𝑚𝑝𝑖 =
∑ 𝑚𝑒𝑎𝑛𝐼𝑚𝑝𝑖𝑛

1

𝑛
 (4.3) 

Standard deviation 𝑆𝐷𝑖𝑚𝑝 = √
1

𝑛
∑ (𝑃𝑔_𝑚𝑒𝑎𝑛𝐼𝑚𝑝𝑖 − 𝑚𝑒𝑎𝑛𝐼𝑚𝑝𝑖)2

𝑛

1
 (4.4) 

 Success  

Objectives scores 𝑃𝑔_𝑚𝑒𝑎𝑛𝑆𝑢𝑐𝑖 =
∑ 𝑚𝑒𝑎𝑛𝑆𝑢𝑐𝑖𝑛

1

𝑛
 (4.5) 

Standard deviation 𝑆𝐷𝑠𝑢𝑐 = √
1

𝑛
∑ (𝑃𝑔_𝑚𝑒𝑎𝑛𝑆𝑢𝑐𝑖 − 𝑚𝑒𝑎𝑛𝑆𝑢𝑐𝑖)2

𝑛

1
 (4.6) 

Starting from the same objective scores, a further step is taken to determine how successful stakeholders 

are in achieving important or less important ranked objectives. The notion of relative success (RS) is 

introduced. Where the RS is calculated as follows: 

 𝑅𝑆𝑖 =
𝑚𝑒𝑎𝑛𝑆𝑢𝑐𝑖 − 𝑚𝑒𝑎𝑛𝐼𝑚𝑝𝑖

𝑚𝑒𝑎𝑛𝐼𝑚𝑝𝑖
 (4.7) 

According to the RS calculated value, the following interpretation is given: 

RS>0 – the success score of objective i is higher than its importance 

RS=0 – the success score of objective i is equal to its importance 

RS<0 – the success score of objective i is less than its importance 

The scores of each innovation objective are then depicted on a bi-dimensional graph. The graph plots the 

importance (imp) along the y-axis and the RS along the x-as. This combined view shows how successful 

stakeholders are in achieving important or less important ranked objectives. The scores of each innovation 

objective  𝑃𝑖(𝑖𝑚𝑝𝑖; 𝑅𝑆𝑖) are plotted obtaining the graph shown in figure 4.4.  
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Figure 4.4. Bi-dimensional graph of RS relative to objective’s importance. Source: own composition. 

Figure 4.4 shows four quadrants according to the relative success and importance ratings. These areas are 

defined as follows and are used to further indicate the effects of ICT innovation: 

 High importance – high success (HI-HS) area refers to objectives that have a importance 

score higher or equal to 3 and for which success was even higher (relative success ≥ 0) 

 High importance – low success (HI-LS) area refers to objectives that have an importance 

score higher or equal to 3 and for which success was lower (relative success < 0) 

 Low importance – high success (LI-HS) area refers to objectives that have an importance 

score lower than 3 and for which success was higher (relative success ≥ 0) 

 Low importance – low success (LI-LS) area refers to objectives that have an importance 

score lower than 3 and for which success was lower (relative success < 0) 

4.4.2. ICT innovation cases and results 

This sub-section provides the empirical results obtained by processing the scores given to ICT innovation 

objectives according to importance and success criteria.   

4.4.2.1. Importance and success of ICT innovation in the MarSC 

Stakeholders scored the importance and the degree of success achieved in each ICT innovation initiative 

as detailed in sub-section 4.2. The innovation cases used in this further analysis are deployed in the 

production environment, enabling registration of both types of scores, importance and success. Cases 

that are only initiated or in the development phase at the time of data collection do not carry data on 

their success in achieving objectives. The latter are not considered for the present analysis. Table 4.9 

presents the innovation cases (Innovation code and title) used in the analysis of innovation strategic 

objectives. 



 

73 
 

Table 4.9. ICT innovation used in the strategic objectives analysis. 

ICT innovation code ICT innovation title 

A1 Port community system Portnet  

A2 SEAGHA - port community system 

A3 APCS 

A4 Port Single Window 

A5 Administration replaced by EDI 

A9 IT data management (exchange data) 

A10 e-transit 

A11 Extended-GATE 1.0 

A16 Paperless Customs flow:  (Export - paperless until deep-sea terminal) 

A21 3PL - Primary Gate of Leixões Port 

A27 Full Automated Truck System/FATS 

A28 Truck Appointment System 

A29 AUTOTRAKKER 

A30 Platform Eurotranscom (import export + re-use) 

A31 Portal with clients 

Referring to the ICT innovation cases presented in table 4.9, the average scores for the importance and 

success of each objective are obtained. Figure 4.5 shows the results related to the economic objectives 

group.  

 

Figure 4.5. Economic objectives: importance versus success. Source: own composition based on Sys et al. 

(2015). 

Results in figure 4.5 show that the main economic objectives that had a high success rate are ‘optimizing 

operations’ (Pr 2), ‘integrating with other actors’ (Pr 13) and ‘minimizing cost’ (Pr 1). With respect to the 

most important objective, both scoress on importance (‘meanImp’) and success (‘meanSucc’) show little 

variation thus high consensus. In general, the results of this exercise indicate that there is alignment 

between companies’ strategies (importance) and their degrees of success. The companies have set higher 

effort on improving the strategic process leading to integration with other actors and consequently there 

is clearly a win as shown by the ‘cost reduction’ objective. With respect to the least important objectives, 

figure 4.5 indicates that higher success is achieved. Such incidental success is clearly shown by the 
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‘encouraging other investments’ (Pr 15) objective. The higher success of this objective comes natural in 

ICT innovation, as the new ideas are usually generated during the development phase (e.g. consecutive 

versions of the case ‘Extended gate’). 

The ranking of results regarding environmental and social value is provided by figure 4.6 and figure 4.7, 

respectively. A first observation is made concerning the lower scores (below 3 on a 1 to 5 scale) obtained 

by the environmental and social objectives in comparison with the economic ones. Notably, these 

objectives are mostly connected with regulations or the need to comply with future ones. Furthermore, 

figure 4.6 shows that ICT innovation cases have been more successful in achieving objectives like ‘reducing 

congestion’ (Pl 5), ‘reducing CO2 (Pl 1) and air pollutants’ (Pl 2). Among the objectives listed under the 

category ‘social objectives’, ICT innovation concepts target the objective ‘reducing fraud attempts’ (Pe 5) 

which they are also successful in. 

 

Figure 4.6. Environmental objectives: importance versus success. Source: Own composition based on Sys 

et al. (2015). 

 

Figure 4.7. Social objectives: importance versus success. Source: Own composition based on Sys et al. 

(2015). 

Triggered by these results a further comparison is made with regard to the existing differences in this 

processed rankings. Table 4.10 puts forward an overview of the main differences observed between the 

average importance and success scores obtained. 
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Table 4.10. Main differences between the importance and success scores given to ICT innovation 

objectives. 

 

 

 

 

 

 

 

 

 

 

 

 

Source: own composition. 

As shown in table 4.10, the most significant differences are seen for the economic added value objectives. 

In this category, the objectives ‘integrating with other actors’ (Pr 13), ‘gaining competitiveness (Pr 6), or 

other (Pr 2, Pr 10 and Pr 9) were achieved with a success lower than their importance, showing an 

incidental success. Two objectives, ‘minimizing cost’ (Pr 1) and ‘offering larger access to service’ (Pr 14) 

were achieved with the same success score as their importance. Exceptionally, the majority of the 

objectives were achieved with a higher success that their importance. The objective that had the highest 

difference is ‘encourage other investments’ Pr 15, clearly stating one key conclusion that there is unseen 

potential in ICT innovation. Looking on the second group, environmental objectives, only one objective 

‘minimizing impact on environment’ (Pl 3) was achieved with a lower success rate than its importance. 

This fact being explained by the unforeseen potential toward expansion that ICT brought. From this group, 

four objectives, namely ‘integrating with other sustainable developments’ (Pl 9), ‘reducing of air 

pollutants’ (Pl 2) and others 5, Pl 1 were rated with a higher success than their importance. The third 

observations come from the social added value objectives. In this group, three (two more obvious) 

‘improving the efficiency of security requirements’ (Pe 6) and ‘improving the relations with the local 

communities’ (Pe 3) and ‘reducing fraud attempts’ (Pe 5) have achieved a lower success than their 

importance. Two objectives ‘reducing the number of accidents’ (Pe 4) and ‘offering new employment 

opportunities’ (Pe 1) have achieved greater success than their importance. 

This research shows that the motivation of ICT innovation introduction is strongly linked with economic 

objectives, rather than to environmental or social added-value ones. The following paragraphs give 

further remarks with regard to the average results obtained and their standard deviation. Table 4.11 

shows firstly the average scores obtained by ICT innovation on the importance scale. 

Economica added 

value objectives

Difference 

mean_MarSC_imp 

mean_MarSC_suc 

Environmental 

objectives

Difference 

mean_MarSC_imp 

mean_MarSC_suc 

Social added value 

objectives

Difference 

mean_MarSC_imp 

mean_MarSC_suc 

Pr 13 0,33 Pl 3 0,13 Pe 6 0,33
Pr 6 0,13 Pl 7 0,00 Pe 3 0,33
Pr 2 0,07 Pl 10 0,00 Pe 5 0,07

Pr 10 0,07 Pl 4 0,00 Pe 8 0,00
Pr 9 0,07 Pl 6 0,00 Pe 2 0,00
Pr 1 0,00 Pl 8 0,00 Pe 7 0,00
Pr 14 0,00 Pl 5 -0,07 Pe 4 -0,20

Pr 16 -0,03 Pl 1 -0,07 Pe 1 -0,27
Pr 5 -0,07 Pl 2 -0,13
Pr 4 -0,07 Pl 9 -0,33
Pr 7 -0,13
Pr 12 -0,13

Pr 3 -0,20
Pr 11 -0,27
Pr 8 -0,33
Pr 15 -0,60
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Table 4.11. Average objectives’ importance and its standard deviation calculated for each group of 

objectives. 

Innovation importance 
Economic added value 

Environmental impact 
(climate change) 

Social added value 

Mean_MarSC_imp Mean_MarSC_imp Mean_MarSC_imp 

Average 3,08 1,59 1,93 

Standard deviation 0,74 0,75 0,83 

Source: own calculation 

From table 4.11, it can be seen that economic objectives are highly ranked on the importance scale by the 

SC stakeholders. The two categories consisting of objectives related to environmental impact and social 

added value have obtained lower scores. The standard deviation shows a higher agreement between the 

SC stakeholders with regard to the importance they give to the economic objectives. Yet, almost similar, 

the standard deviation for environmental objectives shows also an agreement. Exceptionally, the 

calculated standard deviation for the third group of objectives show a lower agreement among SC 

stakeholder with regard to the importance of social added value objectives. 

A similar methodology is applied to give insights with regard to the scores obtained on a success scale. 

Average values and the standard deviation obtained by each objective are presented in table 4.12.  

Table 4.12. Average objectives’ success and its standard deviation calculated for each group of 

objectives. 

Innovation success 
Economic added value 

Environmental impact 
(climate change) 

Social added value 

Mean_MarSC_suc Mean_MarSC_suc Mean_MarSC_suc 

Average 3,13 1,64 1,90 

Standard deviation 0,83 0,84 0,84 

Source: Own calculations 

Table 4.12 shows that economic added value objectives are the most successfully achieved. The analysis 

of the standard deviation for scores referring to innovation success shows the lower agreement between 

stakeholders’ scores while evaluating the success of their innovation. ICT developments have obtained 

higher success for economic objectives. The relatively high standard deviation value shows that 

representatives of ICT developments have had different perception with regard to their innovation 

success. For these stakeholders, the other two categories of objectives had a lower success rate. Here, 

the standard deviation is represented by comparable higher values, showing as well a low consensus 

among the answers.  

4.4.2.2. ICT innovation relative success: SC stakeholders vs ICT developers 

In this sub-section, the success of achieving each objective is unbiasedly linked with its importance. The 

following research identifies thus, which important objectives where successfully (or less successfully) 

achieved. The RS is thus calculated and the results are plotted on the four quadrant graph as explained in 
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sub-section 4.2.1. An analysis is made from the perspective of both MarSC stakeholders and IT developers. 

The cases used for this comparison are marked in table 4.13.  

Table 4.13. ICT innovation cases (of which objectives were) ranked by both MarSC stakeholders and ICT 

developers. 

ICT innovation code ICT innovation title 

A2 APCS (e-desk) 

A12 Extended-Gate 1.0 

A20 Digital CMR 

Source: own composition. 

The following figures present the results with regard to the RS of both the MarSC and IT developers. Figure 

4.8 plots the RS scores for the economic group of objectives, figure 4.9 does the same for the 

environmental group and figure 4.10 processes the same results for the objectives related to social added 

value. Each point on the graphs represents one objective. The two dimensions characterizing each 

objective are its relative success and its importance score. Moreover, the objectives marked with a circle 

and light grey colour point at the MarSC stakeholders’ perspective; while the objectives marked with a 

diamond and dark grey correspond to the scores given by the ICT developers. Merging the two into one 

plot points out whether a gap exists between the relative success in achieving strategic objectives by the 

two groups of stakeholders. The results with regard to the economic objectives are shown below in figure 

4.8. 

 

Figure 4.8. RS and importance for the economic group of objectives. Source: own composition. 

ICT developers 

MarSC stakeholders 
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As shown in figure 4.8, the majority (13 out 16) of the objectives of the ICT developers appear in the upper 

right quadrant (HI-HS). This finding proves that ICT developers give a higher success to objectives 

considered by them as important. From the ICT developers’ perspective, ‘obtaining first mover advantage 

(Pr4)’, ‘gaining competitiveness (Pr6)’, ‘differentiating from competitors (Pr10)’ and ‘growing (Pr7)’ are 

the objectives with the highest relative success. The MarSC’s scores show that the majority of objectives 

fall in the quadrants HI-LS and LI-LS. This shows clearly that these objectives have a lower relative success.  

The role of ICT innovation in the integration of MarSC integration is pointed by the Pr13 objective 

(‘integrating with other actors’). The scores obtained by this objective on the relative success and 

importance scales show the relatively low impact of ICT innovation in the integration of the MarSC. The 

position of the same objective, from both MarSC and ICT stakeholders’ perspective (circle versus 

diamond), suggests higher potential of ICT developers to achieve this integration. In contrast, MarSC 

stakeholders are less successful in integrating with other actors when implementing ICT solutions. One 

suggestion would be to make efforts so that this objective (‘integrating with other actors’), would be 

moved from the upper left quadrant to the upper right quadrant. 

A motivation with regard to the difference in scores observed is that MarSC stakeholders have already a 

more defined position on the market and they are now following a cost minimization strategy. In parallel, 

by responding to the needs of these already settled companies, software developers are still looking to 

consolidate their position on the market as well and consolidate their first mover advantage. 

ICT applications have also a positive impact on companies’ competitiveness. Maritime stakeholders 

ranked this objective as more important, but it had a lower success. In contrast, the software developers 

have perceived the achievement of this objective as more successful. This supports once again the 

growing trend of the IT businesses. 

‘Gaining market share (Pr3)’ was another economic objective highly ranked on the importance scale of 

ICT innovators. Software developers see business opportunities in the unexplored market of the MarSC, 

for which they can offer software solutions. Yet, this objective has a low success rate. In contrast, maritime 

stakeholders are not aiming to swap their employees through ICT innovation. Hence, these developments 

proved to offer new employment opportunities for MarSC stakeholders. An explanation for this 

observation is the need of specialized personnel to operate the new system or the internalization of 

further developments triggered by the new ICT developments. 

Figure 4.9 shows that MarSC stakeholders and ICT developers have significant differences with respect to 

the environmental objectives of their innovation initiative. Firstly, it is noticeable that the majority of the 

environmental objectives fall in the LI-HS quadrant. Secondly, the RS values show that objectives linked 

to ‘reducing air emissions’ (PI2) are very important for MarSC stakeholders, while for software developers 

that is less the case. Equally, SC stakeholders have been also successful in these objectives. Thirdly, other 

objectives (Pl3, Pl4, Pl6, Pl8) have an importance score lower than three. Yet, their relative success is 

higher than zero which places them in the LI-HS quadrant. In contrast, the ICT developers’ view on 

addressing environmental issues with their innovation is limited. Here, no environmental objective has 

received a high importance score. Nonetheless, there are some objectives (such as Pl1, Pl2, Pl5 and Pl9) 

that incidentally have a higher RS. Lastly, there is hardly any difference between both perspectives 

regarding the Pl 9 objective ‘integrating other developments’.  
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Figure 4.9. RS and importance for the environment group of objectives. Source: own composition. 

From an environmental perspective, software developers have attributed more importance to ‘reducing 

air pollutants’ (Pl 2), while maritime actors perceive ‘compliance with environmental regulation’ (Pl10) as 

of high importance. This difference shows that the shipping sector feels the regulatory pressure to 

mitigate the environmental effect of their activity, while software developers value the final outcome of 

their developments without any external pressure. 

The last illustration is focused on social group of objectives. The relative success of innovation from this 

perspective is presented in figure 4.10.   

With regard to effects of an ICT solution on social aspects, figure 4.10 shows that the scores for the ICT 

developers correspond for the majority of their objectives to the median line of the RS. This proves 

consistency in the strategy of these stakeholders, both high and low important objectives being achieved 

with similar success. The scores for the MarSC stakeholders suggest that ICT innovation initiatives did not 

initially target to achieve objectives that bring social added value like ‘offering new employment 

opportunities’ (Pe 1) or ‘complying with social and labour regulation’ (Pe7). For these stakeholders, the 

objective ‘Improving relations with local communities’ (Pe3) scores lower for relative success than its 

importance, in contrast to ICT developers. Similar results are seen for ‘reducing fraud attempts’ (Pe 5) and 

‘improving security requirements’ (Pe 6). Building trust between MarSC stakeholders is a prerequisite for 

ICT innovation adoption. For these solutions to be successful, they have to offer also a protective layer for 

the information they hold. Equally, from a public authority perspective, reducing fraud attempts in 

ICT developers 

MarSC stakeholders 
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customs-related procedures is also of importance. By implementing ICT solutions, this objective is 

successfully achieved.  

 

Figure 4.10. RS and importance for the social group of objectives. Source: own composition. 

4.5. Conclusion 

This chapter details the data based on which later research is founded. It starts by providing a detailed 

overview of the methodology followed for the data collection, it describes the case studies, their typology 

and objectives, and it analyses the scores given to ICT innovation objectives by both maritime stakeholders 

and software developers. By doing so, it answers RQ 3.a: Which ICT innovation cases are developed for/or 

by MarSC stakeholders and what is their typology? The further purpose of this chapter is to bridge the 

theoretical outcomes with the practical analyses by carrying a detailed analysis on ICT innovation 

objectives. A triple bottom line approach is adopted to highlight the achievements of ICT innovation on 

three layers: economic, environmental and social added-value. From this regard, key conclusions are given 

below. The following three points answer to RQ 3.b: Is the importance of ICT innovation objectives aligned 

with their success? 

Firstly, this research shows that MarSC stakeholders are most successful in achieving economic objectives. 

The main economic objectives that had a high success rate are optimizing operations, integrating with 

other actors and minimizing costs. From an environmental perspective, MarSC stakeholders introduce ICT 

innovation to reduce congestion and CO2, while the reduction of fraud attempts is the most important 

objective to be achieved from a social perspective.  

Secondly, this research points out for which objectives ICT innovation scored the highest differences on 

the importance and success scale. The majority of the objectives were achieved with a higher success than 

their importance. The objective that had the highest difference is ‘encouraging other investments’ which 

ICT developers 

MarSC stakeholders 
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is clearly stating one key conclusion: usually there is an unseen potential in ICT innovation. Objectives like 

‘integrating with other actors’ or ‘gaining competitiveness’ were achieved with a success lower than their 

importance, showing low performance of ICT innovation in these areas.  

Thirdly, and from a global point of view, it is observed that there is higher agreement between the SC 

stakeholders with regard to the importance they give to the economic objectives and environmental 

objectives, while on the social objectives, a consensus is not always shown. The analysis of the average 

scores, received for the three groups of objectives, shows a lower consensus on the success of ICT 

innovation. While the economic objectives are achieved with higher success, the other two categories 

have lower success. 

Fourthly, by linking the success of objectives with their importance, further conclusions are made from 

both the perspective of MarSC stakeholders and IT developers, answering to RQ 3.c: Which important 

objectives are achieved with low or high success? This research looks at objectives that are highly ranked 

on the importance scale and negative or positive results for the RS. It proves that ICT developers give a 

higher success to objectives they consider important. From the ICT developers’ perspective, ‘obtaining 

first mover advantage’, ‘achieving growth’, ‘differentiating from competitors’ and ‘positive impact on 

competitiveness’ are the objectives with the highest relative success. The MarSC’s scores show that their 

objectives have a lower relative success on economic aspects. MarSC stakeholders and ICT developers 

have significant differences with respect to the environmental objectives of their innovation initiative. 

Moreover, objectives linked to ‘reducing air emissions’ are very important for MarSC stakeholders, while 

for software developers that is less the case. The former achieve also a higher success in realising them. 

From an environmental perspective, software developers have attributed more importance to ‘reducing 

air pollution’, while maritime actors perceive ‘complying with environmental regulation’ as of high 

importance. This difference shows that the shipping sector feels the regulatory pressure to mitigate the 

environmental effect of their activity, while software developers value the final outcome of their 

developments without any external pressure. With regard to effects of an ICT solution on social aspects, 

ICT developers correspond for the majority of their objectives to the median line of the RS. This proves 

consistency in these stakeholders’ strategy. The scores for the MarSC stakeholders suggest that ICT 

innovation initiatives did not initially target to achieve objectives that bring social added value. However 

results show that objectives like ‘offering new employment opportunities’ or ‘complying with social and 

labour regulation’ are occasionally achieved. In addition, the analysis of innovation objectives shows that 

ICT developers are more successful in their economic and social added value objectives. However, they 

struggle on achieving market share. Maritime stakeholders have a higher relative success in achieving 

environmental objectives, while IT developers attribute this type of objectives a low importance.  

Table 4.14 centralizes the objectives for which extreme results are obtained in the importance-relative to 

success quadrants. The objectives typed in grey-colour are objectives that benefit from high importance 

and that are achieved with high success (HI-HS) or have been given a low importance and have also been 

achieved with low success (LI-LS). For these two categories of objectives, it is considered that the MarSC 

stakeholders have either achieved their objectives or deliberately attributed them less importance, thus 

have been not of high interest for being successful. The objectives in black are either considered very 

important and have a low success rate or have low importance but are achieved with high success. 

‘Reducing air pollutants’ (Pl1-Pl2) is achieved with high success although it was considered less important. 

This shows an incidental result of ICT innovation. To further investigate this type of result, in-depth data 
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is collected for the A30 case – Platform EuroTransCon (from the perspective of one road transport 

company) which targets to reduce costs, but which has as well an incidental beneficial effect on reducing 

air pollutants. This case is studied further as an internal data-integration practice that a road transport 

operator sets in practice in chapter 6. The results with regard to the ‘Gain market share’ (Pr3) objective 

show that IT developers have low success in achieving this type of goals (although it is regarded highly 

important). To study this result more in detail, extra in-depth data is collected for several cases on this 

specific objective. Therefore, three cases (A30 - Platform EuroTransCon, B35 - Re-Use and B43 - Transport 

Management Tower) are considered for a follow up analysis. These cases are targeting at horizontal data 

integration for road transport operators and are analysed in chapter 7. Another objective achieved with 

low success is ‘integrating with other stakeholders’ (Pr13). Integration is a key issue addressed by 

applications that rely on blockchain technology and it is observed at the B44 case (Blockchain 

Phytosanitary certificate). This case targets at vertical integration in the supply chain and extra in-depth 

data is collected for it. Chapter 8 presents in detail a CEA on this case study. Similarly to the previous, 

‘Gaining competitiveness’ (Pr6) is also an objective achieved with low success. To further study the effects 

of competitiveness gain, extra data is collected for the A3 case (ECS-APC). This case addresses a mixed 

data integration issue in the supply chain and it is shown in chapter 9.  
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Table 4.14. Centralization of objectives with extreme results. 

Triple bottom 
line approach* 

Innovation objectives 
Ec

o
n

o
m

ic
 

Minimizing cost (Pr1) 
Optimizing operations (Pr2) 
Gaining market share (Pr3) – IT developers (HI-LS) 
Obtaining first mover advantage (Pr4) 
Avoiding depletion of resources (Pr5) 
Gaining competitiveness (Pr6) – MarSC stakeholders (HI-LS) 
Growing (Pr7) 
Increasing employment (Pr8) 
Using resources efficiently (Pr9) 
Differentiating from competitors (Pr10) 
Increasing scale of operations (Pr11) 
Improving energy efficiency (Pr12) 
Integrating with other actors (Pr13) – MarSC stakeholders (HI-LS) 
Offering larger and equitable access to service (Pr14) 
Encouraging other investments (Pr15) 
Facilitating transfer of official documents (Pr16) 

En
vi

ro
n

m
en

ta
l 

Reducing CO2 (Pl1) 
Reducing air pollutants (Pl2) – IT developers (LI-HS) 
Minimizing impact of activity on landscape (or proximity territory ) (Pl3) 
Reducing noise (Pl4) 
Reducing congestion (Pl5) 
Reducing water/soil pollution (Pl6) 
Improving management of waste (Pl7) 
Recycling (Pl8) 
Integrating other developments which have a sustainability orientation (Pl9) 
Complying with environmental regulation (Pl10) 

So
ci

a
l 

Offering new employment opportunities (Pe1) 
Retaining human capital (Pe2) 
Improving relations with local communities (Pe3) 
Reducing number of accidents (Pe4) 
Reducing fraud attempts (Pe5) 
Improving the efficiency of security requirements (Pe6) 
Complying with social and labour regulation (Pe7) 
Complying with safety regulation (Pe8) 

Source: own composition. 
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5. Costs and benefits generated by categories of ICT innovation: 

evidence from an empirical point of view  

Chapter 5 provides preliminary results with regard to the cost and benefit elements generated by ICT 

innovation in the MarSC. It starts the empirical analysis and formulates initial conclusions as shown in 

figure 5.1. Results are presented from the perspective of the case sample shown in the previous chapter 

4 and it makes use of the CBF just developed. It answers so to the more general RQ4 - Which costs and 

benefits are brought by ICT innovation in the supply chain? Moreover, having previously shown that 

integration practices introduced by ICT innovation require further analysis, this chapter presents the 

occurrence of costs and benefits from the perspective of cases that introduce either horizontal, vertical 

or a mixed type of integration. These results fundament general conclusions for this dissertation by 

looking at data from multiple cases. This chapter answers the following research questions: 

RQ 4.a: What is the occurrence of costs and benefits when ICT innovation is introduced in the 

MarSC? 

RQ 4.b: What is the occurrence of costs and benefits of ICT innovation according to the type of 

integration it supports? 

This chapter provides new insights with regard to the contemporary type of costs and benefits generated 

to supply chain stakeholders by ICT solutions. A distinctive methodological contribution of this chapter is 

given by its analysis approach. The methodological approach is detailed in sub-section 5.1. The outcome 

shows the occurrence of cost and benefit elements, showing the percentage of cases that generate types 

of costs (and benefits) to MarSC stakeholder. To do so, it considers firstly the entire sample of 44 cases. 

Based on this sample, results are disseminated in sub-section 5.2. Later, results obtained by looking at 

innovation introducing a different type of integration are shown in sub-section 5.3. The cases are 

differentiated thus according to the type of integration they introduce. Results are further calculated in 

each of the following sub-section. The resulting conclusions are detailed in the last sub-section 5.4. 

 

Figure 5.1. Positioning of chapter 5 in the dissertation outline. Source: own composition. 
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5.1. Identifying the costs and benefits occurrence 

The problematic of costs and benefits of ICT innovation in the supply chain has received little attention in 

the academic research. Yet, the necessity of ICT innovation uptake is validated through the increasing 

demand of supply chain stakeholders for tools that use ICT and growing data availability. Yet, reaching out 

these benefits naturally involves making costs. In the process of implementing ICT innovation, the cost 

and benefit topic is treated superficially as previously shown by the literature review. Piplani et al. (2004), 

Pokharel, (2005) and Evangelista and Sweeney (2006) provide a list of benefits generated by ICT 

innovation that includes increases in efficiency, increase of information reliability or reduce of costs, for 

the latter without making clear statements to which type of costs.  Yet, parallel to these benefits, ICT 

innovation offers other advantages as well. In this context, the notion of competitive advantage or first 

mover advantage enabled by ICT innovation in the maritime supply chain is relatively new. Research 

studies do not develop quantification methods for monetizing the first mover advantage or the risk it 

involves, while this could be done by accounting the costs of developing innovation or the damages 

perceived in case of failure etc.  

In addition, there is an emerging recognition that stand-alone ICT systems bring benefits to supply chain 

stakeholders individually; however, the costs and benefits generated to the stakeholders involved in the 

maritime chain are not known. Although brought up with positive intentions, ICT innovation in the 

maritime sector can have two opposite effects. On the one side, it has the potential to smoothen up the 

logistics process as a result of faster operations, administration and financial flows. On the other side, it 

can also represent a barrier, in the sense that companies that find themselves in different digitalization 

stages are bound to limited interconnectivity and reach lock-in situations (Carlan et al., 2016). Hence, the 

types of costs and benefits generated by ICT innovation in the MarSC need to be identified. 

Giuliano et al. (2015) showed that only a limited set of studies have used analysis methods that quantify 

the costs and benefits to analyse innovation in maritime business. In this regard, showing empirical results 

over the costs generated by this type of innovation and identifying the benefits it produces has become a 

priority. The newly developed quantification framework (sub-section 3.2.4) takes into consideration the 

entire set of costs and benefits brought by ICT innovation in the supply chain. This framework allows to 

point out the costs and benefits that each type of ICT innovation generates in the supply chain. 

This empirical research gives insights with regard to the occurrence of costs and benefits of ICT innovation 

in the supply chain. More specifically, it indicates which stakeholders incur the costs and benefits of this 

type of innovation. By making use of the typology developed in chapter two (sub-section 2.3.2), it 

identifies the main differences in costs and benefits occurrence for different types of ICT innovation. The 

conclusions of this research are made on the basis on all 44 innovation cases presented in sub-section 4.1.  

To achieve these results, this sub-section refers to the steps 2 and 3 from the step-sequence approach 

described in sub-section 3.2.7. Steps 2 and 3 refer to identifying cost and benefit elements introduced by 

ICT innovation. The identification of the costs and benefits of ICT innovation is done by conducting direct 

interviews with key representatives involved in innovation processes, publicly available materials 

describing the insights of each innovation case and/or by analysing each innovation’s reached objectives. 

The data collection regarding each innovation case took place between March 2014 and December 2017. 

This analysis identifies thus the occurrence of costs and benefits generated by ICT innovation in the supply 

chain, from the perspective of the collection of the case studies and the above-mentioned period. The 
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outcome of this analysis is presented referring initially to the total set of ICT cases and lately to each group 

of ICT innovation (according to the typology put forward in sub-section 2.3.2.). 

For each case study, the costs and benefits and their occurrence to the supply chain stakeholders is noted. 

Hence, the occurrence of each type of cost (or benefits) for each SC stakeholder is then calculated relative 

to the entire number of case studies and shown as a percentage. The following formula is used: 

 𝑜𝑐𝑥
𝑠 =

∑ 𝑐𝑥
𝑠𝑖𝑛

𝑖=1

𝑛
∗ 100 (5.1) 

 𝑜𝑏𝑦

𝑠 =
∑ 𝑏𝑦

𝑠𝑖𝑛
𝑖=1

𝑛
∗ 100 (5.2) 

Where: 

𝑜𝑐𝑥
𝑠  – occurrence of cost cx for stakeholder s; where the cost cx is the co1, co2, co3, cu1, cu2, cu3 or the cu4 

cost element respectively, as explained in sub-section 3.2.8. 

 𝑜𝑏𝑦

𝑠  –  occurrence of benefit by for stakeholder s; where the benefit by is the bu1, bu2, bu3, bu4, bu5, bu6, 

bu7, bu8, bu9 or the bu10 benefit element respectively, as explained in sub-section 3.2.8. 

𝑐𝑥
𝑠𝑖 – is the presence of the cost element cx for innovation i  and stakeholder s; 𝑐𝑥

𝑠𝑖=1 if the cost element 

x is incurred by stakeholder s for innovation i, and 𝑐𝑥
𝑠𝑖=0 if not 

𝑏𝑦
𝑠𝑖 – is the presence of the benefit element by for innovation i and stakeholder s; 𝑏𝑦

𝑠𝑖=1 if the cost 

element x is incurred by stakeholder s for innovation i, and 𝑏𝑦
𝑠𝑖=0 if not 

 n – is the total number of innovation cases 

 

5.2. Empirical results 

This sub-section puts forward the results with regard to the costs and benefits occurrence generated by 

ICT innovation in the supply chain. First, main observations are given taking into consideration the entire 

set of cases. These results are shown in sub-section 5.2.1. Second, more in-depth results are shown in 

sub-section 5.2.2. The later presents thus the set of cases that fall under each type of integration 

generated through ICT innovation and discusses the results with regard to the costs and benefits 

occurrence they generate. To do so, the colour scale of figure 5.2 is used. 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

             

 

Figure 5.2. Color scale used in costs and benefits occurrence tables. Source: own composition. 

Extra results per category of innovation (according to typology previously presented) are shown in annex 

5.2. 

5.2.1. Costs and benefits occurrence based on all cases 

Table 5.1 shows the occurrence of costs and benefits generated by ICT innovation in the supply chain. This 

results are obtained by compiling the results from the 44 sample of ICT innovation cases. The columns 

correspond to the MarSC stakeholders and the lines carry the cost and benefit elements according to the 

framework developed in sub-section 3.2.4.  
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Table 5.1. The cost occurrence to MarSC stakeholders due to ICT innovation. 
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Co1 26% 7% 5% 0% 44% 5% 0% 28% 28% 5% 0% 0% 33% 5% 2% 

Co2 19% 7% 2% 0% 47% 2% 0% 23% 28% 0% 0% 0% 23% 5% 0% 

Co3 21% 7% 2% 0% 42% 2% 0% 23% 26% 0% 0% 0% 28% 2% 0% 

Cu1 12% 9% 2% 0% 19% 14% 2% 5% 5% 0% 0% 0% 5% 0% 2% 

Cu2 40% 19% 19% 12% 44% 21% 7% 16% 9% 5% 0% 0% 7% 0% 2% 

Cu3 26% 19% 14% 7% 37% 21% 5% 14% 9% 5% 0% 0% 2% 0% 2% 

Cu4 0% 0% 0% 2% 9% 5% 0% 7% 0% 0% 0% 0% 0% 0% 0% 

Bu1 47% 30% 28% 28% 70% 33% 14% 30% 30% 33% 5% 7% 7% 7% 5% 

Bu2 47% 30% 28% 28% 70% 33% 14% 30% 30% 33% 2% 5% 5% 7% 5% 

Bu3 33% 14% 16% 16% 35% 12% 5% 7% 14% 28% 5% 5% 0% 7% 0% 

Bu4 44% 33% 28% 26% 70% 26% 14% 28% 28% 33% 5% 5% 5% 7% 0% 

Bu5 47% 30% 28% 28% 70% 28% 14% 30% 30% 33% 2% 5% 7% 7% 5% 

Bu6 47% 30% 28% 28% 70% 33% 14% 28% 30% 28% 2% 5% 5% 7% 2% 

Bu7 47% 30% 23% 28% 65% 30% 14% 30% 28% 28% 0% 0% 5% 7% 5% 

Bu8 23% 16% 16% 12% 26% 16% 7% 16% 16% 12% 5% 2% 16% 2% 5% 

Bu9 16% 5% 5% 0% 12% 5% 2% 5% 14% 0% 0% 0% 23% 2% 0% 

Bu10 21% 16% 14% 12% 30% 12% 7% 21% 19% 12% 2% 0% 7% 2% 5% 

Source: own composition. 

The results shown in table 5.1 lead to the following observations. Firstly, observation with regard to costs 

elements are given from the innovation operator’s point of view, according to co1, co2 and co3 lines. 

According to these figures, the terminal operator incurred the cost of developing an ICT innovation for 

approximately 43% of the cases. IT developers (software houses) have enquired the development costs 

for 30% of the cases. Secondly, the involvement of port authority in financing the development of ICT 

innovation is present in 25% of the cases. Equally, shipping lines and the IWW operators have incurred 

development costs for approximately 20% of the cases. Further, it is noticed that financing institutes have 

had a low involvement in offering financial capabilities to develop this type of innovation. 

The results with regard to the user costs are shown by the cu1, cu2, cu3 and cu4 lines. These results show 

that the terminal operators and the shipping lines incurs further user costs cu2, for further acquisition of 

hardware of software for approximate 40% of the cases. The terminal operators incurred training cost in 

38% of the cases. ICT innovation has generated user costs for the other MarSC stakeholders, yet by a low 

percentage of the cases (5-19% of the cases). However, authorities such as harbour master, police or 

sanitary veterinary, did not incur any development nor user costs for ICT innovation in the maritime supply 

chain.  

The results with regard to the occurrence of benefits are also put forward in table 5.1. The digital 

transformation benefits, shown by bu1-bu7 lines show that the terminal operators enjoy the benefits of 

approximately 70% of the innovation cases. Also, the shipping lines take these advantages in 48% of the 

cases. According to these results, shipping agents, road transporters and customs authorities enjoy also 
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the benefits of approximate 30% of the cases. The benefits for customs authorities are put forward by 

innovation such as community platforms or extended gates, these benefits are accounted in 31% of the 

cases. The community attendance benefits, shown by bu8-bu10 lines, are reflected through a lower 

percentage of cases. Yet, the terminal operators, shipping lines, inland barge operators and port 

authorities, enjoy the benefit of the most cases. It is interesting to see that IT developers, receive the 

opportunity to develop further added-value services from 21% of the cases, counting this community 

attendance benefit in their favour.  

This preliminary data collection focused on marking the type of costs and benefits that are generated to 

the MarSC by ICT innovation. In this context, and by looking at the complete sample of case studies, limited 

conclusions are drawn with regard to the economic implications and distribution effects (of costs and 

benefits) when ICT innovation is implemented as follows. It is observed that for the majority of cases, the 

development cost is supported by terminals, inland vessel operators, ICT developers and port authorities; 

while the user costs are mostly redistributed to road transport operators. In this context, ‘digital economy’ 

benefits are generated to the entire range of stakeholders covering the costs of ICT innovation. These 

preliminary conclusions are valid for the studied sample of cases. Readers should be careful with 

generalizing them. Hence, the same method can be applied or expanded to other samples of cases. In this 

regard, the following sub-section 5.2.2. presents the same type of results and the occurrence of costs and 

benefits explored from the perspective of types of integration introduced by ICT innovation in the MarSC. 

These results provide an answer to RQ 4.b. One should be aware that more results for computations with 

regard to the occurrence of costs and benefits for ICT innovation of other types (according to tangibility, 

type of access, etc) are presented in annex 5.2.  These results were reached following the same 

methodology presented in sub-section 5.1 and use the same presentation format. 

5.2.2. Costs and benefits occurrence according to the type of integration introduced 

The following sub-sections put forward the costs and benefits occurrence of ICT innovation according to 

the ICT typology. Each sub-section benefits from a description and interpretation of the results in 

accordance with the integration practice introduced as follows: sub-section 5.2.2.1 for cases introducing 

horizontal integration, sub-section 5.2.2.2. for cases introducing vertical integration and in the last sub-

section 5.2.2.3., results on cases introducing mixed integration are given. Cases introducing internal 

integration are not used to retrieve conclusions on the occurrence of costs and benefits in the MarSC, as 

these generate direct costs and benefits to individual stakeholders only. The sample cases used to 

calculate the occurrence of costs and benefits for each integration practice are presented in table 5.2. The 

results are linked to the case study collection. Although the method is replicable and can be applied to 

other cases and typologies, the results are relevant each time for the framework of analysis. Concluding 

remarks for these sub-sections are put forward mainly from the perspective of the following cost and 

benefit elements: the development cost (co2), the user cost (cu2), the reduced cost of receiving information 

(bu2) and the reduced cost of accessing broad information (bu8). 

The following sub-section presents conclusions with regard to occurrence of costs and benefits from the 

perspective of ICT innovation introducing horizontal integration. 
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Table 5.2. Cases used to retrieve conclusions with regard to occurrence of costs and benefits of integration 

practices. 

Horizontal Vertical Mixed 

- Administration 
- Vado ‘Port 

gate’ 
- Platform 

Eurotranscom 
(import export + 
re-use) 

- Re-Use  
- Transport 

Management 
Tower 

- Port Single Window 
- E-freight system ‘E-port’ 
- IT data management (data exchange) 
- Pre-notification deep-sea terminals 

ANTWERPEN 
- Pre-notification deep-sea terminals 

ROTTERDAM 
- Digital CMR 
- Container terminal: landside 
- Corridor management system 
- Port Wide Lighter Schedule Port of 

Antwerp 
- Truck Appointment System 
- NxtPort 
- NextLogic 
- Cargo-Stream 
- Blockchain PIN codes 
- PortPass 
- essDocs (Bolero) 
- Smart L/C 
- Blockchain Phytosanitary certificate 

- KVBG (professional association) 
- e-transit (previous to the extended 

gate) 
- Extended-GATE 1.0 
- Extended-GATE 2.0 
- Extended-GATE 3.0 
- Paperless Customs flow: import - 

extended gate up to the end 
consumer 

- Paperless Customs flow: import - 
paperless NCTS pilot (Port of 
Antwerp) 

- Paperless Customs flow:  Export - 
paperless until deep-sea terminal 

- Expansion OCR capabilities 
- 3PL - Primary Gate of Leixões Port 
- Weighbridges 
- Advanced Gate Automation and 

FATS (Full Automated Truck 
System): 

- Autotrakker 
- Portal with clients 
- Temperature traceability sensors  
- RFID data logger tags in pallets 
- Xynaps – DigiCMR 
- Port community system Portnet 
- SEAGHA - port community system 
- APCS 
- APCS case: central port community 

system for breakbulk 

Source: own composition. 

5.2.2.1. Costs and benefits occurrence for ICT innovation introducing horizontal integration. 

As shown in table 5.2, innovation introducing horizontal integration is rare (5 cases from the 44 case 

sample). For these cases, table 5.3 presents the occurrence of costs and benefits.  

According to the results presented in table 5.3, this innovation is popular among terminal, road transport 

and barge operators. The benefits of innovation with a horizontal integration scope are shared among the 

inland barge, terminal and road transport operators. Authorities also benefit from the gains of 39% of this 

type of innovation cases. Other stakeholders such as shipping lines, freight forwarders or shipping agents, 

do not develop this type of practice. 

These preliminary results show that ICT innovation introducing horizontal integration leads to savings for 

MarSC stakeholders that, by benefiting from economies of scale, have access to potentially cheaper ICT 

solutions. Earnings are generated also to ICT developers who achieve a larger mass of users with their 
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solutions. In this type of setting, the ICT developer takes the risk for bringing its solution on the market 

and offer temporary competitive advantages at low costs to MarSC stakeholders that use that solution. In 

this case, stakeholders (users) that are active in a market with multiple players have limited control in 

blocking the (competition) adoption of that innovation. However, stakeholders active in a market where 

only a few players with similar activity are present, and where hence their data involvement is key for 

contributing with data, can control and block the adoption of that innovation. This type of behaviour is 

seen in the road (or inland navigation) transport market where multiple players are present. The absence 

of one player (or a limited number) is not hampering in the adoption of an ICT solution with a horizontal 

integration goal. In this context, the contribution of one player to form a critical mass for data is relatively 

low. Yet, in a port context where only a few terminal operators are active, the absence of only one 

terminal operator can slow down (or even stop) the adoption of an horizontal data integration tool, as its 

data leave a big gap in the context. For the latter case, even with low adoption costs, users are seeking 

whether the use of that application brings them economic benefits and also whether it does not 

strengthen the competition. As seen in table 5.3, the benefits are distributed across the supply chain for 

this type of application. Costs are present for the stakeholders that have also benefits from joining 

communities for hinterland transport operators. 

Table 5.3. Costs and benefits occurrence of innovation that supports horizontal data integration in the 

supply chain. 
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Co1 14% 0% 0% 0% 29% 14% 0% 43% 14% 0% 0% 0% 29% 0% 14% 

Co2 0% 0% 0% 0% 57% 14% 0% 43% 43% 0% 0% 0% 29% 0% 0% 

Co3 14% 0% 0% 0% 29% 14% 0% 43% 14% 0% 0% 0% 29% 0% 0% 

Cu1 0% 0% 0% 0% 0% 29% 0% 14% 14% 0% 0% 0% 0% 0% 14% 

Cu2 14% 0% 0% 0% 14% 43% 0% 14% 29% 0% 0% 0% 0% 0% 14% 

Cu3 14% 0% 0% 0% 43% 43% 0% 14% 14% 0% 0% 0% 0% 0% 14% 

Cu4 0% 0% 0% 0% 0% 14% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu1 29% 0% 0% 0% 57% 43% 0% 43% 43% 0% 0% 0% 0% 0% 14% 

Bu2 29% 0% 0% 0% 57% 43% 0% 43% 43% 0% 0% 0% 0% 0% 14% 

Bu3 14% 0% 0% 0% 14% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu4 14% 0% 0% 0% 57% 14% 0% 29% 43% 0% 0% 0% 0% 0% 0% 

Bu5 29% 0% 0% 0% 57% 29% 0% 43% 43% 0% 0% 0% 0% 0% 14% 

Bu6 29% 0% 0% 0% 57% 43% 0% 29% 43% 0% 0% 0% 0% 0% 0% 

Bu7 29% 0% 0% 0% 57% 43% 0% 43% 43% 0% 0% 0% 0% 0% 14% 

Bu8 0% 0% 0% 0% 0% 14% 0% 14% 0% 0% 0% 0% 0% 0% 14% 

Bu9 29% 0% 0% 0% 14% 0% 0% 0% 29% 0% 0% 0% 14% 0% 0% 

Bu10 0% 0% 0% 0% 29% 0% 0% 43% 29% 0% 0% 0% 0% 0% 14% 

Source: own composition. 

5.2.2.2. Costs and benefits occurrence for ICT innovation introducing vertical integration. 

As seen in table 5.2, innovation introducing vertical integration is more popular. The 44 case sample 

contain 18 ICT innovation cases that introduce vertical integration. The results with regard to the 

occurrence of costs and benefits of this type of innovation are shown in table 5.4.  
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Table 5.4. Costs and benefits occurrence of innovation that supports vertical data integration in the supply 

chain. 
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Co1 35% 10% 5% 0% 70% 5% 0% 35% 5% 5% 0% 0% 30% 0% 0% 

Co2 30% 10% 0% 0% 65% 0% 0% 30% 5% 0% 0% 0% 15% 0% 0% 

Co3 30% 10% 0% 0% 65% 0% 0% 30% 5% 0% 0% 0% 25% 0% 0% 

Cu1 20% 5% 0% 0% 20% 10% 0% 0% 5% 0% 0% 0% 0% 0% 0% 

Cu2 35% 15% 15% 0% 30% 10% 0% 5% 5% 0% 0% 0% 0% 0% 0% 

Cu3 30% 15% 10% 0% 35% 20% 0% 10% 15% 0% 0% 0% 5% 0% 0% 

Cu4 0% 0% 0% 0% 15% 0% 0% 15% 0% 0% 0% 0% 0% 0% 0% 

Bu1 45% 45% 20% 35% 70% 30% 15% 20% 15% 45% 0% 5% 0% 0% 0% 

Bu2 45% 45% 20% 35% 70% 30% 15% 20% 15% 45% 0% 5% 0% 0% 0% 

Bu3 30% 20% 10% 15% 30% 10% 0% 0% 5% 40% 0% 0% 0% 0% 0% 

Bu4 45% 50% 20% 35% 70% 25% 15% 20% 15% 45% 0% 0% 0% 0% 0% 

Bu5 45% 45% 20% 35% 70% 25% 15% 20% 15% 45% 0% 5% 0% 0% 0% 

Bu6 45% 45% 20% 35% 70% 30% 15% 20% 15% 45% 0% 5% 0% 0% 0% 

Bu7 45% 45% 20% 35% 70% 30% 15% 20% 15% 45% 0% 0% 0% 0% 0% 

Bu8 10% 10% 5% 0% 5% 5% 0% 0% 0% 0% 0% 0% 10% 0% 0% 

Bu9 10% 0% 5% 0% 5% 5% 0% 0% 5% 0% 0% 0% 30% 0% 0% 

Bu10 10% 10% 5% 0% 5% 5% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Source: own compilation 

From table 5.4, further results show that terminal operators have supported the development of 70% of 

the innovation with a vertical integration scope and 35% of the innovation cases are by shipping lines and 

inland barge operators. The user costs for this type of innovation are incurred by the same stakeholders, 

but also by road transport operators. Innovation with a vertical integration goal offers benefits to terminal 

operators, shipping lines, customs authorities and shipping agents. Naturally, these stakeholders require 

data integration over the flow of goods in the supply chain. It is interesting that 30% of cases provided 

community benefits for developing added value services by IT developers. 

As main characteristics, ICT innovation for vertical data integration in the supply chain is conditioned by 

the agreement of all users and it is thus adopted only if it brings economic benefits to them. In this context, 

the control over its adoption is held by the player that has the least earning from implementing it, being 

the last one motivated to join in. This type of ICT innovation is adopted earlier only if compensations are 

given to that user and thus redistribution methods for costs and benefits are set in place. As seen in table 

5.4., the benefits of ICT innovation introducing vertical integration are distributed along the supply chain 

for this type of applications. Moreover, there is a higher occurrence of benefits from the ‘digital economy’ 

category (Bu1 to Bu7) than ‘community benefits’. This shows that ICT innovation introducing vertical 

integration is: (1) used mostly to replace contemporary working practices with digital tools and that (2) 

less is used to fundament community benefits.  
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5.2.2.3. Costs and benefits occurrence for ICT innovation introducing mixed integration. 

Innovation with a mixed integration scope is represented by 19 cases (out of the 44 cases sample). The 

results with regard to the occurrence of costs and benefits of this type of innovation cases is shown in 

table 5.5. 

Table 5.5. Costs and benefits occurrence of innovation that supports mixed data integration in the supply 

chain. 
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Co1 19% 6% 6% 0% 19% 0% 0% 13% 63% 6% 0% 0% 38% 13% 0% 

Co2 13% 6% 6% 0% 19% 0% 0% 6% 50% 0% 0% 0% 31% 13% 0% 

Co3 13% 6% 6% 0% 19% 0% 0% 6% 56% 0% 0% 0% 31% 6% 0% 

Cu1 6% 19% 6% 0% 25% 13% 6% 6% 0% 0% 0% 0% 13% 0% 0% 

Cu2 56% 31% 31% 31% 75% 25% 19% 31% 6% 13% 0% 0% 19% 0% 0% 

Cu3 25% 31% 25% 19% 38% 13% 13% 19% 0% 13% 0% 0% 0% 0% 0% 

Cu4 0% 0% 0% 6% 6% 6% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu1 56% 25% 50% 31% 75% 31% 19% 38% 44% 31% 13% 13% 19% 19% 6% 

Bu2 56% 25% 50% 31% 75% 31% 19% 38% 44% 31% 6% 6% 13% 19% 6% 

Bu3 44% 13% 31% 25% 50% 19% 13% 19% 31% 25% 13% 13% 0% 19% 0% 

Bu4 56% 25% 50% 25% 75% 31% 19% 38% 38% 31% 13% 13% 13% 19% 0% 

Bu5 56% 25% 50% 31% 75% 31% 19% 38% 44% 31% 6% 6% 19% 19% 6% 

Bu6 56% 25% 50% 31% 75% 31% 19% 38% 44% 19% 6% 6% 13% 19% 6% 

Bu7 56% 25% 38% 31% 63% 25% 19% 38% 38% 19% 0% 0% 13% 19% 6% 

Bu8 50% 31% 38% 31% 63% 31% 19% 38% 44% 31% 13% 6% 31% 6% 6% 

Bu9 19% 13% 6% 0% 19% 6% 6% 13% 19% 0% 0% 0% 19% 6% 0% 

Bu10 44% 31% 31% 31% 63% 25% 19% 38% 38% 31% 6% 0% 19% 6% 6% 

Source: own composition. 

The development cost of 50% of this type of innovation is supported by the port authorities. IT developers 

put forward also financials into the development process of 31% of the cases. Innovation with a mixed 

integration goal brings benefits to the supply chain stakeholders, but also to the authorities. Terminal 

operators enjoy the benefits of 75% of this type of cases, shipping lines of 56% and shipping agents of 50% 

respectively. Hinterland transport operators, although participating in the financing of a limited number 

of cases, incur the user costs and thus enjoy the benefits of 17 to 39% of this type of cases. 

The mix type of integration and ICT innovation implementation is typically supported by players who see 

the need to bundle data from multiple types of users. Redistribution methods for costs and benefits from 

the both horizontal and vertical integration practices apply also in this case. The player financially 

supporting this type of integration has a central role in finding a balance between the costs and benefits 

of individual users of its ICT solution. Redistribution effects of costs and benefits are generated through 

pricing. From this perspective, an infrastructure management company has the control over whether the 

costs of an ICT solution are spread over all actors and by setting a different pricing scheme per type of 

actors it can determine the value of the benefits they gain. As seen in table 5.5. for ICT innovation 

introducing a mixed type of integration, the benefits are distributed quasi-uniformly for the supply chain 
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stakeholders, similarly to the user costs, while the initial development costs are supported only by one 

type of stakeholder.  

5.3. Conclusions 

ICT developed for the enhancement of the supply chain activity responds to a wide range of needs and in 

various ways. These practices become more tangible when translated into costs. Similarly, the literature 

mentions that ICT innovation brings benefits such as reduced costs (of communications), optimization of 

operations, facilitate the transfer of official documents or increase competitiveness. Yet, these type of 

statements are scattered and do not provide a consistent overview of types of costs and benefits 

generated. This chapter presents insight with regard to the occurrence of cost and benefit elements 

generated by ICT innovation in the supply chain applying the CBF as follows.   

Firstly, conclusions are made looking at the complete set of cases and so answers RQ 4.a:  What is the 

occurrence of costs and benefits when ICT innovation is introduced in the MarSC? This research shows that 

the terminal operators and specialized IT software development firms incurred the cost of developing the 

most ICT innovation cases. The results point out also that the port authority is the main public organisation 

that financially supports the development of ICT innovation in the maritime supply chain. Moreover, 

according to this research, hinterland transport and shipping lines financially contribute to the 

development of few ICT innovation, although they incur user costs. Further conclusions are made with 

regard to the occurrence of benefits. This research shows that the terminal operators, shipping lines, road 

transporters and customs authorities are the usual players who enjoy the benefits of ICT innovation. From 

this perspective, the most common benefits are linked to information handling and processing (e.g. send, 

receive, error correction and search related actions) and efficient use of assets (e.g. trucks, cranes, trailers, 

loading units etc.). 

Secondly, from a typology point of view, results are as follows. The development cost of ICT innovation 

enabling horizontal integration is covered by software developing firms or authorities, and their usage 

cost is incurred by hinterland transport operators. The same type of users are incurring the benefits of 

innovation integrating information horizontally across supply chains. ICT innovation integrating data along 

the supply chain (vertically) are developed by shipping lines and inland barge operators. This innovation 

brings benefits to terminal operators, shipping lines, customs authorities and shipping agents. Innovation 

with mixed integration scope have generally their development cost covered by port authorities or 

specialized IT developing companies. This type of innovation brings benefits to terminal operators, 

shipping lines and shipping agents. 

Although the methodology followed in this chapter is replicable to other cases, the results present some 

limitations. Conclusions with regard to the occurrence of costs and benefits for each type of innovation 

are applicable for the cases studied. Moreover, the data collected through this research does not enable 

in-depth research on the redistribution of costs and benefits among the supply chain stakeholders when 

ICT innovation is introduced. Another limitation of the research is the number of case studies considered 

in the analysis. The results of this study are also limited to the collection of cases used and the data 

available for those. Sharing of information is still a fear of contemporary innovation initiators. Sharing 

data, knowledge and experience helps science, by increasing their study sample, to better fundament 

their research conclusions. Despite the presence of these limitations, the preliminary research conducted 

in this chapter is relevant for SC stakeholders, ICT developers, but also for policy makers on gaining insights 
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on the presence of type of costs and benefits generated by ICT innovation in the MarSC. Further research 

is still possible to explore the effects of ICT innovation to quantify its cost-effectiveness or carrying out a 

cost-benefit analysis that quantifies the entire set of costs and benefits indicated by this research.  

The following chapters continue the empirical analysis and provide insights on the cost-effectiveness of 

ICT innovation from the perspective of the types of integration practice introduced by ICT innovation in 

the supply chain. To do so, in-depth analyses are carried by isolating innovation cases that address 

internal, horizontal, vertical or mixed data integration in the MarSC. The next chapter gives insight with 

regard to the cost-effectiveness of internal (at company level) data integration and the use of technical 

advancements in road transport operations.  
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6. Innovation in road freight transport: quantifying the environmental 

cost-effectiveness of internal integration practices3  
Staying competitive is the main objective of transport operators. In order to do so, developing cost-

effective innovation is seen as the future of road transport carriers. Chapter 6 contributes to the empirical 

analysis part of this dissertation and starts the detailed CEA series of this dissertation as shown in figure 

6.1. It formulates the first answer to RQ 5 - What is the cost-effectiveness of ICT innovation according to 

the type of data-integration approach taken? Therefore, it leans on results presented in the previous 

chapters with regard to integration, analysis methods and case objectives. With this outcome, it provides 

detailed results from the perspective of a road transport company that applies internal integration 

working practices. The sub-research question that is answered through this chapter is: 

RQ 5.a: What is the cost-effectiveness of internal data integration within one company and its 

environmental effects?    

The research conducted in this chapter is carried out from the perspective of a road transport operator. 

Road hauliers are constrained by low profit margins and have to be active in a highly competitive market. 

Companies active in this sector seek for multi-dimensional innovative solutions to reduce their operational 

costs. These innovative initiatives yield also positive environmental effects. The latter however are poorly 

recognized. This chapter investigates the characteristics of different types of chassis and internal 

operational planning practices used in road transport of containers. It provides a cost-effectiveness 

analysis of innovative solutions used by a trucking company highlighting both the costs and the 

environmental emissions it saves. 

 

Figure 6.1. Positioning of chapter 6 in the dissertation outline. Source: own composition. 

                                                           
3 The content of this chapter is published in the journal Sustainability, 2019, 11(8), 2212; doi:10.3390/su11082212. 
This chapter is joint work with Prof. Dr. C. Sys and Prof. Dr. T. Vanelslander.   
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6.1. Introduction 

Road haulage is a key transport mode when it comes to ensuring the hinterland connection of most 

European sea-ports. Loads such as containers, break bulk, dry bulk or liquid bulk cargo depend on road 

transport as a part of their supply chain. Figure 6.2 compares ports’ modal split in Europe and shows the 

dominance of road transport. As a consequence, it is clear that port traffic growth is challenging more and 

more the capacity of road networks developed around ports (Frémont & Franc, 2010). In this context, 

road transport companies are forced to seek their position in a highly competitive market. Equally, road 

freight transport is a sector with low profit margins. For these reasons, road carriers are now challenged 

to innovate and to find solutions for more cost-effective road transport. In most cases, these solutions are 

triggered by policies on sustainable development (e.g. road pricing). However, the conceptual 

development and implementation is done using private financial capabilities.  

 

Figure 6.2. Modal split of port hinterland traffic in European ports. Source: own compilation based on Port 

of Rotterdam (2015), Port of Antwerp (2015), Port of Hamburg (2015), Port of Bremen (2015), Port du 

Havre (2015), Pastori (2015)  

Releases of the European Commission, such as its ‘White paper’ titled ‘Roadmap to a Single European 

Transport Area’ (European Commission, 2011), acknowledge the benefit of road transport and try to 

create a clear context for its integration among all other transport modes. Moreover, European legislation 

is making efforts to create new ways of stimulating the use of environment-friendly solutions for transport 

(EC, 2017).  

In this context, road transport innovators are confronted with the task of keeping a positive balance 

between their operational costs and policy decisions regarding environmental emissions. In practice, even 
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if the environmental advantages are proven, the best economic solution still rules the decisions to invest 

in innovation dedicated to enhance the ports’ activity (Sys, Vanelslander, Acciaro, et al., 2015). 

The present research develops an application of the cost-effectiveness analysis (CEA) to investigate 

whether the innovative practices used in road transport are bringing both operational and environmental 

cost advantages. The CEA is adapted to analyse decisions in which expected outcomes are clearly 

identified, but whose direct or indirect monetary benefits are not easily quantifiable (European 

Commission, 2014). CEA has a long tradition that dates back to the 60’s, when scientists developed a 

method to assist the United States military in making allocation decisions (Quade, 1971). This method, 

among others, has later been successfully applied in the medical sector. Here, the benefits of decisions or 

interventions could not be quantified more than the number of lives saved or persons cured (Siegel et al., 

1996; Eichler, Kong, Gerth, Mavros, & Jönsson, 2004; Furlan et al., 2011). 

Blauwens, de Baere and Van de Voorde (2012) put forward three classical examples of reducing the 

operational cost in a road transport firm. The first one refers to determining the shortest routes for 

vehicles. Another practice is performing round trips that combine two or more transport requests in one 

journey. The third way of reducing transport cost is assigning transport tasks to vehicles that have the 

starting point as close as possible to the end location of a previous one. These three solutions set the goal 

to minimize the total distance that the transport vehicles are traveling per day. One should bear in mind 

that the total ‘distance’, depending on the scope of the optimization problem, can be also translated into 

time or cost, besides kilometres (Blauwens et al., 2012). To set it in practice, road transporters together 

with chassis constructors look for innovative solutions. This cooperation resulted in the development of 

new trailers (or chassis) that extends the range of container transport tasks that can be consolidated in 

one trip. As a result, road hauliers’ cost effectiveness is improved. The amount of kilometres driven in 

productive trips are increased and the labour time gets decreased. Simultaneously, the use of these 

newly-developed chassis led to perform transport tasks that also reduce environmental emissions. These 

results are enabled through both an innovative planning process and innovative chassis development. 

These changes are introduced through a new managerial and cultural (change of mind set) approach. In 

essence, this is thus an example of multi-dimensional innovation that falls under innovation type III 

(technological changes that also consist of changes at managerial, organisational and cultural level for a 

specific business) as put forward by Vanelslander et al. (2019). Although these solutions are in use and 

known to the stakeholders active in this sector, this innovation in road transport does not get immediately 

adopted by the entire road transport sector and it remains unknown to the wide public. For this reason, 

the road transport stakeholders often get the label of un-innovative sector. The results of this multi-

dimensional innovation are analysed by this study through a CEA. This research quantifies the amount of 

kilometres that vehicles drive, the working hours for the employees that are active, the tolls that are paid 

or the vehicle usage cost incurred. These elements are finally used as costs that a transport haulier saves 

when innovative chassis are in use. The latter emissions savings are considered extra benefits resulting 

from the more cost-effective activity.  

This chapter focuses thus on pointing out the effect of efficient use of resources as the joint contribution 

of the ICT tool and the use of innovative chassis. The empirical analysis reflects the perspective of a road 

haulier active in container transport. In this setting, the focus is on transporting 20’ import/export 

containers within the hinterland area of a seaport, as this specific setting enables container transport task 
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consolidation in round trips. Moreover, this case contributes to the improvement of the environmental 

performance. These goals are achieved by avoiding the following situations: 

 empty chassis runs after/before a productive task 

 low utilization rate of a truck’s loading capacity and 

 transport of empty containers (by offering them for re-use) 

This chapter sets the emphasis on the applied methodology that is easy replicable to other cases or to an 

extended sample of data. The reader must be aware that the empirical analysis is put forward from the 

perspective of one road transport operator providing data. The numerical results are thus valid for this 

framework of analysis only and generalization must be done with care. Therefore, the purpose of this 

chapter is to tailor and deploy a CEA in order to determine the cost effectiveness of the technological 

solutions set into practice. This chapter answers RQ 5.a: what is the cost-effectiveness of internal data 

integration within one company and its environmental effects? To answer this question, the following 

structure is pursued. Sub-section 6.2 presents the particularities of innovative road transport solutions. 

The method used to quantify the costs and the emissions saved is detailed in sub-section 6.3. A practical 

application regarding the use of these innovative solutions and the outcomes of the cost-effectiveness 

analysis is then presented in sub-section 6.4. Finally, sub-section 6.5 concludes this chapter. 

6.2. Innovative practices in road transport of containers 

This sub-section presents in detail the working practice of carrying out transport tasks without making use 

of innovative advancements. This working practice is later referred to as the reference scenario. The 

subsequent sub-sections detail the technical characteristics of innovative chassis, the conditions 

considered when carrying containers via road and the decision algorithm of setting up round trips. These 

details are given after carrying in-depth interviews with the representatives of a road transport company. 

The interview design is detailed in Annex 6.1. Lastly, the methodology used to calculate the savings 

brought by each round trip is presented.  

6.2.1. The reference scenario 

The working practice considered by this analysis as a reference scenario in carrying out transport tasks 

has the following characteristics. Firstly, the transport company does not have the tools to 

comprehensively bundle data with regard to its transport orders in a centralized database. This type of 

working practice is typical for a company that uses multiple communication channels (e.g. email requests, 

phone, shipping agents’ platforms, etc.) to collect orders and their related data. Secondly, it is assumed 

that a transport company does not have the technical capacities to carry out more than one transport 

task at once. This characteristic applies to road transport of 20’ containers where one chassis can 

accommodate only one container. 

Considering the above characteristics, a transport company conducts the following working practice to 

deliver its orders. This working practice is referred to as the reference scenario by the current research. 

For each transport order, shown in figure 6.3 with a full line, the transport company completes two trips: 

one trip corresponding to the transport order and another trip corresponding to the empty return of the 

transport equipment (chassis). This situation occurs for both orders either to be carried from or towards 

point A. The extra time and the extra fuel consumption that is used to relocate the truck to its origin needs 
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to be reduced. This reference scenario is being used as a comparison situation for the other alternative 

solutions chosen to carry out the full transport tasks. 

 

 

 

 

 

Where: 

 

 

Figure 6.3. Reference scenario. Source: own composition. 

6.2.2. Multi-dimensional innovation set in use by road carriers for round trips 

Each transport task is characterized by the following elements: origin/destination, time of pick-up/drop 

off, type of container and weight. These are the basic details needed by a transport planner to estimate 

which tasks can be carried out in a combined round journey and which chassis should be used for this 

combination of tasks. These options are applicable when 20’ containers or swap bodies similar in size 

without side doors are transported and when any transhipment or container swap movement with 

equipment (e.g. cranes, reach stackers) at hinterland locations (points B or C) are unavailable. The IT tool 

and the innovative chassis are described in the sub-sections below. 

6.2.2.1. ICT tool 

Data is a key to contribute an efficient planning of a fleet of vehicles (chassis). A trucking company took 

the initiative and developed an innovative ICT tool to facilitate internal data bundling. The data bundled 

shows key information with regard to container transport orders collected through multiple 

communication channels.  The information bundled though this tool is the following: 

 Pick-up/delivery location 

 Type of transport and characteristics (empty/loaded container, size, weight, owner etc.) 

 Time window for pick-up or delivery 

 Other information 

This information gives the planners a comprehensive overview with regard to the transport orders that 

need to be carried out. This tool allows thus for benefits to the transport company in putting together the 

planning for assets (chassis) usage. By applying the framework developed in sub-section 3.2.4, the cost 

and benefit elements of the ICT tool used by the fleet planners are identified.   

Table 6.1 gives an overview of these elements by marking them with ‘X’. The dark shaded mark indicates 

the benefit which is used in the further development of the cost-effectiveness analysis. 

  

B 

C 

A 

Full trip (ex. Transport of import/export loads) 

Empty run (ex. Transport of empty trailer/chassis/container) 
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Table 6.1. Costs and benefits of internal data-integration tool. 

  
  

Cost and benefit elements 
Hinterland transport 

Road operator 

Co1 Platform development X 

Co2 Market uptake 
 

Co3 Operating cost  and maintenance X 

Cu1 Connection cost  

Cu2 Hardware/software investment costs X 

Cu3 Training cost X 

Cu4 Transactions fees (license fees) 
 

Bu1 Reduces cost to access/receive information X 

Bu2 Reduces cost to send information X 

Bu3 Avoid illicit transactions and/or their prejudice  

Bu4 Avoid error correction 
 

Bu5 
Avoid information matching (benefit from automatic data matching 
(if applicable) 

 

Bu6 Avoid information search X 

Bu7 Efficient use of resources X 

Bu8 Access to broad (real time) information  

Bu9 Higher value-added services   

Bu10 Compliance with standards and regulations   

Source: own compilation 

Table 6.1 points out the main cost elements and the benefits generated by the ICT innovation 

development. The main costs, development and operating, are generated through the engagement of a 

software developer and are supported by the initiating road transport operator. Moreover, from its user 

position, the road transport operator has accounted for the acquisition costs of hardware equipment and 

training for it personnel. The other direct benefits generated by this tool are with regard to facilitating the 

process of receiving, sending or searching for information. This functionality being used only by one 

company, from a community perspective, benefits for the broader community are not shown. This tool 

facilitate thus multiple planners of the same transport company with a virtual environment where 

information with regard to orders is centralized. This tool allows thus also for efficient use of a company’s 

resources. By having a broad overview of data with regard to transport orders, planners can take better 

informed decisions. This type of benefit is further investigated by the present research.  

The following sub-sections present the technical resources used in carrying the transport tasks. 

6.2.2.2. Innovative chassis 

Completing an efficient planning program with round trip transport tasks, requires adequate technical 

equipment. Besides using an innovative ICT tool to have an overview of the transport task shared for 

optimization, transport companies use also technical innovation. Developing new chassis that enable the 

desired transport tasks combination is one of these examples. The road innovative chassis used in carrying 

container transport orders are described in the sub-sections below. 

Mini eco-combi chassis 

Under ‘mini eco-combi chassis’ is understood a combination of two 20’ chassis that can be attached 

together so as to form a single 40’ unit (see figure 6.4). The advantage of this type of chassis is that, 

depending on the round journey characteristics, the two chassis can be also used as individual transport 
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units. Equally, the mini eco-combi with its flexibility allows transporters to consider more combinations 

of journeys in their planning operations, eliminating technical limitations (conditions). The conditions 

imposed by safety regulations with regards to weight distribution for road transport vehicles are set by 

the European Commission (2015). According to EC 2015/719, the traction axle of the towing tractor must 

carry a minimum of 25% of the total carried load. The decoupled chassis enables the transporters to carry 

further to its destination a fully loaded 20’ container that was previously loaded on the rear side of the 

chassis. Involving a regular 40’ chassis in this practice would defy the regulation. A further explanation of 

containers weight distribution is later given in table 6.2. A derived advantage of this type of chassis is the 

time saved due to faster actions done to connect/disconnect the two chassis. Nonetheless, the higher 

cost of this type of chassis is the main disadvantage. 

 

 

 

 

 

 

Figure 6.4. Mini eco-combi chassis. Source: D-TEC (2014), Transport Joosen (2014). 

Multipurpose chassis 

The multipurpose chassis is used to complete combinations of two transport tasks in one round trip. The 

multipurpose chassis category refers to round transport journeys carried out with the following type of 

chassis: steer-chassis, legs-mounted chassis and hydraulic load-shifting chassis. The use of these solutions 

is not as flexible as the mini eco-combi chassis due to a fixed weight distribution and loading/unloading 

order constraints. Nevertheless, these options are still suitable for combining different transport tasks in 

one trip, as shown in figure 6.5. In addition, the amount of time saved by using this alternative is lower 

than in the case of mini eco-combi chassis, due to extra operations that have to be done at each 

loading/unloading point. Larger time windows used to position the containers according to safety 

procedures are counted in. For example: the new steer-chassis needs extra time to reposition the 

container from the back end of the chassis to the front and to extend the steering third wheel; the leg-

mounted chassis operations need extra time to expand/retract the mounted legs, to set in use the 

pneumatic suspension of the chassis and reposition the container on the chassis; the classical chassis 

requires extra equipment (e.g. crane, reach stacker etc.) to be used for the container to be repositioned. 

 

 

 

 

 

Figure 6.5. Multipurpose chassis use. Source: Transport Joosen (2014) 
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Empty containers offered for re-use 

The ‘re-use’ of empty containers has as its main advantage the extra financial gain that the company 

makes from offering shippers an empty container to be re-filled and carry it to the required loading or 

unloading location. This practice is driven through the innovative mind set on managing a business unit 

with multiple technological solutions. Although the re-use of empty containers seems to be an extra 

income, a certain balance has to be achieved between the benefit of the re-use and the extra fees charged 

by container owners who commit to this option. This fee varies between 8 and 25 EUR per re-use. The 

route created in a re-use round journey is presented as well in figure 6.5. 

Tilt chassis 

The tilt chassis (see figure 6.6) represents another alternative that joins the innovative practices that 

reduce the costs for pick-up/dropping cargo in road transport. This type of chassis enables the planner to 

form round trips that reduce the distance travelled. A tilt chassis is a fast solution for cargo to be unloaded. 

Not all containers can be unloaded using a tilt method; however, this type of chassis increases the chances 

of creating a combined round trip by offering the same container to be refilled. 

 

 

 

 

 

Figure 6.6. Tilt chassis. Source: Transport Joosen (2014) 

6.2.3. Operational conditions considered when combining single transport tasks 

The weight of each load is an important criterion in the process of creating round journeys. Due to road 

tonnage restrictions and road safety regulations, several conditions must be taken into account. Table 6.2 

shows the possibilities for two 20’ containers to be loaded on chassis in accordance with the directives 

given by the European Commission (2015). The transport planner must take these conditions into account 

when the transport tasks are attributed to each round-journey. The maximum load is calculated by adding 

the truck, chassis, container and cargo weight. 

The use of each chassis is conditioned by the order in which the transport loads are delivered. Table 6.3 

shows the types of round journeys than can be performed by each type of chassis. A parallel comparison 

between classical, multipurpose and mini eco-combi chassis has been made. Moreover, a separate column 

is added for the re-use of containers and the use of tilt chassis. 

The following notations are being used to define the types of possible round transport journeys by using 

each chassis, where P, D and Pa are notations used for operations involving classical, multipurpose or eco-

combi chassis respectively, and L and U are used for operations involving re-use of containers and tilt 

chassis where cargo is loaded respectively unloaded from the carried containers: P – pick (or loading) of 

a container on a chassis; D – drop (or unloading) of a container from a chassis; Pa – park or decoupling of 

chassis and park; L – loading a container and U – unloading a container. 
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Table 6.2. Loading conditions considered when creating round journeys. 

 Condition Observations 

Combinations of round journeys that respect the following conditions are allowed 

 

F1+F2<Max load4 
Two loaded containers, the total weight of which is not higher than 

the total allowed weight 

 

F1+E2<Max load 

E1+F2<Max load 

E1+E2<Max load 

One loaded container and one empty container, the total weight of 

which is not higher than the total allowed weight. Or two empty 

containers bearing the same condition. 

 

 

25%*F1 = Load on 

traction axis 

One loaded container of which at least 25% of its weight is 

distributed on the traction axle. 

Combinations of round journeys that lead to one of the following situations are not allowed 

 

F1+F2>Max load 
Two loaded containers with the total weight higher than the total 

allowed weight. 

 

100%*F1 = Load on 

rear axle 

One loaded container with the total weight distributed on the rear 

chassis axles. 

Source: own composition based on interviews. 

In table 6.3 the following notations are used: PD - pick-drop; PDPD – pick-drop-pick-drop; PULD – pick-

unload-load-drop; PPDD – pick-pick-drop-drop; PPaDPD – pick-park-drop-pick-drop. As it can be seen, the 

alternative solutions for carrying out transport requests are divided in three categories. These categories 

are created based on the characteristics of each chassis and the type of round trips that they can perform: 

 Round-transport tasks using multipurpose chassis (includes chassis which allow loading two 20 

foot containers - one export and one import, a leg-mounted chassis and a new steer-chassis) 

 Round-transport tasks using the mini eco-combi chassis and 

 Round-transport tasks using tilting chassis (re-using the same 20 containers) 

  

                                                           
4 Maximum allowed weights for road freight transport according to each European country’s regulation 
and in accordance with Directive (EU) 2015/719 (European Commission, 2015) 

F1 F2 

F1 E2 

F1 F2 

F1 

F1 

F1 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32015L0719
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Table 6.3. Possible transport journey combinations.  

 
 
 

Type of 
combined 

trip 

Classic
al 

chassis 

Rear 
wheel 
steering 
chassis 

Legged 
mounted 
chassis 

Hydraulic 
chassis 

Mini 
eco-

combi 

Tilt 
chassis 

and  
re-use 

 
 

PD       

 
 
 
 
 

PDPD 
PULD 

      

 
 
 
 
 
 
 
 

PPDD   
(1) 

      

 
 
 
 
 
 

 

PPDD   
(2) 

      

 
 
 
 
 
 
 
 

PPDD   
(3) 

      

 
 
 
 
 
 

 

PPaDPD       

Source: own composition based on interviews. 

Port 
Hinterland 1 

Hinterland 2 

Port 
Hinterland 1 

Hinterland 2 

Port 
Hinterland 1 

Hinterland 2 

Port 
Hinterland 1 

Hinterland 2 

Port 
Hinterland 1 

Hinterland 2 

Pick2 
Drop2 

Pick1 Pick2 

Drop1 Drop2 

Pick1,Pick2 Drop1 

Drop2 

Drop1, Drop2 

Pick1 

Pick2 

Pick1 Park1 

Pick2 

Drop1 

Drop2 

Drop1 

Port Hinterland 1 

Pick1 

Pick1 

Drop1 
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6.3. CEA computation and data 

The road transport sector is a very competitive market with low profit margins. Due to this reason, values 

regarding the cost and benefit of private operators have a confidential status. Therefore, this sub-section 

presents in detail the computation steps needed to conduct CEA and the publicly available information 

with regard to this case.  

6.3.1. Cost calculation of road transport 

Blauwens et al. (2012) define time and distance costs as the main elements contributing to the 

expenditures of a transport firm to perform their activity. They present, the total cost of a transport task 

as being equal to uU+dD+k.  

The notations used are as follows:  

 u – time coefficient 

 U – total time a vehicle needs for a task 

 d – distance coefficient 

 D – total distance covering outwards and return journey 

 k – tolls, equipment use fees, port dues, etc.  

Each cost element and coefficient is further detailed and examples are given. The coefficients determined 

by Blauwens et al. (2012) are calculated as an average across several transport operators. Because this 

study is focused on the activity of one transport firm, by making use of these normalized coefficients, the 

differences in costs created by each type of chassis would be flattened out. To avoid this limitation, this 

dissertation keeps main categories of costs as defined by Blauwens et al. (2012), but the cost coefficients 

are re-calculated taking into account the specific characteristics of each chassis and transport task, as the 

outcome of interviews.  

Finally, the cost for one individual transport journey is calculated with the following formula: 

𝐶𝑖−𝑗 = 𝑢 ∗ 𝑈𝑖−𝑗 + 𝑑𝑙 ∗ 𝐷𝑙
𝑖−𝑗

+ 𝑘𝑖−𝑗    (6.1) 

Where: 

𝐶𝑖−𝑗 - cost of journey between the origin i and destination j 

𝑢𝑝 – time (hour) coefficient calculated according to type of chassis used as in table 6.4, where p 

points to the pre-defined type of chassis used as shown in table 6.4 

𝑈𝑖  – amount of hours necessary to complete the transport journey i 

𝑑𝑙  – distance coefficient calculated according to truck’s load as in table 6.5, where l points to the 

pre-defined loading class and can take values from 1 to 4 as shown in table 6.5.  

𝐷𝑙
𝑖−𝑗

 – distance according to vehicle load class l  for journey i 

𝑘𝑖−𝑗 – amount payable in road tolls for journey i-j 

The theoretical framework developed by Blauwens et al. (2012) puts forward an in-depth methodology 

with regard to the time and distance coefficients calculation in determining the operational cost of a 

transport company. Their model shows that the hour coefficient varies according to the following 

elements: interest and depreciation, annual insurance premiums for vehicles, road tax, wages of drivers, 

rent for working spaces and even the general administrative costs of running a fleet of vehicles. Similarly, 
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the distance coefficient depends on the following elements: fuel consumption, maintenance, eventual 

fines and damage liabilities. For the purpose of this research only, the elements linked to vehicle 

acquisition and exploitation costs are identified in collaboration with the company providing the transport 

data. The rest of the cost elements (e.g. interest and depreciation, annual insurance etc.) are used as put 

forward by Blauwens et al. (2012) and indexed to the year of analysis. 

The time coefficient is calculated for each type of chassis. In the present research, the only exception is 

made with regard to toll costs. The method used to calculate the toll costs per trip is detailed below. Table 

6.4 presents the hour coefficients used in the further numerical calculations.  

Table 6.4. Time coefficient used in the further analysis. 

Hour coefficient up 

[Euro/h] 

Platform 

chassis 

Multipurpose Mini eco-

combi 

Tilt 

up  47,8 49,0 50,1 48,6 

Source: own composition based on interviews. 

Costs coefficient ki-j incorporates costs that depend on the route selection such as tolls. This cost element 

is calculated independently for each origin and destination (i-j) using the online TLNplanner.nl tool.     

The distance coefficient d is directly proportional with the fuel consumption of the vehicle (gl) and the 

fuel price (p). The fuel consumption is dependent on the load carried and varies from 28 l/100km for loads 

up to 5 tons, up to 34 l/100km for carrying loads between 32 to 42 tons. Moreover, the distance coefficient 

depends also on the interest and depreciation, the tires use and maintenance. These elements are 

considered also in the empirical part. To compare the effectiveness of different chassis, several distance 

coefficients need to be defined according to the carried loads. The practice of reducing the driven distance 

by consolidating several transport tasks in a single round journey implies carrying different loads during 

the round trip. As such, the loading factor has a direct influence on the distance coefficient of the vehicle. 

Table 6.5 presents four distance coefficients calculated according to each type of chassis use as validated 

by the firm’s representative. 

Table 6.5. Distance coefficient used in the further analysis. 

Distance coefficient dl 

[Euro/km] 

Platform 

chassis 

Multipurpose Mini eco-

combi 

Tilt 

d1 Empty chassis run 0,49 0,50 0,52 0,50 

d2 Half loaded container 0,51 0,53 0,54 0,52 

d3 Loaded chassis with one full container 0,53 0,55 0,56 0,54 

d4 Loaded chassis with two full container 0,56 0,57 0,59 0,57 

Source: own compilation based on interviews 

The next sub-section presents the method used for calculating the emissions. 

6.3.2. Emission calculation 

Road transport is usually pointed at as being the cause of most external emissions. Literature review 

shows that there are a series of elements that need to be taken into account when calculating the 

emissions of transport activity. In this matter, a comprehensive review is given by Kok, Annema and van 

Wee (2011). As well, from a road transport perspective, Piecyk and McKinnon (2010) put forward the 
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results of a large-scale Delphi survey where they build three scenarios with respect to CO2 emissions levels 

in freight transport by 2020. Demir, Bektaş and Laporte (2011) make an analysis of models used to 

determine the emissions in road transport. Obviously, the total emission is a function of the travelled 

distance. They point out that, among others, the total vehicle weight, the type of fuel used and the speed 

are the most commonly used variables in academic research that address road emissions. 

Researchers (e.g. Hickman, Hassel, Joumard, Samaras, & Sorenson, 1999; Panis et al., 2011; Viana et al., 

2014) have developed several methods to calculate the emissions coming from road transport and point 

to different types of environmental emissions like carbon dioxide (CO2), tetrahydrocannabinol (THC), non-

methane hydrocarbons (NMHCs), nitrogen oxides (NOx) or particulate matter (PM). Annex 6.2 gives a non-

exhaustive overview of methods used to determine the emissions of CO2 for road transport. A first 

observation is made with regards to the fact that CO2 emissions in road transport are calculated either 

with respect to the weight transported over distance, according to the distance it travels or as a function 

of the amount of fuel consumed. As well, a special distinction is made between whether the method is 

applied either to a web tool (FLAVIA IT- Tool, 2008; TLNplanner, 2016) or by research studies (Cefic, 2011; 

European Union, 2016; United Nations, 2012). In the former case, the input method allows for more 

flexibility and the outcome is given in relation with the weight transported. Secondly, it is clear that the 

emission factor calculated only as a function of distance has evolved over time. Regulation regarding 

emissions in road transport has become more severe (Bormans, 2016). In parallel, manufacturers from 

the automotive industry claim that they have made progress in developing fuel-efficient engines that are 

also less polluting. The overview in the Annex 6.2 with regards to emission factors used in road transport 

studies shows that researchers have followed the milestones introduced by Euro norms (European 

Commission, 2009).  

This research quantifies the emissions of road transport journeys by taking into account the emission 

coefficient expressed in grams of CO2/veh*km. Facing constraints with regard to data availability, research 

studies such as Protocol (2005) or Cefic (2011) present the results regarding emissions as averages of 

distance for each vehicle. This way, the total amount of CO2 emissions calculated for a transport journey 

is determined with the following formula (Protocol, 2005; Cefic, 2011). 

 𝐸𝑖−𝑗 = 𝑒 ∗ D
𝑖−𝑗

 (6.2) 

 Where: 
Ei-j – total amount of CO2 emissions for transport journey i-j 
e - CO2  emissions coefficient expressed in g CO2/vehicle*km5 

𝐷
𝑖−𝑗

 – distance accordingly to journey i-j 

6.3.3. Savings made using innovative road solutions (operational costs and emissions) 

The calculations with regards to savings gained by using road innovative solutions are done as part of the 

CEA. The scope of analysis is to determine whether the decrease in operational costs leads also to 

environmental emissions drops. These calculations are done taking into consideration the distance 

                                                           
5 In this chapter, the values used for this coefficient are chosen in accordance with Cefic (2011) and European Union 
(2016) guidelines. The following values are used: 212 g CO2/vehicle*km for vehicles carrying loads between 0-5 tons, 
646 g CO2/vehicle*km for vehicles carrying loads between 5-12 tons, 1056 g CO2/vehicle*km for vehicles carrying 
loads between 12-32 tons and 1254 g CO2/vehicle*km for vehicles carrying loads up to 44 tons; 
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travelled in each transport journey, the amount of time necessary, the road tolls, the loads that need to 

be transported and the cost of using each type of chassis. Table 6.6 details how the costs and emissions 

are calculated for each alternative. Each calculation practice is derived from equation 6.1. 

The transport cost of each transport journey, including the reference scenario, is calculated 

independently. Taking into account the type of chassis, which is being used, specific fuel consumption 

averages are differentiated among for loaded or empty transports. Other costs, like tolls or chassis usage 

are also taken into consideration in the cost formula. 

After determining the total cost for carrying out each round trip, the analysis focuses on determining the 

savings. The savings are also calculated in comparison with the reference scenario. 

Table 6.6 shows, for each round trip, how the cost and emission savings are calculated. The notation used 

in the formulas should be read as follows: 

Di-j– distance from i to j 

dl – distance cost coefficient according to carried load 

up – hour cost coefficient 

ki-j – toll fees for route i to j 

ui – loading/unloading time (for multipurpose chassis) at point i 

ui
eco – loading/unloading time (for mini eco-combi chassis) at point i 

e – emission coefficient in g/vehicle*kilometre according to the carried load 

v – average speed 

i and j keep place for locations’ origins and destinations, and are indicated as locations A, B or C 

through the reference scenario 

 

6.3.4. Decision criteria for using alternative chassis 

The fleet management practice to reduce the operating costs used by the trucking company is based on 

a mixed decision process. This process is partially based on the transport planner’s experience and a 

structured decision scheme. The goal is to combine individual transport journeys in one round trip in order 

to reduce unproductive movements (empty trips), as shown in figure 6.7. 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

(c) 

 

 

Figure 6.7. Theoretical method for combining two transport journeys in one trip, where: (a) Individual 

transport journeys per tasks, (b) Round journey using multi-purpose chassis, (c) Round journey using mini 

eco-combi chassis. Source: own composition. 
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Table 6.6. Comparison of chassis usage. Calculation of emissions and costs savings. 

Transport practice 
Type of 

combined trip 
Total savings related to: 

Emissions saved 
(relative to reference 

scenario) 

Reference scenario - the use of two 
individual trucks for each transport 
task. 

PD, 
PD  

- - - 

Case A. Mini eco-combi chassis – 
the combination of two containers 
transported using a mini eco-combi 
chassis. 

PPaDPD 

𝑢𝑝
𝐶−𝐴 ∗

𝐷𝐶−𝐴

𝑣
+ 𝑢𝑝

𝐵−𝐶 ∗
𝐷𝐵−𝐶

𝑣
+ 𝑢1 ∗ (𝑢𝑒𝑐𝑜

𝑙 + 𝑢𝑒𝑐𝑜
𝑢 ) Time 

𝑒 ∗ (𝐷𝐵−𝐴 + 𝐷𝐴−𝐶

+ 𝐷𝐶−𝐴 − 𝐷𝐵−𝐶

− 𝐷𝐶−𝐵 − 𝐷𝐵−𝐴) 
 

𝑑𝑙
𝐵−𝐴 ∗ 𝐷𝐵−𝐴 + 𝑑𝑙

𝐴−𝐶 ∗ 𝐷𝐴−𝐶 + 𝑑𝑙
𝐶−𝐴 ∗ 𝐷𝐶−𝐴 − 𝑑𝑙

𝐵−𝐶 ∗ 𝐷𝐵−𝐶

− 𝑑𝑙
𝐶−𝐵 ∗ 𝐷𝐶−𝐵 − 𝑑𝑙

𝐵−𝐴 ∗ 𝐷𝐵−𝐴 
Distance 

𝑘𝐵−𝐴 + 𝑘𝐴−𝐶 + 𝑘𝐶−𝐴 − 𝑘𝐵−𝐶 − 𝑘𝐶−𝐵 − 𝑘𝐵−𝐴 Tolls 

Case B. Multipurpose chassis – the  
combination of two containers 
transported  performed using a 
multipurpose chassis (ex: new 
steer-chassis). 
Case C. Tilt chassis container – the 
same container is used to respond 
to the second transport task. 
Case D. Re-use of empty container 
–the same container is used to 
respond to the second transport 
task. 
 

PDPD,  
PPDD (1),  
PPDD (2), 
PPDD (3) 

𝑢𝑝
𝐵−𝐴 ∗

𝐷𝐵−𝐴

𝑣
+ 𝑢𝑝

𝐶−𝐴 ∗
𝐷𝐶−𝐴

𝑣
− 𝑢𝑝

𝐵−𝐶 ∗
𝐷𝐵−𝐶

𝑣
 Time 

𝑒 ∗ (𝐷𝐵−𝐴 + 𝐷𝐶−𝐴

+ 𝐷𝐵−𝐶) 

𝑑𝑙
𝐵−𝐴 ∗ 𝐷𝐵−𝐴 + 𝑑𝑙

𝐶−𝐴 ∗ 𝐷𝐶−𝐴 − 𝑑𝑙
𝐵−𝐶 ∗ 𝐷𝐵−𝐶  Distance 

𝑘𝐵−𝐴 + 𝑘𝐶−𝐴 − 𝑘𝐵−𝐶  Tolls 

Source: own composition. 
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The first step is to seek for transport tasks that have a similar or neighbouring origin and destination. In 

other words, the distance ‘DB-C’ (see figure 6.8) is a predefined maximum distance range between two 

origins/destinations set by a planner to look up for follow-up transport tasks (condition 1). Further steps 

are set to assign specific chassis to carry out round trips. These steps take into account the characteristics 

of the two combined tasks (distances between origins and destinations, hours of loading/unloading, 

quantities to be transported etc.), as detailed in figure 6.8. A common example for this case, is the 

combination of import-export orders (not exclusively), which on a regular basis requires the use of two 

separate trips to bring, respectively collect the containers. Further in the decision scheme, condition 2 

refers to the drop-off time of two consecutive transport tasks i and j, respectively. This condition 

determines which type of round trip is going to be chosen and which chassis needs to be used for this 

combination of tasks. Condition 3 verifies that the time interval between the drop-off and the next pick is 

sufficient and the latter condition 4 indicates whether the distance between the drop-off location and the 

pick is close enough so as the combination of transport journeys to be profitable.  

The following notations are being made: 

DA-B
, DA-C

, DB-C
  – distance between first pick-up and drop-off location, distance between two 

successive pick-up and drop-off locations and distance between first drop-off point and second 

pick-up location respectively 

ti
drop, tj

pick – time of first drop-off and time of second pick-up respectively 

v – is the average speed 

r – average tariff per kilometre charged 

𝑡𝑜𝑝.𝑑𝑟𝑜𝑝
𝑗

— extra operational time needed at drop-off for task j 

𝑡𝑜𝑝.𝑝𝑖𝑐𝑘
𝑗

— extra operational time needed at pick-up for task j 

 

6.4. Data, results and interpretation 

The CEA applied in this chapter is done based on a real set of data coming from a road transport company. 

The data-set used contains information over the transport tasks that have been combined in round-

journeys. Detailed information is used regarding the loaded/unloaded status, location, time of pick-

up/drop-off and the type of chassis used for each journey. One must be aware that the hard data with 

regard to each individual trip is the object of a bilateral agreement between the data provider and the 

researchers conducting this study, being thus not publicly available. A general presentation of the data 

and its use in the empirical analysis is detailed below. 

The data used in this analysis refers to transport deliveries of 20’ containers. The transport tasks are 

carried out between the port of Antwerp and clients’ warehouses or depots in Belgium, South Nederlands, 

Western Germany and Northern France. Two sets of round-journeys are referred to in this study. A first 

set covers a period of two weeks between 14 to 25 April 2014 and the second one contains data from a 

period of five months from 1 March till 31 July 2015. The two sets of data enable two analyses to be 

carried.  

 

  



 

111 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.8. Logical scheme representing the decision process for building-up round journeys. Source: own 

composition. 
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The first analysis focuses on the long period data. This data set is used as main sample and it ensures that 

the combination of transport tasks is consistent. Over this period, a total of 2,992 round transport 

journeys are carried. The average length of the journeys is 462 km, with a standard deviation of 97 km. 

Assuming that the lengths of the transport journeys are distributed following a normal distribution, 

calculations show that an interval of 459 and 465 km can be considered as confidence interval with a 

probability of 95% percent. This transport journeys set is used to derive the main conclusions of this 

chapter.  

Figure 6.9 gives an overview of the used transport practices for the road journeys. The highest proportion 

of tasks has been done by using mini eco-combi chassis (56%), followed by multipurpose chassis (23%), 

re-use empty containers (19%) and tilt chassis (2%). 

 

Figure 6.9. Share of practices used by the road transport company in its operations. Source: own 
calculation.  

In addition, a second analysis focuses on a shorter time interval of two weeks, from 14 to 25 April 2014. 

This period overlaps with data for the same time interval from the initial longer sample (14 to 25 April 

2015). While the first data set contains data over 155 round trips with an average of 455 km, the second 

set of data covers 163 round trips of an average of 449 km. This analysis shows whether the use of the 

same practice has changed from one year to another and whether there is impact by seasonality of 

transport practices. 

From the data presented in figure 6.9 it is remarked that the mini eco-combi chassis is the most popular 

option for adding two or more transport tasks in one journey. The re-use of empty containers and the 

multipurpose chassis have an approximately equal share in the daily operation of the studied data set. 

The main elements that take part in the cost structure of road transport are labour and fuel consumption 

costs. These costs and CO2 emissions are determined as a function of each journey length and lead to the 

following results.  

A detailed overview of the savings generated by using innovative solutions in road transport operations is 

presented in table 6.7. The percentages showing the costs and emissions savings are calculated relative 

to the reference scenario.  
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Table 6.7. Costs and emissions savings for each trip category. 
 

Individual trips 
scenario 

Round journey 
practice 

Percent 
reduction 

Multipurpose 
   

cost [Euro]                     692.5                         446.9  33% 

emission [kg/trip]                     78.60                         48.95  38% 

Mini eco-combi 
   

cost [Euro]                   722.10                       541.18  23% 

emission [kg/trip]                     80.77                         53.05  34% 

Re-use 
   

cost [Euro]                   744.35                       497.78  31% 

emission [kg/trip]                     85.97                         56.07  35% 

Tilt chassis 

cost [Euro] 727.38 479.79 32% 

emission [kg/trip] 84.01 54.05 36% 

Source: own calculations 

From table 6.7, two conclusions can be derived. With regards to the savings generated by using each 

transport practice, firstly, combining transport tasks in one journey reduces the operational cost by 

between 23% and 33%. Secondly, the CO2 emissions are reduced as well. On average, the CO2 emissions 

are lower by 34% to 38% in the case of round journeys. The highest costs and CO2 emission reduction is 

achieved by using chassis from the multipurpose category. The computed values there are on average by 

33% lower in case of costs and by 38% lower in case of CO2 emissions. In contrast, the outcomes with 

respect to the eco-combi show that the operational costs are lower by 23% for costs and by 34% for the 

CO2 emissions. 

These conclusions are further confirmed also by the CEA outcomes. Table 6.8 presents for each category 

of round trips the costs and the amount of CO2 saved. A further ratio between the cost of a round-tip and 

the CO2 emissions saved determines the cost effectiveness ratio with respect to each transport practice. 

Using the multipurpose chassis is the most cost-effective practice, followed by the re-use of empty 

containers and the eco-combi chassis. 

Table 6.8. Environmental cost-effectiveness of each type of transport practice. 

  Multipurpose Mini eco-combi Re-use Tilt chassis 

Average cost per round trip 
[Euro/round trip] 

446.9 541.18 497.78 479.79 

Emissions saved 
[kg/round trip] 

29.6 27.7 29.9 29.9 

Cost effectiveness [Euro/kg 
emissions saved] 

15.1 19.5 16.6 16.0 

Source: own calculations 

Triggered by these results, a comparative analysis regarding the data form the same period of different 

years is conducted. A sample of round journeys done in the period 14-25 April 2014 is compared with the 
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same period (13-24 April) in 2015. Figure 6.10 shows the types of transport practices that have been used 

in the same period of two years. It is noticeable that no significant changes have occurred over the years.  

 

Figure 6.10. Evolution of share of transport practices used over years. Source: own calculations. 

The cost and CO2 savings are presented in table 6.9 for each category of round trip. These elements are 

further analysed in relation to the length of the round journeys. 

Table 6.9. Comparison of each type of transport practice usage over two time intervals. 

    Cost  
 

[Euro/ 
journey] 

Cost saving 
 

[Euro/ 
journey] 

Emission 
saving 

 
[kg/ 

journey] 

Total 
distance 
travelled 

per trip 
[km] 

Distance 
between 

intermediary 
points 

[km] 

Multipurpose chassis 

14th-25th April 2014 496.3 270.9 54.4 432 82 

 13th-24th April 2015 491.7 279.3 56.6 423 75.6 

   Variation -1% 3% 4% -2% -8% 

Eco-combi 

14th-25th April 2014 579.0 223.6 57.0 398 58.3 

 13th-24th April 2015 467.2 176.7 42.8 348 62 

   Variation -19% -21% -25% -12% 6% 

Re-use 

14th-25th April 2014 502.0 254.6 56.2 470 102 

 13th-24th April 2015 492.0 270.9 61.3 459 96.2 

   Variation -2% 6% 9% -2% -6% 

Tilt chassis 

14th-25th April 2014 511.8 240.2 57.6 463 97 

 13th-24th April 2015 503.7 245.9 64.3 455 93 

  Variation -2% 2% 12% -2% -4% 

Source: own calculations 

With regards to the cost of each type of chassis, firstly, the average cost of a transport journey has 

decreased from one year to another regardless the practice used. This is explained by the decrease in the 

total distance travelled for each trip. Concerning the usage of mini eco-combi chassis, the cost savings did 

not improve over years. An explanation can be found in the fact that the distance between intermediary 



 

115 
 

loading and unloading points increases. In other words, for this type of chassis, regardless the previous 

year, the transport tasks chosen to be added in the same round journey were further located form each 

other. This stretch, by having a higher share in the total travelled distance, lowered the performance with 

regards to fuel consumption and labour costs. As these results demonstrate, choosing to combine 

transport tasks for which the successive destination and origin are not located in the vicinity of each other 

has a negative effect on the cost effectiveness. This remark is supported by the opposite results in case of 

multipurpose chassis and re-use of empty containers. For these practices, the transport tasks that have 

been chosen have closer destination and origin points, and by comparison, have a better cost 

effectiveness outcome. 

6.5. Conclusion 

Road transport operators need to innovate forced by a competitive environment and a low profit margins 

sector. Most innovation developments in the road sector focus on economic benefits. Nonetheless, 

environmental objectives are necessary nowadays. Innovation in the road transport sector has positive 

consequences also on the environment. However, this type of impact is incidentally achieved, and thus 

not always acknowledged. To address this shortcoming, the chapter applies a cost-effectiveness analysis 

on a road transport case study to prove environmental merits. It answers this way RQ 5.a What is the cost-

effectiveness of internal data integration within one company and its environmental effects? 

Technological innovation (e.g. ICT tools and innovative chassis use), even though not subject to incentives 

from policy makers, has a high potential for environmental benefits. Moreover, these technological 

achievements have a high impact on the global effects of supply chains and freight transportation systems. 

After an in-depth literature review of studies dedicated to CEA, an investigation about the characteristics 

of innovative solutions used in road transport of containers in the hinterland of a port in Western Europe 

is carried out. These solutions are the object of the CEA, which has the goal to gain more insight into the 

decision-making process and to evaluate how these decisions ultimately impact environmental quality. 

This study adds to the current state of science through its detailed methodological approach. This 

methodology puts forward the process through which dispatchers take operational decisions in a detailed 

theoretical model. Moreover, the calculation process of costs, monetary savings and emission reduction 

generated by innovation in transport operations is presented in a detailed overview. As opposed to similar 

studies, the cost-effectiveness ratio shows, in a composite unit, the performance of several internal 

innovative practices.  

Moreover, this research provides evidence on the practice of a firm active in the road transport sector to 

adopt clean transportation planning practices and technologies if the outcomes are boosted by economic 

performance and/or governmental financial support. This hypothesis is also tested by the current 

approach. Starting thus from a real set of data, this chapter investigates whether innovative road 

transport practices that have pure economic objectives bring also environmental benefits. This empirical 

analysis is put forward from the perspective of one road transport operator providing data. The numerical 

results are thus valid for this framework of analysis only and generalization must be done with care. 

The case study analysis focuses on practices used for transport of 20’ containers in import/export 

operations at the hinterland of a seaport where tasks consolidation in round trips is possible. A further 

assumption is that any transhipment or container swap-movement is not possible at locations in 
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hinterland as no equipment (e.g. cranes, reach stackers) is available. Therefore, four road transport 

practices are being analysed in relation with a reference scenario. These technological innovation 

initiatives are introduced into a chassis management scheme that has the purpose to combine two or 

more transport tasks in one round-journey. Involved are the multipurpose chassis, the mini eco-combi, 

the tilt chassis and the re-use of empty containers. For each type of chassis, the costs and emissions 

savings brought by the round journey are quantified using particularized functions.  

The results of the empirical analyses presented in this dissertation can be generalized as follows. The 

results show that by using different innovative chassis and new planning procedures to form round 

journeys, a transport company has positive achievements with respect to both costs and environmental 

emissions. While the costs are reduced on average by 23% to 33%, the environmental emissions are 

lowered by 34% to 38%. Moreover, the use of the multipurpose chassis represents the most cost-effective 

practice that addresses environmental emissions. A further conclusion is made about the location of 

successive origins and destinations of transport tasks that are combined in one round journey: increasing 

the distance between successive origins and destinations makes the combination of transport journeys 

less effective. 

This research is relevant for the industry as well for the researchers conducting studies in road transport. 

The methodology presented, results and interpretation represent a foundation on which operational 

decisions in road transport can be made. Moreover, this research shows to policy makers that 

technological innovation in road transport brings environmental benefits as well. The latter could benefit 

from higher appreciation. This research’s results are given from the perspective of one road transport 

operator, for practices applicable for transport of 20’ containers and for operations in the hinterland area 

of a seaport that involves import/export container movements. The methodology used can be generalized 

globally for this global niche of road transport operations. 

Therefore, limitations are present and further research is still possible to extra validate the findings from 

this chapter both from the perspective of a larger dataset or for a longer period. Similar research method 

can be applied on a set of data for round trips including 40’ containers. Eco-combi chassis that allow the 

transport of three 20’ containers or one 40’ and one 20’ container could be transported in the same 

journey. Equally, the opportunity cost in relation to the human resources when calculating the cost of 

different transport options could be included. It would be useful to see as well whether the findings of 

this chapter are confirmed also by a larger set of transport journeys or other innovative transport 

practices.  

The following chapter investigates further the data integration practices used by MarSC stakeholders and 

provides a cost-effectiveness analysis by referring to horizontal data integration. 
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7. Users of horizontal (data) integration tools in the MarSC: a cost 

effectiveness perspective  

ICT applications enable transport companies to be more cost-effective in delivering their services.  

Transport sector and supply chain stakeholders are adopters of the ICT trend. Mohr et al. (2013) suggest 

that the transport sector will continue, also after 2020, to exploit the ICT opportunities at an accelerated 

pace. The use of ICT tools within individual companies is enhanced when links are opened towards 

systems used by other parties. This chapter answers as well RQ5. It presents a cost-effectiveness analysis 

from the perspective of ICT tools that enable horizontal data-exchange practices in the MarSC. This 

research work is conducted in parallel with the one set in the previous chapter as shown in figure 7.1. 

Similarly to chapter 6, this chapter relies on the outcome of the literature review and applies the CEA to 

answer the following research question: 

RQ 5.b: What is cost-effectiveness of ICT tools introducing horizontal data integration in the MarSC? 

This research analyses the introduction of three ICT tools that allow data exchange or data integration 

between stakeholders with similar activity scope (e.g. road transport operators). 

 

Figure 7.1. Positioning of chapter 7 in the dissertation’s outline. Source: own composition. 

7.1. Introduction 

Emerging technologies such as blockchain, internet of things or artificial intelligence are expected to be 

implemented and to re-shape the operations in the supply chain if applied at wide scale (Franklin & 

Hofman, 2018). However, the services provided by ports and MarSC stakeholders through ICT platforms 

are evolving at a slower pace and several integrative steps are still to be made. 

This chapter addresses the cost-effectiveness of data-exchange platforms that change or enable new 

communication practices between MarSC actors. MarSC actors aim at their own optimization of 
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operations and decrease costs through the implementation of ICT innovation. At the same time, ICT 

innovation in the MarSC contributes to enhancing data-exchange practices between different players, 

from communication between actors involved in the same supply chain to, in a future setting, 

communication between actors involved in parallel supply chains. Van de Voorde and Vanelslander (2014) 

highlight that vertical cooperation is one of the emerging trends in the future development of the ports 

and MarSC. Thus, limited research focuses on horizontal cooperation practices and no encountered 

research investigates the success of ICT platforms that enables horizontal data-exchange practices in the 

MarSC. Under horizontal data-exchange practices (or integration) is understood data exchange (or 

integration) between MarSC stakeholders with similar activity scope (e.g. road transport operators, 

terminal operators, shippers etc.). 

The purpose of ICT platforms implemented in the seaport environment is to reduce congestion and 

optimize the port’s infrastructure usage. Van de Voorde (2015) points out the capacity problem of 

contemporary ports. Therefore, ICT platforms are introduced to assist the activity of seaports and MarSC 

stakeholders in daily operations. Evidence with regard to horizontal collaboration is scattered, although 

its existence is signalled in practice. Here, the case of different trucking companies that make use of one 

information exchange platform is one example. This way, this type of supply chain actors complete each 

other’s parts of transport journeys and optimize their asset usage. Opening collaboration opportunities 

for actors in competition is the ultimate goal for seaport ICT platform deployment.  

Aronietis, Van de Voorde and Vanelslander (2011) assess the economic impact of innovative 

developments. The authors use the investment costs as the main input element for assessing the impact 

of innovation solutions. Furthermore, Acciaro (2015) notes that innovations’ main objectives are not often 

linked to cost minimization. His findings suggest that before reducing the cost of an activity, companies 

having their activity related to seaports consider also other objectives, such as optimizing  operations and 

reducing congestion, of similar or higher importance. Moreover, Vanelslander, Sys and Carlan (2015) find 

that a unique ‘recipe’ for innovation success does not exist. However, ensuring ICT innovation success 

should link elements relevant to its declared goals and that achieved throughout its life cycle. In many 

cases, an already developed ICT platform suffers multiple upgrades or generates new development before 

its foreseen life cycle ends. Sys et al. (2015) presents the example of the e-gate cases or barge transport 

system (BTS) at the port of Antwerp. While the initiators of the first opted for a step wise implementation 

(where the same fundamental idea is applied for subsequent processes in the supply chain and lessons 

from previous implementation are added, e.g. extended gate way up to hinterland depos for import, 

export and customer warehouse), the initiators of the second developed extra functionalities over 

subsequent versions (BTS v1.0 upt to BTS v4.0). This rises difficulties in indicating the shutdown or 

replacement time of an ICT system or data exchange platform. However, research shows that the life cycle 

of an ICT project in the transport sector depends either on its applicability (freight or passenger use) or 

on the transport mode that it serves (road, rail, water navigation, air or a mix) (Tyrinopoulos, Kortsari, & 

Chatziathanasiou, 2015). Andrae (2011) demonstrated that the life cycle of ICT equipment (hardware) is 

on average 5 years, whereas ICT applications (software) are foreseen to be in use for up to 10 years.  

Achieving a critical mass of users within its declared life cycle period is a critical factor (besides the more 

traditional return of investment element) that points to the success of ICT innovation. For example, cities 

have developed smart solutions that are continuously improved to answer mobility problems for their 

inhabitants (Pelletier, Trépanier, & Morency, 2011). This solution’s success is relative to the number of 
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users it reaches. Similarly, ports have started to develop PCS platforms since the early 80’s to enhance 

their activity and to increase their users’ competitive position (Carlan, Sys, & Vanelslander, 2016). 

Therefore, the number of users a platform reaches is a relevant measurement of its effectiveness towards 

success achievement. 

By taking an empirical approach, this chapter provides evidence on ICT innovation that enables horizontal 

integration in the MarSC. Hence, the goal of this chapter is to conduct a more in-depth cost-effectiveness 

analysis focusing on digital innovation and answer RQ 5.b: What is cost-effectiveness of ICT tools 

introducing horizontal data integration in the MarSC? 

This chapter gives evidence with regard to the outcome of ICT innovation from the perspective of a cost-

effectiveness analysis. It sets the emphasis on the applied methodology to assess ICT introduction and 

presents results from the perspective of a restrained analysis framework formed by three innovation 

cases. While the developed method can be generalized, the outcomes of the empirical analysis should be 

treated with care. The carried cost-effectiveness analysis points out the success of ICT innovation relative 

to the number of users that it reaches. This approach is detailed in sub-section 7.2. Sub-section 7.3 

provides insights with regard to the case studies used in the analysis. Further, the research results are 

detailed in sub-section 7.4. Finally, sub-section 7.5 contains the concluding remarks. 

7.2. Research approach 

This research sub-section is built on three ICT innovation cases that enable horizontal integration in the 

MarSC and follows a four step approach as shown in figure 7.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.2. Research approach. Source: own composition. 

 

Identification of general characteristics of ICT innovation cases 
that enable horizontal data-exchange practices in the MarSC 

First round of interviews with stakeholders 

 

In-depth documentation of the cost-effectiveness analysis. 

Desk research 

 

Inquiry for data with regard to the expenses and the 
achievements of ICT innovation 

Second round of interviews with stakeholders 

 

In-depth cost-effectiveness analysis with regard to the 
expenses and achievements of ICT innovation enabling 
horizontal integration in the MarSC 

Analysis and results 
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This in-depth analysis relies on data disclosed through face-to-face interviews. These interviews follow a 

semi-structured approach and are carried out in the 2015 – 2016 period. A total of six interviews are 

carried with ICT innovation initiators (CEO or project managers of ICT application with a horizontal data-

exchange scope). This approach reveals the stated preference and the perception of the interviewees over 

each of the case studies. Although this approach might introduce subjectivity in the data set, the data 

used in the later empirical analysis covers the scope of the cases and quantitative elements. These two 

elements are objectively checked with the interviewees for correctness. For each of the ICT innovation 

cases, a first interview was carried to seek the general characteristics of each case, followed by a second 

interview where more in-depth data with regard to the expenses and the achievements (regarding the 

number of users) of each case were addressed. The structural design of each of the interviews is detailed 

in table 7.1. 

Table 7.1. Items addressed through interviews carried with innovation representatives. 

First round of interviews Second round of interviews 

 Details with regard to the problem 
addressed through the ICT innovation 

 ICT innovation scope, market addressed 
(type of MarSC stakeholders) 

 The use of external knowledge 

 Details with regard to the development 
approach  

 The funding strategy carried 

 Revenue strategy 

 The expenses incurred to develop the 
innovation (type, period, value etc.) 

 The type of benefits brought to the 
MarSC stakeholders 

 Qualitative elements to measure the 
success of innovation 

 The targeted outcome and the achieved 
outcome 

Source: Own composition. 

The last step of the research method used in this chapter follows the general principles presented in sub-

section 3.2.7. The final quantitative assessment of ICT innovation outcomes carried out in this chapter is 

done according to a cost-effectiveness analysis. A CEA provides a ratio between the inputs in monetary 

terms and the outcomes in non-monetary quantitative terms (Giuliano et al., 2016; Išoraite, 2005). This 

method allows quantifying the financial effort to implement innovation and relate it to the achieved 

outcome. To answer the research questions addressed by this research, the cost-effectiveness analysis 

quantifies all necessary expenses done by the innovation champion to reach as many users as possible 

with its innovation. Therefore, this quantitative assessment determines the cost-effectiveness ratio from 

the perspective of the innovation developer (innovation champion). Moreover, given the fact that each 

innovation case considered in the next analysis is new - none represents an improvement of an existing 

version - the reference scenario - as described in the general CEA approach in sub-section 3.2.7 - is the 

null scenario.  

The ICT development cost and the number of users reached being the two elements used in the analysis. 

The ICT development cost usually refers to the following categories of expenses: ICT equipment, 

communication equipment and software. In detail, these expenses cover the acquisition of equipment 

and computer software that is used in production. Software cost includes acquisition of pre-packaged 

software, customized software and software developed in-house (OECD, 2011; Spiezia, 2012). 

The total costs that are taken into account in this assessment are defined by Carlan et al. (2016) as ICT 

platform development costs. The types of costs referred to as 𝐶𝑗
𝑡𝑜𝑡 are: 
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 Capital costs are investment costs (initial costs) that are incurred on the development of a new 

ICT platform. In some cases, these elements can be assimilated with costs for acquisition of 

developer rights and 

 Service or operating costs include personnel training cost, employment of new personnel, regular 

acquisition of new equipment, hosting and cost of personnel operating the platform (where 

applicable) 

Determining which outputs are representative for measuring the innovation outputs is an important step 

in applying CEA. For this reason, the CEA ratio of this research reports the financial effort of developing 

ICT innovation to the number of users that it reaches. This second CEA element is referred to by this 

research as Bj  . 

Further, the cost-effectiveness ratio is calculated for each innovation j. This ratio is calculated by dividing 

the total costs 𝐶𝑗
𝑡𝑜𝑡 by the innovation outcome 𝐵𝑗  (European Commission, 2005, 2014). The output of 

the cost-effectiveness ratio is defined as the cost of achieving one unit of the innovation outcome. 

 𝐸𝑗 =
𝐶𝑗

𝑡𝑜𝑡

𝐵𝑗

 (7.1) 

The elements used to calculate the cost-effectiveness ratio in the case of a company developing an ICT 

platform are defined as follows: 

 𝐶𝑗
𝑡𝑜𝑡 – total cost of the j ICT platform development. If the development period is spread 

over a long period, the investment costs incurred each year are discounted and 
actualized to the assessment date 

 𝐵𝑗   – quantification of innovation’s outcome (for innovation j) 

 

7.3. Case studies  

This sub-section gives insights with regard to the ICT innovation that enables horizontal data-exchange 

practices (or integration). From this category of innovation, the development process and the outcomes 

of three ICT innovation initiatives in the MarSC are described.  

7.3.1. Horizontal data integration platforms in the MarSC 

The selection of these three innovative concepts is determined by data availability. Moreover, due to 

confidentiality reasons, the three application cases will be referred to as seaport ICT innovation 1, 2 and 

3 respectively. These applications are similar in scope as they address the transport of containers in and 

out of the port of Antwerp and enable a comparative analysis in this context. Other cases can be brought 

in the same analysis framework but then one should be aware of the limitations set on the scope (port of 

Antwerp), the time (the first 3.5 years of live activity) and the period (live during the 2009 and 2016 

period). Therefore, there is potential of expanding the present analysis by carrying out the following 

approaches. On the one hand, one could bring extra cases in the same method of analysis if only the same 

conditions on scope, time and period are met. On the other hand, the same method of analysis can be 

applied for cases that do not meet these criteria, yet a new framework of analysis needs to be re-defined. 
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The first platform was initiated by a trucking company. This ICT application brings together road transport 

operators from the port area that have as scope the haulage of containers to and from the hinterland 

area. Their goal is to complete these transport tasks as effectively as possible. This first ICT tool provides 

the transport operators with a virtual space where they can communicate and agree on consolidating 

their tasks. Within this business framework, the selection and the decision regarding the consolidation of 

transport tasks still remains at the will of each platform user (transport company). Moreover, this platform 

enables companies to exchange information in order to reduce the transport of empty containers. It 

started as a tool that optimized the transport task of one road transport operator. Undoubtedly, its 

development required the contribution of an IT developer that has been involved in the process as an 

internal knowledge capability. The development pattern of this application has followed a bottom-up 

approach. After gaining success at the level of the developer company, it attracted the interest of several 

other road transport operators and the access was then opened for third parties. The access to its services 

is based on a monthly subscription fee and leaves the users to pick and combine their own transport tasks. 

This brings the innovation in the semi-open access category. 

The second case study was initiated by a software developer company. This seaport ICT application 

matches full transport orders with planned empty trips of containers. Through this application, maritime 

carriers (or container owners) can communicate with land operators and integrate their transport 

necessities with the unused land transport capacities. By using this platform, the unproductive transport 

of empty containers is being capitalized on, so that it brings benefits to all the involved parties. An 

independent software developer that saw an opportunity in the market has developed this application. 

The developer started by answering the need of shipping companies and container owners to use more 

efficiently their equipment (containers). This application finds re-use opportunities for empty containers 

that need to be relocated. In this case, the user access is enabled through a pay-per-use fee. This way, the 

goals of the ICT application administrator remain directly linked with the user’s interests. 

The third case refers to an initiative started to help supply chain stakeholders manage their services. This 

innovation addresses the issue of information visibility along the supply chain. It integrates different 

supply chain stakeholders in one communication network. It starts from the premise that each participant 

in a supply chain has knowledge about an order. As the goods proceed along the supply chain, information 

is automatically delivered to interested stakeholders. This innovation addresses issues such as relatively 

long dwell-time for data, lack of a standard communications tool among different stakeholders, the 

existence of dependencies in a supply chain and the absence of an infrastructure for real-time data 

communication. The success of this innovation depends on achieving a critical mass of users. Looking at a 

supply chain, for the system to be effective, ideally all the stakeholders need to adhere to it.   

The outcome and usage of these platforms are protected by a sign-in interface making this innovation’s 

outcome semi-open. Hence, the developer keeps the full control of the innovation’s outcome. This 

research also shows that the development pattern, characteristics and applied business strategy of this 

innovation differ. These distinctions are brought into a comparison that investigates the link between the 

innovation sources and outcomes.  

Table 7.2 summarizes further the main development characteristics of the three ICT platforms6. 

                                                           
6 The names of the ICT platforms are known by the author and kept anonymous for confidentiality reasons. 
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Table 7.2. Characteristics of ICT case studies. 

 Use of external 

knowledge 

(open/closed 

innovation process) 

Development 

approach 

Revenue 

strategy 

Funding 

source 

Innovation 1 No (closed process) Bottom-up Monthly 

subscription 

Private 

Innovation 2 Yes  Top-down Pay per use fee Private 

Innovation 3 Yes Mix Monthly 

subscription 

Public-Private 

Source: own compilation based on interviews 

As seen in table 7.2, there is no common recipe followed by the three ICT innovation cases. Two of those 

have used external knowledge, while one has used a completely closed process. The development 

approach was different for each case. The monthly subscription is used as a revenue strategy in two of 

the cases and only innovation 2 applies a pay per use fee. Private funding is preferred as a source by the 

first two innovation cases and the last one has used a mixed public-private funding capital. More details 

with regard to the costs and benefits generated by these cases are described in the next sub-section. 

7.3.2. The costs and benefits of horizontal data integration platforms 

To further detail the context of this analysis, the achieved outcomes are shown through applying the third 

step in the analysis method. This sub-section makes use of the framework developed in sub-section 3.2.4. 

and provides an aggregated list of the cost and benefit elements generated by the three cases in table 

7.3. 

Table 7.3 centralizes the cost and benefit elements generated by the three innovation cases used in the 

framework of this analysis. From this table, it is clear that the IT developers accounted the development 

and maintenance cost of these innovation initiatives. For two of the three cases, the financial contribution 

of the supply chain stakeholders for developing the ICT innovation is shown (a shipping line for one case 

and a road transport operator for the other). While the IT developer financed the market uptake process 

for two innovation cases, for the third one, this cost element was supported by the road transport 

operator. From a user perspective, for each case, the road transport operators made further investments 

in hardware or software acquisition. Cost elements for training and setting up a connection were also 

incurred by a shipping line or a shipping agent respectively. From the overview of benefit elements 

brought by these innovation initiatives, table 7.3 shows that all cases support receiving, sending or 

searching information, but also improve the resource use for road transport operators. While one case 

offers similar benefits to shipping lines alone, the other brings these benefits to shipping agents. The 

further framework of analysis is given from the perspective of ICT developers. As the above results show, 

ICT developing companies have all incurred the development costs of the three cases analysed. Moreover, 

through their development, they show that benefits from higher value-added services are obtained. In 

addition, the qualitative information obtained during the first round of interviews shows that this type of 

benefits are gained by these IT tools if a wide mass of users is reached. The latter is validated by each ICT 

developing company and unanimously pointed out as a key preliminary goal when implementing 
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innovation. The following sub-section presents thus a CEA in this framework, where numerical data is 

further collected firstly for the development costs and secondly for the reached number of users (where 

the latter is used as proxy for preliminary benefits of ICT introduction).    

Table 7.3. The costs and benefits generated by three ICT innovation cases introducing horizontal 

integration. 

  

  
 

Shipping line 
Shipping 

agent 

Road 
transport 
operator 

IT developer 

Co1 Platform development X  X XXX 

Co2 Market uptake   X XXX 

Co3 
Operating costs  and 
maintenance 

X  X XXX 

Cu1 Connection cost  X X  

Cu2 
Hardware/software 
investment costs 

X X XXX  

Cu3 Training cost X  XX  

Cu4 Transactions fees (license fees)   X  

Bu1 
Reduction of cost to 
access/receive information. 

X X XXX  

Bu2 
Reduction of cost to send 
information. 

X X XXX  

Bu3 
Avoidance of illicit transactions 
and/or their prejudice 

    

Bu4 Avoidance of error correction  X   

Bu5 

Avoidance of information 
matching (benefit from 
automatic data matching – if 
applicable) 

X X X  

Bu6 
Avoidance of information 
search 

X X XXX  

Bu7 Efficient use of resources X X XXX  

Bu8 
Access to broad (real time) 
information 

 X X X 

Bu9 Higher value-added services X   XXX 

Bu10 
Compliance with standards 
and regulations 

 X   

Source: own composition. 

7.4. CEA results with regard to innovation introducing horizontal integration  

A further comparison of these three ICT innovation cases is made from the perspective of their outcome. 

The outcome of these cases is considered in a cost-effectiveness analysis. In order to enable a reliable 

comparison between the three case studies, the development costs and the number of users reached 

after 3.5 years of activity are considered. This period is considered as it is the longest in-service time of 

one of the ICT innovation in this analysis. (ICT case 1 – 8 years in operation; ICT case 2 – 4.5 years in 

operation and ICT case 3 –  3.5 years in operation). 

Therefore, a first step is to determine the financial effort done by the innovation initiators to implement 

and exploit their innovation. Expenses covering software development, market uptake, operation and 
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maintenance costs were collected for the first 3.5 years in operation of each case and then actualized to 

the same period, end of December 2016 using a discount rate of 5% (Bojanc & Jerman-Blažič, 2008). 

A second step is to determine the ICT innovation outcome. In this analysis, innovation outcome is 

measured through the number of active users reached in the same period of time. This element is put 

forward and agreed by the interviewees as being the proxy measuring the success of the ICT innovation 

cases. In consequence, these results are relevant in the present context of analysis. The last step of the 

CEA is to calculate the cost-effectiveness ratio. The lower the ratio the more a cost-effective innovation 

outcome is obtained. The final outcome of the CEA is given in table 7.4 as the ratio between the total 

actualized costs and the number of platform users. 

Table 7.4. CEA outcome for innovation access. 

ICT Platform 
ICT innovation outcome 

ICT case 1 ICT case 2 ICT case 3 

   Total costs/active users [Euro/user] 2,043 491 197 

Source: own calculation 

Table 7.4 shows that ICT innovation case 3 has the best cost-effectiveness in achieving its outcome. Similar 

to innovation case 1, it applies a monthly subscription fee for its revenue strategy. Moreover, it follows a 

similar development pattern as innovation case 2, where external knowledge sources have been used. As 

main differences, it is noticeable that innovation 3 has followed a mixed development approach and 

benefit from a public-private funding source. The development mixes ICT expertise with the involvement 

of supply chain stakeholders. This innovation was not brought to the market by a stand-alone 

development team, but was developed in collaboration with stakeholders form the sector. The developed 

outcome is flexible enough to be further commercializing towards other actors. The funding structure was 

initially only private capital and later has benefited from further public subsidies. By using these two 

approaches, the developers of the third ICT innovation case achieve higher success with a better cost-

effectiveness.  

7.5. Conclusion 

Companies from all business sectors have to innovate in order to stay competitive. According to previous 

research, investing in innovative concepts is a trend that is encouraged by contemporary business 

managers. This research presents innovation as it is currently developed by MarSC stakeholders, and 

contributes to the knowledge of this sector. An in-depth approach with regard to research and business 

practices on the topic of ICT innovation is developed. Horizontal integration through ICT is set in practice 

with the presence of financial capabilities in the development process and it aims at offering access to a 

wide mass of users to the innovation outcomes. Hence, the focus of this research is kept on innovation 

developed to horizontally integrate MarSC stakeholders operative practices (e.g. road transport 

operators). The added value of this chapter lies mainly in the methodological approach followed, while 

the outcomes of the empirical results are given from the perspective of a restrained analysis framework, 

with only three innovation cases. So, caution with generalisation is needed. 

The in-depth analysis of three innovation cases was pursued to underline the influence of the external 

resource factors on innovation outcome. With this as a target, a CEA was conducted to determine the 
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success of three ICT innovation initiatives similar in scope. The cost-effectiveness was determined in 

relation with the number of users that each innovation has reached. 

The results of the CEA, linked with the characteristics of each innovation source, show which process has 

achieved a better cost-effectiveness. Hence, the contribution of external capabilities (knowledge) leads 

to an innovation outcome that is used by a larger number of users. As anticipated, by taking into 

consideration the practical experience into the ICT innovation process, the outcome is more flexible and, 

finally, innovation reaches a higher number of users. This research shows that by applying a mixed 

development approach and using a public-private funding source, ICT innovation in the SC achieves higher 

success in terms of cost-effectiveness.  

This research contributes to existing literature by bringing insights with regard to the cost-effectiveness 

of ICT innovation that enables horizontal data exchange practices in the supply chain and links it to the 

innovation process. It uses real data to show the added value of using a mixed funding approach. 

A limitation of this study is the number of case studies used in the quantitative assessment. This limitation 

was imposed by data availability. Therefore, further research is suggested in extending the number of ICT 

cases and in collecting data with respect to innovation’s costs. In parallel, additional information over the 

innovation outcome is also necessary. Another research direction that can be perused is the identification 

of aggregated benefits or full cost-benefit analysis of ICT innovation in supply chains. The results of this 

research are equally relevant for policy makers and innovation enablers to stimulate collaborative future 

developments. Equally, this method is transferable to bring up insights of other innovation and ICT cases 

focused on data exchange practices between other types of MarSC stakeholders.  

The next chapter investigates the opportunities for implementation of an ICT innovation based on 

distributed ledger technology and provides a cost-effectiveness analysis from the perspective of vertical 

data integration in the MarSC. 
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8. Gain sharing options for IT adoption in a vertical supply chain: the 

cost-effectiveness of a DLT-based document transfer tool 

In the MarSC integrative working practices often lead to collaboration initiatives for implementing easy 

exchange data tools (information sharing). At a port level, MarSC stakeholders use ICT systems (PCSs) for 

information sharing to gain competitive advantages (Carlan, Sys, & Vanelslander, 2016). However, in the 

MarSC, data exchange transactions between over-sea parties that do not know each other are still 

intermediated by third parties (often freight forwarders, 3PLs, banks, authorities etc.). These transactions 

are based still on paper documents exchange (e.g. Bill of Lading, phytosanitary certificates, and so on) as 

commonly agreed tools that validate the authenticity of data/information have not been developed. This 

chapter answers as well RQ5 (What is the cost-effectiveness of ICT innovation according to the type of 

data-integration approach taken?). It considers further the potential of ICT and addresses the cost-

effectiveness brought by vertical integration tools to MarSC stakeholders. This research work is carried as 

well in parallel with the one set for the previous two chapters as shown in figure 8.1. This chapter answers 

the following research question:  

RQ 5.c: What is the cost-effectiveness of vertical data integration practice through the use of a 

blockchain enabled application? 

Results are given by considering the implementation of a DLT-based solution that replace contemporary 

document exchange practices. 

 

Figure 8.1. Positioning of chapter 8 in the dissertation outline. Source: own composition. 

8.1. Introduction 

The practice of paper handling in the MarSC generates extra costs (e.g. paper documents handling, storage 

or error correction) and lock MarSC stakeholders from implementing further optimization opportunities 
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(P. Evangelista & Sweeney, 2006). Hence, when digital innovation is following a growing trend, the use of 

paper-based solutions for transferring information, ownership rights or financials becomes obsolete. In 

the MarSC, blockchain-based solutions have a high potential to change these types of information sharing 

practices (Gausdal et al., 2018; Carlan et al., 2019).  

The most known application of blockchain technology is the digital currency Bitcoin (Nakamoto, 2008). 

And, most authors, e.g. Swan (2015), Vukolić, (2016); Franklin and Hofman, (2018) or Michael, Cohn and 

Butcher (2018), refer to this seminal ‘Bitcoin paper’ of Nakamoto (2008) when defining blockchain, 

although the term ‘blockchain’ as such does not appear in this paper. From a broader point of view, 

blockchain technology is seen as a digitized, decentralized ledger that records in a chronological order 

cryptographic transactions in the form of blocks of information (Swan, 2015; Pilkington, 2016). Recent 

research of (Bauerle, 2017, p. 1) defines blockchain as follows: ‘With a blockchain, many parties can write 

entries into a record of information, and a community of users can control how the record of information 

is amended and updated’. This definition is very general and defines a blockchain as a ‘distributed 

database’; moreover, it is not the users controlling the amendments to the record, but rather the 

conditions that users set into computer algorithms (conditions which can be supported by economics 

argumentation). In the report of the Bank for International Settlements (BIS, 2017, p. 2) blockchain is 

clarified as follows: ‘DLT refers to the processes and related technologies that enable nodes in a network 

(or arrangement) to securely propose, validate and record state changes (or updates) to a synchronised 

ledger that is distributed across the network’s nodes’. Here, the term ‘blockchain’ is replaced by ‘DLT’ 

which could be more general than a chain of blocks. The nodes in a network can be seen as equivalent to 

‘a community of users’. Livingston, Sivaram, Freeman and Maximilian (2018) interpret blockchain as ‘a 

way to record and verify transactions without requiring a central entity to maintain or validate the ledger’. 

This definition differs in two aspects from the above: (a) ‘information’ has become ‘transactions’ and (b) 

there is no central authority mentioned.  

The above review shows that there is no precise definition of the term ‘blockchain’. Yet, it is understood 

that a blockchain or a distributed ledger technology (DLT) is a chain of informational blocks that contains 

a ledger, which is kept and synchronized at several computers. Each block contains a valid transaction, 

where a transaction records the change of ownership or state for an asset. The presence of several 

computers ensures the resilience of the system. Based on these characteristics and after reviewing the 

definitions used to address blockchain in literature, Carlan et al. (2019) define blockchain as the 

‘technology used for keeping a chronologically ordered list of transactions (a ledger) on multiple, 

independent computers (called nodes), where updates of the list should be identical on each of the nodes 

and each node checks the validity of the transactions before updating its list’.  

The way in which a blockchain is constructed removes the need for a central authority that controls the 

network. Data can be controlled and shared securely across partners that do not trust each other, being 

backed by cryptographic security. The research of Hawlitschek, Notheisen and Teubner (2018) carry 

detailed research on the limits of trust-free systems and how academia address this topic in the context 

of sharing economic. One of their main conclusions is that, in order to leverage the advantages of a trust-

free blockchain-based platform, means of overcoming the trust-frontier between the closed technical 

system and the actual physical world need to be further developed by both researchers and practitioners. 

This conclusion fundaments the later statement of Carlan et al. (2019) that a blockchain in itself does not 

solve the challenges regarding trust, but it delegates ‘trust’ from ‘trust in a single third party’, to ‘trust in 
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algorithms’ that process data/information. This way, blockchain-based solutions, by using pre-agreed 

algorithms, ensure data/information immutability and offer a fail- and risk-free environment for 

transactions that imply asset ownership transfer. In this context, the neutral intermediary handling 

transactions between parties is thus subject to replacement and fundamental trust is attributed to 

technology. This key characteristic could be exploited as well in applications in the MarSC. 

Since Nakamoto (2008) published blockchain’s principles, academic research has given attention to this 

technology. Vukolić's (2016) research provides a critical overview of solutions based on the blockchain 

technology. His main element of critique is built on the scalability limits introduced by this technology. 

However, Valee (2017) makes the first steps in structuring the conceptual requirements that enable data 

sharing and electronic documents transfer in maritime logistics, while the research conducted by Peeters 

(2018) gives evidence, from a business case perspective, over the use of blockchain technology in 

digitalizing the transfer of the phytosanitary certificate in the MarSC. Franklin and Hofman (2018) study 

the limitations of distributed ledgers. These authors found that the main limitations of the proof of work 

algorithms (often used in cryptocurrencies) are the time latency and the energy required for block 

validation. Kim and Laskowski (2018) argue that the use of elements that point to the physical origin and 

identification of objects (or for example cargo) can contribute significantly to improving the traceability 

constraints. Further, Saberi et al. (2018) discuss the potential of blockchain for the supply chain and 

recognize the necessity of transdisciplinary efforts. Research of Carlan et al. (2019) provides further 

empirical evidence with regard to the technology choices and barriers faced by blockchain-based solutions 

used in the MarSC. One of their key conclusions is that the initial use of blockchain technology in the 

MarSC is on facilitating applications that handle and transfer ownership rights for assets, documents and 

financials. The further focus of this chapter is thus centred on the blockchain technology that enables 

vertical data integration in the MarSC’s, more specifically on applications dedicated to handle document 

flows. figure 8.2 visualized the flow of documents in the supply chain from both perspectives of paper-

use or blockchain-based solutions. 

As shown in figure 8.2, the documents in the supply chain are handled as individual flows, whereas a 

blockchain-based system uses a centralizing element for these flows. Hinkelman (2008) provides a 

comprehensive overview of documents used in international trade. According to his research, there are 

five main documents, which currently have to be presented in hard copy as proof of authenticity of 

commercial transactions and authenticity of cargo. These five documents are: the commercial invoice (CI), 

the bill of lading (B/L), the certificate of origin, the export (at origin) customs document (ECD) and/or the 

import (at destination) customs document (ICD). The flow of these documents is currently independent 

from each other and is pointed out through the example in figure 8.2. In principle, the introduction of a 

blockchain solution that facilitates the document flow in the MarSC can be used for any type of document, 

by any supply chain and allows for access by any MarSC stakeholder. 

A special form of the certificate of origin, also known as the phytosanitary certificate (PHC) is taken as a 

case study for the present study. This certificate accompanies transactions that involve the import or 

export of plants, plant products or other materials from third countries (IPPC, 1997). It serves as proof 

with regard to cargo’s authenticity and low risk for infection spread. It is with regard to this document 

that maritime supply chain stakeholders (e.g. forwarders, customs agents or customs authorities) at the 

port of Antwerp and the Antwerp Port Authority seek to use new technological advancements and 

implement a unanimously agreed solution that allows for this document to be used in a digital form. In 



 

130 
 

2017 alone, approximately 6800 PHCs have passed through the Port of Antwerp (FAVV, 2018) and they 

required manual handling. As the research of Peeters (2018) shows, after comparing different 

technologies (e.g. paper, EDI, cloud storage or blockchain) used in document handling, there is a high 

potential of the blockchain technology to be used in this case. A technical solution developed for the 

transfer of the PHC using DLT-based technology is in pilot stage. 
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Figure 8.2. Potential for introducing blockchain-based document flows. Source: own composition. 

Early adopters of blockchain-based solutions in the MarSC are thus emerging and stakeholders that have 

their activity linked to port of Antwerp acknowledge this trend. Yet, the full potential of this technology is 

not used (and not known). Hence, the main goal of this chapter is to investigate in detail the potential of 

blockchain applications launched in the MarSC and to explore whether the use of this technology is a cost-

effective solution to be used by MarSC stakeholders. It answers to the broader question what is the cost-

effectiveness of vertical data integration practice through the use of a blockchain enabled application? To 

answer this question it investigates firstly the costs and benefits that are incurred by the supply chain 

stakeholders who adhere to a DLT-based solution for the transfer of the PHC. Secondly, it shows evidence 

with regard to the number of PHC that are required to be handled in vertical supply chain in order that 

MarSC stakeholders achieve a more cost-effectiveness working practice by using a DLT-based tool. Finally, 
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it shows which gain sharing strategies offer what benefits to stakeholders when they implement a DLT-

based tool?  

The structure of the chapter is as follows. Sub-section 8.2 summarizes the research methods used. Sub-

section 8.3 provides in-depth details with regard to the PHC as a case study for this research. Sub-section 

8.4 presents the main findings of this research. Within this sub-section, a discussion on three strategies is 

elaborated. These strategies analyse the costs of the involved stakeholders in covering the expenses of a 

DLT-based tool that handles the transfer of the PHC. The conclusions and recommendations for future 

research are in sub-section 8.5. 

8.2. Research approach 

This sub-section presents the research approach. To carry this research, both a desk research and in-depth 

interviews with stakeholders are conducted. A final cost-effectiveness analysis is carried to provide 

quantitative arguments for three strategies formulated to adopt a DLT-based solution. Figure 8.3 points 

out the fundamental steps that have been taken in this research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.3. Research approach fundamental steps. Source: own composition. 

A desk research is initiated to seek insights with regard to the already formulated approaches in 

quantitative assessments of costs and benefits of innovation in the supply chain. This overview presents 

key elements of scientific publications, e.g. Lipczynski, Wilson, Goddard and Goddard (2005); Aronietis 

(2013) and Giuliano et al. (2015), that followed an industrial-economic approach when analysing the 

decision to innovate. 

To achieve the goals of this research, the PHC is being taken as case study. In this framework, five semi-

structured interviews with stakeholders are carried out, each with a duration of approximately one hour. 

The interview sample consists of representatives of a shipping agent, a freight forwarder, a company 

implementing digital projects in the MarSC and an IT developing knowledge in building dedicated DLT-
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based solutions. The interview design is presented in annex 8.1 and consists of three parts: a first part 

addressing questions with regard to the PHC handling procedure, a second one tackling implementation 

details of DLT-based solutions and a last one addressing questions with regard to strategies to implement 

a DLT-based solutions in the MarSC. The results of the desk research and interviews point out and validate 

the costs incurred by the maritime supply chain stakeholders with regard to the handling of the PHC, the 

technical requirements to implement a DLT-based solution in this case, but also with regard to the benefits 

that this type of solution brings.  

At the interest of these stakeholders, the costs and benefits of a DLT-based solution dedicated for the 

handling of the PHC are identified. To do so, a comprehensive framework, developed in sub-section 3.2.4, 

is applied. This framework has been developed to point out the costs and benefits of ICT innovation that 

serves stakeholder communities in the maritime supply chain and ports. Hence, the cost and benefit 

elements contained in this framework are thus relevant to a DLT-based application to be implemented in 

the maritime supply chain. This framework consists of two parts. The first part provides a complete list of 

costs that are incurred by both the systems’ operators and its users. Therefore, the stakeholders that incur 

the costs of such a system are pointed out. The second part puts forward the list of benefits that are 

generated by an ICT innovation. The latter is divided in two sub-categories. While the first one points out 

the benefits gained from adhering to a digital solution, the second addresses the benefits of joining a 

community-based system. This framework identifies the ICT innovation costs and benefits from each 

stakeholders’ standpoint participating to the solution.  

Finally, the MarSC stakeholders and the IT developer pointed out that, to implement the vertical data 

integration solution, all stakeholders involved have to reach cost-effectiveness. Hence, the stakeholder 

with the lowest gain (cost-effectiveness) is the one that keeps the solution from being deployed. Gain 

sharing models are relevant for this case and offers options to stakeholders for DLT-based solution 

implementation. In line with this outcome, strategies that are required to be analysed in a real-life 

business context when implementing a DLT-based solution. The interviewees put forward three strategies 

to be analysed from this perspective. For these strategies, the cost and benefit quantification framework 

is used once more to point out the cost-effectiveness that each stakeholder would meet. 

The further sub-sections give an overview of the industrial economic approach and the gain sharing 

methods applied by academia in assessing the decision to implement innovation in the supply chain. These 

theoretical approaches are later used in the case-based analysis sub-section of this research. 

8.2.1. Industrial-economic approach 

From an industrial-economic point of view, the aim of a firm is to maximize profits (Lipczynski et al., 2005; 

Martin, 2010). The levers with which managers affect their companies’ performance are comparatively 

few (Higgins, 2012). According to Aronietis (2013b) for an innovative actor, in order to be successful, the 

following equation must be valid: 

 ∆𝑃𝑂 = ∆𝑅 − ∆𝐶𝑂 > 0 or 𝑥 (8.1) 

 Where:  

 ∆𝑃𝑂 – change in profit as a result of innovation for the operator 

 ∆𝑅 –  change in revenues as a result of innovation 

 ∆𝐶𝑂 – change in costs as a result of innovation 
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 x – is a certain threshold set by the company to claim the innovation’s success, as a relatively 
small or just above 0 threshold would not incentivise the company to innovate 

 

Intuitively, by developing, implementing or simply by using an innovation, an actor will face some 
additional costs ∆𝐶. Similarly, the revenues will also vary by ∆𝑅.  

From a user perspective, the implementation of an ICT innovation implies generating costs. By covering 
these costs, the users expect a positive increase in its benefits. The following equation is checked if an 
innovation is successfully implemented by an ICT innovation user. 

 ∆𝑃𝑈 = ∆𝐵 − ∆𝐶𝑈 > 0 or 𝑦 (8.2) 

Where:  

 ∆𝑃𝑈 – change in profit as a result of innovation for the user 

 ∆𝐵 –  change in benefits as a result of innovation 

 ∆𝐶𝑈 – change in costs as a result of innovation 

 y – is a company-specific threshold set to claim the innovation’s success. This threshold is 
usually pre-defined and has the role of an incentive to innovate. If this threshold has a relatively 
small or just above 0 value, it would not incentivise the company to innovate 

While an innovator would seek the positive change in its revenues (in relation with the costs it makes), an 

innovation user would seek a positive change in its benefits (in relation to the costs it makes) from using 

the innovation. The further research of this chapter is focused thus on the user side. An ICT innovation 

operator or user, would check the previous equation in an ex-post evaluation process, when data with 

regard to both costs and benefits are available. From a pure research perspective, this dissertation 

conducts thus an ex-ante analysis, using cost and benefit elements as indicated through interviews. The 

following sub-section details the analysis framework of costs and benefits addressed in the further 

analysis. 

8.2.1.1. The costs and benefits analysis framework 

Firstly, this research uses the costs generated by an ICT innovation as main elements to evaluate the 

decision to innovate. Confronted with the decision whether to invest or not in an ICT innovation, users  

lack of data with regard to future revenues, profits and/or benefits. Moreover, even when data with 

regard to these elements exist, it is difficult to assume or to isolate the effect of a single (ICT) innovation 

investment on the total revenues, profits and/or benefits. These elements are highly sensitive to  

investments into other parallel (ICT) innovation. Therefore, the methodology used proposes to analyse 

the decision process when the following data is known: the operating costs when an ICT innovation is not 

in use Ci (referred to as reference operating costs or initial operating costs), the cost of implementing the 

ICT innovation CICT and the costs of operating when the ICT innovation is implemented Cf (referred to as 

future costs or final operating costs). 

In this context, the decision to implement an ICT innovation is taken based on the following equation: 

 𝐶𝑖 > 𝐶𝑓 + 𝐶𝐼𝐶𝑇 + 𝑧 (8.3) 
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Where:  

 𝐶𝑖  – initial user operating costs, generated through the current practice before the ICT 

innovation is implemented 

 𝐶𝑓  – costs of future user operation practice, when the ICT innovation is implemented 

 𝐶𝐼𝐶𝑇–  costs of ICT innovation implementation 

 z – is a certain threshold set by the user to claim the innovation’s success. Given the further 

theoretical use of this model, from this point on, z is considered equal to 0 

According to equation 8.3, a potential ICT user would implement an innovation in its daily operation only 

if the cumulated costs of operating with the ICT innovation and the costs of ICT implementation are lower 

than the costs of operating without the ICT innovation.  

Secondly, this research calculates the benefits enabled by ICT innovation. Traditionally, the term benefit 

refers to a desirable attribute of a good or service, which a customer perceives after a purchase (Francis, 

LaFond, Olsson, & Schipper, 2004). For the purpose of this research, the benefits are derived from 

implementing an ICT innovation and it is assumed that this ICT innovation allows for a lower operating 

cost. In this context, benefits are given by the following equation: 

 𝐵𝑈 = 𝐶𝑖 − (𝐶𝑓 + 𝐶𝐼𝐶𝑇) (8.4) 

According to equation 8.4, the benefits of using an ICT innovation are the difference between the initial 

operating costs and the costs of implementing an ICT innovation cumulated with the costs of operating 

under the ICT innovation. Benefits derived from potential extra revenues are considered as a separate 

element by this research and out of the scope of this analysis. 

8.2.1.2. Theoretical framework to assess the decision to implement innovation in a vertical 

supply chain 

This sub-section starts from the assumption that a company’s costs to handle an number of assets is 

proportional with the number of assets owned. Within this regard, the above equations are compiled 

from the point of view of a MarSC stakeholder that handles PHCs and set as goal to determine the number 

of PHC at which a stakeholder would have a lower average operational cost (per handled PHC) if a data 

integration tool (DLT-based solution) is used in place of carrying on with manual operational working 

practice, as put forward in figure 8.4. The average handling cost makes a ratio between the total cost of 

handling the PHCs and the number of the PHCs handled. This average cost is a preliminary indicator for a 

firm on the expenses they make on handling a certain asset. 

Figure 8.4 uses the following notations:  

Ci
̅̅ ̅̅  – average cost to handle a PHC in the initial working practice, before the ICT innovation is 
implemented 

Cf
̅̅ ̅̅  – average cost to handle a PHC in the final working practice, after the ICT innovation is 
implemented 

CICT
̅̅ ̅̅ ̅̅  – average cost of implementing the ICT innovation 
BU
̅̅ ̅̅  – average benefit 
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Figure 8.4 visualizes the average costs of handling PHCs for both working practices. These costs include 

both the labour and the services costs. For the newly-proposed working practice, the average costs of 

implementing and using a DLT-based tool are determined. This research shows that the average cost of 

handling the PHCs in the initial scenario is constant, as the same operations and services are used for each 

certificate. The average cost of using the DLT-based tool is high if there is a small amount of exchanged 

PHCs and low if used for handling many. Defining these elements enable the comparison of the two 

working practices.  

 

Figure 8.4. Average cost curves of handling PHC. Source: own composition. 

Formula 8.5 validates the decision to implement the DLT tool for one stakeholder. A stakeholder will 

implement a DLT-based tool when, for a certain number of PHC nrPHC, the costs of handling the PHCs in 

the initial scenario is higher than the cost of handling the PHCs using the DLT-based tool. The later cost is 

the sum of using the tool and the cost of implementing it. 

 𝐶𝑖 (𝑛𝑟𝑃𝐻𝐶) >  𝐶𝑓 (𝑛𝑟𝑃𝐻𝐶) + 𝐶𝐼𝐶𝑇(𝑛𝑟𝑃𝐻𝐶) (8.5) 

Where: 

 𝑛𝑟𝑃𝐻𝐶 – number of PHC that the company handles 

Further, the average costs for each PHC are determined for each of the situations initially presented.  

𝐶𝑖
̅̅ ̅̅ =

𝐶𝑈
𝑖 (𝑛𝑟𝑃𝐻𝐶)

𝑛𝑟𝑃𝐻𝐶
;  𝐶𝑓

̅̅ ̅̅ =
𝐶𝑓 (𝑛𝑟𝑃𝐻𝐶)

𝑛𝑟𝑃𝐻𝐶
 and 𝐶𝐼𝐶𝑇

̅̅ ̅̅ ̅̅ =
𝐶𝐼𝐶𝑇(𝑛𝑟𝑃𝐻𝐶)

𝑛𝑟𝑃𝐻𝐶
 

The initial equation is also valid for the average costs as written below: 

 𝐶𝑖
̅̅ ̅̅ > 𝐶𝑓

̅̅ ̅̅ + 𝐶𝐼𝐶𝑇
̅̅ ̅̅ ̅̅  (8.6) 
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Having to deal with a vertical chain, it means that the number of PHC (nPHC) that passes through the chain 

is the same for each user. However, the costs incurred by each stakeholder when handling the PHC are 

linked to own labour and services, thus different (due to different cost structures). This means that while 

for one stakeholder, that has high costs in handling the paper PHC and might enjoy benefits if a BC tool is 

used, other stakeholders might be reluctant to such solutions (as their costs of handling the paper PHC 

are not high). For a DLT-based tool to be used by three stakeholders A, B and C, the below equations have 

to be simultaneously validated. 

 𝐶𝑖
𝐴(𝑛𝑟𝑃𝐻𝐶) > 𝐶𝑓

𝐴(𝑛𝑟𝑃𝐻𝐶) + 𝐶𝐼𝐶𝑇
𝐴 (𝑛𝑟𝑃𝐻𝐶) (8.7) 

 𝐶𝑖
𝐵(𝑛𝑟𝑃𝐻𝐶) > 𝐶𝑓

𝐵(𝑛𝑟𝑃𝐻𝐶) + 𝐶𝐼𝐶𝑇
𝐵 (𝑛𝑟𝑃𝐻𝐶) (8.8) 

 𝐶𝑖
𝐶(𝑛𝑟𝑃𝐻𝐶)  > 𝐶𝑓

𝐶(𝑛𝑟𝑃𝐻𝐶) + 𝐶𝐼𝐶𝑇
𝐶 (𝑛𝑟𝑃𝐻𝐶) (8.9) 

Following the equation 8.4, the benefits for each user at a specific number of PHC that flow through the 

chain is determined: 

 𝐵𝑈(𝑛𝑟𝑃𝐻𝐶) =  𝐶𝑖 (𝑛𝑟𝑃𝐻𝐶) − (𝐶𝑓 (𝑛𝑟𝑃𝐻𝐶) + 𝐶𝐼𝐶𝑇(𝑛𝑟𝑃𝐻𝐶) (8.10) 

Knowing the above elements, the cost-effectiveness ratio is calculated for each stakeholder using the 

equation below. This equation shows the percentage in cost reduction for handling the PHC by each user: 

 𝐶𝐸 (𝑛𝑟𝑃𝐻𝐶) =
𝐵𝑈(𝑛𝑟𝑃𝐻𝐶)

 𝐶𝑖 (𝑛𝑟𝑃𝐻𝐶)
∗ 100 (8.11) 

The next sub-section puts forward an overview of gain sharing models that have been applied by academia 

in innovation assessments in the supply chain. 

8.2.2. Gain sharing models applied in the maritime supply chain 

The research of Yuen and Thai (2017) has indicated five main barriers that hinder logistics stakeholders to 

integrate or develop collaboration. The identification and quantification of costs and benefits is remarked 

as one of these barriers. The present research starts from the premise that ICT developments in the supply 

chain require the collaboration of different stakeholders. Often the way forward for establishing/using 

collaboration platforms is pointing out a fair cost and benefit allocation (among factors like governance 

structure, trust and privacy arguments). In some cases, the non-agreement with regard to this allocation, 

slows down or even interrupts the innovation process as remarked by Carlan et al. (2016). In logistics, the 

particularities of operational collaboration practices have been already addressed by academia (Cruijssen 

et al., 2007; Schulz & Blecken, 2010; Lozano, Moreno, Adenso-Díaz, & Algaba, 2013). Moreover, 

acknowledging the fact that costs and gains are generated as a result of cooperation, Defryn (2017) 

investigates the details of which fraction of horizontal collaboration gains goes to what partner and who 

should pay what part of the collaboration cost under a gain sharing approach. Yet, no research applied 

these tools to study the gains brought by collaborative ICT innovation in the MarSC.  

Bergantino and Coppejans (2000) develop a pricing mechanism for allocating common maritime 

infrastructure costs. The advantage of their method is that it considers both sides of the market. From a 

demand side, the model considers the stakeholders willingness to pay and from the supply side, the costs 
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of the infrastructure shared. Yet, the model does not consider the gains of other users from using common 

infrastructure. This element can represent a reason for maritime stakeholders for not joining assets 

sharing coalitions, when competition has (more) benefits from using similar assets. The latter, the gain 

sharing approach was initially used internally by companies to encourage employees towards better 

performance. Research in this regard Arthur and Huntley (2005), Pouliakas and Theodossiou (2009), Kruse, 

Freeman and Blasi (2010) have put forward the principles of gain sharing from a human resource point of 

view. Besides its individual motivational functions, gain sharing is used also in logistics coalitions. 

Giannoccaro and Pontrandolfo (2004) seek supply chain coordination issues from a decision-making 

approach and develop a revenue sharing mechanism. Similarly, Cachon and Lariviere (2005) conclude that 

revenue sharing is equivalent to buybacks or equivalent to price discounts in the price-setting cases, and 

that in logistics the gain sharing applies mostly to retailers competing in quantities, e.g. Cournot 

competitors. From a more practical perspective, Hellström, Johnsson and Norrman (2011) conducted an 

empirical study to investigate the intra- and inter-organisational risk and gain sharing linked to the 

implementation of RFID technology across organisations. Subsequently, Biermasz (2012) acknowledges 

the need to select a gain or cost allocation mechanism on a case-by-case basis.  Hence, research focused 

on identifying whether gain sharing methods when implementing ICT innovation in logistics has not been 

pursued.  

The method used by Defryn (2017) to define the strategic interactions between logistics players is derived 

from the principles of cooperative game theory and gain share approach. Therefore, he focuses his 

research on five methods of cost sharing: the Shapley value, the Nucleolus, the Equal Profit Method (EPM), 

the Alternative Cost Avoided Method (ACAM) and the Volume-based method (VBM). These methods are 

applied in horizontal collaboration practices in the supply chain for which it is not critical that all supply 

chain stakeholders are involved at once. Table 8.1 presents an overview of these methods. 

Table 8.1. Gain sharing models applied in supply chain applications. 

Cost allocation models Characteristics  Drawbacks 

Shapley value It takes into account the marginal 

effect of a partner on all 

(sub)coalitions by averaging the 

obtained marginal profit 

It requires an estimation of the total cost or 

benefit of every possible sub coalition 

Nucleolus It compensates each partner to take 

part to a coalition. 

It requires an indication of costs and benefits 

of each partner working on an individual 

basis. It is not suitable for large coalitions. 

Equal Profit Method 

(EPM) 

It offers the same relative savings to 

every partner in the coalition. 

It does not control for individual operational 

inefficiencies leading to unfair gain 

allocation. 

Alternative Cost 

Avoided Method 

(ACAM)  

It is based on the marginal cost when 

that partner enters a coalition and by 

weighing the alternative cost avoided 

of each partner when it does not 

participate in the coalition. 

It requires an indication of costs and benefits 

of each partner working on an individual 

basis also for every possible coalition. It is not 

suitable for large coalitions. 

Volume-based method 

(VBM) 

It is a proportional allocation method 

that relies on the use of the coalition’s 

product by each of the involved partner. 

It does not take into account the gains 

resulting for each partner. 

Source: own compilation based on Defryn (2017) 
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Table 8.1 presents the methods applicable to share gains when collaboration consortia are formed, their 

characteristics and drawbacks. The two first ones are based on the fundamentals of cooperative game 

theory. The limitations of these two methods are linked to the necessity of estimates for the total cost 

and benefit of the coalition. When a coalition is formed around the deployment of an ICT tool that 

integrates data vertically in a supply chain, the limiting (blocking) stakeholder is often the one with no or 

the least benefits. This stakeholder, by joining the coalition, enables total benefits to the others. Under 

this condition, the successful implementation of the ICT tool is achieved only if all the users (involved 

stakeholders) take the adoption step at once. In this context, the marginal benefit indicated by the Shapley 

method (to be shared amongst the coalition members) becomes equal to the total benefit that every 

stakeholder can gain from implementing the ICT tool. The latter methods are considered rules of thumb 

that are more intuitive. Their limitations are that they require estimations for potential effects on the 

involved partners when the collaboration does not go through. From a practical perspective, under these 

premises, the non-involvement of a stakeholder makes the ICT tool useless. The methods that analyse the 

coalition as a sequential process measuring the marginal effect created by the join-in of an extra party are 

thus not applicable (e.g. ACAM or VBM). The analysis method used in this chapter focuses thus initially on 

calculating the benefits of each stakeholder for using an ICT tool. After that, it points out the differences 

in benefits of each stakeholder. It applies thus the principles of the Shapley value method to identify the 

marginal benefit gain by each stakeholder when the tool is adopted and averages it out for the involved 

stakeholders. The Nucleolus method is then used to identify compensation values to balance 

stakeholders’ benefits. The following sub-section presents the details of the ICT tool used as a case study 

in this analysis.  

8.3. Implementing a DLT-based solution in the MarSC: the phytosanitary certificate 

case 

Implementing a DLT-based solution and the benefits it generates to the MarSC stakeholders are 

demonstrated from the perspective of a case study. This sub-section initially describes the ICT tool 

proposed to handle the PHC document flow from the perspective of the case study used in this research. 

Subsequently, it identifies the costs and the benefits of each stakeholder in the supply chain that 

potentially uses this tool. 

8.3.1. Case study description 

This sub-section presents a description, the main problems address and the DLT-based solution chosen to 

be used. Figure 8.5 visualizes the standard document exchange sequence for the PHC case. 

Figure 8.5 presents the flow of the PHC starting at the national plant protection organization NPPO that 

issues it. Further, the PHC is handed over to the shipper. This stakeholder transfers the document to the 

consignee that has the obligation to present it to the NPPO of the destination country to have its 

authenticity checked and complete the import procedures. Yet, if the supply chain is orchestrated by a 

freight forwarder, the consignee hands the PHC to the freight forwarder to further handle the import 

procedure. This latter case is considered for further investigation by this research. In this context, a DLT-

based application is proposed to be used in the transfer of the PHC. A DLT-based application addresses 

problems like cybercrime, potential errors and late deliveries of paper documents. Blockchain technology 

guarantees that the authenticity of the certificates has not been tampered and the actors involved can 
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retrieve the origin of the documents in real time. This way, the involved stakeholders immediately have 

all the latest information and the necessary preparations or checks can be made faster. The next sub-

section addresses more in-depth this process from the perspective of the cost and benefit generated by 

a DLT-related solution. 

Phytosanitary certificate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.5. The PHC handling flow through the maritime supply chain. Source: own composition based on 

Meersman et al. (2010). 

8.3.2. Insights with regard to the costs and benefits generated to the MarSC stakeholders 

This practical approach focuses further on the implementation of a DLT-based innovation in a vertical 

supply chain flow. More specifically, it refers to the transfer of the PHC by integrating data in a dedicated 

BC application. This innovation replaces thus the labour work carried out by MarSC operators to handle 

and pursue the shipping of these documents. 

For the purposes of this case study, it is assumed that this innovation is used in daily operations where 

each PHC is handled on an individual basis and does not require the involvement of an additional 

employee. The maritime supply chain stakeholders from which the following analysis is pursued are the 

ones directly linked to and have interest in transferring the PHC, e.g. a shipper (exporter), a forwarder and 

a consignee (importer). In this context, for each stakeholder two scenarios are analysed. The reference 

scenario considers that an employee is manually handling the PHC and data with regard to it. The 

alternative scenario considers that the employees make use of the BC tool to handle the PHCs. 

Consignee 

NPPO destination 

Shipper 

NPPO origin 

Freight forwarder 
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This analysis applies the framework developed in sub-section 3.2.4. Table 8.2 puts forward the costs and 

benefits generated through the latter working practice as outcome of the interviews carried out with 

representatives of each above-mentioned stakeholder. This approach allows further analysing the cost 

and benefit elements enabled by the implementation of the DLT-based tool with regard to the PHC 

transfer.  

As shown in table 8.2, the maritime supply chain stakeholders addressed by the DLT-related tool as users 

are the shippers, the freight forwarders and the consignees. The authorities involved in the PHC flows are 

the NPPOs at origin and destination. From a capacity-developing point of view, a DLT-based application 

(also one that facilitates the transfer of the PHC) benefits from the involvement of both an IT 

implementation specialist and a business developer.  

From a cost perspective, the MarSC stakeholders (user of the DLT-based tool) incur three categories of 

costs. The connection cost refers to the opening of a BC node, which includes the costs of the necessary 

hardware acquisition (physical or virtual server acquisition) and software development. This cost might 

be referred to as the cost of opening a BC node or the cost of setting up the BC infrastructure (Weber et 

al., 2016). The software investment cost, also incurred by the supply chain stakeholders, is the cost of 

setting up an application that ensures the transfer of data to the BC node and back (Iansiti & Lakhani, 

2017). This development can be either done by own development teams of the MarSC stakeholders or 

can be outsourced to third parties, to the involved IT developer or to the business developer. The 

transaction fee is a pay-per-use cost that is also incurred by the MarSCs for using the BC network, if a third 

party owns it or if the application builder opts for a public type of DLT-based solution. The IT developer 

incurs the nodes development cost, but also the maintenance or later updates. The business developer 

costs are with regard to the market uptake and operation of the implemented system. 

From a benefits perspective, the MarSC stakeholders enjoy benefits with regard to labour consumed on 

receiving, sending, correcting or searching information. By attending a community-based network, these 

stakeholders have extra benefits from getting access to broad information, for example from instant 

notifications with regard to different phases taken in the exchange of ownership flow. To avoid double 

counting, a clear distinction is made between the two types of benefits as follows. While the first refers 

to benefits gained from working with one digital tool for handling digital documents (as opposed to paper-

based one), the latter emerges from gathering information from multiple ICT systems in a community 

platform (as opposed to working with one tool and manually bridging the link to multiple ones). Under 

the later category, MarSC stakeholders can also benefit from added-value services, built on the created 

digital data and network environment; however, given the ex-ante status of this analysis and the early 

development stage of DLT-based applications, these benefits could be only speculated and thus are not 

considered in the further analysis carried out in this chapter. The benefits obtained by the NPPOs and the 

capacity-building stakeholders are also kept outside the scope of this research. The NPPOs have benefits 

as well from reduced labour to send, receive, search or correct information. Extra, added-value services 

could be built on the created digital data flow generating further benefits. The implementation strategies 

analysed more in-depth by the present research are presented in the next sub-section. 
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Table 8.2. Costs and benefits generated by the DLT-based tool used in the transfer of the PHC. 

   Supply chain stakeholders Authorities Capacity Building Stakeholders 

   Shipper/
Exporter 

Forwarder 
Consignee
/ Importer 

NPPO_o NPPO_d IT developer 
Business 
developer 

C
O

ST
S 

Development and operation 

Platform development Co1  
 
 
 
 

    X  

Market uptake Co2  
 
 
 

     X 

Operating cost  and maintenance Co3  
 
 
 
 

    X X 

User (join-in) 

Connection cost Cu1 X X X  
 

X 
 
 

   

Software investment costs Cu2 X X X     

Training cost Cu3       
 
 

 

 

Transactions fees (license fees) Cu4 X X X     

B
EN

EF
IT

S 

Digital economy benefits 

Reduces cost to access/receive information. Bu1 X X X  X 
  

Reduces cost to send information. Bu2 X X X X X   

Avoid illicit transactions and/or their 
prejudice 

Bu3    
    

Avoid error correction Bu4  X X  X   

Avoid information matching (benefit from 
automatic data matching – if applicable) 

Bu5       
 

Avoid information search Bu6  X X  X   

Efficient use of resources Bu7        

Community attendance benefits 

Access to broad (real time) information Bu8 X X X     

Higher value-added services Bu9  (X) (X)   (X) (X) 

Compliance with standards and regulations Bu10        

Source: own composition based on Carlan, et al. (2016). 
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8.3.3. Strategies for implementing a DLT-based for handling the PHCs 

To conduct this analysis, three strategies are considered as put forward by the interviewees. Here, under 

strategies is understood possible development tracks to cover the costs of implementing the DLT-based 

tool for handling the PHC. These strategies are shown in table 8.3.  

Table 8.3. Implementation strategies analysed. 

Strategy 1 Cost-effectiveness achieved 

 

1a. by one stakeholder 

1b. by all stakeholders 

Strategy 2 Cost-effectiveness achieved by all stakeholders under a gain share setting 

 

2a. The party that benefits the most, shares its benefit 

2b. Equal benefits to all involved parties 

Strategy 3 Cost-effectiveness achieved when an authority acts as a facilitator 

 

3a. It covers the connection costs 

3b. It covers the software development costs 

3c. It covers all development costs (except the pay per use) 

Source: own composition based on interviews. 

Table 8.3 gives an overview of the proposed strategies that can be followed by the involved stakeholders 

and the authorities. The first strategy leaves the full implementation to the stakeholders. Through this 

strategy, it is assumed that the stakeholders would consider the implementation of the BC tool and cover 

individually the implementation costs. With this assumption, the stakeholders are motivated to finance 

the DLT-based tool when the costs generated by the ICT solution are at least equal to the cost of using the 

paper PHC. Sub-strategy 1a considers that this condition is met at one stakeholder determining a 

minimum amount of PHC needed in the chain. The sub-strategy 1b considers that all the stakeholders 

need to meet this condition and agree with implementing the DLT-based tool for the PHC chain flow. The 

second strategy builds on the latest. It considers that all the stakeholders meet the assumed condition 

and the number of PHC is determined (sub-strategy 1b). From this point on, the stakeholders apply further 

two gain-sharing strategies. In strategy 2a, the stakeholder with the highest cost-effectiveness shares its 

benefits with the other two. One should be aware that this type of approach creates the premises for 

overcapitalization. In strategy 2b, the total benefits gained by all stakeholders are cumulated and are 

equally shared amongst everyone (according to the Shapley value principles). Lastly, strategy 3 discusses 

the collaboration between the port authority and private stakeholders to cover partially or fully the tool’s 

development costs. These strategies are proposed to highlight on the one side the possible challenges 

and the interests of different stakeholders, but also to point out possible collaboration formulas towards 

the achievement of a digital PHC flow in the studied chain. The in-depth analysis framework and results 

are shown in the following sub-section. 

8.4. Analysis framework, data used and results 

This sub-section presents firstly the empirical analysis framework used in this chapter. Secondly, the data 

used is explained and lastly, after quantifying the costs and benefits that MarSC stakeholders would have 

in each strategy, a discussion is carried out.  
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8.4.1. Applied theoretical framework 

This case study analyses the decision to invest in a BC tool that facilitates the transfer of the PHC in a 

vertical supply chain. Through its design, this tool saves labour and services acquisition. In line with the 

methodology presented above, this sub-section compares the average operational costs of using labour 

or of using a DLT-based tool to process the PHCs in a vertical chain.  

The total cost of handling the PHC incurred by each of the stakeholders has two components. The first 

component consists of the cost of sending a document through a mailing service and the second 

component is the labour work put in it. The cost of sending, receiving, correcting, matching or searching 

data is calculated also as a labour cost. This type of labour costs is calculated according to the time an 

employee spends on average on each of these actions and/or considering that only a percentage of the 

PHC requires this type of actions as shown in equation 8.12.  

For both working practices, the operational costs for handling PHC are calculated for each supply chain 

stakeholder (shipper, forwarder and consignee). These costs are calculated in both situations as shown by 

the equations below and later following the data in table 8.4. 

 
𝐶𝑖

𝑥(𝑛𝑟𝑃𝐻𝐶) = 𝑛𝑃𝐻𝐶 [𝑐𝑢
𝑥 (𝑡𝑟𝑒𝑐𝑒𝑖𝑣𝑒

𝑥 + 𝑡𝑠𝑒𝑛𝑑
𝑥 + 𝑡𝑒𝑟𝑟𝑐𝑜𝑟𝑟

𝑥 ∗ 𝜇𝑒𝑟𝑟
𝑥 + 𝑡𝑖𝑛𝑓𝑜𝑠𝑒𝑟

𝑥 ∗ 𝜇𝑖𝑛𝑓𝑜𝑠𝑒𝑟

𝑥

+ 𝑡𝑏𝑖
𝑥 ∗ 𝜇𝑏𝑖

𝑥 (𝑛 − 1)) + 𝑐𝑠𝑒𝑟𝑣
𝑥 ] 

(8.12) 

 𝐶𝑓
𝑥(𝑛𝑟𝑃𝐻𝐶) = 𝑛𝑃𝐻𝐶 ∗ 𝑐𝑢

𝑛 ∗ 𝑡𝑢𝑠𝑒
𝑥 + 𝑛𝑃𝐻𝐶 ∗ 𝑐𝐼𝐶𝑇_𝑢𝑠𝑒

𝑛  
(8.13) 

 𝐶𝐼𝐶𝑇
𝑥 (𝑛𝑟𝑃𝐻𝐶) = 𝐶𝑖𝑛𝑓𝑟𝑑𝑒𝑣

𝑥 (𝑛𝑟𝑃𝐻𝐶) +  𝐶𝑠𝑜𝑓𝑡_𝑑𝑒𝑣
𝑥 (𝑛𝑟𝑃𝐻𝐶) 

(8.14) 

Where: 

𝑛𝑃𝐻𝐶  – number of PHC handled per day 
𝑐𝑢

𝑥 – unitary labour cost of employee of stakeholder x 
 𝑡𝑟𝑒𝑐𝑒𝑖𝑣𝑒

𝑥  – average time consumed to retrieve information 
𝑡𝑠𝑒𝑛𝑑

𝑥  – average time spent to send information, including the completion of the paper PHC 
𝑡𝑒𝑟𝑟𝑐𝑜𝑟𝑟

𝑥  – average time spent to correct per PHC 

𝜇𝑒𝑟𝑟
𝑥  – percentage of PHC that require error correction 

𝑡𝑖𝑛𝑓𝑜𝑠𝑒𝑟

𝑥  – average time spent to search for information with regard to PHC 

𝜇𝑖𝑛𝑓𝑜𝑠𝑒𝑟

𝑥  – percentage of PHC that require information search 

𝑡𝑏𝑖
𝑥  – average time spent to broad network information, information retrieved from the network 

𝜇𝑏𝑖
𝑥  – percentage of PHC for which real-time status information is required 

n – number of stakeholders in the chain 
𝑡𝑢𝑠𝑒

𝑥  – average time spent to handle a PHC in the tool 
𝑐𝑠𝑒𝑟𝑣

𝑥  – cost of mailing service 
𝑐𝐼𝐶𝑇_𝑢𝑠𝑒

𝑛  – unitary cost of using the ICT tool for one PHC 

𝐶𝑖𝑛𝑓𝑟𝑑𝑒𝑣

𝑥  – cost of ICT tool infrastructure development (nodes) consisting of the estimated unitary 

development cost per day 𝑐𝑢_inf _𝑑𝑒𝑣 and the required amount of development days 𝑑inf _𝑑𝑒𝑣 
𝐶𝑠𝑜𝑓𝑡_𝑑𝑒𝑣

𝑥  – cost of ICT tool software deployment (consensus algorithm implementation) consisting of 

the estimated unitary software development cost per day 𝑐𝑢_soft_dev and the required amount of 
development days 𝑑sof _𝑑𝑒𝑣 

 
Verifying equation 8.12, the number of PHC that would meet this condition for the stakeholder x is 
determined by the following formula: 
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𝑛𝑃𝐻𝐶 > 

𝑐𝑢_inf _𝑑𝑒𝑣 ∗ 𝑑inf _𝑑𝑒𝑣 + 𝑐𝑢_soft_dev ∗ 𝑑sof _𝑑𝑒𝑣

𝑦 [𝑐𝑢
𝑥 (𝑡𝑟𝑒𝑐𝑒𝑖𝑣𝑒

𝑥 + 𝑡𝑠𝑒𝑛𝑑
𝑥 + 𝑡𝑒𝑟𝑟𝑐𝑜𝑟𝑟

𝑥 ∗ 𝜇𝑒𝑟𝑟
𝑥 + 𝑡𝑖𝑛𝑓𝑜𝑠𝑒𝑟

𝑥 ∗ 𝜇𝑖𝑛𝑓𝑜𝑠𝑒𝑟

𝑥 + 𝑡𝑏𝑖
𝑥 ∗ 𝜇𝑏𝑖

𝑥 (𝑛 − 1)) + 𝑐𝑠𝑒𝑟𝑣
𝑥 − 𝑐𝑢

𝑛 ∗ 𝑡𝑢𝑠𝑒
𝑥 − 𝑐𝐼𝐶𝑇_𝑢𝑠𝑒

𝑛 ]
 

(8.15) 

8.4.2. Data used 

Table 8.4 puts forward the elements used to calculate the costs in the case study presented. These cost 

elements are collected during the interviews and cross-validated. The numerical values selected as input 

for the theoretical model are validated and agreed with the interviewees. This data is double checked 

with representatives of supply chain stakeholders and blockchain experts, as well as the results of the 

analysis. Moreover, the later sensitivity analysis addresses the range of costs for software development 

work and time. This analysis presents the potential impact of chances in the input elements on the results. 

Table 8.4. Cost elements used in the cost calculation. 

Cost 

element 

Variable range Values used in theoretical model 

Shipper Forwarder Consignee 

𝑛𝑃𝐻𝐶   used as variable (1-2000)    

𝑐𝑢
𝑥   varies between 20 to 50 EUR/h 31.02 35.2 20 

 𝑡𝑟𝑒𝑐𝑒𝑖𝑣𝑒
𝑥   varies between 2 to 10 min. 5 10 10 

𝑡𝑠𝑒𝑛𝑑
𝑥   varies between 10 to 30 min. 20 10 15 

𝑡𝑒𝑟𝑟𝑐𝑜𝑟𝑟
𝑥   varies between 30 to 50 min. N/A** 30 50 

𝜇𝑒𝑟𝑟
𝑥   depending on the tool used it varies between 1 to 2% N/A** 2% 2% 

𝑡𝑖𝑛𝑓𝑜𝑠𝑒𝑟

𝑥   varies between 20 to 30 min. N/A** 20 30 

𝜇𝑖𝑛𝑓𝑜𝑠𝑒𝑟

𝑥   depending on the necessities it varies between 1 to 2% N/A** 2% 2% 

𝑡𝑏𝑖
𝑥   varies between 3 to 5 min. 3 3 5 

𝜇𝑏𝑖
𝑥   depending on the tool used it varies between 10 to 30% 20% 20% 20% 

𝑡𝑢𝑠𝑒
𝑥   3 minutes per certificate 3 3 3 

𝑐𝐼𝐶𝑇_𝑢𝑠𝑒
𝑛   varies between 20 to 35 EUR 20 20 20 

𝑐𝑢_𝑖𝑛𝑓 _𝑑𝑒𝑣   varies between 400 to 750* EUR 500 500 500 

𝑑𝑖𝑛𝑓 _𝑑𝑒𝑣 varies between 1 to 4* days 4 4 4 

𝑐𝑢_𝑠𝑜𝑓𝑡_𝑑𝑒𝑣  varies between 400 to 750* EUR 700 700 700 

𝑑𝑠𝑜𝑓 _𝑑𝑒𝑣  varies between 30 to 60* days 45 45 45 

*these costs elements are indicating for a DLT-based application for the handling of the PHC. This IT solution 
offers a data exchange rate of 1gb per second enabling thus 2-300 transactions per second (at a volume of max 
3kb data/transaction). 
**not applicable 

Source: personal interviews with representatives of supply chain stakeholders and blockchain experts. 

8.4.3. Results with regard to BC tool implementation strategies 

This study’s analysis shows the number of PHC needed to justify the implementation of an ICT in a vertical 

supply chain. Subsequently, the results from the perspective of each strategy are given below. Strategy 1: 

figure 8.6 visualizes the average costs for handling PHCs incurred by each stakeholder in two scenarios. 

The first scenario represents the reference operational cost. This operational cost is constant regardless 

the number of PHC a stakeholder handles. The second scenario represents the new operational cost when 
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an ICT tool is used. This cost is high, when stakeholders handle low amounts of PHCs per day, but low 

when high amounts of PHCs are handled. Further, the results of each sub-strategy are given. Strategy 1a. 

shows the number of PHC at which a first stakeholder might consider the implementation of the ICT tool. 

According to table 8.5 (strategy 1a.), the freight forwarder is the actor that meets this condition and (s)he 

requires a volume of 189 PHC. However, this solution is not acceptable as the costs for the other 

stakeholders (the shipper and the consignee) of using the ICT tool are higher than the potential benefits 

they receive. In Strategy 1b., the number of PHC at which all the stakeholders have at least a positive 

balance with regard the two situations is shown. As seen in table 8.5 (strategy 1b.), the stakeholders 

require a volume of 483 PHC. At this volume, the shipper would benefit from lower handling cost by Bs
1b= 

20.55 EUR and the forwarding company by Bf
1b= 40.40 EUR. 

Strategy 2: This strategy starts from the previous calculations and applies a gain sharing methodology to 

stimulate the adoption of the BC tool. The same reference and operational costs are plotted as in figure 

8.6. Figure 8.7 visualizes, as an extra, the average operational cost incurred by each stakeholder when two 

gain sharing approaches are applied. This cost is drawn for each stakeholder with dotted lines. Therefore, 

strategy 2a proposes that the stakeholder with the highest gain share its benefits to the other. As seen in 

table 8.5 in this situation, the shipper would benefit from a reduction by Bs
2a = 34 EUR on its cost of 

handling the PHC, while the forwarder and the consignee would have a cost reduction of Bf,c
2a = 13.5 EUR. 

If one assumes that this type of sharing not being completely fair, strategy 2b proposes a further approach 

that splits the gained benefits equally. In this strategy, each involve stakeholder benefits from the same 

financial advantages. Hence, in this strategy, all the involved stakeholders have an average of Bs,f,c
2c = 20.3 

EUR reduction in costs of handling the PHC. This average handling cost reduction is shown in figure 8.7 

(strategy 2b) as the difference between the reference operational cost (dark continuous line) and the 

operational cost achieved when a gain sharing approach is applied (dotted line) when 483 PHC are handled 

through the chain. 

Strategy 3: This strategy suggests that the port authority takes the enabler role and covers the 

development costs. Figure 8.8 visualizes the results. It starts from the outcome presented in the initial 

strategy where the reference and ICT operational costs are shown. The dotted lines show the ICT 

operational cost for each stakeholder in three further strategies as follows. Strategy 3a and strategy 3b 

propose that the port authority covers the infrastructure connection costs and the software development 

cost respectively, while the other involved stakeholders (shipper, forwarder and consignee) cover the pay-

per-use fee. By doing so, the amount of PHC that are required to be processed through the chain are 405 

documents for the first one and 78 documents for the second one. Strategy 3c proposes that the port 

authority would cover both these costs. In this case, the cost remaining to be covered by the supply chain 

stakeholder is the pay-per-use one (which is constant as shown in figure 8.8 regardless the amount of PHC 

handled through the ICT tool). Given the fact that this cost is lower than the current cost of handling the 

PHC paper documents, all the stakeholders in the chain are encouraged to adhere to this solution 

regardless the number of documents that pass through the chain. This approach has the advantage that 

by expanding already in-place solutions, an immediate market for early adopters will be reached. 

Overall, answering the sub-questions of this chapter, an equivocal answer to the cost-effectiveness of 

implementing a DLT-based solution in the MarSC is given. First, the analysis suggests that strategy 1 is 

applicable only if all involved stakeholders achieve a positive cost-effectiveness ratio. Second, 

implementing a strategy requires that all the stakeholders are open with regard to their PHC handling cost 
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and that the stakeholder who has the most benefit is open to share it with the rest. In the analysed case, 

freight forwarder has the biggest advantage and, depending on the further gain sharing strategy, either 

the shipper or the consignee might benefit. In the last strategy, when costs are covered by a third party, 

the cost-effectiveness of a DLT-based solution is achieved by all stakeholders when handling lower 

amounts of PHC. Hence, this strategy could anticipate the implementation of the DLT-based solution. In 

this context, the freight forwarder is the beneficiary of a high cost-effectiveness ratio. The next sub-

section carries a sensitivity analysis and presents how the results vary if the input cost elements change. 

Shipper 

  
Forwarder  

  
Consignee  

  
Strategy 1a. Strategy 1b. 

Figure 8.6. User average costs if strategy 1 is applied. Source: own composition. 
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Shipper  

  
Forwarder  

  
Consignee  

  
Strategy 2.a. Strategy 2.b. 

Figure 8.7. User average costs if strategy 2 is applied. Source: own composition. 
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Strategy 3a. Strategy 3b. Strategy 3c. 

Figure 8.8. User average costs if strategy 3 is applied. Source: own composition.
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In sum, table 8.5 presents the results with regard to each strategy, namely the number of PHC needed to 

reach each strategy and the stakeholders’ benefits in each case. 

Table 8.5. Centralization of analysis results. 

   Shipper Forwarder Consignee 

Strategy 
Minimum number 

of PHC 
 Euro 

saved 
CE 

Euro 
saved 

CE 
Euro 

saved 
CE 

Strategy 1         

1a.  189  -19,7 -29% 0,1 0% -40,3 -59% 

1b.  483  20,5 30% 40,4 59% 0,0 0% 

Strategy 2   
  

 
 

 
 

2a.  483  34,0 50% 13,5 15% 13,5 29% 

2b.  483  20,3 30% 20,3 23% 20,3 44% 

Strategy 3         

3a.  405  20,4 30% 40,3 46% 0,0 0% 

3b.  78  20,8 31% 40,6 46% 0,3 1% 

3c.  1  46,4 68% 66,2 75% 25,9 55% 

Source: own composition based on calculations. 

8.4.4. Results from a sensitivity analysis perspective 

This sub-section takes a further step and conducts a sensitivity analysis. The analysis and results shown 

above depend on the choices made with regard to the costs values used as input for the analysis. These 

choices carry a high level of subjectivity and, at the same time, it is important to analyse how the results 

vary if changes to the input values are applied. 

This sensitivity analysis considers the variation of two cost components used as input elements. These 

two elements are seen by this analysis as highly volatile and depend on the software development market 

and technology advancements when a DLT-based solution is set in place. First, the results are presented 

when different infrastructure development costs are considered. Secondly, the duration of software 

development is varied and results are further presented. The results of both hypotheses are presented in 

Figure 8.9. 

For MarSC stakeholders, ICT tools are interesting when they are developed with a low cost (targeting the 

same delivered quality). The variation of the development cost or developing time have a direct effect on 

the final cost, thus determines the volume at which it is financially interesting for the MarSC stakeholders 

to implement such a solution. The sensitivity of the minimum number of PHC necessary to flow through 

the chain is presented in relation with the infrastructure development cost and the number of 

development day in table 8.6 and table 8.7 respectively.  
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a. Sensitivity according to the 
infrastructure development costs 

b. Sensitivity according to the 
duration of software development 

Legend: sensitivity analysis according to each 
assumption 

Figure 8.9. Users average costs according to variation of the infrastructure development costs and the development days. Source: own composition.
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Table 8.6. Results according to the variation of infrastructure development costs. 

Variation of the duration of 

software development 

Notation: 𝑐𝑢_𝑖𝑛𝑓 _𝑑𝑒𝑣  

Variation interval:  between 
400 to 750 EUR 

Value considered Minimum number of PHC 

[EUR] [PHCs] 

Initial consideration 500 483 

Assumption 1 400 443 

Assumption 2 600 523 

Assumption 3 750 584 

Source: own composition. 

As shown in table 8.6, the assumptions with regard to the development cost vary from 400 EUR per day 

to 750 EUR. This cost can vary because of multiple reasons: there are limited IT developers on the labour 

market, the skills for developing DLT-based applications are very specific thus rare or simply IT developers 

demand varying prices for these types of services. The curves presented in figure 8.9a show the average 

cost of handling a PHC according to each cost assumption. The full line indicates the initial consideration 

for costs, while the dotted lines represent the average costs according to the lowest costs, a relatively 

higher value and the maximum cost respectively. Increasing the cost of infrastructure development has a 

direct impact on the volume at which adopting a DLT-based tool is interesting to be adopted. From this 

perspective, this analysis shows for example that a 50% (from 500 to 750 EUR) percent increase in the 

infrastructure development costs implies that the MarSCs need 20% more PHC volume (from 483 to 584 

PHCs) to adopt the DLT-based solution in positive financial conditions. Table 8.7 presents the sensitivity 

results when the development days for the infrastructure vary. 

Table 8.7. Results according to the variation of development days. 

Variation of the duration of software 

development 

Notation: 𝑑𝑠𝑜𝑓 _𝑑𝑒𝑣  

Variation interval: between 30 to 

60 days 

Value considered Minimum number of PHC 

[days] [PHCs] 

Initial consideration 45 483 

Assumption 1 30 389 

Assumption 2 50 515 

Assumption 3 60 578 

Source: own composition. 

Similar to the sensitivity analysis from the infrastructure cost, an analysis is carried out also from the 

perspective of the development time. Table 8.7 shows that the development time for developing a 

connection to one of the stakeholders involved can take from 30 to 60 days. The development duration 

can vary in function of the client’s contemporary system and the difficulty to build informational links 

between them and the new tool. The curves in figure 8.9b show the average cost of handling a PHC 

according to each assumption of development duration. The full line represents the results according to 

the initial consideration for necessary development time. The dotted lines represent the results according 

to the hypothetical estimations defined in each assumption. Increasing the duration of the software 
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development time has a direct impact on the costs and finally on the volume at which adopting a DLT-

based tool is financially interesting to be adopted. From this perspective, this analysis shows for example 

that a 33% (from 45 to 60 days) percent increase in the development time implies that the MarSCs need 

19.6 % more PHC volume (from 483 to 584 PHCs) to adopt the DLT-based solution in positive financial 

conditions. The following sub-section puts forward the main conclusions and final remarks of this 

research. 

8.5. Conclusions and final remarks 

This chapter presents an analysis of a DLT-based application to be implemented in the maritime supply 

chain. This application addresses the vertical flow of information related to the transfer and handling of 

the PHC. The approach taken by this chapter consists of both desk research and interviews with logistics 

stakeholders. The desk research provides an overview of the industrial approach applied by academia to 

evaluate the decision of implementing innovation. Moreover, the desk research observes a gap in the 

literature with regard to the definition of DLT (or blockchain). This research provides a definition of 

blockchain based on its fundamental characteristics presented earlier by academia. Based on this research 

and by using a dedicated framework to quantify the costs and benefits of ICT innovation in the MarSC, a 

cost-effectiveness analysis is further conducted. By doing so, it answers RQ 5.c: What is the cost-

effectiveness of vertical data integration practice through the use of a blockchain enabled application?  

The interviews with the logistics stakeholders have validated the formulated framework, gave input with 

regard to the cost elements that should be considered and proposed several strategies to be tested by 

the cost-effectiveness analysis. The following conclusions are thus formulated. 

Firstly, through the framework of this research, it is observed that the stream of data passes three MarSC 

actors vertically positioned in the supply chain. Each of these stakeholders have individual cost structures 

with regard to handling of the PHC, thus the resulting operating costs and the cost of implementing a DLT-

based solution are different. Moreover, the decision to implement the DLT-based innovation is 

individually taken by each of the supply chain stakeholders. Hence, it is shown the minimum amount of 

PHC handled through the entire chain that financially justify the implementation of the ICT tool. To do so, 

two working practices (scenarios) are analysed for each stakeholder. One working practice considers that 

personnel is manually handling these certificates. The other one considers that the personnel uses the 

DLT-based solutions.  

Secondly, this research identifies that the cost of implementing the DLT-based solution has three main 

components for its users: the cost of developing the DLT nodes, the software acquisition cost that covers 

the setting in practices of a set of conditions on validating new transactions (also known as the consensus 

algorithm), and the pay-per-use fee. The benefits generated by this type of solution are linked to the 

labour saved from activities like sending, receiving, correcting, searching information or broadly receiving 

network updates with regard to the status of the PHCs.  

Thirdly, the following remarks are formulated by analysing the three proposed implementation strategies. 

The first strategy assumes that the development costs are individually covered in full by each of the 

application users. The freight forwarder is pointed out as the stakeholder that benefits the most from the 

implementation of a DLT-based tool to handle the PHC and requires the least PHC to flow through the 

informational chain to justify the implementation of a DLT-based tool. However, the consignee is the 

stakeholder that sets the limiting margin with regard to the amount of PHC necessary to flow through the 
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chain in order to prove the cost-effectiveness of a DLT-based tool. The second strategy considers a gain 

sharing approach for the system’s user to accelerate the tool’s adoption necessities. Exploiting this 

approach, the user can benefit from the gain that the other stakeholders (involved in the chain) obtain 

and pursue the adoption of a DLT-based tool with a cost-effectiveness of 23 to 44%. The final strategy 

considers that an authority covers parts of the above-mentioned costs motivated by its desire to gain an 

overall efficiency of the supply chain. In this strategy, the supply chain stakeholders could anticipate the 

adoption of the DLT-based solution and achieve a cost-effective outcome sooner. The sensitivity analysis 

shows that the development cost or developing time have a direct effect on the final cost, limiting the 

adoption of an ICT tool. A 50% percent increase in the infrastructure development costs implies that the 

MarSCs need 20% more PHC volume (from 483 to 584 PHCs) to adopt the DLT-based solution, while a 33% 

(from 45 to 60 days) percent increase in the development time implies that the MarSCs need 19.6 % more 

PHC volume. 

The results of this research are relevant for academia, industry, financial institutes and policy makers. 

Clear theoretical aspects with regard to the cost structure of MarSC stakeholders for handling documents 

such as the PHC are put forward. Academia might make use of the same framework to conduct further in-

depth research on similar or derived applications. Moreover, the industry benefits from a hands-on tool 

with reference to types of cost and benefit elements necessary to determine the cost-effectiveness of 

implementing a DLT-based solution. Further, the conditions to adopt an ICT innovation from a gain-sharing 

approach perspective in a vertical supply chain are also shown. Given the contemporary increased 

attention to DLT and its potential, MarSC stakeholders could benefit now from a tool that allows them to 

assess the effectiveness of implementing such a technology. Moreover, financial institutes receive a sector 

tailor-made tool that points out the costs and benefits of MarSC stakeholders that could benefit from their 

financial services. And last but not least, policy makers and authorities benefit from a methodology that 

allows them to assess when the sector needs their support and what is the cost-effectiveness they 

achieve. 

Despite the new contribution detailed about this research presents also some limitations. The results of 

the numerical application are valid for the framework considered in this research. The input elements 

used in this model are provided from the perspective of stakeholders active in one port and ICT tools 

developing firms providing solutions to these stakeholders. One should be aware that developing, 

implementing and using an ICT tool conditions might vary for other use cases, depending on the market, 

timing, actor composition etc. To provide reliable results for another framework of analysis, the model 

offers possibilities for replicability, however new data for the input variables need to be collected and 

validated with the industry.  

This initial research into cost and benefit aspects of a DLT-based solution opens several opportunities for 

further investigation as follows. The analysis framework developed through this research can be easily 

transferable to other ICT and DLT-based solutions that facilitates the transfer of documents in the MarSC, 

such as B/L, customs documents, CMR, etc. In theory, a wider span of benefits can be considered as well, 

but since further concepts with regard to the DLT are still to be developed, this issue remains uncertain 

(and may drag on for years). Another opportunity is to conduct a comparative study of already 

implemented systems across ports to point out the success and failure factors of implementing a DLT-

based solution for the handling or the ownership track and trace of other documents. Equally, further 
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research to investigate the cost effectiveness of different DLT-concepts used to set the governance rules 

in a chain is also of interest. 
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9. Increasing community competitiveness through mixed integration7 

The present chapter uses the functionality of a port community system to point out the costs and benefits 

of ICT innovation that enables mixed data-exchange practices. By doing so it contributes with a further 

answer to the more general RQ5 (What is the cost-effectiveness of ICT innovation according to the type 

of data-integration approach taken?). In addition, it identifies its effect on port competitiveness. This 

chapter closes the series of parallel detailed research on effectiveness of integration practices and ends 

the series of empirical analyses of this dissertation as shown in figure 9.1. It provides insights on the mixed 

data integration and answers to the following research question: 

RQ 5.d: How does a port community system, through a mixed data integration approach, improve 

the competitiveness of the community as a whole? 

Port community systems are known as ICT platforms that enable data exchange practices between port 

stakeholders. By their nature, they enable mixed data exchange practices. This chapter provides results 

on ICT introduction from this perspective. 

 

Figure 9.1. Positioning of chapter 9 in the dissertation outline. Source: own composition. 

9.1. Introduction 

The trend towards collaborative innovation (also called co-innovation) in the maritime supply chain 

implies a good understanding of the actors and their roles, and an efficient exchange of information with 

the different stakeholders. Case analysis of 75 port-related innovation initiatives (Sys, Vanelslander, 

                                                           
7 The content of this chapter is published in the journal Research in Transportation Business & Management, 2016, 
19(51-64), 2210; doi.org/10.1016/j.rtbm.201303.009. This chapter is joint work with Prof. Dr. C. Sys and Prof. Dr. T. 
Vanelslander.   



 

156 
 

Acciaro, et al., 2015) allows mapping the efforts that the maritime and port stakeholders make to prepare 

themselves for future trends. One conclusion is that in port-related innovation, there is often a positive 

benefit-cost balance for every stakeholder, however, the benefit is often not yet seen, and therefore the 

willingness to pay is usually very low (Sys, Vanelslander, Acciaro, et al., 2015). This innovation sample 

shows that 40% (29) of the cases are oriented towards the enhancement of the information flow 

throughout the maritime supply chain.  

Enabled by the possibilities of newly developed technology, ICT developments are more and more present 

in business processes. This type of business innovation is now seen as a game changer. Analysing the 

services provided by the ports and maritime sector, the same types of developments are also pursued 

there. Van de Voorde and Vanelslander (2014) state that co-operation is a trend in the development of 

the future maritime supply chains. In extension, port community systems (PCS), as dedicated maritime 

ICT platforms, are further developed to enhance the co-operation between players that take part in the 

same maritime supply chains within a certain area.  

The review of the relevant literature shows that PCS have attracted the attention of researchers (see 

Annex 9.1.). However, few have tackled the issue of implementing a PCS in the context of port and port 

stakeholders’ competitiveness. At the same time, port competitiveness has not often been studied from 

the angle of ICT. De Martino and Morvillo (2008) did so and reviewed the activities, resources and inter-

organizational relationships that most commonly have an impact on port competitiveness.  Customer 

satisfaction and port competitiveness are used as independent variables by Lee, Tongzon and Kim (2015) 

when studying the influence of the e-Transformation of container port management systems. The latest 

technological advancements in port business show that ICT is a further pillar that has a main impact on 

port competitiveness next to costs, geographical location and services. The latter being shown through 

the research of Meersman, Van De Voorde and Vanelslander (2010). The enhanced sharing of information 

between port stakeholders regarding cargo, the preannouncement of vessel/vehicle arrival at 

ports/terminals or the secure electronic transfer of official documents are only a few examples of 

functionalities provided by PCS that bring a competitive advantage. 

PCS initiators or the later users should ideally perform a cost-benefit analysis and apply a consistent 

framework to support their decision of developing/adhering to this type of collaboration and create a 

more competitive position. The purpose of this sub-section is to question the influencing role of PCS on 

port actors’ competitiveness in general and maritime stakeholders in particular. The latter is done by 

identifying the costs and benefits encountered by different MarSC stakeholders from implementing or 

integrating pre-existing systems into an electronic platform connecting multiple actors making up a port 

community.  To that purpose, a comprehensive framework is developed to identify the costs and benefits 

that each actor faces by setting or keeping up a PCS. The later in-depth view on a specific case illustrates 

the application and functionality of the framework. 

The chapter is organised as follows. Sub-section 9.2 presents a review of specific aspects of PCS 

developments, not only in seaports, but also in airports, in order to find best practices and to learn from 

this sector. Furthermore, an overview is given of scientific studies analysing PCS. Sub-section 9.3 presents 

the typical architecture of PCS functions and application modules. In sub-section 9.4, the costs and 

benefits brought by setting up and joining collaborative PCS platforms are detailed from the perspective 

of the port-related stakeholders, and a view is given on whether a PCS contributes to port stakeholders’ 
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competitiveness. Sub-section 9.5 focuses on the Antwerp Port Community System (APCS)8 case study and 

presents the costs and benefits that apply to each stakeholder when joining a specific implemented 

application. It shows to what extent the APCS administrator encourages the use of PCS and gives a 

competitive advantage to the community as a whole. Finally, sub-section 9.6 draws conclusions and 

provides recommendations for future research for this specific topic. 

9.2. Community systems: a literature review  

Most major seaports and airports have implemented some kind of community system. The next sub-

section firstly clarifies the understanding and role of community systems in seaports, followed by a brief 

comparison with airport community systems. For each of those, the operator is first defined. Secondly, 

the literature over the 2000-2015 period is reviewed to identify both cost and benefit elements of a PCS.  

9.2.1. Community systems in ports 

The European Port Community System Association (EPCSA, 2011)9 defines a PCS as a neutral and open 

electronic platform enabling intelligent and secure exchange of information between public and private 

stakeholders in order to improve the efficiency and competitive positions of the seaport communities. A 

PCS optimizes, manages and automates logistics-efficient processes through a single submission of data, 

connecting transport and logistics chains. 

Literature review shows that the definitions of these systems have evolved together with the scope of 

PCS from connecting multiple communication systems (Rodon & Ramis-Pujol, 2006) and serving as 

information hub (Srour et al., 2008) to being used as a tool that facilitates the exchange of information 

regarding commercial or administrative matters so as to generate added value and offer new logistics 

value propositions (PORTEL, 2009). However, the main objective of a PCS remains to encourage the co-

operation amongst logistics stakeholders and to increase their competitiveness as a community. This co-

operation is based on the integration of communication procedures both within the same maritime supply 

chain (vertical integration) and across supply chains (horizontal integration) (De Borger & De Bruyne, 

2011). Van de Voorde and Vanelslander (2014) define the term ‘vertical integration’ as collaboration 

between logistics service providers at a different level within a specific supply-chain. Studies refer to 

horizontal collaboration between logistics players.  For example, Cruijssen, Coolsand Dullaert (2007) or 

Leitner, Meizer, Prochazka and Sihn (2011) focused on partnerships for freight consolidation matters or 

sharing the same infrastructure capacity. PCS facilitate both types of integration.  

In line with such integration, Keceli (2011) proposes a three-stage strategy for implementing a PCS. Firstly, 

he suggests integrating port operators and port authority (harbour master). Next, other ICT systems of 

other authorities or service providers (e.g. customs, pilotage) should be integrated. Finally, value-added 

services - can be commercialized. By formulating this strategy, Keceli (2011) suggests that such 

collaboration platforms have a higher commercial success when used by port service providers.  

The most frequent reasons for developing PCS are the following ones: 

                                                           
8 In 2018 APCS got renamed into C-POINT. 

9 In 2016 EPCSA, got renamed to International Port Community System Association (IPCSA) 
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 To optimise the flows of information (efficiency and effectiveness) (Van Oosterhout, Veenstra, 

Meijer, Popal, & Van den Berg, 2007; Milà, 2007; Gustafsson, 2007; Keceli, 2011; Duran & 

Cordova, 2012) 

 To allow for better control of the import and export activity by customs services (Keceli, Choi, Cha, 

& Aydogdu, 2008; Aydogdu & Aksoy, 2015) 

 To generate more competitive advantage for the port (Cuadrado, Frasquet, & Cervera, 2004; Van 

Oosterhout et al., 2007; Duran & Cordova, 2012) 

Port actors are known to have various relationships: some collaborate, while others compete. All are 

under the subordination of authorities like customs or port authorities, so they follow specific procedures. 

Port-related stakeholders are currently users of PCS. Undertaking their activity in a port environment, 

they have to comply with a specific sequence of operations for freight and information flows. When 

developing a PCS, best practices and already implemented community systems are often taken as 

examples from other sectors (e.g. air transport) or from other ports.  

A PCS, when implemented, becomes part of the port management scheme. Heaver, Meersman and Van 

de Voorde (2001) note that the managerial actions of a port authority are ultimately derived from its basic 

objectives, which are influenced by its ownership, structure and mandate. The port management scheme 

and the port organization type influence the objective of each PCS and consequently the type of benefits 

they are creating. Verhoeven (2010) argues that the port management is the responsibility of the port 

authorities. He identifies three types of port authority functions: landlord, regulator and operator 

function.  Meersman et al. (2011) identify four types of port organization: service port, tool port, landlord 

port and fully privatized port. Hence, these managerial structures are later used to investigate the 

functional orientation of PCS.  

9.2.2. Community systems in airports  

In parallel to the maritime transport sector, the air transport sector also introduced airport community 

systems (often known as ACS, cargo community systems or CCS). Similar to a PCS, an ACS serves as an 

information exchange platform between the operators and authorities operating at an airport. (UNECE, 

2012) understands an ACS as ‘a neutral and open electronic platform enabling intelligent and secure 

information exchange between public and private stakeholders in order to improve the competitive 

position of airport communities’. In comparison with early PCS, airports have developed only recently such 

platforms, but they seem to feature a shorter implementation period. The development of collaboration 

platforms with the air communities is facilitated by the already implemented standards. UNECE (2012) 

notices that most airport community systems have their own internal standards, but they communicate 

with other such systems or trade communities using international air-specific standards, in 

particular IATA standards for EDI and for XML. The services offered by the ACS are often the same as those 

offered by PCS. Therefore, the types of benefits gained by the corresponding stakeholders involved in 

both types of systems are assumed to be similar.  

The main difference between the establishment of community systems in the air transport sector and in 

the seaport sector is the presence of specific IATA communication standards for the air sector. In the 

maritime sector, each stakeholder has individually developed its own type of communication platform 

with its customers to increase its efficiency (in terms of reduced costs, less errors and faster turnaround). 

http://www.iata.org/Pages/default.aspx
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Given their diversity and difficulty to integrate, these pre-existing systems are now seen as the main 

hurdle that hampers the way forward for implementation of most PCS. This obviously has repercussions 

on their benefit. Hence, an in-depth understanding of the costs and benefits of such community system 

is required to show for the various actors the net gain that can be obtained by using a joint platform with 

common standards of data exchange. 

9.2.3. Approaches and findings in literature on PCS analysis 

Literature with respect to PCS focuses mainly on the actual implementation. The literature review in this 

sub-section focuses on the used methods to study the collaboration platforms in general and the 

associated costs and benefits of implementation in particular. A detailed overview is presented in annex 

9.1. Table 9.1 summarises the main findings of the literature review. 

Table 9.1. Approaches used with respect to PCS developments. 

Approaches Time period Number of 
references 

References referring 
to PCS benefits 

References referring to 
PCS costs 

Descriptive approach 1994-2015 19 16 4 

Conducting interviews and 
expert meetings 

2005-2011 7 7 2 

Development of indicators 
for measuring PCS 
efficiency 

2012-2014 2 2 1 

Quantitative approach 2011-2015 3 3 0 

Source: own composition. 

From table 9.1, it is clear that the majority of the studies adopt a descriptive approach. A second group of 

reviewed articles has a more empirical orientation when describing a specific PCS. These studies opt for 

interviews or expert meetings as part of their methodological approach in order to define the relations 

established within PCS or to reveal issues encountered when integrating pre-existing systems. Thirdly, 

only two studies define indicators to measure the strategic and operational efficiency of PCS (Duran & 

Cordova, 2012). Lastly, a limited number of studies use quantitative data to assess the features 

implemented by PCS’s. These studies use the fuzzy TOPSIS technique (Ghazanfari, Rouhani, & Jafari, 2014) 

respectively scenario-based models (Tijan et al., 2012b; Aydogdu & Aksoy, 2015) to study the benefits of 

PCS. The orientation of the reviewed studies is more focused on identifying and describing the benefits of 

PCS. Therefore, the costs are weakly studied. This is a gap in literature that this sub-section fills in. 

Authors like Keceli (2011) or Aydogdu and Aksoy (2015) focused their studies on PCS benefits. 

Nonetheless, difficulties in finding common ground to assess the impact of PCS on port competitiveness 

still exist. These difficulties are mostly encountered because of each PCS’s unique architecture and 

purpose. This sub-section also intends shedding further light on this aspect. 

Ultimately, the literature review reveals that there is a wide range of PCS setups and each has its own 

characteristics and types of costs and benefits. The next sub-section focuses on the PCS design and 

functionalities, so as to create a typology which can be subject to cost and benefit analysis in sub-section 

9.4 subsequently. 
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9.3. PCS design and functionalities 

Srouret al. (2008) make a categorization of typical PCS architectures. The same authors also focus on 

identifying the particularities of the context and the steps that contributed to the development of PCS in 

ten ports, creating a collection of success factors for PCS implementation. Rodon and Ramis-Pujol (2006) 

study the PCS created within Spanish ports and address the issues of integrating pre-existing systems in 

one central communication platform. They conclude that the companies in the port sector did not need 

to integrate. Duran and Cordova (2012) make a conceptual analysis and develop a set of indicators that 

allow evaluating the knowledge management of the main actors participating in the community. Next, a 

study developed by Global Institute of Logistics (2012) gathers in a single report different aspects that 

characterize PCS as individual platforms that cannot be compared. They also note that in each PCS setting, 

the Port Authority is the natural leader of the created community. 

Although there is a wide range of studies describing the PCS architecture, only few authors like Van 

Oosterhout et al. (2007) or Aydogdu and Aksoy (2015) refer to PCS functionalities or to specific 

applications developed within PCS (also known as PCS modules). PCS are individual platforms that 

incorporate different functionalities of one specific port. Furthermore, these functionalities are being 

supported by applications of different modules that deal with more specific tasks. A PCS has therefore a 

multi-layer structure characterized by different functionalities that are put into practice through a set of 

separate modules. The stakeholders involved in the port activity (whether private stakeholders, customs 

or port authorities) can either use the entire range of functionalities of a PCS, or only a part of them, as 

well as use information available through individual PCS modules. Figure 9.2 depicts the multi-layer 

structure of a PCS. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.2. Multi-layer structure of PCS functions and modules. Source: own composition. 

Subsequently, the following two sub-sections will describe the PCS functionalities and application 

modules. 
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9.3.1. PCS functionalities 

Keceli (2011) notes that the functionalities and services offered by already implemented PCS are always 

under development. Furthermore, the range of actors involved in a PCS is wide, containing both public 

agencies (like customs, port authorities or other local authorities) and private operators (e.g. shipping 

lines, stevedores, terminal operators, inland transport operators or forwarders).  

The functionalities of already developed PCS platforms are covering areas like logistics, customs clearance, 

navigation and dangerous goods declaration (see figure 9.2). The logistics function provides electronic 

communication for efficient management of the entire logistics chain, from hinterland transport to the 

connection to maritime transport and beyond, without impairing the private nature of commercially 

sensitive data. The customs clearance function simplifies the import and export control procedures and 

offers better control of the administrative process. This results in shorter customs clearance times and 

easy access to information, reducing the dwell time of cargo. The navigation function through PCS 

guarantees an efficient approach for smooth and safe traffic and optimum planning during arrival and 

departure. It usually includes requests for services, port infrastructure usage and administrative 

handling. Finally, the dangerous goods declaration functionality uses electronic communication to 

guarantee an efficient data flow for the declaration of the transport of hazardous cargo and the 

related obligations.   

The functionalities covered by each PCS are not always the same. Keceli (2011) lists the functionalities of 

five ports and concludes that the scope of each PCS is influenced by its major stakeholders. In line with 

Keceli (2011), table 9.2 presents a more detailed overview for an extra eight ports. With the additional 

ports, this study offers a perspective of ports within areas like Western- and Southern-Europe, Asia and 

the US. Each of these ports has a long tradition in operating PCS and had them implemented before the 

2008 economic crisis. In addition to what Keceli (2011) included, this overview incorporates the ports’ 

organization typology as defined by Meersman et al. (2011), it points out the year of implementation of 

each system and it upgrades the lists of functionalities by adding the dangerous cargo declaration as a 

new PCS function. 

From table 9.2, it is first of all clear that each PCS has different functionalities, and furthermore also that 

the types of charges and benefits gained through each functionality are different. Furthermore, due to 

this diversity and the involvement of many stakeholders, the evaluation of the aggregated PCS costs and 

benefits is difficult to conduct. 

The second finding refers to the longevity of the PCS. Only a limited number of old platforms (for instance 

the ports of Hamburg or Singapore) covers the full range of functionalities, while others (for instance Hong 

Kong, Bremen or Le Havre) offer still a limited set. Nonetheless, within the latter ports, parallel IT systems 

apart from PCS have been developed to cover the extra functions. 

Another interesting observation is that the more recently implemented PCS were preceded by other 

similar collaboration platforms within the same port (APCS at the port of Antwerp, Portbase at the ports 

of Rotterdam and Amsterdam or OnePort at the port of Hong Kong), and incorporate more functionalities 

than the older versions. These examples make a clear point that the implementation of a PCS is a 

continuous expansion process. 
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Table 9.2. PCS key Functions. 

Country Port 
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Landlord ports   

Germany 
Bremen BHT (former DBH) 1980’s X X  X 

Hamburg CCS Dakosy 1983 X X X X 

Belgium Antwerp 

SEAGHA 1986  X X  

APCS (C-Point as of 

2018) 
2012 X X X X 

Spain 
Barcelona PORTIC 1999 X X  X 

Valencia INTTRA 2006 X   X 

USA 

Los Angeles 

and  

Long Beach 

eModal 1999 X    

The 

Netherlands 

Amsterdam 
PortNET 2000 X    

Portbase 2009 X X X X 

Rotterdam 
Port infolink 2002 X  X  

Portbase 2009 X X X X 

South Korea Busan 
PORT-MIS 2004   X  

KTNET 2006  X   

Limited service port   

France Le Havre SOGET 1983 X X   

Service ports   

UK Felixstowe MCP 1984 X X  X 

Singapore (PSA) Singapore 
Portnet 1984 X X X X 

TradeXchange 2007 X X   

China 
  

Hong Kong 

Tradelink 1988 X X   

OnePort 2003 X X X  

KTNET 2006 
 

X   

Source: own compilation based on Keceli (2011) 

Finally, the studied sample of PCS suggests that the most frequently applied functionalities by 

communities are those related to logistics applications and customs-related activity. This finding emerges 

regardless the type of port management structure. 

9.3.2. The modular approach of PCS 

The services provided through each PCS function are available by using several modules (applications). 

For example, the pre-notification delivery/collection of a container at the terminals is done through a 

module of the logistics function, while a ‘customs declaration’ is submitted through a module belonging 

to the customs clearance function. This approach, initiated in the CCS Dakosy system in Hamburg (1983), 

the Portnet system in Singapore (1984), and the SEAGHA (1986) system in Antwerp was adopted by the 

later-developed PCS. Furthermore, more recent systems such as the Port Infolink system at the Port of 
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Rotterdam and APCS at the port of Antwerp have also been successful in using a modular implementation 

approach, which may refer to a next generation of PCS that is getting implemented. 

A modular approach contributes largely to the successful implementation of a PCS. The advantage of this 

approach is that the information flow destined for different purposes is processed through different 

applications. This way, each module connects together only the stakeholders that are interested in 

sending/receiving one specific type of information. The specific relations that are being created through 

individual modules determine the types of cost and benefits supported by each PCS user.  

The identification of the various types of costs and benefits is exactly the subject of the next sub-section 

which illustrates the developed framework (in sub-section 3.2.4) and use it to identify the costs and 

benefits incurred by ports stakeholders that use one module of the PCS opened at the Antwerp. 

9.4. Application of the framework: APCS case study 

The APCS was initiated with the opening of the e-Desk platform in 2012. It hosts four main functionalities, 

namely cargo & logistics, navigation, customs and dangerous goods declaration. The development of APCS 

followed a bottom-up approach. This means that a central authority did not impose the development of 

this communication platform, but it was created starting from the needs of the port stakeholders. More 

specifically, stakeholders that had already developed their own digital applications felt the need of being 

integrated with their collaborators through a larger communication platform. Moreover, the main aspects 

that contributed to the development of APCS were the navigation and customs services. These two 

services represented the root from which the logistics functionality has been extended later on. The extra 

functionality related to the hazardous goods declaration was developed under impulse of European 

legislation (Port of Antwerp, 2015). This analysis is centred on the functionalities offered by APCS in the 

year 2016. One should bear in mind that fundamental changes and further developments occurred after 

that date. One main change in the functionalities offered by the PCS at the Port of Antwerp was the 

incorporation of NxtPort10. NxtPort is a data utility platform that centralizes terminal operators’ data and 

offers it for the use of port users and/or application builders. The latter falls outside the scope of the 

present analysis.  

9.4.1. APCS functionalities 

The stakeholders present in the port of Antwerp can benefit from a wide range of applications by joining 

the APCS. APCS started by addressing to the stakeholders that were operating containerized cargo and 

later, its service was addressed also to break-bulk operators. More than half of the modules, which are 

functional under APCS, are open for the use of ships’ agents (57%) and shipping lines (52%) as shown in 

figure 9.3. Freight forwarders can benefit from 45% of the modules and terminal operators enjoy 41% of 

the modules. Finally, 30% of the applications are open for the use of the port authority. 

The establishment of APCS features a wide range of benefits. Moreover, a fixed value cannot be indicated 

as the total benefit of using the system. Due to the complexity and the number of involved stakeholders, 

the direct economic efficiency of the PCS is difficult to determine. The current approach proposes that the 

costs and benefits of one module at each individual stakeholder level should be evaluated. 

                                                           
10 https://www.nxtport.eu/ 
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Figure 9.3. Percentage of APCS applications dedicated to the use of each stakeholder. Source: own 

composition based on Port of Antwerp (2015). 

9.4.2. ECS: arrival notice of export cargo at terminals - cost and benefit elements 

The module analysed here is the Export Control System (ECS) implemented as a customs clearance 

functionality within APCS. This was the first module implemented by the new APCS ownership, Alfaport 

Voka and the Antwerp Port Authority, in 2012. ECS is part of the E-Customs initiative to be implemented 

at European community level11. In the port of Antwerp, this was adopted under the name of ECS: arrival 

notice of export cargo. This module’s aim is to enhance the customs control for export cargo by using a 

pre-notification system. In other words, it allows customs declarants to notify the terminal operator about 

the upcoming cargo and to pass on export declaration details electronically.  

An analysis of the costs and benefits encountered by the users of the ECS module is conducted by applying 

the costs and benefits framework in sub-section 3.2.4. The ECS module of APCS is an example of both 

vertical and horizontal collaboration of actors active in the maritime supply chain. ECS’s development 

phases are included in Vanelslander et al. (2015), who analyse the conditions under which port-related 

innovation initiatives achieve their success. The latter study points out that the strong involvement of 

terminal operators in building the communication infrastructure throughout all the development stages 

of ECS was a critical condition for its success. More specifically, this module was initially developed as a 

private initiative and had the purpose of vertically optimizing the operations that required PSA Antwerp’s 

involvement. At that stage, the terminal operator supported the development cost of the communication 

platform. Furthermore, the direct beneficiaries of this data communication platform, besides the terminal 

operator, are the freight forwarders and the local customs authority. Later on, APCS’s goal was that all 

                                                           
11 https://ec.europa.eu/taxation_customs/sites/taxation/files/docs/body/buda_sem_conclusions.pdf 
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the container terminals in the port would use it. In order to do so, the PSA application was upgraded and 

integrated in the current customs functionality of the APCS. Since the start, the costs of this deployment 

have been fully covered by the port authority, including operational costs and the establishment of new 

connections. This step means that the ECS module will integrate data from port stakeholders, like terminal 

operators or freight forwarders, also at a horizontal level. 

To date, the ECS module is dedicated to usage by the following port stakeholders: terminal operators, 

freight forwarders and customs authority. While the application is accessible by all freight forwarders that 

are using the port of Antwerp as a shipping point, not all the terminals joined this module. Initially 

developed for the use of export declarations of containerized cargo, this module has been extended also 

to break-bulk cargo. Several RO-RO-dedicated terminals are currently using the ECS module of APCS. This 

expansion serves as an example of horizontal collaboration between parallel supply chains through 

sharing best practices. The benefits brought by this module are different for each type of stakeholder. 

These outcomes are obtained and validated during interviews with representatives of supply chain 

stakeholders. The face-to-face interviews are semi-structured discussions with four representatives of the 

MarSC involved in implementing or using PCS functionalities as follows: one director of a PCS, one person 

holding the secretary general position of the IPCS, a member of the advisory board for a PCS and a 

technical manager at boarder inspection in the Port of Antwerp. The length of the interviews varied 

between one to two hours and covered topics related to the implementation of PCS functionalities, costs 

and benefits for users. The questions guiding the interviews are presented in Annex 9.2. At the end of the 

meeting the interviewees are asked to confirm the type of costs and benefits noted for the supply chain 

stakeholders for using PCS functionalities as part of the validation activity. Table 9.3 shows which 

stakeholders, involved in the ECS module of APCS, incur which type of costs and benefits.  

In sum, the evolution of the ECS module shows that the collaboration within the maritime supply chain 

through the PCS implementation has made positive progress. In this case, a neutral authority had to take 

action for the implementation of IT communication platforms. The neutral authority has the goal of 

increasing the competitiveness of the entire community. Current users of the ECS module (terminal 

operators, freight forwarders and customs authorities) do not incur any extra additional cost by using the 

ECS module of APCS. Consequently, the PCS users, by using the ECS module, enjoy both digital economy 

and community types of benefits. Some of the costs and benefits (e.g. fees for information use, revenue 

etc.) listed in the PCS evaluation framework are not applicable for evaluation in the current case study. 

This proves that, due the fact that each PCS module has its own setting (for instance dedicated only to 

part of the stakeholders, not offering a full range of functionalities) the related costs and benefits are also 

different. Nevertheless, the developed framework is a useful tool to create a first inventory of the cost 

and benefits of adhering to one PCS module as a necessary step before quantification.  

This research explores further these results and quantifies, for each stakeholder, the percentage of costs 

and benefits types incurred from the CBF. Table 9.4 shows therefore the percentages for the main 

categories of costs (development or user) and benefits (digital economy or community attendance) from 

the perspective of each type of stakeholder. 

As seen in table 9.4, the development and operational cost elements are both covered by the port 

authority. The IT developer covers as well some of the development costs, for which compensation is 

received, during the operation, from the port authority. These stakeholders do not incur other direct 
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financial benefits from the CBF. The same table quantifies as well, in percentage, the type benefits 

elements from the CBF that are incurred by each ECS module user. It shows thus that the customs checks 

88% of the digital economy types of benefits, while the freight forwarders and terminal operators only 

63% and 75% respectively. Yet, the users receive the same percentage of type of benefits from the 

community attendance category. These results show that MarSC have no financial hinder in accessing 

these benefits. Hence, the PCS operator (the Port Authority) supports the development and 

implementation of a new form of port stakeholder collaboration. This collaboration facilitates their 

communication in handling and operating customs procedures. As such, the PCS operator (APCS) acts as 

funds orchestrator and uses association’s capital to gain new broader benefits from the increase in 

community’s competitiveness. The following sub-section presents the general conclusions and limitations.  

Table 9.3. Costs and benefits of port stakeholders that are using the ECS module of APCS. 

 PCS 
operator 

ECS module user 
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Development and administration  
Platform development x       

Operating and maintenance costs x       

Join-in 
 

Hardware/software investment costs      

Training cost   
   

Operating cost   
   

Fees for information use   
 

  

B
EN

EF
IT

S 

Digital economy benefits 

  Reduces cost to access/receive 
information 

 x x x 

Reduces cost to send information  x x x 

Avoid illicit transactions and/or their 
prejudice 

 x 
  

Avoid error correction  x x x 

Avoid information matching (benefit 
from automatic data matching – if 
applicable) 

 x x x 

Avoid information search  x x x 

Efficient use of resources  x 
 

x 

Community attendance benefits 

  Access to broad (real-time) information 
 

x x x 

Higher value-added services 
 

   

Compliance with standards and 
regulations 

 
x x x 

Source: own compilation based on interviews and validation with representatives of MarSC stakeholders 
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Table 9.4. Percentage of types of costs and benefits from the CBF incurred by stakeholders. 

 

 PCS operator ECS module users 
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Costs categories  
Development and operation 100% 0% 0% 0% 
User 0% 0% 0% 0% 

Benefits categories 

  Digital economy benefits 0% 100% 71% 85%  
Community attendance benefits 0% 67% 67% 67% 

Source: own composition 

9.5. Conclusions 

The communication means between stakeholders of the maritime supply chain have evolved. More 

specifically, ICT systems have a core role in the daily activities of the shipping industry. This chapter 

develops a cost-benefit quantitation framework for port PCS systems and answers RQ 5.d: How does a 

port community system, through a mixed data integration approach, improve the competitiveness of the 

community as a whole? The aim of the sub-section is twofold. First, the aggregated costs and benefits of 

implementing a new PCS are listed. Secondly, the costs and benefits from a stakeholder perspective of 

using the PCS modules are identified. Moreover, it answers the question how the PCS operator makes 

efforts to increase the competitive advantage of the community. 

To achieve these objectives, an in-depth desk research is conducted. Furthermore, by conducting 

interviews and participating in expert meetings on the theme of PCS, details regarding the issues 

encountered by both PCS operators and users are investigated. This approach shows that despite the 

consensus regarding the goals of this type of collaboration, an application that points out the costs and 

benefits of a PCS was lacking. The following paragraphs summarize how the current research is both 

beneficial to scholarly knowledge and to support the maritime sector’s managerial decisions.  

With regards to scholarly knowledge, this study shows that the functionalities and the design of each PCS 

are the main elements that determine the range of costs and benefits incurred by port operators. 

Furthermore, the cost and benefit elements determined by PCS should be evaluated at module level. 

Through this perspective, the benefits of joining a PCS can be divided in two categories. The first category 

refers to benefits brought by the digitalization of administrative procedures (for instance minimizing 

document processing time, faster exchange of information, reduced number of errors due to single data 

entry, minimized cost of documents transfer or increased information accuracy). The second category 



 

168 
 

refers to the benefits to the PCS users of being part of a community (for instance increased market 

position or increased competitiveness). 

The most cited reasons in favour of PCS developments are to reduce the cost of communication through 

digitalization and to increase the level of competitiveness for its users. The development of a PCS does 

not anticipate a certain level of benefits for its users; it is rather the role of the joint community to 

maximize the potential benefits of using such collaboration platform. In this regard, the investigated 

example has shown that the efforts of the PCS operator (the port authority) by covering the development 

and further expansion costs is aiming to bring new benefits for PCS users. This way, terminal operators, 

freight forwarders or customs declarants, by using a more comprehensive tool to conduct their 

communication obligation with respect to customs procedures, may enjoy an increase in their 

competitiveness. 

Regarding managerial implications, this study offers a cohesive view regarding the cost and benefit 

elements that each MarSC stakeholder has after joining a certain module. Therefore, it proposes a more 

structured framework of evaluating the costs and benefits of a PCS from each MarSC stakeholder point of 

view, allowing each of them to decide on joining the platform or not, and on enjoying the benefits from 

increased competitiveness. It is useful also for port administrators, who need to take action for the 

implementation of PCS. It raises the awareness of MarSC stakeholders regarding the complete set of costs 

and benefits that are brought forward by a PCS. 

The limitations of this research form new paths for further investigation. Future research on the 

identification of aggregated PCS costs and benefits is still possible. A full cost-benefit analysis can still be 

pursued and this way evaluate the effectiveness of joining one module or another of a previously 

developed port collaboration platform. A possible analysis can also be done from the point of view of one 

stakeholder that joins multiple PCS modules and this way, an assessment of the added value of being 

involved in additional modules can be carried out. 
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10. Cost-effectiveness of ICT innovation in the MarSC: a synopsis 

As a reaction to increasing trade and more global production processes, but also to narrowing profit 

margins, MarSC stakeholders try to leverage on the latest advancements in innovation. Digitalization is 

one of the mega trends that encourages innovation, so MarSC stakeholders follow it closely. The in-depth 

literature review of this dissertation shows that there is a scarcity of publications distinguishing between 

the types of ICT innovation. Researchers present in-depth studies referring to one characteristic of an ICT 

innovation. An overarching typology is missing in the academic literature. Moreover, the majority of 

publications studying the effects of ICT introduction in the MarSC use a descriptive approach in identifying, 

interpreting or quantifying the costs and benefits. There is no structured framework that helps the MarSC 

stakeholders to evaluate their decisions or to fundamentally motivate the uptake of ICT innovation. These 

shortcomings are addressed by the present dissertation through one main research question: what is the 

cost-effectiveness of ICT innovation introducing integration in the MarSC? 

This chapter closes this dissertation and is divided in three sections. The first section summarizes the 

research approach. The second section presents the key research contributions. The last section addresses 

recommendations, presents limitations and formulates possibilities for further research.  

10.1. Research approach 

This dissertation builds on the knowledge developed by the research carried out within the BNP Paribas 

Fortis chair for Transport Logistics and Ports at the Department of Transport and Regional economics at 

University of Antwerp in the period between Autumn 2013 and Spring 2015. That research has shown 

that in-depth research is needed on a new emerging topic that addresses the quantification of costs and 

benefits generated by ICT innovation in the MarSC. Linked to this topic, the initial phase of this research 

identifies several gaps in the literature. These literature gaps are shown in table 10.1. The same table 

shows which research topics have been formulated to address these gaps, which approaches have been 

applied and what are the corresponding chapters presenting each topic.  

This research fills in three main gaps in the literature. The first gap is identified with regard to scattered 

categories of ICT innovation. Another gap is the lack of a consistent approach in identifying the costs and 

benefits of ICT innovation. The third gap is the lack of applications that quantify the associated costs and 

benefits. To address these research gaps, two methodological approaches are conducted.  

Firstly, academic literature is reviewed. This research lists the dimensions that ICT innovation can take in 

the MarSC. In addition, it provides an overview of methods that investigate, from a quantitative 

perspective, the introduction of innovation. While the first part results in a typology, the latter presents 

an overview of quantitative methods used to assess innovation introduction. In addition, it provides a cost 

and benefit quantification framework. The research that found a comprehensive typology for ICT 

innovation is presented in chapter 2. The provision of a general costs and benefits framework is detailed 

in chapter 3. The above-mentioned outcomes are used as a fundamental basis for the further empirical 

research.  

Secondly, an empirical research is conducted to provide insights from a quantitative perspective on the 

costs, benefits and cost-effectiveness of ICT innovation. This research benefits from the input of inquiries 

with representatives of MarSC stakeholders. Chapter 4 presents a collection of ICT innovation cases. It 

makes use of the literature review results to present a typology of ICT innovation and to show which 
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objectives these cases target. Next, an analysis accounting for the occurrence of costs and benefits 

generated by ICT innovation in the MarSC is carried out in chapter 5. The later chapters 6 to 9 complete 

the empirical analysis, each carrying out an in-depth cost-effectiveness analysis. These analyses present 

quantitative outcomes with regard to the type of integration that ICT innovation introduces in the MarSC. 

The following sub-section details the key outcomes of this dissertation with regard to each of the above-

mentioned research topics.  

Table 10.1. Dissertation approach 

Literature 
gaps 

Research topic 
Research 
Question 

Approach followed 

Chapter* 
In-depth 
literature 

review 

Empirical research 
(interviews with 

stakeholders/industry) 

Scattered 
categories of 
ICT 
innovation 

Typology fof ICT innovation 
in the MarSC 

RQ1 X  Chapter 2 

No consistent 
approach in 
identifying 
and 
interpreting 
the costs and 
benefits of 
innovation 

The overview of quantitative 
methods used to measure 
innovation and provision of 
a costs and benefits 
quantification framework 
for ICT innovation in the 
MarSC 

RQ2 X  Chapter 3 

Lack of 
quantification 

The presence of ICT 
innovation in the MarSC and 
quantification of its success 
in achieving its objectives 
(perspective of 44 cases) 

RQ3  X Chapter 4 

The quantification of costs 
and benefits occurrence of 
ICT innovation in the MarSC 
(perspective of 44 cases) 

RQ4  X Chapter 5 

Quantifying 
the cost-
effectiveness 
of: 

internal ICT 
integration  

RQ5 

 X Chapter 6 

horizontal 
ICT 
integration  

 X Chapter 7 

vertical ICT 
integration  

 X Chapter 8 

mixed ICT 
integration  

 X Chapter 9 

*where chapter 1 is the introduction and chapter 10 the synopsis 

Source: own composition 

10.2. Key contribution to research  

After identifying the gaps in the literature, the following sub-sections summarise the key contributions of 

this research. These contributions are put forward for both the literature review and empirical research 

perspectives. The literature review outcomes are summarized in sub-section 10.2.1. The contributions of 

the empirical research are shown in sub-section 10.2.2. It covers the outcomes with regard to the 
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identification and analysis of ICT innovation objectives, costs and benefits. The results of the more in-

depth empirical CEAs are presented in section 10.2.3.  

10.2.1. Literature review contribution 

The literature review provides an overarching typology for ICT innovation applicable in the MarSC. To do 

so, it lists the dimensions of innovation from an ICT, MarSC and integration perspective. From an ICT 

perspective, this dissertation provides insights with regard to three main dimensions: the nature, the 

delivered outcome and the type of access to its outcome. According to its nature, ICT innovation is either 

a hardware, software or a solution integrating both. The ICT innovation outcome is either a product or 

service. According to the last dimension, ICT innovation provides an open, conditioned or closed type of 

access to its outcome.  

From a MarSC and integration perception, the literature review acknowledges that previous research has 

already identified six main dimensions of innovation. These dimensions are applicable to ICT innovation 

as well. In addition, this dissertation notices the potential of ICT innovation to support integration in the 

MarSC. Hence, it defines data integration as a key dimension in the typology of ICT innovation. From this 

perspective, this research differentiates between innovation that supports internal (company wise), 

horizontal, vertical or mixed data-integration. The above-listed dimensions are defined and brought 

together in an overarching typology. These outcomes are used in the further empirical analyses to give 

more insights on innovation introduction.  

The literature review identifies CEA as a suitable method to quantify the effect of innovation 

introduction and provides a comprehensive costs and benefits framework for further economic 

analyses. The research carried out on this topic shows which methods are used to quantify the effect of 

innovation introduction and which methods are suitable to assess its effectiveness. Therefore, this 

research provides an in-depth literature review of publications that use indicators, applications of 

regression analysis, meta-analysis studies or application of cost-benefit analysis. This literature review 

centralizes the limitations of cost-related methods used in assessments of innovation and lists the cost 

and benefit elements generated by ICT innovation in the MarSC. This list represents the key framework of 

analysis used in generating the empirical outcomes of this dissertation. 

10.2.2. Contribution with regard to evidence on objectives, costs and benefits generated by 

ICT innovation 

Results from the perspective of a collection of 44 ICT innovation cases are given. This empirical research 

shows which ICT innovation cases are developed for/or by MarSC stakeholders and to which extent they 

are successful. The empirical analysis shows that there are ICT innovation cases developed for/or by 

MarSC stakeholders, and that there is alignment between the importance and the success scores that 

companies set for economic objectives. From this perspective, objectives that have a high success are 

optimizing operations, integrating with other actors and minimizing costs. In addition, the results show 

that, although environmental objectives are generally seen as less important, stakeholders perceive ICT 

innovation as successful in achieving them. For example, ICT innovation is successful in reducing 

congestion or reducing CO2 emissions. In addition, ICT innovation is successful in achieving objectives like 

reducing fraud attempts or opening new employment opportunities. This research shows also that ICT 

innovation is successful in objectives like: encouraging other investments, integrating with other 

sustainable developments or offering new employment opportunities. These types of achievements are 
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usually not discussed in previous research and not seen by MarSC stakeholders. The further objectives 

analysis provides outcomes from the perspective of ICT developers. This analysis shows that obtaining 

market share (counted in number of users) is a key objective. In addition, from an environmental 

perspective, software developers have attributed less importance to mitigating air pollution, however 

their innovation is successful in achieving it. Equally, from a societal perspective, the innovation they 

develop is successful in offering new employment opportunities. While these results are new for both the 

industry and academia, they provide little insights with regard to which costs and benefits are incurred by 

MarSC stakeholders when implement ICT innovation. Hence, the next paragraph details the key 

contribution of this research in identifying the costs and benefits introduced by ICT innovation.  

The same collection of 44 ICT innovation cases provides empirical evidence on the occurrence of cost and 

benefit elements that are brought by ICT innovation in the supply chain. This research shows that ICT 

innovation generates costs linked to its development and its operation to the stakeholders that implement 

it. From a user perspective, it also generates costs associated with hardware or software investments and 

training of the personnel. In addition, this research shows that the main benefits introduced by ICT 

innovation are linked to the cost reduction of receiving/handling/sending information and to the more 

efficient use of assets (resources). As these results might seem general and intuitive, the following 

paragraphs detail the contribution from two viewpoints: firstly, from the perspective of MarSC 

stakeholders that adopt ICT innovation and, secondly, for each of the integration types it introduces.  

From the perspective of the MarSC stakeholders that adopt ICT innovation, the following results are 

obtained. The terminal operators incur the cost of developing an ICT innovation in approximately 43% of 

the cases. IT developers (software houses) incur the development costs for 30% of the cases. Moreover, 

the involvement of the port authority in financing the development of ICT innovation is present in 25% of 

the cases. Equally, shipping lines and the IWW operators incur the development cost for approximately 

20% of the cases. The results with regard to the occurrence of benefits show that the terminal operators 

enjoy the benefits of approximately 70% of the innovation cases. In addition, the shipping lines take these 

advantages in 48% of the cases. According to this research’s results, shipping agents, road transporters 

and customs authorities enjoy also the benefits of approximately 30% of the cases. The benefits for 

customs authorities are put forward by innovation cases such as community platforms or extended gates. 

These benefits are accounted in 31% of the cases. These results show that port authorities and IT 

developers make often the first step in financing ICT innovation, while the port users and agents take the 

adopters position. These results need further quantification to point out the real distribution of costs and 

benefits among the stakeholders developing or using ICT innovation.  

According to the type of integration introduced by ICT innovation, the analysis provides the following 

outcome. The costs and benefits of ICT innovation introducing horizontal integration are shared amongst 

terminal, road transport and inland navigation operators. Savings are generated to these MarSC 

stakeholders that, by benefiting from economies of scale, have access to potentially cheaper ICT solutions. 

In addition, innovation with a vertical integration goal generates development costs and benefits to 

terminal operators, shipping lines and inland transport operators. Yet, the empirical analysis shows that 

the introduction of innovation with a vertical data integration goal is conditioned by the agreement of all 

involved stakeholders (innovation users). Vertical integration innovation is thus successfully adopted only 

if it brings (equitable) economic benefits to its users. The analysis of costs and benefits generated by 

innovation introducing mixed integration shows that players, who see the need to bundle data from 
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multiple types of users, typically support it. With this regard, port authorities and IT developers support 

the development cost of this type of innovation, while benefits are spread to all other MarSC stakeholders.  

Starting from the above specific outcomes, further contributions are formulated in the next sub-section 

from the perspective of four individual CEA.  

10.2.3. Contribution of the in-depth CEAs 

Building upon the outcomes of the literature review and the empirical analysis, table 10.2 shows the cost-

effectiveness of an ICT innovation according to the type of data-integration approach taken.  

Table 10.2. ICT integration dimensions and the CEAs focus. 

ICT Integration type CEA investigation focus 

Internal  
Environmental emission reduction as a 
consequence of cost savings 

Horizontal  
Success in achieving a wide mass of users 
with low financial capabilities 

Vertical  Gain sharing to enable benefits 

Mixed  
Increase in competitiveness through public 
authorities support 

Source: own composition 

The first CEA is carried out from the perspective of a road transport carrier that developed an ICT internal 

data integration tool and four types of road transport technological innovation to reduce operational 

costs. Yet, as other actors in the MarSC, a transport company has a limited view on the emission savings 

generated by its operational practices. The empirical analysis shows that, while the costs are reduced on 

average by 25% to 35%, the environmental emissions are lowered by 34% to 38%. 

The perspective of the initiator of a horizontal data integration tool is assessed in the second CEA. This 

analysis points out that the ICT innovation with the contribution of external capabilities, although more 

costly, leads to a larger amount of users, making the innovation outcome more cost-effective. In addition, 

the results show that by taking into consideration the practical experience of supply chain stakeholders 

into the ICT innovation process, the final outcome is more flexible; and finally, it achieves a higher number 

of users. 

The cost-effectiveness of a vertical data integration practice using a blockchain (DLT) enabled application 

is shown in the third empirical analysis. This analysis calculates the costs and benefits that MarSC 

stakeholders have when implementing a common tool in a vertical chain. Through the analysis frame, it 

is shown that the freight forwarder is pointed out as the stakeholder who benefits the most from the 

implementation of a DLT-based tool to handle the PHC; yet, the consignee is the MarSC stakeholder who 

impedes the implementation of this type of tool. Exploiting several gain sharing approaches, this research 

shows that the latter could benefit from gains that others have and, thus together pursue the adoption of 

a DLT-based tool. Furthermore, this research shows that, if an overarching authority covers the costs of a 

DLT, the supply chain stakeholders could adopt this type of solution faster and achieve sooner a more 

cost-effective working practice. 

The last empirical analysis is carried out from the perspective of a mixed data integration approach 

introduced through a PCS. By identifying the costs and the benefits of a PCS module, this research shows 
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that supply chain stakeholders (e.g. terminal operators, freight forwarders or customs declarants) gain an 

increase in their competitiveness. 

The above-mentioned contribution leads to several recommendations. These recommendations are 

discussed together with the research limitations and tracks for future developments in the following sub-

section. 

10.3. Recommendations, limitations and further research 

This dissertation has reached its goals of filling in the identified gaps in literature and providing an answer 

to the addressed research questions. As digitalization in the MarSC is under continuous development, and 

it might last for decades, the preliminary results of this dissertation are of high importance. The following 

sub-sections discuss thus recommendations streamed from this dissertation, its limitations and 

possibilities for future research.   

10.3.1. Recommendations 

Starting from the above specific outcomes, further recommendations to industry, scholars and policy 

makers are formulated.  

The following recommendations are formulated for MarSC stakeholders (industry). As this type of 

companies implement ICT innovation, they should be aware of the full range of costs and benefits that 

are generated. As shown above through the internal integration case analysis, ICT innovation contributes 

to emission reduction. In this regard, companies should be aware of subsidies that, thanks to these 

outcomes, can compensate for ICT innovation implementation (or its usage) costs. Another 

recommendation is made for MarSC stakeholders that look forward to implement ICT solutions that 

integrate data horizontally in logistics. The costs of this type of solutions should be treated with care, as 

these tools are developed for the use of a wide number of users, they open a great opportunity for 

stakeholders (that look for similar functionalities) to share their development costs. In addition, adopting 

a solution validated by a wide range of users generates benefits that have low risks (low costs and high 

benefits for late adopters). Yet, in the latter situation, the ICT developer and/or the early adopter carry 

the risk for developing this type of solutions. Moreover, in markets where a relatively high number of 

players are present, there is a low control on blocking (or controlling) the adoption of the ICT tools through 

market leverage. For the latter situation, a risk analysis should be carried out that considers also the losses 

in case of failure. A further recommendation to the MarSC is made for adopters of vertical integration ICT 

tools. The implementation of these tools is conditioned by the users (MarSC stakeholders) that have the 

least (or no) benefit. This type of users can be motivated by adopting gain sharing strategies, which can 

anticipate the introduction of the tool. The ICT developer or the MarSC stakeholders, from their user 

position, can first financially support the implementation of such a tool and later, by setting in practice 

pricing schemes, compensate for unbalances in benefits. The players financing firstly the ICT tool carry 

then the risk for implementing it. MarSC stakeholders that seek to adopt ICT that introduces a mixed type 

of integration can look for tools that are financially supported by players with a high interest in increasing 

the competitiveness of communities. These types of tools are implemented for ports, clusters, freight 

hubs, etc. and offer benefits to communities of a mixed type of users. Port authorities or public 

administrators cover the development cost for this type of tools. They take also the risk and control the 

cost distribution through pricing schemes. 
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Scholars benefit as well from the present research. They have a new costs and benefits framework that 

fundaments any quantitative economic analysis that assesses the implementation of ICT innovation in the 

MarSC. Furthermore, a step-wise approach is put forward for them to investigate the cost-effectiveness 

of innovation as shown in figure 10.1. The first step in identifying the cost-effectiveness of an ICT 

innovation is defining the analysis framework. This step gives details with regard to the stakeholder’s 

perspective used in the analysis and includes the ICT innovation under the right typology based on its 

characteristics. A second step is collecting data and calculating ICT innovation development and usage 

costs. Identifying ICT innovation’s key objective and a quantitative unit to represent it is the third step. 

For the previous steps, the newly developed framework can be used in identifying the cost and benefit 

elements generated by ICT innovation. The last step is calculating the cost-effectiveness ratio. 

 

 

 

 

 

 

 

 

 

 

Figure 10.1. Cost-effectiveness analysis step-wise approach. Source: own composition 

Recommendations are made also for policy makers who gain insight on the presence of types of costs and 

benefits generated by ICT innovation in the MarSC. Hence, this research shows them that there is a high 

heterogeneity of ICT solutions on the market, which leads to the issue of integration. Future policy can 

address this issue and correct it by providing guidelines towards data-uniform ICT solutions. In addition, 

from this dissertation, they benefit as well from the comprehensive costs and benefits framework and can 

use it to look into the economic effects of ICT innovation. The newly-developed framework (see table 3.7) 

can be used to distinguish among the cost structures of MarSC stakeholders implementing ICT innovation. 

Similarly, the results of this research are relevant for policy makers who stimulate future collaborative ICT 

developments. This research helps them to identify the cost and benefit elements generated to each 

stakeholder involved in a collaboration. Finally, they benefit from a methodology that enables 

assessments when the sector needs external financial support for ICT innovation implementation and 

provides them with an instrument to determine its cost-effectiveness. The following sub-section discusses 

the limitations of this dissertation. 

10.3.2. Limitations 

Though this dissertation’s results reveal evidence on how ICT innovation contributes to cost-effectiveness 

of MarSC stakeholders, findings have to be interpreted cautiously. Although the method is explained in 

detail and is replicable to an extended sample of cases (or a completely new one), the results obtained 
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Step 1 

 

Identifying a representative ICT innovation objective and 
quantifying it in one unit of measurement 

Step 3 

 

Calculating ICT innovation development/usage costs 

Step 2 

 

Calculating the cost-effectiveness ratio 
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from the empirical analysis depend on the restrained frame of analysis. Limitations are found with regard 

to the number of cases on the one hand and the data on the other. 

A limitation of this study lays in the number of cases used for the empirical analyses. The cases that 

provide the input data frame the focus and scope of the analyses. The results obtained from the empirical 

analyses are valid within the pre-determined frame of the collection of 44 cases. For example, the 

objective analysis is carried out from the perspective of a sub-division of cases and, the so obtained 

results, are used to determine the further focus and scope of the four detailed CEAs. Hence, there is no 

indication on what would have been the outcome of the objective analysis if more cases would have been 

used, and whether the same focus and scope of the later CEAs would have been held. To compensate for 

this limitation, further validation is carried out with interviewees in the context of each of the four CEAs 

to confirm their scope. Also linked to the case collection, one should be aware that most of the detailed 

CEAs presented in this dissertation are provided by stakeholders that have their activity linked to the Port 

of Antwerp (and Belgium). These results can be generalized by expanding the case studies sample, by 

validating them through interviews or check whether they are applicable to other countries or economic 

contexts.  

The data availability sets conditions as well on the span of the empirical analyses results. From this 

perspective, no inference about the causality between investments and the revenues they generate could 

be made. Moreover, the data availability limits the number of cases used in the quantitative assessments. 

In addition, for each of the case studies presented, further data can be collected to point out whether 

redistribution mechanisms of costs and benefits are applied when ICT innovation is introduced in the 

MarSC. The data collection action carried out throughout this preliminary research could not provide 

results on this aspect.  

The above-listed limitations enable though future research tracks. These tracks are detailed in the next 

sub-section.  

10.3.3. Future research 

This dissertation sets pioneering steps on the topic of quantifying the costs, benefits and cost-

effectiveness of ICT introduction in the MarSC. It has contributed to advancing this research field and to 

bringing the CEA into practice. However, there are many other topics of research that can emerge from 

this preliminary research. These future research tracks can be conducted from the perspective of the same 

sample of cases or an enlargement of it. The paragraphs below discuss the potential of both.  

For potential research detailing on the same case sample, the following suggestions are formulated. In 

theory, innovation benefits from a managerial plan, with building steps and certain milestones often 

defined in relation with costs and intermediary benefits. While this dissertation has explored ICT 

innovation from an industrial-economics perspective, further research could be conducted from a 

managerial approach. In addition, this research did not explore the treatment of failed innovation tracks 

of the present ICT innovation cases. As companies usually invest in parallel innovative projects, lessons 

are learned and best practices get transferred to other innovation cases. Hence, these practices come 

with both costs and benefits, which are not included in this study. This limitation opens as well further 

research opportunities for academia. In addition, future research on the identification of aggregated ICT 

innovation costs and benefits is still possible. A full cost-benefit analysis can be pursued and can evaluate 

the effectiveness of joining one module (or more at the same time) of a port or industrial cluster 
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collaboration platform. Equally, it would be valuable to examine more in-depth the business models set 

in practice by IT developers, including the contractual relationships that they have with MarSC 

stakeholders (e.g. port authorities, shipping lines and terminal operators) and the implications of their 

models for the incidence of costs and benefits among those paying.  

The above-mentioned research tracks can be applied as well for other ICT innovation. Yet, collecting data 

on new innovation cases can be steered to enable the following research topics. A possible analysis can 

also be done from the point of view of one stakeholder that joins multiple IT modules of an ICT data 

exchange platform. This way, an assessment of benefits gained from being involved in additional modules 

can be carried out. In addition, expanding the case sample to include other innovation cases enables 

further categorization of small, medium or big companies (MarSC stakeholders) that generate or use ICT 

innovation. This will lead to further adding to the generalizability of the results.  

Investigation of software implementation models across ports, where different or similar types of 

management models are applied, could provide more insights into the costs and benefits of ICT 

introduction. Likewise, opportunities also exist for further research to quantify the effects of ICT 

innovation that covers scattered supply chains and that requires the collaboration of users often in remote 

locations where community enterprises have different structures (or no structure). Future research needs 

to focus on other leads and investigate further initiatives that address issues of integration at supply 

chain(s) level. Academia has not investigated the costs and benefits generated by ICT innovation that 

generates integration of parallel maritime supply chains. In this context, research is possible to investigate 

the redistribution of costs and benefits among MarSC when ICT innovation gets implemented globally. 
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Annex 2. List of publications used for the literature overview for ICT innovation typology. 

Author Year Title  Publication journal Scope of the 
publication 

Reference to typology 

Afzal, 
Mahmood, & 
Shaikh 

2016 Intelligent software 
product line 
configurations: A 
literature review 

Computer Standards 
and Interfaces 

It categorises 
traditional AI 
techniques in a 
typology by 
identifying 8 
perspectives of 
software product 
line. 

It provides a description 
of software related tools. 

Arpaia, De 
Matteis and 
Inglese 

2015 Software for 
measurement 
automation: A review 
of the state of the art 

Measurement The main aim is to 
create a classification 
of software applied 
to measurement 
field, and secondly, 
to give a suggestive 
methodology to 
researchers for 
choosing 
measurement-
oriented software. 

It shows that research 
trends on flexible 
measurement systems 
put main design focus on 
flexibility, modularity, 
generality, and hardware 
independence. 

Bibi, 
Guillaume, 
Gontard and 
Sorli 

 A review: RFID 
technology having 
sensing aptitudes for 
food industry and 
their contribution to 
tracking and 
monitoring of food 
products 

Trends in Food 
Science & 
Technology 
 

The present work 
gives an overview of 
the basics of the RFID 
technology, the 
existing sensors and 
the ones being 
developed to be 
interfaced with new 
software solutions. 

The presented literature 
studies demonstrate how 
hardware equipment may 
meet new needs for a 
better monitoring of 
products quality. 

Bohas 2011 A typology of 
sustainable 
information practices 

16th International 
Conference of the 
Association 
Information and 
Management 2011, 
AIM 2011 

This communication 
gives a typology of 
sustainable 
information system 
practices 

The article suggests a new 
overview of general 
attitudes regarding 
information systems liable 
to emerge in each vision 
of sustainable 
development. 

Breivold, 
Crnkovic and 
Larsson  

2012 A systematic review 
of software 
architecture 
evolution research 

Information and 
Software Technology 
 

In this work, the 
authors present such 
a systematic review 
of architecting for 
software evaluability. 

The study suggest that it 
is necessary to establish a 
theoretical foundation for 
software evolution 
research due to the fact 
that the expertise in this 
area is still built on the 
basis of case studies 
instead of generalized 
knowledge. 

Chesbrough 
and Bogers  

2014 Explicating Open 
Innovation: Clarifying 
an Emerging 
Paradigm for 
Understanding 
Innovation 

Social Science 
Research Network 

This paper discusses 
divergent views on 
open innovation and 
we call for greater 
consistency in future 
research. 

Definition and 
characteristics of open 
innovation.  



 

203 
 

Darmani, 
Arvidsson, 
Hidalgo and 
Albors 

2014 What drives the 
development of 
renewable energy 
technologies? 
Toward a typology 
for the systemic 
drivers 

Renewable and 
Sustainable Energy 
Reviews 

This research 
operationalizes 
previous work on the 
main drivers of the 
establishment of 
Renewable Energy 
Technologies (RETs), 
with the aim of 
presenting an 
overview of the 
typical systemic 
drivers within a 
technological 
innovation system 
(TIS) framework. 

The typology is validated 
empirically by analyzing 
data on the development 
of four types of RETs 
(wind, solar, biomass and 
wave energy) in eight 
European countries 

Dougherty  2012 An In-depth profile of 
makers at the 
forefront of 
hardware innovation 

The Maker 
Movement Is 
Transforming 
Business 

It provides insights 
with regard to 
hardware innovation 

It shows that some 
makers not only design 
and produce artifacts for 
personal projects, but 
also intend to distribute 
them commercially 

Felin and 
Zenger 

2014 Closed or open 
innovation? Problem 
solving and the 
governance choice. 

Research Policy It provides a 
comparative 
framework for 
managing innovation 

It discusses the 
governance form of 
innovation, whether open 
or closed, and it its impact 
on knowledge, incentives 
and typology. 

Fissore, Pirotti 
and Vettore 

2017 Open source web 
tool for tracking in a 
lowcost mobile 
mapping system 

International 
Archives of the 
Photogrammetry, 
Remote Sensing and 
Spatial Information 
Sciences - ISPRS 
Archives 

It reports on the 
development of a 
prototype of MMS 
for the collection of 
geospatial data 
based on the 
assembly of low cost 
sensors managed 
through a web 
interface developed 
using open source 
libraries. 

It provides a detailed 
description of the 
software developed for 
the management of 
mobile mapping systems. 

Garcia-Canal, 
Rialp-Criado 
and Rialp-
Criado 

2012 Speed of ICT 
integration strategies 
in absorptions: 
Insights from a 
qualitative 

EUROPEAN 
MANAGEMENT 
JOURNAL 

IT conducts a 
multiple case study 
featuring five Spanish 
companies to analyse 
and identify different 
ICT integration 
strategies. 

It constructs a typology of 
ICT integration strategies 
based on the speed of 
integration. 

Kline and 
Rosenberg  

2010 An overview of 
innovation. 

Studies On Science 
And The Innovation 
Process: Selected 
Works of Nathan 
Rosenberg 

It carries a study on 
the linear process of 
innovation 

It advises that the process 
of innovation must be 
viewed as a series of 
changes in a complete 
system, not only of 
hardware. 

Laursen and 
Salter  

2006 Open for innovation: 
The role of openness 
in explaining 
innovation 
performance among 
U.K. manufacturing 
firms 

Strategic 
Management Journal 

This paper links 
search strategy to 
innovative 
performance, finding 
that searching widely 
and deeply is 
curvilinearly 

It gives insights with 
regard to open innovation 
initiatives in U.K. 



 

204 
 

Lee, Kim and 
Lee  

2016 Generalizing ICT user 
typologies 

Pacific Asia 
Conference on 
Information Systems, 
PACIS 2016 

It has developed a 
comprehensive user 
typology via a meta 
synthetic analysis of 
research across 
domains. 

It provides a 
categorisation of ICT users 
types. 

Lusch and 
Nambisan 

2015 Service innovation: A 
service-dominant 
logic perspective 

MIS Quarterly: 
Management 
Information Systems 

In this article, the 
authors offer a 
broadened view of 
service innovation 

The authors consider the 
role of information 
technology as an 
operating resource. 

Mills and 
Pawson  

2012 Integrating 
motivation, risk-
taking and self-
identity: A typology 
of ICT enterprise 
development 
narratives 

INTERNATIONAL 
SMALL BUSINESS 
JOURNAL 

This article describes 
an original typology 
of enterprise 
development 
narratives that 
emerged from a 
study of the 
motivation, risk-
taking and self-
identity of nascent 
ICT 

It provide a valuable 
framework for pointing 
the 'psychology’ set up of 
entrepreneurs. 

Morzy 2015 ICT Services for open 
and citizen science 

World Wide Web It provides a survey 
of ICT tools available 
for citizen science 
projects. 

It categories ICT cases 
based on the ideas of 
open source access, open 
data and open science. 

Nardelli 2015 The interactions 
between information 
and communication 
technologies and 
innovation in 
services: A 
conceptual typology 

International Journal 
of Information 
Systems in the 
Service Sector 

This paper aims at 
outlining how 
scholars have 
conceptualized and 
defined the 
relationship between 
ICT and innovation in 
services 

The conceptual typology 
outlines the three main 
aspects of the link 
between ICT and 
innovation in services: the 
integration of 
organizational and 
innovation processes; the 
cooperation among 
internal and external 
agents; and the self-
reinforcing innovation 
mechanism that 
characterizes ICT as a 
product. 

Park 2006 The impacts of digital 
government on civic 
engagement: A 
typology of 
information 
technology use 

ACM International 
Conference 
Proceeding Series 

This paper proposes 
a typology to analyze 
the impact of digital 
government on civic 
engagement in 
politics and policy 
processes. 

The framework proposed 
is based on characteristics 
of target clients and 
modes of information 
technology use (economy, 
solidarity, and action 
modes) 

Pellegrin-
Boucher, Le 
Roy and 
Gurău 

2013 Coopetitive 
strategies in the ICT 
sector: typology and 
stability 

Technology Analysis 
and Strategic 
Management 

This study 
investigates the 
evolution of inter-
firms coopetitive 
agreements in the 
enterprise resource 
planning 

The findings indicate the 
existence of two main 
types of co-opetitive 
agreements. They 
investigate co-opetitive 
projects with (i) vertical or 
(ii) horizontal cooperation 
goals between competing 
partners. 
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Staykova and 
Damsgaard 

2015 A typology of multi-
sided platforms: The 
core and the 
periphery 

23rd European 
Conference on 
Information Systems, 
ECIS 2015 

The paper addresses 
how the composition 
of a platform impacts 
the platform's 
business model. 

It proposes a platform 
business model 
framework from the 
perspective of a two-
sided platform (client-
service provider) that 
adds a third party’s 
platform (client-extra 
service) into a mix 
cooperation 

Toffolon and 
Dakhli 

2003 Software prototyping 
classification 

ICEIS 2003 - 
Proceedings of the 
5th International 
Conference on 
Enterprise 
Information Systems 

It provides an 
alternative 
classification of 
software prototyping 
which take into 
account all the 
aspects of software. 

It considers both the 
the software dimensions 
theory and the software 
global model. 

Tubin 2012 Typology of ICT 
implementation and 
technology 
applications 

Type II Uses of 
Technology in 
Education: Projects, 
Case Studies, and 
Software 
Applications 

This paper presents a 
typology of 
information and 
communication 
technology (ICT) 
integration into 
schools 

The typology presents 
four types of ICT 
integration: 
traditional,’jet carriage,’ 
emergence, and 
exploitation. 

Van Winden, 
Van Der Meer 
and Van Den 
Berg 

2004 The development of 
ICT clusters in 
European cities: 
Towards a typology 

International Journal 
of Technology 
Management 

This study reviews 
the development of 
ICT clusters across 
Europe, and assesses 
the role of local and 
national policies in 
this field. 

It defines and highlights 
the diversity of cluster 
development paths in 
different local and 
national contexts. 

Vieru, 
Bourdeau, 
Bernier and 
Yapo 

2015 Digital competence: 
A multi-dimensional 
conceptualization 
and a typology in an 
SME context 

Proceedings of the 
Annual Hawaii 
International 
Conference on 
System Sciences 

This paper draws on 
the existing 
literatures on SMEs 
and digital 
competences, and on 
the change a gentry 
perspective, to 
propose a multi-
dimensional 
conceptualization 
and advances a 
typology. 

IT divides the the 
advances in ICT acoording 
to their technological, 
social and cognitive 
aspects 

West, Salter, 
Vanhaverbeke 
and 
Chesbrough 

2014 Open innovation: The 
next decade 

Research Policy The authors review 
the contribution and 
evolution of open 
innovation 

This paper links the 
articles of this special 
issue to three key trends 
in open innovation 
research: better 
measurement, resolving 
the role of appropriability 
and linking that research 
to the management and 
economics literature. 
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Annex 3. List of publications used for detailed ICT innovation costs and benefits literature review. 

Authors Year Title Journal Purpose of 
study 

Cost of ICT 
(findings) 

Benefits of ICT 
(findings) 

Balasubramania
n, Kulatilaka 
and  Storck 

2000 Managing 
information 
technology 
investments using a 
real-options 
approach 

The Journal 
Of Strategic 
Information 
Systems 

This paper 
develops a formal 
and practical 
methodology to 
evaluate 
information 
technology 
infrastructure 
investments. 

Development cost 
of IT infrastructure 

No reference to 
benefits. 

Bettinelli, 
Santini and 

Vigo 

2017 A real-time conflict 
solution algorithm 
for the train 
rescheduling 
problem 

Transportat
ion 
Research 
Part B 

It evaluates the 
performance of a 
fast and effective 
parallel algorithm 
that is based on 
an iterated 
greedy scheduling 
of trains  

No direct reference 
to PCS cost 

Reduced 
computing time 
and labour 
saving. 

Fadiya, 
Georgakis, 

Chinyio and 
Nwagboso 

2015 Decision-making 
framework for 
selecting ICT-based 
construction 
logistics systems 

Journal Of 
Engineering 
Design And 
Technology 

It proposes a 
framework that 
can be used in 
identification and 
quantification of 
costs, benefits 
and risks involved 
in implementing 
ICT systems 

ICT development 
and maintenance 
costs. 

Time saving and 
extra operations 
benefits. 

Giannoutakis 
and Li 

2012 Making a Business 
Case for Intelligent 
Transport Systems: 
A Holistic Business 
Model Framework 

Transport 
Reviews 

It provides a 
systematic 
overview of 
previous research 
on ITS and 
propose a holistic 
business model 
framework to 
help make a 
business case. 

The costs of the 
project include 
components such 
as equipment, 
construction cost 
and operating cost. 

The benefits of a 
project include 
less travel time, 
fewer emissions, 
less accident risk 
and better 
streetscape by 
removal of 
tollbooths. 

Golob and 
Regan 

2001 Impacts of 
information 
technology on 
personal travel and 
commercial vehicle 
operations: 
research challenges 
and opportunities 

Transportat
ion 
Research 
Part C 

It explores some 
of the potential 
effects of IT on 
transportation, 
both personal and 
freight. 

It generates 
development and 
maintenance costs, 
as well as delivery 
costs. (market 
update) 

Benefits of IT are 
faster access 
time, lower cost, 
distance 
insensitivity, and 
bypass of 
terrestrial 
network 
bottlenecks and 
problems. 
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Gunasekaran, 
Subramanian 

and 
Papadopoulos  

2017 Information 
technology for 
competitive 
advantage within 
logistics and supply 
chains: A review 

Transportat
ion 
Research 
Part E 

It offers a 
systematic review 
of the literature 
on the use of 
information 
technology (IT) in 
logistics and 
supply chain 
management to 
achieve 
competitive 
advantage. 

No reference to IT 
costs. 

It contributes in 
achieving 
competitive 
advantage within 
logistics and 
supply chains. 

Keceli 2011 A proposed 
innovation strategy 
for Turkish port 
administration 
policy via 
information 
technology 

Maritime 
Policy & 
Manageme
nt 

This paper aims to 
develop a 
guideline for 
successful 
development of a 
port community 
system in Turkey 
on the basis of 
SWOT analysis of 
the current 
situation. 

No direct reference 
to PCS cost 

Information 
quality, economic 
benefits, 
international 
competitiveness. 
Efficiency of 
terminal 
operations. 

Lam and Zhang 2018 Innovative solutions 
for enhancing 
customer value in 
liner shipping 

Transport 
Policy 

This study 
introduces 7 
innovative 
solutions and 
examines to what 
extent these 
solutions facilitate 
to enhance 5 
proposed 
customer values. 

No reference to IT 
costs. 

5 key customer 
values are 
proposed as 
follows: 
Responsive 
service, Service 
reliability, Service 
customization, 
Cost and Price 
Competitiveness, 
and Corporate 
branding. 

Lopez and 
Poole 

1998 Quality assurance in 
the maritime port 
logistics chain: the 
case of Valencia, 
Spain 

Supply 
Chain 
Manageme
nt: An 
Internationa
l Journal 

It explore the 
concept of quality 
in relation to port 
services, and 
discuss 
certification of 
service providers 
as a means of 
signalling quality 
to their 
customers. 

No direct reference 
to PCS cost 

High quality port 
services 
punctuality, 
quality, reliability 
and 
price. 
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Lu and Mu  2016 A slot reallocation 
model for 
containership 
schedule 
adjustment 

Maritime 
Policy & 
Manageme
nt 

This study 
proposes an 
integer 
programming 
model for slot 
reallocation 
planning, based 
on a given 
adjusted 
schedule. 

No reference to IT 
costs. 

It shows that 
possible benefits 
that consist of 
the operating 
profits of carrying 
laden containers 
by direct delivery 
or other 
alternatives are 
earned, the 
potential profits 
associated with 
off-loaded 
consignments 
and the benefits 
associated with 
repositioning 
empty containers 
are also 
generated. 

Maresova, 
Sobeslav, and 

Krejcar 

2017 Cost–benefit 
analysis – 
evaluation model of 
cloud computing 
deployment for use 
in companies 

Applied 
Economics 

The aim of this 
contribution is to 
conduct and 
describe the 
evaluation model 
of cloud 
computing that 
would be 
applicable in 
business practice 
for evaluating the 
effectiveness of 
such investments. 

It distinguishes 
between the 
implementation 
costs and 
organizational 
aspects. 

The benefits of 
cloud computing 
are faster access 
to the market, 
support for 
business 
processes, 
elasticity and 
scalability; 
quantitative: 
reduced 
investment and 
operating costs, 
the lower 
number of IT 
staff or reduction 
of the cost of IT, 
energy saving, 
shorter delivery 
time. 
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Marlow and 
Gardner 

2006 The marine 
electronic highway 
in the Straits of 
Malacca and 
Singapore—an 
assessment of costs 
and key benefits 

Maritime 
Policy & 
Manageme
nt 

The paper 
examines the 
costs of providing 
such a highway 
and considers 
some of the 
benefits which 
could accrue from 
its 
implementation. 
The analysis, 
conducted in the 
form of a cost–
benefit study, 
clearly shows the 
economic viability 
of the scheme. 

Much of the costs 
lie in the provision 
of hardware, the 
collection and 
provision of data, 
and the provision 
of 
software/interfaces 
to integrate the 
data. Clearly there 
are also costs 
associated with the 
training of 
personnel to use or 
maintain the 
equipment. 

Time savings 
have a direct 
impact on total 
costs (time, 
freight and 
inventory costs) 
as follows: (i) 
vessels could 
carry more cargo 
(higher inventory 
costs); (ii) 
fewer journeys 
might be 
necessary (lower 
transport costs); 
(iii) 
fewer ships might 
be needed (lower 
capital costs); (iv) 
less congestion 
and certainly 
safer navigation. 

Mlimbila and 
Mbamba 

2018 The role of 
information 
systems usage in 
enhancing port 
logistics 
performance: 
evidence from the 
Dar Es Salaam port, 
Tanzania 

Journal Of 
Shipping 
And Trade 

This study 
investigated the 
role of 
information 
systems usage in 
enhancing port 
logistics 
performance 
using the port of 
Dar es Salaam, 
Tanzania. 

No reference to 
costs of 
information 
systems. 

Information 
systems 
determine a 
decrease in 
shipping and 
trucking costs, 
timely delivery of 
goods and 
services, 
perceived 
increase in trade 
volume, and 
enhanced 
organisational 
logistics 
capability 

Morimoto 2013 A socio-economic 
analysis of Smart 
Infrastructure 
sensor technology 

Transportat
ion 
Research 
Part C 

It conducts a 
socio-economic 
analysis on the 
application of 
Smart 
Infrastructure 
sensor technology 
to the British rail 
tunnel industry 

It details the 
project needs 
development and 
harmonisation 
costs. 

Benefits are 
saved operation 
and maintenance 
(O&M) costs, 
saved repair 
costs, and saved 
sensor material 
costs. 

Panayiotou, 
Gayialis, 

Evangelopoulos 
and 

Katimertzoglou  

2015 A business process 
modelling-enabled 
requirements 
engineering 
framework for ERP 
implementation 

Supply 
Chain 
Manageme
nt: An 
Internation
al Journal 

The paper 
describes and 
analyses the 
benefits of the 
application of a 
requirements 
engineering 
framework to 
assist ERP 
development. 

No reference to 
costs. 

It brings benefits 
from 
standardization. 
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Shin and Jun 2014 A study on smart 
parking guidance 
algorithm 

Transportat
ion 
Research 
Part C 

It carries 
simulation test 
for an algorithm 
that supports 
drivers to find the 
most appropriate 
parking facility 
considering real-
time status of 
parking facilities. 

No reference to 
algorithm 
development cost. 

It proposes a 
utility function 
based on factors 
related to the 
decision. These 
factors are 
related to time 
saving and 
monetary saving 
(cost of parking). 

Tsamboulas, 
Moraiti and 

Lekka 

2012 Performance 
Evaluation for 
Implementation of 
PCS 

Transportati
on Research 
Record 

This paper 
proposes a 
methodology to 
evaluate port 
performance 
changes with the 
introduction of 
PCS, which, under 
a competitive 
environment is of 
significant 
importance to 
port 
management. 

No PCS costs 
mentioned 

The core benefits 
are higher 
operational 
efficiency and 
speed regarding 
port processes, 
increased 
productivity, 
reduction of 
costs, and 
improved 
customer service 
and customer 
relations. 

Wrigley, 
Wagenaar and 

Clarke 

1994 Electronic data 
interchange in 
international trade: 
frameworks for the 
strategic analysis of 
ocean port 
communities  

The Journal 
Of Strategic 
Information 
Systems 

This paper 
develops two 
frameworks to 
assess the level 
and nature of 
electronic trade 
integration within 
the context of a 
port community 
enterprise model.  

No direct reference 
to PCS cost 

Improves time 
operations;  
 resource 
consumption; and  
 improves control. 

Zolfagharinia 
and Haughton 

2014 The benefit of 
advance load 
information for 
truckload carriers 

Transportat
ion 
Research 
Part E 

It formulates a 
comprehensive 
and flexible mixed 
integer 
mathematical 
model to measure 
the profit 
improvement for 
trucking 
companies  

No reference to 
model 
development costs. 

The benefits that 
the model 
delivers are: (1) 
accepting more 
profitable loads 
or (2) rejecting 
fewer loads or (3) 
serving loads in 
more efficient 
ways 
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Annex 4.1. Research consortium carrying out research within the BNP Paribas Fortis chair for Transport, 

Logistics and Ports at the University of Antwerp. 

 

University Role Involved professor(s) 

University of Antwerp Leader Prof. Dr. Thierry Vanelslander 
Prof. Dr. Christa Sys 
Drs. Valentin Carlan 

University of Genova Partner Prof. Dr. Claudio Ferrari 
Dr. Allesio Tei 
Dr. Maria Inés Cusano 

University of the Aegean Partner Prof. Dr. Athena Roumboutsos 

Kühne Logistics University Partner Prof. Dr. Michele Acciaro 

Technical University of Lisbon Partner Prof. Dr. Rosario Macário 
Dr. Vasco Reis 

Nanyang University of Technology  Partner Prof. Dr. Jasmine Lam Siu Lee 

University of South-California Partner Prof. Dr. Genevieve Giuliano 
Dr. Geraldine Knatz 
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Annex 4.2. Companies sharing information over the cases used in this dissertation.  

Case code Case title 
Company providing data for the 
case 

A1 Port community system Portnet PSA Singapore 

A2 SEAGHA - port community system Port of Antwerp 

A3 APCS (e-balie) Port of Antwerp 

A4 Port Single Window Port of Sines administration 

A5 Administration DP World Antwerp 

A6 E-freight system ‘E-port’ Terminal Bruzzone 

A7 
APCS case: central port community system for breakbulk 
(initiative from the port) 

Zuidnatie 

A8 Beroepsvereniging (KVBG)(goes hand in hand with AE1) Beroepsvereniging (KVBG) 

A9 
IT data management (exchange data in smoth and efficient 
way) 

Arelor Mittal Logistics 

A10 e-transit (previous to the extended gate) MSC Belgium 

A11 Extended-GATE 1.0 MSC Belgium 

A12 Extended-GATE 2.0 MSC Belgium 

A13 Extended-GATE 3.0 MSC Belgium 

A14 
Paperless Customs flow: import - extended gate up to the end 
consumer 

BCTN 

A15 
Paperless Customs flow: import - paperless NCTS pilot (Port of 
Antwerp) 

BCTN 

A16 
Paperless Customs flow:  Export - paperless until deepsea 
terminal 

BCTN 

A17 Expansion OCR capabilities BCTN 

A18 Pre-notification deepsea terminals ANTWERPEN BCTN 

A19 Pre-notification deepsea terminals ROTTERDAM BCTN 

A20 Digital CMR BCTN 

A21 3PL - Primary Gate of Leixões Port Port of Leixões administration  

A22 Vado ‘Port gate’ APM Terminal Savona-Vado 

A23 Container terminal: landside DP World Belgium 

A24 Corridor management system BCTN 

A25 Port Wide Lighter Schedule Port of Antwerp BCTN 

A26 Weighbridges DP World 

A27 
Advanced Gate Automation and FATS (Full Automated Truck 
System) 

DP World 

A28 Truck Appointment System DP World 

A29 Autotrakker Antwerp Euroterminal 

A30 Platform Eurotranscom (import export + re-use) Transport Joosen 

A31 BCTN Portal with clients BCTN 

B32 NxtPort platform NxtPort 

B33 NextLogic platform NextLogic 

B34 Cargo-Stream Cargo-Stream 

B35 Re-Use  Avantida 

B36 Temperature traceability sensors  NinaTrans 

B37 RFID data logger tags in pallets Zespri 

B38 Xynaps (digiCMR) Pionira 
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B39 Pin Codes via Blockchain  T-mining 

B40 PortPass Antenno 

B41 essDocs and Bolero Bolero 

B42 Smart L/C BNP Paribas Fortis Belgium 

B43 Transport management tower SLACK 

B44 Blockchain phytosanitary certificate PortMade 
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Annex 5. – Costs and benefits occurrence: extra results 

This annex presents further results with regard to costs and benefits occurrence by applying the 

methodology developed in chapter 5. These results are given for the extra ICT innovation dimensions 

identified in sub-section 2.4 and for innovation cases developed by specific stakeholders (e.g. terminal 

operators, inland navigation transport operators, port authorities and IT developing firms). The same 

sample of 44 ICT innovation is used. These results are obtained by grouping the data related to each of 

the innovation cases according to the typology data or developing stakeholder.  

A. Results with regard to innovation according to the outcome’s tangibility (hardware, software, 
hardware-software) 

Table A.1 presents results of costs and benefits occurrence generated by innovation cases with a software 

outcome (approximative 45%). These ICT innovation cases have their development cost covered by 

terminal operators, also that IT developers covered the development costs of 37% of these types of 

innovation. Innovation with a software outcome generates further users’ costs for the following MarSC 

stakeholders: terminal operators, shipping lines and inland barge operators, as shown by 50%, 39% and 

17% respectively of the cases. ICT innovation that has both software and hardware outcomes are 

represented by 12% of the cases. This type of innovation cases is financed either by shipping lines, shippers 

or terminal operators. Innovation cases such as the introduction of data loggers using RFID tags, 

temperature traceability sensors or automatic weight (and dimensions) measurement systems 

respectively are representative for this category. The user type of costs for this type of innovation are 

incurred by both shipping lines and shipping agents as operators of these systems, but also by freight 

forwarders that access the data generated by these systems. The benefits of the most innovation from 

this category are received by terminal operators. Shipping line and customs authorities have also benefits 

from around 45% and 37% of the cases. The rest of the supply chain stakeholders get the benefits of 

around 16 to 26% of these type of innovation cases. 

Table A.1. Costs and benefits occurrence of software innovation. 
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Co1 24% 3% 5% 0% 45% 5% 0% 29% 32% 5% 0% 0% 37% 5% 3% 

Co2 16% 3% 3% 0% 47% 3% 0% 24% 32% 0% 0% 0% 24% 5% 0% 

Co3 18% 3% 3% 0% 42% 3% 0% 24% 29% 0% 0% 0% 32% 3% 0% 

Cu1 13% 11% 3% 0% 21% 16% 3% 5% 5% 0% 0% 0% 5% 0% 3% 

Cu2 39% 16% 16% 13% 50% 24% 8% 18% 11% 5% 0% 0% 8% 0% 3% 

Cu3 26% 16% 13% 8% 42% 21% 5% 16% 11% 5% 0% 0% 3% 0% 3% 

Cu4 0% 0% 0% 3% 11% 5% 0% 8% 0% 0% 0% 0% 0% 0% 0% 

Bu1 45% 26% 26% 32% 74% 34% 16% 32% 34% 37% 5% 8% 8% 8% 5% 

Bu2 45% 26% 26% 32% 74% 34% 16% 32% 34% 37% 3% 5% 5% 8% 5% 

Bu3 34% 13% 16% 18% 37% 11% 5% 8% 16% 32% 5% 5% 0% 8% 0% 

Bu4 39% 26% 26% 29% 74% 26% 16% 29% 32% 37% 5% 5% 5% 8% 0% 

Bu5 42% 26% 26% 32% 74% 29% 16% 32% 34% 37% 3% 5% 8% 8% 5% 

Bu6 42% 26% 26% 32% 74% 34% 16% 29% 34% 32% 3% 5% 5% 8% 3% 

Bu7 42% 26% 21% 32% 68% 32% 16% 32% 32% 32% 0% 0% 5% 8% 5% 

Bu8 24% 16% 18% 13% 29% 18% 8% 18% 18% 13% 5% 3% 16% 3% 5% 

Bu9 16% 5% 5% 0% 13% 5% 3% 5% 16% 0% 0% 0% 24% 3% 0% 

Bu10 21% 16% 16% 13% 34% 13% 8% 24% 21% 13% 3% 0% 8% 3% 5% 
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Table A.2. Costs and benefits occurrence of integrated hardware-software innovation. 
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Co1 40% 40% 0% 0% 40% 0% 0% 20% 0% 0% 0% 0% 0% 0% 0% 

Co2 40% 40% 0% 0% 40% 0% 0% 20% 0% 0% 0% 0% 20% 0% 0% 

Co3 40% 40% 0% 0% 40% 0% 0% 20% 0% 0% 0% 0% 0% 0% 0% 

Cu1 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Cu2 40% 40% 40% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Cu3 20% 40% 20% 0% 0% 20% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Cu4 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu1 60% 60% 40% 0% 40% 20% 0% 20% 0% 0% 0% 0% 0% 0% 0% 

Bu2 60% 60% 40% 0% 40% 20% 0% 20% 0% 0% 0% 0% 0% 0% 0% 

Bu3 20% 20% 20% 0% 20% 20% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu4 80% 80% 40% 0% 40% 20% 0% 20% 0% 0% 0% 0% 0% 0% 0% 

Bu5 80% 60% 40% 0% 40% 20% 0% 20% 0% 0% 0% 0% 0% 0% 0% 

Bu6 80% 60% 40% 0% 40% 20% 0% 20% 0% 0% 0% 0% 0% 0% 0% 

Bu7 80% 60% 40% 0% 40% 20% 0% 20% 0% 0% 0% 0% 0% 0% 0% 

Bu8 20% 20% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20% 0% 0% 

Bu9 20% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20% 0% 0% 

Bu10 20% 20% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

 

B. Results with regard to innovation according to the outcome’s type 

Table A.3. Costs and benefits occurrence of product innovation. 
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Co1 37% 5% 5% 0% 63% 11% 0% 26% 11% 0% 0% 0% 37% 5% 0% 

Co2 26% 5% 0% 0% 58% 5% 0% 26% 11% 0% 0% 0% 21% 5% 0% 

Co3 32% 5% 0% 0% 58% 5% 0% 26% 11% 0% 0% 0% 37% 5% 0% 

Cu1 21% 0% 0% 0% 21% 11% 0% 0% 5% 0% 0% 0% 0% 0% 0% 

Cu2 47% 11% 16% 5% 42% 26% 5% 5% 0% 5% 0% 0% 0% 0% 0% 

Cu3 42% 16% 16% 5% 37% 32% 5% 5% 16% 5% 0% 0% 5% 0% 0% 

Cu4 0% 0% 0% 0% 16% 5% 0% 16% 0% 0% 0% 0% 0% 0% 0% 

Bu1 58% 37% 16% 37% 74% 37% 21% 16% 21% 47% 0% 0% 0% 5% 0% 

Bu2 58% 37% 16% 37% 74% 37% 21% 16% 21% 47% 0% 0% 5% 5% 0% 

Bu3 42% 26% 16% 21% 42% 16% 5% 5% 5% 42% 0% 0% 0% 5% 0% 

Bu4 58% 42% 16% 37% 74% 26% 21% 16% 21% 47% 0% 0% 0% 5% 0% 

Bu5 63% 37% 16% 37% 74% 32% 21% 16% 21% 47% 0% 0% 0% 5% 0% 

Bu6 63% 37% 16% 37% 74% 37% 21% 16% 21% 47% 0% 0% 0% 5% 0% 

Bu7 63% 37% 16% 37% 74% 37% 21% 16% 21% 47% 0% 0% 0% 5% 0% 

Bu8 16% 5% 11% 5% 11% 16% 5% 5% 5% 5% 0% 0% 0% 5% 0% 

Bu9 21% 0% 5% 0% 11% 5% 0% 0% 0% 0% 0% 0% 21% 5% 0% 

Bu10 16% 5% 11% 5% 16% 11% 5% 5% 5% 5% 0% 0% 0% 5% 0% 
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Table A.4. Costs and benefits occurrence of product-service innovation. 
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Co1 17% 8% 4% 0% 29% 0% 0% 29% 42% 8% 0% 0% 29% 4% 4% 

Co2 13% 8% 4% 0% 38% 0% 0% 21% 42% 0% 0% 0% 25% 4% 0% 

Co3 13% 8% 4% 0% 29% 0% 0% 21% 38% 0% 0% 0% 21% 0% 0% 

Cu1 4% 17% 4% 0% 17% 17% 4% 8% 4% 0% 0% 0% 8% 0% 4% 

Cu2 33% 25% 21% 17% 46% 17% 8% 25% 17% 4% 0% 0% 13% 0% 4% 

Cu3 13% 21% 13% 8% 38% 13% 4% 21% 4% 4% 0% 0% 0% 0% 4% 

Cu4 0% 0% 0% 4% 4% 4% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu1 38% 25% 38% 21% 67% 29% 8% 42% 38% 21% 8% 13% 13% 8% 8% 

Bu2 38% 25% 38% 21% 67% 29% 8% 42% 38% 21% 4% 8% 4% 8% 8% 

Bu3 25% 4% 17% 13% 29% 8% 4% 8% 21% 17% 8% 8% 0% 8% 0% 

Bu4 33% 25% 38% 17% 67% 25% 8% 38% 33% 21% 8% 8% 8% 8% 0% 

Bu5 33% 25% 38% 21% 67% 25% 8% 42% 38% 21% 4% 8% 13% 8% 8% 

Bu6 33% 25% 38% 21% 67% 29% 8% 38% 38% 13% 4% 8% 8% 8% 4% 

Bu7 33% 25% 29% 21% 58% 25% 8% 42% 33% 13% 0% 0% 8% 8% 8% 

Bu8 29% 25% 21% 17% 38% 17% 8% 25% 25% 17% 8% 4% 29% 0% 8% 

Bu9 13% 8% 4% 0% 13% 4% 4% 8% 25% 0% 0% 0% 25% 0% 0% 

Bu10 25% 25% 17% 17% 42% 13% 8% 33% 29% 17% 4% 0% 13% 0% 8% 

 

The costs of developing product innovation are incurred in most of the cases by terminal operators and 

shipping lines for their own use (see table A.3). Hence, these innovation cases generate user costs for the 

same categories of supply chain stakeholders. However, there are also user costs incurred by freight 

forwarders, road transport operators or shipping agents, as shown by 20%, 20% and 15% respectively of 

the cases. Innovation that deploys both service and product outcomes are preponderantly financed by IT 

developers. Cases like the development of an electronic portal to facilitate the information exchange with 

clients or opening secure e-paying systems for transport services are representative for this category. The 

user costs of this type of innovation are accounted by terminal operators, shipping lines and inland barge 

operators. 

An innovation that put forward a product type of outcome brings benefits for terminal operators and 

shipping lines in 70% and 60% respectively of the cases. Surprisingly, customs authorities, also benefits 

from 50% of the innovation cases with a product outcome.  

Similar patterns with regard to the occurrence of costs and benefits are seen also in the case of innovation 

that have both product and service as outcomes. ICT innovation cases such as corridor management 

system, transport management tower or a temperature traceability solution that provide (besides physical 

devices) a platform for data visualization and processing are relevant for this type. The cost of developing 

such solutions was supported by port authorities in 42% of the cases. Terminal operators, inland barge 

operators and IT developing companies cover the costs of developing this type of innovation in 29% of 

the cases. On the user’s side, costs generated by this type of innovation are incurred by terminal operators 

as shown by 46% of the cases, 33% of the cases generate user costs to shipping lines and 25% to shipping 

agents or inland barge operators. The benefits provided by this type of innovation were seen by terminal 

operators in 67% of the cases. Inland barge operators have benefits from the gain of the 42% of the cases, 

while shipping lines, freight forwarders and port authorities have received benefits from 38% of the cases.  
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C. Results with regard to innovation according to the type of access given to the innovation’s 
outcome 

Table A.5. Costs and benefits occurrence of unconditioned access innovation. 
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Co1 33% 33% 0% 0% 33% 0% 0% 0% 33% 0% 0% 0% 33% 33% 0% 

Co2 33% 33% 0% 0% 33% 0% 0% 0% 33% 0% 0% 0% 33% 33% 0% 

Co3 33% 33% 0% 0% 33% 0% 0% 0% 33% 0% 0% 0% 33% 33% 0% 

Cu1 0% 0% 0% 0% 0% 0% 0% 0% 33% 0% 0% 0% 0% 0% 0% 

Cu2 67% 33% 33% 0% 67% 33% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Cu3 33% 33% 33% 0% 33% 33% 0% 0% 33% 0% 0% 0% 0% 0% 0% 

Cu4 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu1 67% 33% 33% 0% 67% 33% 0% 0% 33% 0% 0% 0% 0% 33% 0% 

Bu2 67% 33% 33% 0% 67% 33% 0% 0% 33% 0% 0% 0% 33% 33% 0% 

Bu3 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 33% 0% 

Bu4 67% 33% 33% 0% 67% 33% 0% 0% 33% 0% 0% 0% 0% 33% 0% 

Bu5 67% 33% 33% 0% 67% 33% 0% 0% 33% 0% 0% 0% 0% 33% 0% 

Bu6 67% 33% 33% 0% 67% 33% 0% 0% 33% 0% 0% 0% 0% 33% 0% 

Bu7 67% 33% 33% 0% 67% 33% 0% 0% 33% 0% 0% 0% 0% 33% 0% 

Bu8 33% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 33% 0% 

Bu9 33% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 33% 0% 

Bu10 33% 0% 0% 0% 33% 0% 0% 0% 0% 0% 0% 0% 0% 33% 0% 

 

Table A.6. Costs and benefits occurrence of conditioned access innovation. 
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Co1 28% 6% 6% 0% 72% 6% 0% 28% 11% 0% 0% 0% 22% 0% 0% 

Co2 28% 6% 6% 0% 72% 6% 0% 28% 11% 0% 0% 0% 11% 0% 0% 

Co3 28% 6% 6% 0% 72% 6% 0% 28% 11% 0% 0% 0% 22% 0% 0% 

Cu1 22% 0% 0% 0% 33% 17% 0% 0% 0% 0% 0% 0% 6% 0% 0% 

Cu2 33% 11% 11% 6% 39% 17% 6% 6% 0% 6% 0% 0% 6% 0% 0% 

Cu3 28% 17% 6% 6% 39% 22% 6% 11% 11% 6% 0% 0% 0% 0% 0% 

Cu4 0% 0% 0% 0% 22% 11% 0% 17% 0% 0% 0% 0% 0% 0% 0% 

Bu1 50% 39% 17% 39% 83% 28% 22% 17% 22% 44% 0% 0% 6% 0% 0% 

Bu2 50% 39% 17% 39% 83% 28% 22% 17% 22% 44% 0% 0% 0% 0% 0% 

Bu3 39% 28% 11% 22% 44% 11% 6% 6% 11% 44% 0% 0% 0% 0% 0% 

Bu4 50% 44% 17% 39% 83% 22% 22% 17% 22% 44% 0% 0% 6% 0% 0% 

Bu5 50% 39% 17% 39% 83% 22% 22% 17% 22% 44% 0% 0% 6% 0% 0% 

Bu6 50% 39% 17% 39% 83% 28% 22% 17% 22% 44% 0% 0% 6% 0% 0% 

Bu7 50% 39% 11% 39% 78% 22% 22% 17% 22% 44% 0% 0% 6% 0% 0% 

Bu8 11% 11% 11% 6% 17% 17% 6% 6% 11% 6% 0% 0% 11% 0% 0% 

Bu9 11% 0% 0% 0% 6% 0% 0% 0% 0% 0% 0% 0% 22% 0% 0% 

Bu10 11% 11% 6% 6% 11% 6% 6% 6% 11% 6% 0% 0% 6% 0% 0% 
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Table A.7. Costs and benefits occurrence of locked access innovation. 
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Co1 23% 5% 5% 0% 23% 5% 0% 32% 41% 9% 0% 0% 41% 5% 5% 

Co2 9% 5% 0% 0% 27% 0% 0% 23% 41% 0% 0% 0% 32% 5% 0% 

Co3 14% 5% 0% 0% 18% 0% 0% 23% 36% 0% 0% 0% 32% 0% 0% 

Cu1 5% 18% 5% 0% 9% 14% 5% 9% 5% 0% 0% 0% 5% 0% 5% 

Cu2 41% 23% 23% 18% 45% 23% 9% 27% 18% 5% 0% 0% 9% 0% 5% 

Cu3 23% 18% 18% 9% 36% 18% 5% 18% 5% 5% 0% 0% 5% 0% 5% 

Cu4 0% 0% 0% 5% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu1 41% 23% 36% 23% 59% 36% 9% 45% 36% 27% 9% 14% 9% 9% 9% 

Bu2 41% 23% 36% 23% 59% 36% 9% 45% 36% 27% 5% 9% 5% 9% 9% 

Bu3 32% 5% 23% 14% 32% 14% 5% 9% 18% 18% 9% 9% 0% 9% 0% 

Bu4 36% 23% 36% 18% 59% 27% 9% 41% 32% 27% 9% 9% 5% 9% 0% 

Bu5 41% 23% 36% 23% 59% 32% 9% 45% 36% 27% 5% 9% 9% 9% 9% 

Bu6 41% 23% 36% 23% 59% 36% 9% 41% 36% 18% 5% 9% 5% 9% 5% 

Bu7 41% 23% 32% 23% 55% 36% 9% 45% 32% 18% 0% 0% 5% 9% 9% 

Bu8 32% 23% 23% 18% 36% 18% 9% 27% 23% 18% 9% 5% 23% 0% 9% 

Bu9 18% 9% 9% 0% 18% 9% 5% 9% 27% 0% 0% 0% 27% 0% 0% 

Bu10 27% 23% 23% 18% 45% 18% 9% 36% 27% 18% 5% 0% 9% 0% 9% 

 

The sample of cases contains 51% of innovation with a conditioned type of access to their outcome. From 

these cases, 72% are financed (development cost) by the terminal operators, 28% by the inland barge 

operators or shipping lines and 22% by IT developers. This type of innovation generates user type costs 

for terminal operators and shipping lines in approximative 39% of the cases. Freight forwarders and road 

transporters incurred investment costs in approximately 17% of these cases. 

Lastly, the locked access innovation generates development costs for port authorities (41%), inland barge 

operators (23%), terminal operators (23%) and shipping lines (23%). Locked innovation group refers to 

tools developed by stakeholders to enable information sharing with regard to operations or status of 

activities for navigational, customs or logistics purposes in port communities or pre-defined groups of 

supply chain stakeholders. Information release is done only for this controlled group of stakeholders for 

which the initiating party has full control. In 41% of the cases, the IT developers were involved in the 

platform development procedure and covered the development costs. Locked access innovation 

generates costs for terminal operators, shipping agents and inland barge operators as shown by 45%, 41% 

and 27% of the cases respectively. With regard to benefits, it is clear that the terminal operators are taking 

the benefits form most of those type of the cases, as well as shipping lines, freight forwarders, port 

authorities and road transport operators. 
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D.  Results with regard to innovation according to the maritime supply chain drivers for change 

Table A.8. Costs and benefits occurrence of business change innovation. 
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Co1 46% 15% 0% 0% 69% 8% 0% 23% 0% 0% 0% 0% 8% 0% 0% 

Co2 46% 15% 0% 0% 69% 8% 0% 15% 0% 0% 0% 0% 15% 0% 0% 

Co3 46% 15% 0% 0% 69% 8% 0% 15% 0% 0% 0% 0% 8% 0% 0% 

Cu1 31% 0% 0% 0% 31% 8% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Cu2 46% 15% 15% 0% 38% 8% 0% 8% 0% 0% 0% 0% 0% 0% 0% 

Cu3 38% 15% 8% 0% 46% 15% 0% 15% 0% 0% 0% 0% 0% 0% 0% 

Cu4 0% 0% 0% 0% 0% 8% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu1 62% 54% 15% 23% 69% 23% 0% 23% 0% 38% 0% 0% 0% 0% 0% 

Bu2 62% 54% 15% 23% 69% 23% 0% 23% 0% 38% 0% 0% 0% 0% 0% 

Bu3 46% 31% 8% 23% 46% 8% 0% 0% 0% 31% 0% 0% 0% 0% 0% 

Bu4 69% 62% 15% 23% 69% 15% 0% 23% 0% 38% 0% 0% 0% 0% 0% 

Bu5 69% 54% 15% 23% 69% 15% 0% 23% 0% 38% 0% 0% 0% 0% 0% 

Bu6 69% 54% 15% 23% 69% 23% 0% 23% 0% 38% 0% 0% 0% 0% 0% 

Bu7 69% 54% 15% 23% 69% 23% 0% 23% 0% 38% 0% 0% 0% 0% 0% 

Bu8 8% 8% 0% 0% 0% 8% 0% 0% 0% 0% 0% 0% 8% 0% 0% 

Bu9 15% 0% 0% 0% 8% 0% 0% 0% 0% 0% 0% 0% 8% 0% 0% 

Bu10 8% 8% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

 

Table A.9. Costs and benefits occurrence of market change innovation. 
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Co1 17% 3% 7% 0% 33% 3% 0% 30% 40% 7% 0% 0% 43% 7% 3% 

Co2 7% 3% 3% 0% 37% 0% 0% 27% 40% 0% 0% 0% 27% 7% 0% 

Co3 10% 3% 3% 0% 30% 0% 0% 27% 37% 0% 0% 0% 37% 3% 0% 

Cu1 3% 13% 3% 0% 13% 17% 3% 7% 7% 0% 0% 0% 7% 0% 3% 

Cu2 37% 20% 20% 17% 47% 27% 10% 20% 13% 7% 0% 0% 10% 0% 3% 

Cu3 20% 20% 17% 10% 33% 23% 7% 13% 13% 7% 0% 0% 3% 0% 3% 

Cu4 0% 0% 0% 3% 13% 3% 0% 10% 0% 0% 0% 0% 0% 0% 0% 

Bu1 40% 20% 33% 30% 70% 37% 20% 33% 43% 30% 7% 10% 10% 10% 7% 

Bu2 40% 20% 33% 30% 70% 37% 20% 33% 43% 30% 3% 7% 7% 10% 7% 

Bu3 27% 7% 20% 13% 30% 13% 7% 10% 20% 27% 7% 7% 0% 10% 0% 

Bu4 33% 20% 33% 27% 70% 30% 20% 30% 40% 30% 7% 7% 7% 10% 0% 

Bu5 37% 20% 33% 30% 70% 33% 20% 33% 43% 30% 3% 7% 10% 10% 7% 

Bu6 37% 20% 33% 30% 70% 37% 20% 30% 43% 23% 3% 7% 7% 10% 3% 

Bu7 37% 20% 27% 30% 63% 33% 20% 33% 40% 23% 0% 0% 7% 10% 7% 

Bu8 30% 20% 23% 17% 37% 20% 10% 23% 23% 17% 7% 3% 20% 3% 7% 

Bu9 17% 7% 7% 0% 13% 7% 3% 7% 20% 0% 0% 0% 30% 3% 0% 

Bu10 27% 20% 20% 17% 43% 17% 10% 30% 27% 17% 3% 0% 10% 3% 7% 

 

The majority of innovation that strive for a change at businesses’ process level have their development 

costs accounted by terminal operators, shipping lines and IT developers. The user cost of this innovation 

is mostly generated by acquisition of new software or hardware and is accounted by shipping lines. Port 

authorities finance the development of the majority of innovation that target a change in market 
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(approximatively 50% of the cases). The user cost of this innovation is enquired by the terminal operators 

or by the shipping lines, but also by inland barge operators and IT developers, as shown by 25%, 17%, 21% 

and 33% of the cases respectively. 

Terminal operators enjoy the benefits of 72% of the innovation cases that address a change within the 

business process. The shipping lines, shipping agents and the customs authorities enjoy as well the 

benefits within approximatively 44-50% of this type of innovation cases. Although incurring only user 

costs, hinterland transport operators, freight forwarders and shipping agents also have benefits from this 

type of innovation. 

Innovation that has an impact on the market level represent 70% of the sample. From this type, 75% of 

the cases bring benefits to the terminal operators, 46% to the port authorities and 50% to the shipping 

lines. The other supply chain stakeholders and customs authorities benefit as well from this digital 

transformation. The community benefits of complying with standards are brought by a relatively higher 

percentage (17-50%) of innovation that introduce a change in market. 

E. The costs and benefits occurrence of ICT innovation developed by deep-sea terminal 
operators 

 

Table A.10. Costs and benefits occurrence of innovation developed by terminal operators. 
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Co1 31% 0% 0% 0% 100% 0% 0% 8% 23% 0% 0% 0% 0% 0% 0% 

Co2 31% 0% 0% 0% 100% 0% 0% 0% 23% 0% 0% 0% 0% 0% 0% 

Co3 31% 0% 0% 0% 100% 0% 0% 0% 23% 0% 0% 0% 0% 0% 0% 

Cu1 31% 8% 0% 0% 46% 23% 0% 0% 8% 0% 0% 0% 15% 0% 0% 

Cu2 31% 8% 0% 0% 62% 8% 0% 8% 0% 0% 0% 0% 15% 0% 0% 

Cu3 31% 8% 0% 0% 62% 31% 0% 8% 8% 0% 0% 0% 0% 0% 0% 

Cu4 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu1 54% 31% 0% 23% 100% 31% 0% 8% 23% 31% 0% 0% 15% 0% 0% 

Bu2 54% 31% 0% 23% 100% 31% 0% 8% 23% 31% 0% 0% 0% 0% 0% 

Bu3 46% 31% 8% 23% 62% 8% 0% 0% 15% 31% 0% 0% 0% 0% 0% 

Bu4 54% 38% 0% 23% 100% 31% 0% 8% 23% 31% 0% 0% 15% 0% 0% 

Bu5 54% 31% 0% 23% 100% 31% 0% 8% 23% 31% 0% 0% 15% 0% 0% 

Bu6 54% 31% 0% 23% 100% 31% 0% 8% 23% 31% 0% 0% 15% 0% 0% 

Bu7 54% 31% 0% 23% 100% 31% 0% 8% 23% 31% 0% 0% 15% 0% 0% 

Bu8 0% 8% 0% 0% 15% 0% 0% 0% 15% 0% 0% 0% 15% 0% 0% 

Bu9 8% 0% 0% 0% 8% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu10 0% 8% 0% 0% 15% 0% 0% 0% 15% 0% 0% 0% 15% 0% 0% 

 

Computing the occurrence of costs and benefits of cases developed by terminal operators shows that, for 

each case, the terminal operators are covering the costs associated with the development, market uptake 

and operation. In 31% of the cases, the shipping lines also contribute to these costs, such as cases related 

to the set-up of an extended gate. In 23% of the cases, the port authority covered from a financial 

perspective costs associated with development for expansion to an extended gate or connection to the 

community system. Moreover, stakeholders such as road transport operators, shipping agents or inland 

barge operators cover user associated costs such as connection or training costs. These costs are 
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generated by ICT innovation that had primarily an administrative goal for setting gate appointments or 

electronic submission of information, yet from which hinterland operators can benefit in their operational 

planning. For 8% of the innovation, costs were generated for extra investment for hardware or software 

for shipping agents, road transport operators or the inland navigation sector as in the case of expansion 

to an inland terminal.   

Yet, the terminal operators remain the stakeholders that are enjoying the largest share of benefits from 

their innovation. These benefits are from switching to digital solutions. Also shipping lines are enjoying 

the benefits of approximatively 54% of the cases. Moreover, shipping lines, customs declarants, road 

transport operators, port authorities and customs enjoy the benefits of approximately 30% of the cases 

initiated by a terminal operator. These benefits are generated by innovation that digitalize administrative 

operations and documents. It is obvious that although benefits are perceived with regard to avoidance of 

illicit transaction, cases such as weighbridges or digitalization of administrative procedures generate this 

type of benefits.  

F.  The costs and benefits occurrence of ICT innovation developed by inland terminal operators 

Table A.11. Costs and benefits occurrence of innovation developed by inland terminals. 
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Co1 0% 0% 0% 0% 40% 0% 0% 100% 10% 0% 0% 0% 30% 0% 10% 

Co2 0% 0% 0% 0% 60% 0% 0% 90% 30% 0% 0% 0% 0% 0% 0% 

Co3 0% 0% 0% 0% 40% 0% 0% 90% 10% 0% 0% 0% 30% 0% 0% 

Cu1 0% 0% 0% 0% 0% 0% 0% 10% 0% 0% 0% 0% 0% 0% 10% 

Cu2 0% 0% 0% 0% 10% 0% 0% 20% 20% 0% 0% 0% 0% 0% 10% 

Cu3 0% 20% 0% 0% 40% 0% 0% 30% 20% 0% 0% 0% 0% 0% 10% 

Cu4 0% 0% 0% 0% 30% 0% 0% 30% 0% 0% 0% 0% 0% 0% 0% 

Bu1 0% 30% 0% 30% 70% 10% 30% 70% 50% 40% 0% 0% 0% 0% 10% 

Bu2 0% 30% 0% 30% 70% 10% 30% 70% 50% 40% 0% 0% 0% 0% 10% 

Bu3 0% 0% 0% 0% 0% 0% 0% 0% 0% 30% 0% 0% 0% 0% 0% 

Bu4 0% 30% 0% 30% 70% 10% 30% 60% 50% 40% 0% 0% 0% 0% 0% 

Bu5 0% 30% 0% 30% 70% 10% 30% 70% 50% 40% 0% 0% 0% 0% 10% 

Bu6 0% 30% 0% 30% 70% 10% 30% 60% 50% 40% 0% 0% 0% 0% 0% 

Bu7 0% 30% 0% 30% 70% 10% 30% 70% 50% 40% 0% 0% 0% 0% 10% 

Bu8 0% 0% 0% 0% 10% 0% 0% 20% 10% 0% 0% 0% 0% 0% 10% 

Bu9 0% 0% 0% 0% 10% 0% 0% 10% 30% 0% 0% 0% 30% 0% 0% 

Bu10 0% 0% 0% 0% 30% 0% 0% 40% 30% 0% 0% 0% 0% 0% 10% 

 

As seen in table A.11 above, inland terminals are also a main contributor to deploying ICT innovation. 

These stakeholders cover the development cost in 30% of their innovation. Yet, the cost for market uptake 

and operating of on innovation case is covered by the port authority, as shown in the case of a pre-

notification platform for inland navigation traffic at port’s terminals. As shown further by these results, 

few ICT cases generate user-related costs. Most cases generate training costs for terminal operators, 

shipping agents and port authority. 

The benefits generated by the ICT innovation cases initiated by inland terminal operators are analysed. It 

is obvious that benefits linked to digitalization are mainly generated, indicating a special shift happening 

in this sector. For this category, inland terminals and inland barge operators are beneficiaries in most 
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cases. Moreover, port authorities enjoy the benefits from 50% of the cases. These cases led to the 

implementation of systems that enable pre-notifications of arrival at terminals (by vessel or truck 

operators), so the port authorities enjoy a better view on the mooring/parking space usage and traffic 

moves inside the port. Yet, customs authority benefits also in 40% of these cases. Benefits to the customs 

authorities are generated through initiatives that support the transfer of paperless customs documents. 

Few initiatives like ‘port wide schedule’ or ‘centralized barge traffic control centre’ generate also 

community type of benefits. 

G.  The costs and benefits occurrence of ICT innovation developed by port authorities 

Table A.12. Costs and benefits occurrence of innovation developed by port authorities. 
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Co1 17% 0% 0% 0% 17% 0% 0% 17% 100% 0% 0% 0% 17% 0% 0% 

Co2 17% 0% 0% 0% 17% 0% 0% 17% 83% 0% 0% 0% 17% 0% 0% 

Co3 17% 0% 0% 0% 17% 0% 0% 17% 100% 0% 0% 0% 17% 0% 0% 

Cu1 17% 17% 0% 0% 17% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Cu2 83% 33% 17% 50% 83% 17% 17% 33% 0% 17% 0% 0% 17% 0% 0% 

Cu3 33% 33% 17% 17% 33% 17% 17% 17% 0% 17% 0% 0% 0% 0% 0% 

Cu4 0% 0% 0% 17% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu1 67% 17% 33% 67% 67% 17% 17% 33% 50% 67% 33% 33% 17% 0% 0% 

Bu2 67% 17% 33% 67% 67% 17% 17% 33% 50% 67% 17% 17% 17% 0% 0% 

Bu3 50% 17% 17% 50% 50% 17% 17% 17% 33% 50% 33% 33% 0% 0% 0% 

Bu4 67% 17% 33% 50% 67% 17% 17% 33% 33% 67% 33% 33% 0% 0% 0% 

Bu5 67% 17% 33% 67% 67% 17% 17% 33% 50% 67% 17% 17% 17% 0% 0% 

Bu6 67% 17% 33% 67% 67% 17% 17% 33% 50% 33% 17% 17% 0% 0% 0% 

Bu7 67% 17% 17% 67% 50% 17% 17% 33% 33% 33% 0% 0% 0% 0% 0% 

Bu8 83% 33% 33% 67% 83% 17% 17% 33% 50% 67% 33% 17% 17% 0% 0% 

Bu9 17% 17% 0% 0% 17% 0% 0% 0% 17% 0% 0% 0% 17% 0% 0% 

Bu10 67% 33% 33% 67% 83% 17% 17% 33% 33% 67% 17% 0% 0% 0% 0% 

 

Computing the occurrence of costs and benefits of cases developed by port authorities, the following 

results are obtained. Each of these cases was developed with the financial contribution of either a shipping 

line, terminal operator, inland barge operators or an IT supplier. It is remarkable that, all these cases 

generate user costs for the supply chain stakeholders. Also, 80% of the cases generate hardware/software 

acquisition costs incurred by the shipping lines and terminal operators. Moreover, customs declarants 

incur user costs in 50% of the cases, as shown by port community systems that open application modules 

for the use of these type of stakeholders.  

The benefits generated by ICT innovation introduced by port authorities are spread across the supply 

chain stakeholder. As shown here, MarSC stakeholders (like shipping line, customs declarants, terminal 

operators or customs etc.) are the actors that enjoy the benefits of most of the cases (67%). Hinterland 

transport operators are found as beneficiaries of this type of innovation cases. While inland waterway 

operators enjoy the benefit of 33% of the cases, the rail and road transport operators receive the benefits 

of 17% of the cases. These results are reflected by innovation triggered by the PA to introduce hinterland 

information systems. Innovation initiated by the port authority generates most benefits from the 

‘community’ type, e.g. like access to broad information or compliance with community standards.  
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H. The costs and benefits occurrence of ICT innovation developed by IT developing firms 

Table A.13. Costs and benefits occurrence of innovation developed by IT developing companies. 

  

Sh
ip

p
in

g
 li

n
e 

Sh
ip

p
in

g
 a

g
en

t 

Fr
ei

g
h

t 
fo

rw
a

rd
er

 

C
u

st
o

m
s 

d
ec

la
ra

n
t 

Te
rm

in
a

l 

o
p

er
a

to
r 

Hinterland transport 

P
o

rt
 A

u
th

o
ri

ty
 

C
u

st
o

m
s 

H
a

rb
o

u
r 

m
a

st
er

, e
tc

. 

O
th

er
s 

(P
o

lic
e,

 

sa
n

it
a

ry
, e

tc
.)

 

IT
 d

ev
el

o
p

er
s 

Fi
n

a
n

ci
n

g
 

in
st

it
u

ti
o

n
s 

In
fr

a
st

ru
ct

u
re

 
m

a
n

a
g

er
s 

  R
o

a
d

 

R
a

il 

IW
W

 (
b

a
rg

e 

o
p

er
a

to
r)

 

Co1 40% 0% 20% 0% 20% 20% 0% 0% 20% 0% 0% 0% 100% 20% 0% 

Co2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% 20% 0% 

Co3 20% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% 20% 0% 

Cu1 0% 20% 0% 0% 0% 20% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Cu2 80% 20% 40% 0% 60% 80% 20% 20% 20% 0% 0% 0% 0% 0% 0% 

Cu3 40% 0% 20% 0% 20% 40% 0% 0% 0% 0% 0% 0% 20% 0% 0% 

Cu4 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Bu1 80% 20% 40% 0% 60% 80% 20% 20% 20% 0% 0% 0% 0% 20% 20% 

Bu2 80% 20% 40% 0% 60% 80% 20% 20% 20% 0% 0% 0% 20% 20% 20% 

Bu3 40% 0% 40% 0% 40% 40% 20% 20% 20% 0% 0% 0% 0% 20% 0% 

Bu4 60% 20% 40% 0% 60% 40% 20% 20% 20% 0% 0% 0% 0% 20% 0% 

Bu5 80% 20% 40% 0% 60% 60% 20% 20% 20% 0% 0% 0% 0% 20% 20% 

Bu6 80% 20% 40% 0% 60% 80% 20% 20% 20% 0% 0% 0% 0% 20% 20% 

Bu7 80% 20% 40% 0% 60% 80% 20% 20% 20% 0% 0% 0% 0% 20% 20% 

Bu8 60% 20% 40% 0% 40% 40% 20% 20% 20% 0% 0% 0% 40% 20% 20% 

Bu9 80% 0% 40% 0% 40% 40% 20% 20% 20% 0% 0% 0% 60% 20% 0% 

Bu10 60% 20% 40% 0% 60% 40% 20% 20% 20% 0% 0% 0% 20% 20% 20% 

 

ICT developers form a separate category of stakeholders that deliver innovation in the supply chain. This 

type of actor deploys innovation in collaboration with traditional supply chain stakeholders, which 

contributes as well to the development costs. This category of innovation consists of cases like NxtPort, 

applications for the re-use of assets or systems that offers control management tower functionalities. 

Users of this type of innovation incur costs either for software/hardware acquisition or for training of their 

employees in using these new systems. 

ICT innovation introduced by IT developers spreads benefits over the supply chain stakeholders. Actors 

like shipping lines or road transport operators enjoy the benefits introduced by 80% of the cases, terminal 

operators from 60% of the cases and freight forwarders from 40%. Moreover, in contrast to innovation 

led by supply chain stakeholders, most cases led by IT developers generate benefits to financing institutes, 

through inclusion of paying functionalities to the applications they develop.  

I. Concluding remarks of Annex 5.1 

Conclusions are given firstly from the perspective of type of outcomes delivered by ICT innovation. The 

set of cases delivering software outcome are the majority. Terminal operators and IT developers cover 

the development costs and gain benefits from most of these innovation cases, while operators carrying 

out transport activities in the hinterland cover user costs and gain as well digital benefits. The other set 

of cases consisting of integrated software-hardware innovation points out the following. Either shipping 

lines, shippers or terminal operators develop this type of innovation cases. The same actors incur also the 

user costs of it. Furthermore, this research shows that, despite the fact that freight forwarders do not 

contribute to the development cost of this type of innovation, they incur user costs and benefits for 

example from accessing the data by this innovation. Innovation delivering product-service innovation is 

preponderantly financed by IT developers. The user costs and benefits of this type of innovation are 
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accounted for by terminal operators, shipping lines and inland barge operators. Innovation over a 

conditioned type of access to their outcome are developed mainly by terminal operators, but as well by 

inland barge operators, shipping lines and IT developers. The user costs of this innovation are accounted 

for by terminal operators and shipping lines, while freight forwarders and road transporters incur further 

software of hardware investment costs when exploiting this innovation. Further, innovation with a locked 

(closed) outcome is developed mainly by port authorities, but also by inland barge operators, terminal 

operators and shipping lines. The group of innovation cases with a closed ourcome contains ICT tools 

developed by MarSC stakeholders to enable information sharing with regard to operations or status of 

activities and the developers keep under control the group of stakeholders accessing this information. 

Terminal operators are taking the benefits from most of those type of the cases, as well as shipping lines, 

freight forwarders, port authorities and road transport operators. From a MarSC perspective, this 

dissertation concludes that the port authorities finance the development of the majority of innovation 

that target a change in market. The user costs of this innovation are incurred by the terminal operators or 

by the shipping lines, but also by inland barge operators and IT developers. These types of users are also 

the ones enjoying their benefits.  

Further conclusions are shown according to the initiating stakeholder. The results show that ICT 

innovation developed by terminal operators, have shipping lines, port authorities covering partially the 

development costs or initiating further investment to expand their functionalities. Moreover, 

stakeholders such as road transport operators, shipping agents or inland barge operators cover user-

associated costs such as connection or training cost. Terminal operators remain the main stakeholders 

that are enjoying the largest share of benefits from their innovation. However, shipping lines, customs 

declarants, road transport operators, port authorities and customs enjoy the benefits of ICT innovation 

developed by terminal operators. Inland terminals are also a main contributor to deploying ICT innovation. 

Yet, the cost for market uptake and operating of an innovation case is covered by the port authority. As 

anticipated, inland terminals and inland barge operators are beneficiaries in most cases. This dissertation 

shows that ICT innovation initiated by port authorities is developed with the financial contribution of 

either a shipping line, terminal operator, inland barge operators or an IT supplier. The benefits generated 

by ICT innovation introduced by port authorities are equally spread across the supply chain stakeholder. 

ICT innovation developed by specialized software developing firms is deployed in collaboration with 

supply chain stakeholders, which contribute as well to the development cost. As shown through the 

results of this research, this type of ICT innovation brings benefits to shipping lines, hinterland operators 

and freight forwarders.  
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Annex 6.1. Interview design for collecting data for the container rides planning 

Part A. Questions with regard to technologies used for transport of containers: 

 What type of technologies/equipment/chassis do you use for the transport of containers? 

 How have these technologies/equipment/chassis been developed and which functionalities do they 
offer? 

 How often does each type of equipment require maintenance works? 

 How many container trips per week/year does each type of container carry? 

Part B. Questions with regard to the planning 

 What is the profile of a person doing planning operations?  

 What is the job profile and his hourly costs? 

 How many people are working on planning the fleet of the vehicles and how is the work structured? 

 Which tools are they using to plan orders? 

 What are the features and functionalities of these IT tools? 

 Which information is needed to plan container transport?  

 How do they receive the information needed?  

 How is the planning process organised and which conditions are taken into account when planning? 
 

Part C. Questions with regard to the costs 

 What are the acquisition costs of the container transport equipments (chassis, trailers, trucks) you use? 

 Which type of fixed costs does your company incur for operating the transport activity? 

 Can you give an estimation of each type of cost per year for your company? 

 Can you provide information about planning costs? 

 How are the planning tasks and assets distributed among the planners? And among the business units? 

 For planning: What is the working schedule of the planners? How much time do they spend on average 
for planning one trailer? How much time do they spend on looking up information? 

 For dispatching/follow-up: How much time (or percentage of working time) do the dispatchers spend on 
follow-up/searching the status of the vehicles (trailers)? How much of this time is used for looking up 
information or asking to colleagues? 
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Annex 6.2. Emission coefficients expressed in grams CO2 for heavy trucks used either in web tool 
applications or research studies. 

 

Source: own compilation 

 

 

 

  

Grams 
CO2/ 
tonne*km 

Grams 
CO2/ 
vh*km 

Grams 
CO2/ liter of 
fuel 

Date application Obs. Source 

Web tools  

51,2     TLNplanner 

65     FLAVIA IT- Tool 

81.48     P&O masters 

84     Volvo emission 
calculator 

86     Scania emission 
calculator 

Research, studies  

62  2900 March 2011  Cefic (2011) 

82   10 juni 2015 Value for tractor 
and 
trailer/chassis 

SKAO Handboek CO2  
Prestatieladder 3.0 

129   2009  United Nations, 
(2012) 

100   2009  European 
Environmental 
Agency 

 870  2005 (US)  Protocol (2005) 

 588-818  2009 (Europe)  Boer, Otten, & Essen 
(2011) 

 190  2011 Belgian average 
all types of roads 

Standaardmethodiek 
voor MKBA van 
transportinfrastructu
urprojecten 

 120  2014 (EU)  European Union 
(2016) 
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Annex 7. Interview design for collecting data integration platforms 

 

 What are the features and functionalities of the IT solution you promote? 

 What is the need from the users’ side to benefit from this type of tool? 

 Which supply chain stakeholders does it address?  

 What is the development process followed and what is the period when this development process 
happened? 

 Did you benefit from the involvement and knowledge of other type of stakeholders (from the transport 
sector) in this process? 

 What are the main goals/objectives that you wanted to achieve with this tool? Have these goals been 
achieved and how would you estimate whether you were successful in achieving these goals? 

 Are these goals linked to covering as much as possible users for the tool? Was this one of the main 
objectives? 

 How many users did your tool have after one year, two year, three years etc. after implementation? 

 Can disseminate information with regard to the development cost, number of employees and working 
time for developing this tool? 

 Did you benefit from external, public or other type of funds? Or did you have your own investment and 
grew organically?  

 Which type of pricing model do you put forward to your users? 
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Annex 8. Interview design with regard to the PHC flow in the MarSC and its handling costs 

Part A. Questions with regard to PHC handling: 

 What is the flow of the PHC in the supply chain? Who emits the PHC? Which stakeholders receive it 
firstly? To which stakeholder is passed over? 

 Which information is exchanged throughout this process? How many people come in contact with the 
PHC? 

 Which of the people have to read the content, who is checking the content and when? How long does it 
take for each action to happen?  

 What is the procedure to correct errors when they occur? Is there an extra fee? What are the costs 
generated when an error occurs? Who is responsible in that case for the extra costs? 

 What is the amount of cargo for which a FC is usually emitted, for a pallet? for a container? Or for 
multiple containers? Is there a minimum/maximum cargo volume for which a FC is released?  

 How many FCs are handled in the port of Antwerp?  

 From each MarSC’s perspective: what are the costs of handling one certificate? How much time is spent 
in checking/handling one certificate? How long does it take to complete, check, send and receive a PHC? 

 What is the profile of a person doing this job? What is the job profile and his hourly costs? 

 How many people are working on PHC handling? 

 Are there other activities (handling of other documents) that are done by the same person?  

Part B. Questions with regard to BC technology 

 What are the features and functionalities an IT solution should have to be used to facilitate the transfer 
of the PHC?  

 Does blockchain fulfils these conditions and does it offer enough functionalities? What are the other 
options that could be used for the same purpose? 

 What are the costs components when developing a DLT-based application? 

 How long does it take to develop each component? What is the hourly cost of a person developing such 
a system? 

 Are there technical or capacity limitations in using a DLT-based solution for facilitating the transfer of 
the PHC? 

 Which actors should be involved in developing such a system? What role would they have and how 
strong should their involvement be? 

 What are the barriers and disadvantages in using each technology/IT system for a TG system? How 
could these barriers be overcome? 

Part C. Questions with regard to strategies to implement a DLT-based solution? 

 What are the costs covered by the users of a DLT-based solution? 

 Which options are feasible to divide costs or the benefits in an DLT-based application? 

 Which type of stakeholder has interest in partially cover the costs of developing such a solution? Which 
costs can be covered? 

 Which strategies do you think are feasible in implementing and sharing the costs/benefits of a DLT-
based solution? And why? 
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Annex 9.1. Overview of the literature focused on analysing PCS developments 

Author Year Title Purpose of study Studied ports Benefits of PCS 
(findings) 

Cost of PCS 
(findings) 

STUDIES THAT ADOPTED A DESCRIPTIVE APPROACH 

Wrigley, 
Wagenaar 
and Clarke 

1994 Electronic data interchange in 
international trade: 
frameworks for the strategic 
analysis of ocean port 
communities  

This paper develops two 
frameworks to assess the 
level and nature of electronic 
trade integration within the 
context of a port community 
enterprise model.  

No specific port 
mentioned 

Improves time operations;  
 resource consumption; and  
 improves control. 

No direct reference to PCS cost 

Lopez and 
Poole 

1998 Quality assurance in the 
maritime port logistics chain: 
the case of Valencia, Spain 

It explores the concept of 
quality in relation to port 
services, and discuss 
certification of service 
providers as a means of 
signalling quality to their 
customers. 

Port of Valencia High quality port services 
punctuality, quality, reliability and 
price. 

No direct reference to PCS cost 

Diaz 2003 Port Community System: A 
Key Component of the Future 
Vision for Cargo and Port 
Security 

It gives a general overview of 
PCS 

No specific port 
mentioned 

Prevents errors and dramatically 
reduces paperwork. It makes the 
port more efficient and easier to 
work with. Working with different 
companies is easy because they all 
share a common ‘front-end’ to send 
and receive structured information 
and business rules; data quality and 
overall ‘port procedures’ are 
enforced and followed by all 
participants. 

No direct reference to PCS cost 

Cuadro 
Frasquet and 
Cervera 

2004 Benchmarking the port 
services: a customer-oriented 
proposal 

This paper aims to adapt the 
benchmarking technique to 
the sphere of ports. 
Compares the activity of a 
port with that of its 
competitors, which is 
considered to be excellent. 

Port of Valencia PCS offers a competitive advantage  No direct reference to PCS cost 
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Author Year Title Purpose of study Studied ports Benefits of PCS 
(findings) 

Cost of PCS 
(findings) 

Miranda 2003 Preliminary analysis of 
APEC 

It seeks to identify and 
discuss some of the factors 
that influence the success of 
port communities that have 
already implemented 
collaborative Information and 
Communication Technology 
(ICT) solutions and how these 
factors can be applied to 
other ports intending to 
adopt similar systems 

No specific port PCS users have longer term benefits 
of lower costs, better profitability 
and revenue. 

PCS have fixed operating costs. 
These costs include the purchase 
of hardware or internet 
connections. 

Nam-Kyu and 
Hyung Rim 

2005 Port Information System For 
Port Authority 

It aims to define its 
relationship through a study 
on the port types of advanced 
countries and their 
information systems 

Busan Port  
Authority 

Benefits not mentioned No direct reference to PCS cost 

Cullinane, Yim 
Yap and Lam 

2007 The port of Singapore and its 
governance structure 

This paper studies the 
governance structure of PCS 
in Singapore 

Singapore Port community provides world-
class and competitive products and 
service 
standards. 

No direct reference to PCS cost 

van 
Oosterhout et 
al. 
 

2007 Visibility Platforms for 
Enhancing 
Supply Chain Security: a Case 
Study in the Port of 
Rotterdam 

It maps the information 
needs onto the current IT 
architecture and IT systems in 
the port of 
Rotterdam. 

Rotterdam PCS brings competitive 
advantages 

No direct reference to PCS cost 

Srour, van 
Oosterhout, 
van Baalen, 
Zuidwijk 

2008 PSC Implementation: 
Lessons Learned from an 
International Scan 

They document lessons 
learned within 
each life cycle stage as 
derived from an international 
scan of PCS deployments 

10 ports (kept 
anonymous) 

Lower maintenance costs and low 
difficulties in extending and 
expanding with new services and 
communication channels 

High initial investment cost and 
usually the users have to support 
the later on operational cost. 

Aksentijević, 
Tijan and 
Hlača 

2009 Importance of organizational 
information security in PCS 

IT outlines information 
security principles that 
should be accounted for 
during creation of port 
community systems. 

No specific port 
mentioned 

Support to port operations, efficient 
cost control, easy change 
management, disaster recovery, 
business continuity and integration 
into existing business blueprints of 
all included port function 
concession holders and other 
participants. 

No PCS costs mentioned 
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Author Year Title Purpose of study Studied ports Benefits of PCS 
(findings) 

Cost of PCS 
(findings) 

Brooks, 
Mccalla, Pallis 
and Van Der 
Lugt 

2010 Coordination and 
cooperation in strategic port 
management: the case of 
Atlantic Canada’s ports 

It fundaments the lesson that 
Canadian ports might learn 
from others engaged in 
cooperative activities or 
increasing competitiveness 
through coordination along 
the supply chain. 

Atlantic Canadian 
ports 

PCS address solving congestion and 
landside hinterland access 
problems.  

No direct reference to PCS cost 

Long 2009 Port community system This article traces the history 
of a port community system 
from the early days of 
planning through to the 
current day, in order to 
provide insight into the 
benefits that can be achieved 
by both Government and the 
trade, transport and logistics 
communities. 

Felixstowe Port 
Community 
System 

Ports offering PCS are easier to use 
and therefore, more attractive to 
existing and potential users. 
Beneficial effects are distinguished 
for all members of the port 
community. 

No direct reference to PCS cost 

Tijan, Kos and 
Ogrizovic 

2009 Disaster recovery and 
business continuity in port 
community systems 

It emphasises the importance 
of information security within 
the PCS, presenting a firm 
base for the introduction of 
both the concept and the 
model of integral security. 

No study case Lowers the risk; offers potential 
processes and services. 

The cost of PCS implementation 
and maintenance must follow a 
sharing scheme agreed by its 
developers and customers. 

Tjian  2009 Data classification and 
information lifecycle 
management in port 
community systems 

It identifies possible key 
issues during the DC/ILM 
system implementation and 
finally proposes suggested 
implementation paths in 
order to overcome 
operational difficulties 

No specific port Benefits not mentioned PCS might incur cost for 
information storage and data 
governance. 

Wortelboer-
Van Donselaar 
and Kolkman 

2010 Societal costs and benefits of 
cooperation between port 
authorities 

It shows how, cooperation 
between port authorities can 
contribute to our 
societal welfare and what 
role the national government 
can play in promoting 
this cooperation. 

Dutch ports Social benefits as a result of 
cooperation between seaport 
authorities. 

No direct reference to PCS cost 
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Author Year Title Purpose of study Studied ports Benefits of PCS 
(findings) 

Cost of PCS 
(findings) 

Tsamboulas, 
Moraiti and 
Lekka 

2012 Performance Evaluation for 
Implementation of PCS 

This paper proposes a 
methodology to evaluate 
port performance changes 
with the introduction of PCS, 
which, under a competitive 
environment is of significant 
importance to port 
management. 

Ports are kept 
anonymous 

The core benefits are higher 
operational efficiency and speed 
regarding port processes, increased 
productivity, reduction of costs, and 
improved customer service and 
customer relations. 

No PCS costs mentioned 

Tsamboulas 
and Ballis 

2013 Port community systems: 
requirements, functionalities 
and implementation 
complications 

Presents the specific Adriatic 
port community 
characteristics regarding its 
users 
requirements, functionalities 
and ways to overcome 
complications in the 
implementation of 
Port Community Systems  

No specific port PCS offers increased accessibility to 
information for all actors 

No PCS costs mentioned 

Tijan 2014 Seaport cluster information 
systems — A foundation for 
Port Community Systems' 
architecture 

The author presents the main 
characteristics of existing 
seaport cluster information 
systems, their possible 
overlapping dependencies 
and initial component 
analysis, as a basis for 
decision-making related to 
architecture of future PCS 

No specific port 
mentioned 

Benefits not mentioned No specific PCS costs mentioned 

van der Horst 
and van der 
Lugt 

2015 Coordination mechanisms in 
improving hinterland 
accessibility:  

IT gains a better 
understanding on 
coordination in hinterland 
chains 

Port of Rotterdam Increase operational coordination, 
and horizontal coordination. 

  

No specific PCS costs mentioned 

STUDIES USING INTERVIEWS OR EXPERT MEETINGS AS METHODOLOGICAL APPROACH 

Park, Chioi, 
Lee, Kang and 
Yang 

2005 Port management 
information system towards 
privatization  

It defines PCS relationships 
through a study on the port 
types of advanced countries 
and their information 
systems 

Busan, Hamburg, 
PACE of London, 
Singapore, Hong 
Kong. 

It provides a general list of 
advantages and problems of each 
system  

No PCS costs mentioned 

Sweeney and 
Evangelista 

2006 Port Community Learning 
Needs: Analysis and Design 

It describes the learning 
needs analysis conducted 

Irish port 
communities 

Value adding to ports and its 
evolving environment;  

PCS has general ICT 
implementation costs 
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Author Year Title Purpose of study Studied ports Benefits of PCS 
(findings) 

Cost of PCS 
(findings) 

amongst key port community 
actors in three ports. 

(ports not 
mentioned) 

brings awareness of the practical 
business benefits that can be 
achieved through an electronic 
community information service 

Rodon and 
Ramis-Pujol 

2006 Exploring the Intricacies of 
Integrating with a PCS 

The research addresses the 
issue of integration of pre-
existing systems 

Spanish port 
community 

Companies are more integrated 
with the PCS. 

No direct reference to PCS cost 

Mila 2007 Information Technologies  
in ports:  
Port Community Systems 

Its purpose is to identify the 
main features of the Port 
Community Systems (PCS) 

IAPH member 
ports 

Optimizations of goods flows and 
information flows. 

No direct reference to PCS cost 

Gustafsson 2007 Interaction between 
transport, infrastructure, and 
institutional management - 
Case study of a port 
community system 

It suggests that the 
interaction between the 
domains of transport, 
infrastructure, and 
institutional management 
through PCS is a step 
forward. 

Port of 
Gothenburg, 
Sweden 

Information in PCS is crucial to each 
individual actor's operation but also 
can be of value to others. 

No direct reference to PCS cost 

Keceli, Choi,; 
Cha and 
Aydogdu 

2008 A Study on Adoption of PCS 
According to Organization 
Size 

It develops a model for 
determining the factors 
affecting PCS and to find out 
the factors affecting the user 
acceptance of port 
community systems 

Busan Port region PCS is a tool for port and customs-
related document submission. 

The cost of system use is less 
important than the reliability of 
the system and the compatibility 
of its functions. 

Keceli 2011 A proposed innovation 
strategy for Turkish port 
administration policy via 
information technology 

This paper aims to develop a 
guideline for successful 
development of a port 
community system in Turkey 
on the basis of SWOT analysis 
of the current situation. 

Turkish ports (no 
specific port 
mentioned) 

Information quality, economic 
benefits, international 
competitiveness. Efficiency of 
terminal operations. 

No direct reference to PCS cost 

STUDIES FOCUSED ON DEVELOPMENT OF INDICATORS FOR MEASURING THE EFFICIENCY OF A PCS 

Duran and 
Cordova 

2012 Conceptual Analysis for the 
Strategic and Operational 
Knowledge Management of a 
Port Community 

Develops a set of indicators 
oriented toward measuring 
the knowledge management 
of the main actors 
participating in the 
community. 

No case study It increases port efficiency and 
effectiveness through generate 
knowledge.  

No direct reference to PCS cost 

Cordova and 
Duran 

2014 A Business Model Design for 
the Strategic and Operational 

This work proposes a 
business model design for 

No specific port 
mentioned 

A port gains competitive 
advantages if PCS is implemented 

High investment cost for PCS 
development. Operational cost is 
supported by the port 



 

234 
 

Author Year Title Purpose of study Studied ports Benefits of PCS 
(findings) 

Cost of PCS 
(findings) 

Knowledge Management of a 
Port Community 

managing a seaport 
community 

authorities or service rendering 
companies. 

STUDIES APPLYING A QUANTITATIVE METHODOLOGY 

Tijan, Agatić 
and Hlača 

2012 The necessity of PCS 
implementation in the 
Croatian seaports 

The authors define the Port 
Community and analyse the 
basic features of seaport 
clusters and Port Community 
Members 

Croatian ports PCS enhances the:  
– allocation of resources  
– continuous data update, 
– development of operational plans 
within schedules, and 
– rapid action during emergency 
situations. 

No direct reference to PCS cost 

Ghazanfari, 
Rouhani and 
Jafari 

2014 A fuzzy TOPSIS model to 
evaluate the Business 
Intelligence competencies of 
Port Community Systems 

It proposes a new model 
which provides a simple 
approach to the assessment 
of the BI competencies 
of port community systems in 
organization. 

No specific port 
mentioned 

Benefits not mentioned No specific PCS costs mentioned 

Aydogdu and 
Aksoy 

2015 A study on quantitative 
benefits of port community 
systems 

This study aims to develop a 
simulation model to capture 
the differences between 
conventional port logistics 
business and a 
conceptual model where a 
hypothetical PCS is in place.  

Turkish port 
industry  

Less processes are repeated indirect 
economic benefits, such as 
decreased cost of information 
access, decreased communication 
costs for shipping companies, extra 
income for government (i.e. 
through user fees), correct 
taxation, prevention of smuggling, 
prevention of illegal income. 

No direct reference to PCS cost 
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Annex 9.2. Interview design for collecting information with regard to PCS 

 

 What are the features and functionalities of a PCS? 

 Which type of collaboration does a PCS initiate? With which type of stakeholders do you have a 
collaboration? 

 What is the scale/scope of those agreements? (Ex. geographical and type of cargo or other) 

 Which value added benefits can be further obtained based on collaboration practices via a PCS? Give 
some examples from your daily operations. 

 Which barriers do you often meet when trying to establish collaboration agreements for data exchange 
via a PCS? 

 What would be the quick wins and long term wins of such a system? 

 From the perspective of the framework developed by Carlan et al. (2016) can you indicate the following: 

 What types of cost would a PCS (functionality) introduce? And for which stakeholders? 

 What types of benefits would a PCS (functionality) introduce? And for which stakeholders? 

 Can you give examples from the perspective of one functionality? 
 
 

 


