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This article explores digitalisation’s potential to change 
traditional business models in the context of RoPax (roll-on, roll-
off passenger vessels) ports in four Northern European 
countries. The study examines digitalisation’s role in addressing 
business model change drivers, focusing on the perspective of 
port authorities (PAs). While digitalisation slowly affects 
operations at RoPax ports and PAs’ business models, the 
research data exhibits no radical business model innovation. 
Instead, the findings indicate that PAs introduce new 
digitalisation and business activities, potentially leading to 
business model renewal. However, the current digitalisation is 
inefficient, as technology providers lack an in-depth 
understanding of the port business and its ecosystem, and PAs 
have scarce knowledge of digitalisation’s business impact. The 
article concludes that connecting digitalisation strongly to the 
business model and strategic renewal is the way to overcome this 
challenge. 
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1 Introduction 
 
Sea logistics is known for being among the slowest to adopt digital technologies 
(Acciaro et al., 2018; Transport Intelligence, 2019) and relies heavily on old 
communication and data exchange methods. However, digitalisation is considered a 
disruptive driver in the industry due to the opportunities for optimising logistics and 
integrating actors involved in transportation chains (Tsvetkova et al., 2021). The 
potential benefits of aggregating and analysing data on maritime transportation are 
vast (Watson et al., 2021), and various digital solutions are being implemented or 
developed (Brümmerstedt et al., 2017; Tijan, Jović, Aksentijević, et al., 2021; 
Tsvetkova et al., 2021). 
 
As critical links in sea logistics and other transport modes, ports can renew their 
business models through digitalisation, reducing shipping emissions (Haraldson et 
al., 2021) and improving supply chain efficiency. Ports have already been 
conceptualised as ecosystems (de Langen, 2021; Haraldson et al., 2021; Watson et 
al., 2021), and port authorities (PAs) are increasingly seen as ecosystem integrators 
or orchestrators (Caballini et al., 2009), making their critical role in leading digital 
transformation undisputable (von Malmborg, 2004). Passenger ports also have high 
public interest and are often public enterprises that local municipalities fully or partly 
own, making them an interesting public–private collaboration platform. They play a 
key role in transport digitalization and sustainable transitioning in maritime 
transportation (Damman & Steen, 2021; Del Giudice et al., 2021).  
 
This article explores digitalisation’s potential to change incumbent business models 
in a highly institutionalised, asset-heavy industry. Six RoPax (roll-on, roll-off 
passenger vessels) ports in four Northern European countries, handling both vehicle 
and passenger transportation, were interviewed on their digitalisation efforts and 
goals. Due to low regional transport intermodality, these ports can be seen as a 
continuation of road networks and can benefit from digitalisation differently than 
mega container ports, which have been extensively studied in light of digitalisation 
(Brümmerstedt et al., 2017; Port of Rotterdam, 2023).  
 
The current study provides insight into the digitalisation process and business model 
innovation from PAs’ perspective. Thus, our research question is, “How do 
incumbent firms in logistics use digitalisation in their business model innovation?” 
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To answer this, we explore the drivers for business model innovation in the chosen 
context and understand the general directions for business model change in RoPax 
ports. Then, we pinpoint digitalisation’s role in addressing those drivers through 
business model innovation. 
 
2 Literature Review 
 
2.1 Digitalisation’s Role in Changing Business Models 
 
Business model innovation (BMI) has been defined as the designed, novel, and non-
trivial changes to the key elements of a company’s business model and architecture 
linking these elements (Foss & Saebi, 2017). The widespread diffusion of digital 
technologies has become one of the key drivers and enablers of BMI at the firm 
level (Holmström et al., 2019). Exploiting digital technologies through innovative 
business models has been distinguished from innovation in which new technologies 
are developed within the product innovation process (Caputo et al., 2021; Cozzolino 
et al., 2018). Furthermore, digitalisation grants opportunities for BMI beyond firm-
level changes to cross multiple industries and ecosystems (Kamalaldin et al., 2021; 
Leminen et al., 2020; Sjödin et al., 2020).  
 
The conceptual relationship between digitalisation and corresponding changes in 
business models has been extensively explored (Caputo et al., 2021); studies of 
digitalisation in different industrial contexts show that digitalisation and BMI is 
context-dependent (Benghozi & Salvador, 2015; Kamalaldin et al., 2021; Vendrell-
Herrero et al., 2017). Caputo et al. (2021) note that the proliferation of new business 
models characterised by a high degree of digital innovation has concerned innovative 
and traditional sectors, which are not characterised by high degrees of technological 
investment. Furthermore, while BMI is often necessary to reap digitalisation’s 
benefits, most incumbent firms across industries are ill-prepared to benefit from 
digital transformation (Parida et al., 2019). 
 
Digitalisation in the maritime industry is considered slow (Acciaro et al., 2018; 
Transport Intelligence, 2019). Nevertheless, indications show that digitalisation in 
the maritime sector can change the relationships among the supply chain actors, 
restructure the ecosystems, and create an opportunity for new business models or 
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changes in incumbent business models (Fruth & Teuteberg, 2017; Heikkilä et al., 
2022; Tijan et al., 2021 a; Tsvetkova et al., 2021). 
 
2.2 Business Model Innovation and Digitalisation in Ports 
 
Ports are areas with maritime and hinterland access that have developed into logistics 
hubs (Van der Lugt & De Langen, 2007). Ports are managed by PAs, that often 
operate as landlords (World Bank, 2007). In most cases, a PA is a publicly owned 
company by a local municipality or state and manages and develops the port area, 
with income mainly based on land rent and port dues. Tenants in a port are often 
companies involved in port operations or logistics activities (Van der Lugt & De 
Langen, 2007). Thus, landlord PAs aim to balance between public (PA, municipality) 
and private (port industry) interests (World bank, 2007). Regulation and business 
environment alternations drive changes in ownership of PAs (Notteboom et al., 
2022; Rönty et al., 2011), pressures come from numerous actors, such as NGOs; 
governments; municipalities (Verhoeven, 2010); and business partners and 
customers, such as logistic companies, cargo owners, and passengers (Notteboom 
et al., 2022, Chapter 4.1).  
 
Furthermore, a PA’s business model depends on numerous other factors, such as its 
traffic profile, typologies of cargo and passenger, location, existing facilities, and 
infrastructural conditions (Burns, 2014, p. 22; Paixão Casaca & Lyridis, 2022). 
Environmental, technological, geographical, and demographic changes also drive 
today PAs’ business model evolution (Vonck et al., 2021). The mentioned factors 
influence a PA’s strategic decision-making (Haraldson et al., 2021). Given such a 
changing landscape, the strategic responses are, for example, becoming full-fledged 
partners in the logistics chain, restricting a port’s role to supporting activities or 
entirely disappearing from the scene (Heaver et al., 2010). 
 
Digitalisation offers new opportunities for a PA’s BMI. Scholars   proved the 
importance of PAs’ initiatives when it comes to digitalisation, considering different 
types of port governments models (Tijan, Jović, Panjako, et al., 2021). However, 
limited studies have addressed the relevance of digitalisation, the PA’s business 
model, and ecosystem changes (Henríquez et al., 2022; Hirata et al., 2022). A major 
focus on port digitalisation has been set in mega and large container ports 
(Haezendonck & Langenus, 2019; Henríquez et al., 2022). Ports with other traffic 
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profiles, such as RoPax ports, are scarcely reviewed. Compared to mega and large 
container ports, these ports are limited regarding resources and investments (Del 
Giudice et al., 2021; Inkinen et al., 2019; von Malmborg, 2004) and face challenges 
on understanding digitalisation’s influence on strategic business development 
(Inkinen et al., 2019).  
 
Thus, our study complements the current research agenda’s gap and focus on 
digitalisation in RoPax ports. 
 
3 Methodology 
 
3.1 Research Design 
 
The theoretical gap and emerging status of port digitalisation led researchers to adapt 
qualitative research with a multi-site case study approach (Creswell, 2007), where the 
RoPax port is considered a case studied in the diverse sites where these ports are 
located. A multi-site case study enables the understanding of a specific phenomenon 
that is merged into the context, adding to the phenomenon’s complexity (Audet & 
d’Amboise, 2001; Gillham, 2000; Yin, 2018). Similarly, to a multiple case study, 
which enables comparison (Eisenhardt & Graebner, 2007; Gibbert et al., 2008; Gioia 
et al., 2013), the case is compared between sites with the possibility for cross-site 
generalisations. This comparison aims to enhance understanding digitalisation in 
relationship with business models in RoPax ports. 
 
RoPax ports gained scarce research attention (see section 2.2), our ultimate research 
interests are commonalities in use of digitalisation. Our research logic takes an 
abductive approach, pursuing the iterative matching and simultaneous evolution 
between theories and empirical observations (Dubois & Gadde, 2002). By applying 
cross-site comparison (Creswell, 2007), this research approach enables identifying 
variations within the same case. 
 
3.2 Selection of Sites 
 
The study includes six RoPax ports in four Northern European countries. Each port 
offers regular liner traffic operated by at least two shipping lines to more than one 
international destination port. The ports and countries were chosen based on generic 
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similarities such as a common trading area, ownership base, high share of short 
shipping services, business model and culture, and high level of national digital 
infrastructure readiness, integration, and adaption.  
 
3.3 Data Collection and Analysis 
 
The primary research data was collected with semi-structured interviews conducted 
with PAs, with an average duration of one hour. Secondary data served as foundation 
for drafting interview topics regarding business model transitions from a PA’s 
perspective, which comprises press releases, publications, statistics, and strategic and 
project reports related to PAs’ development. Drivers for business model, ecosystem, 
and activity changes were discussed during the interviews. For each selected port, 
one or more managerial-level representatives joined a discussion of selected topics. 
The interviews were recorded, transcribed, and documented. Table 1 presents the 
case ports’ characteristics. 
 

Table 1: Ports’ Characteristics 
 

PA Traffic profile Interviewees’ roles Data format 
Alpha Cargo + Passenger Port Development Strategist Interview  
Beta Cargo + Passenger Technical Director 

Operation Manager 
IT Specialist 

Workshop and 
interview 

Gamma Cargo + Passenger Head of Business 
Development 

Interview  

Delta Cargo+ Passenger Development Manager Interview  
Epsilon Passenger-

dominated  
Business Development  Interview 

Zeta Cargo + Passenger Chief Operations Officer Interview 
 
Data analysis followed the deductive category application and further inductive 
category development (Mayring, 2004), which can be labelled a directed approach to 
content analysis aimed to support or extend the theory (Hsieh & Shannon, 2005). 
The labels were later compared to existing theories regarding BMI, digitalisation, and 
literature related to port business models. The abductive iteration involves 
identifying mismatched empirical-theoretical concepts, which were further studied 
by aligning with other theoretical explanations.  
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Three researchers independently analysed the interview transcripts and secondary 
data to attain reliable categorisation and identified content pertinent to one of the 
topics defined in the analysis framework. All researchers then compared notes and 
agreed on the categories within each topic by merging some of them and revisiting 
the original texts in case of dissimilarities in identified drivers or enablers for BMI.  
 
4 Findings 
 
4.1 Drivers for Business Model Change in RoPax Ports 
 
Over the recent decades, combining short-sea passenger and cargo transportation 
has become an established and common transport concept (Marcadon, 1998). 
RoPax vessel design is based on roll-on and roll-off features, enabling efficient 
loading and unloading of wheeled commercial vehicles (trucks, trailers) and 
passenger cars and the capability to accommodate passengers. The case ports have 
short vessel turnaround times, low cargo standardisation, and are further challenged 
by additional services passenger transportation. 
 
The analysis of the interviews indicates that managing and combining the flows and 
services of cargo and passengers leads to several specific challenges, all leading to 
digitalisation opportunities. On the passenger side, typical challenges are related, for 
instance, to non-integrated information on transport connections and services as 
well as crowding and queuing in the passenger terminal. Conversely, the multimodal 
transport chain is hampered by uncoordinated road traffic pulses and congestion at 
ship arrivals and departures inside the port, associated urban area, and its main 
approach roads. This problem is less likely to diminish with expanding residential 
and recreational urban areas and the associated shrinkage of the port areas. 
Furthermore, the vessels are likely to grow in cargo capacity, further worsening the 
overcrowding of the road network, while traffic jams give rise to idling and 
unnecessary emissions (Wahlström et al., 2022). 
 
Further, passenger transportation forms a vital revenue source for the shipping 
company and the PA. Several PAs mentioned the detrimental effects of trade shocks, 
such as the one caused by the COVID-19 pandemic, taking passenger transportation 
to a total standstill, impacting shipping services availability and, in most cases, 
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dramatic plunges in PAs’ revenues with potentially long-term consequences and 
challenges to retain the main customers’ regular fleet capacity. 
 
4.2 Changes in the Business Models of RoPax Ports 
 
Traditionally, RoPax ports’ principal customer base comprises shipping lines and 
port operators. Other relevant actors encompass various authorities and land-based 
passenger and cargo transporting companies. 
 
Meanwhile, passengers and road haulage companies are shipping lines’ main 
customers. A RoPax PA’s primary income derives from vessel, passenger, and cargo 
fees and the rental income of facilities. Conversely, the main expenditures typically 
include human resources costs and land leases paid to the municipality. A RoPax 
PA’s value proposition is providing required infrastructure, facilities, and quay-side 
vessel services, enabling safe, efficient, and timely port calls and smooth cargo and 
passenger flows.  
 
A PA’s strategic renewal is largely driven by the drivers mentioned in 4.1, and 
manifested in changes in their business models to a varied degree. Following our 
inductive approach, we identified several recurring topics. The changes in the RoPax 
PAs’ business models (see Table 2) are common for two or more studied ports and 
concern changes in value-creating activities, earning logic, revenue streams, and key 
partnerships, using resources for value creation. 
 
As presented in the table, the most radical change concerns the business expansion 
and further integration in logistics and supply chain. With the construction of 
new passenger terminals, several PAs are taking over the ownership of passenger 
terminals. Combined with the increasing perception of passengers as PA’s 
customers, the ownership transition of the terminal premises brings many changes 
to the business models, such as new value propositions for passengers and new 
activities to ensure customer satisfaction. In addition, PAs are also searching for new 
values for existing facilities, such as using terminal buildings as a venue outside of 
traditional port operation use. 
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Table 2: Changes in PAs’ Business Models 
 

  Alpha Beta Gamma Delta Epsilon Zeta 

Business 
expansion 

New values of 
port facilities 

 x x  x  

New offerings 
for passengers 

 x x x   

Ownership 
and operation 
of passenger 
terminals 

 x   x  

Integration in 
logistics and 
supply chain 

Enhanced 
communicatio
n 

x x x x   

Enabler of 
digitalisation 
by other port 
actors 

 x x    

Environmental 
impact 
reduction 

Green 
incentives for 
port users 

x x   x x 

Alternative 
fuel 
infrastructure 

x   x x x 

Efficiency 
improvement 

Cargo and 
passenger 
flows 
separation 

    x x 

Increased 
facility 
utilisation rate 

x x x x x x 

Social 
responsibility 

Decreased 
human work 

 x  x   

Expanding 
safety and 
security 
measures 

 x  x   

 
Further integration with other actors enables optimised supply and logistics chains. 
This entails enhanced communication of port activities and service offering for 
diverse logistics actors. It is worth highlighting that PAs could also become enablers 
and integrators of logistics chains digitalisation, as mentioned by several 
interviewees. Because ports are critical transport hubs that could affect the overall 
logistics performance. 
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Increased integration with other logistics actors is also crucial for reducing 
shipping’s environmental impact. There was a discussion with PA Alpha that a 
port’s emission mitigation scope should be extended to achieve overall logistics 
emission reduction. Several PAs have implemented or plan to implement green 
incentives for its customers, such as pricing models and rebates based on the visiting 
vessel’s environmental performance. Green corridors are considered another 
important initiative for shipping emission reduction; PAs play a key role in 
establishing those. In this vein, several PAs are planning to develop alternative fuel 
infrastructure.  
 
PAs focus on efficiency improvement to retain competitive, enhance and 
maximise the utilisation rate of port infrastructure and assets, including facilities, 
warehouses, quays etc. Thus, automating various processes is high on the agenda. 
Many RoPax ports, located close to city centres, face increasing threat of space 
limitations, and hence a potential solution would be to geographically separate and 
relocate potential non-wheeled cargo from RoPax associated passenger and cargo 
services. Automation in operations rationalises and increases the efficiency, safety 
and security of various manual activities and processes, hence optimising, the 
workers’ work conditions and safety.as part of PA’s social responsibility.  
 
4.3 Digitalisation Efforts at RoPax Ports 
 
We see different efforts and digital tools applied in ports. Our analysis indicates that 
PAs who have or are about to establish their digitalisation strategies or roadmaps are 
actively contributing to the understanding of how digitalisation could support their 
business activities, enabling the avoidance of a “digitalised mess”, as one of the 
interviewees mentioned, and prioritising various ongoing and upcoming 
digitalisation projects. 
In general, we recognised four distinct strategic areas where digitalisation was 
implemented or planned in the RoPax ports: 
 

1. Infrastructure management: This is the traditional focus of landlord PAs. 
Apart from regular maintenance work, the PAs growingly face the pressure 
of adjusting and upgrading infrastructure in response to growing trade 
volumes and vessel capacities. The case PAs had developed digital solutions 
to help monitor and manage security in the ports. Furthermore, they 
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increasingly utilise port infrastructure data to improve maintenance and 
facility services. PAs also showed interest in developing digital twins of the 
port infrastructure. 

2. Traffic fluency: Space limitation and co-existence with expanding port 
cities is a growing concern, driving PAs to search for automated and 
digitalised solutions, ensuring smooth passenger and cargo flows, efficient 
operations, and timely port calls. The digitalisation degree of the case PAs 
varied markedly. However, digitalising logistics and supply chains has 
increasingly pressured PAs to adopt new technologies, such as automated 
check-in for passengers and vehicles. 

3. Green transition: Today, the environmental regulation of the shipping 
industry together with national climate goals constitutes one of the key 
development areas in RoPax ports. PAs have progressively shifted to 
electrified equipment and machinery, greener fuels, and more energy-saving 
infrastructure to reduce the environmental impact. Berthing vessels have 
been the leading emitter of carbon dioxide and other air pollutants. Hence, 
installing and investing in automooring and an onshore power supply have 
occurred in most of the interviewed ports.  

4. Data sharing between port-operation-related organisations: PAs are 
introducing new digital solutions to strengthen communication, electronic 
trade documents sharing, customs clearance, and integration with other 
supply chain actors. More ambitious solutions that span across entire supply 
chains were mentioned, however less often. These solutions aim at 
improved efficiency and sustainability, amongst others. 

 
The above digitalisation areas are summarized in Table 3. 
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Table 3: Major Digitalisation Areas 
 

 Alpha Beta Gamma Delta Epsilon Zeta 
1) Improved infrastructure management 

Security monitoring and 
management 

x x x x x x 

Digitising infrastructure data x   x   x   
Infrastructure use management     x       

2) Enhanced traffic fluency 
Automated check-in (passengers) x x x x x x 
Automated check-in (vehicles)   x x     x 
Intelligent traffic management x   x x     
Digital buoys/fairways x           
Autonomous vehicles x          

3) Green transition 
Monitoring emissions and air 
quality 

  x x       

Monitoring and optimising energy 
use 

x   x x   

Automooring x x x x     
4) Data sharing between port-operation-related organisations 

Communication and procedures 
among port actors 

x x x x x x 

Intelligent supply chain     x       
 
5 Discussion 
 
The findings affirm that digitalisation gradually affects RoPax port’s operations and 
business models. At the beginning of the study, we expected digitalisation to drive 
PAs to innovate their business models. However, the data illustrated that PAs are 
introducing new digitalisation and business activities, potentially leading to business 
model renewal. However, no radical business model innovations were identified. For 
instance, PA’s value proposition remains the same, as most of the case ports would 
remain landlord ports (World Bank, 2007) also in future. Thus, the discussion 
focuses on drivers for business model changes and how digitalisation supports these 
changes rather than business model innovations. 
 
Although some PAs implemented strategies or roadmaps for enabling the creation 
of a more holistic view of digitalisation. The current digitalisation is fragmented and 
may cause a “digitalised mess” (see section 4.3). If PAs digitalise without 
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contextualising strategically, the actual digitalisation benefit would be limited. For 
example, many solutions mentioned in section 4.3 are short-term project outcomes 
that are not part of a PA’s strategic plan.  
 
Conversely, PAs may have limited knowledge of how digitalisation may impact and 
improve their efficiency and business performance, potentially prolonging the 
decision-making process. For instance, several PAs mentioned the inability to 
comprehend the true advantages that solutions such as a digital twin would bring, 
especially as the development and implementation are perceived to require 
significant resources, whilst the application’s benefits may remain undisclosed.  
 
This situation echoes previous studies on the maritime transport sector that 
emphasise there is a “lack of awareness of how digital transformation may affect the business” 
(Tijan, Jović, Aksentijević, et al., 2021). As the interview analysis shows, for 
overcoming this challenge, job positions and responsibilities are established for 
developing digitalisation roadmaps and embedding digitalisation in strategic 
planning based on individual business development needs. We could observe that 
connecting digitalisation with business development needs could contribute for PA’s 
strategic business model renewal, such as acquiring relevant knowledge or planning 
digitalisation in a long-term context.   
 
Despite the “digitised mess” (see Section 4.3), digitalisation enables and drives 
several prominent business model changes for the case PAs, namely, supporting the 
formation of green logistic chains or becoming a digital infrastructure owner. 
 
Besides the more ‘physical’ (as opposed to digital) activities, such as developing 
alternative fuel infrastructure, ports provide awareness of emissions and pollution 
from port operations through monitoring solutions and communication with other 
logistic actors. Improving passenger and cargo flow efficiency through avoiding 
unnecessary idling, could also reduce emissions. PAs naturally achieve further 
integration with other actors alongside the logistic chain. 
Digitalisation aids this goal in several ways. Firstly, PA could facilitate digitalising 
documentation and information sharing between organisations. Secondly, several 
optimisation solutions, such as automated check-in and flow of passengers and 
vehicles and intelligent traffic management, support PAs in affecting the activities 
beyond a RoPax terminal to enhance port operations efficiency. 
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PAs could also be a central digital infrastructure provider for other organisations to 
improve port operations performance. In line with Hollen et al. (2015), we argue 
that RoPax ports seemingly explore complementary roles and activities in pursuing 
creating strategic value as landlord ports, i.e., the value for critical actors. 
Digitalisation integrates interorganisational logistic activities, increases traffic flow 
transparency, and trace emissions – the information basis for decision-making by 
PAs and other logistics actors. Digital solutions like autonomous roads and 
intelligent supply chains also contribute to expanding the role of ports in the 
hinterland of logistics chains (Gonzalez Aregall et al., 2018). 
 
In Table 4, we present the digital solutions implemented or planned to be 
implemented in studied RoPax ports. We also analysed digital solutions’ contribution 
(see section 4.3) to the business model changes discussed in section 4.2. Not 
surprisingly, PAs predominantly invest in digital solutions that allow to increase 
operation efficiency. These solutions mainly concern automation in the pursuit 
reduction of port operations’ time and costs, but also to decrease human work, 
thereby also addressing the changes related to social sustainability. 
 

6 Conclusion 
 
We contribute to the literature on the business models of ports by explicating 
digitalisation’s role in aiding changes in the business models of RoPax ports. We also 
contribute empirically with an account of digitalisation efforts in RoPax ports, which 
are less studied in the literature on digitalisation in ports and sea logistics.  
 
The study has several limitations. First, it focuses on a limited geographic context of 
Northern Europe. Further, although the change in business models is studied by 
discussing the current business models of ports and foreseeing changes in their 
business model, a more longitudinal study would be beneficial to uncover the 
business model evolution in this context. 
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Table 4: Types of Digital Solutions Planned and Implemented by RoPax PAs and Main 
Digitalisation Areas 

 

Digitalisation 
areas 

Digital 
solutions 

Contribution to business model change 
Business 
expansion 

Integrat-
ion in 
logistics 
chains 

Environm-
ental impact 
reduction 

Efficiency 
improvem-
ent 

Social 
sustainabi-
lity 

Improved 
infrastructure 
management 

Security 
monitoring 
and 
management 

   x x 

Digitising port 
infrastructure 
data 

     

Infrastructure 
use 
management 

   x  

Enhanced 
traffic fluency 

Automated 
check-in for 
passengers 
and vehicles 

 

 

 x  

Intelligent 
traffic 
management 

   x  

Digital buoys/ 
fairways 

 x  x  

Autonomous 
vehicles 

 x  x  

Green 
transition 

Monitoring 
emissions and 
air quality 

  x  x 

Monitoring 
and 
optimising 
energy use 

  x   

Automooring    x x 

Data sharing 
between port-
operation-
related 
organisations 

Communica-
tion and 
procedures 
among port 
actors 

 x  x  

Intelligent 
supply chain 

 x x x  
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