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DELIVERABLE 

 

Report: Barrier-Enabler Analyses for Business Models-Procurement  

WP2: Business Model, Procurement Process, Barrier-Enabler Analysis 

 

1. Introduction 

The purpose of this report is to present a barrier/enabler analysis for the introduction 

of innovations, new business models, and digital solutions in the railway industry for 

more climate change-resilient infrastructures in Sweden. The report was structured by 

following previous literature on barriers and enablers for innovation (Stornelli et al., 

2021), digital business models (Ahonen et al., 2019; Verhoef & Bijmolt, 2019), and 

innovation procurement (Brammer & Walker, 2011). Figure 1 summarizes the different 

topics analyzed to develop a barrier-enabler analyses report for business models-

procurement. 

 

 

Figure 1. Framework for addressing WP2: business model, procurement process, 

barrier-enabler analysis, adapted from Stornelli et al. (2021) 

 

2. Theoretical Background 

This section exposes the three theoretical pillars on which this report was built. First, 

business model literature is explored, revisiting concepts such as sustainable business 

model, business model innovation, and two subtopics, product-service systems, and 

digital services. Secondly, literature background on public procurement and business 
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models is presented. Finally, pricing models are analyzed from a value 

capture/revenue model perspective. 

 

2.1. Business Models 

A business model consists of a conceptual tool that explains how companies perform 

businesses and how value is created. A business model is a “structural template” for 

organizations  (Amit & Zott, 2001) and “embodies nothing less than the organizational 

and financial ‘architecture’ of a business” (Teece, 2010, p. 173). Overall, business 

models are used by firms for performance assessment, management, analysis, 

communication, and innovation (Osterwalder et al., 2005). They are concerned with a 

company’s competitive strategy through the product or service to be offered to a 

market, the price that will be charged for it, its costs, how it differentiates from other 

companies, and how a firm integrates a value chain in a value network (Bocken et al., 

2014). Business models articulate procedures through which a company converts 

capabilities and resources into economic revenues (Teece, 2018) and includes 

assumptions about a company’s customers, competitors, revenues, and costs (Teece, 

2010). We follow Teece's (2010) definition of business model which represents the 

“design or architecture of the value creation, delivery, and capture mechanisms” of a 

firm (p. 172). Figure 2 summarizes the three business model’s core elements. Each 

element is explored as follows: 

• Value creation relates to “the key organizational activities which develop the 

market offering, plus the resource acquisition, channel management, partner 

management and use of technology” (I. A. Davies & Chambers, 2018, p. 379). 

Value creation is considered to be “the heart of any business model” (Bocken 

et al., 2014), which is typically developed through seizing new opportunities, 

markets, and revenue streams (Teece, 2010). 

• Value delivery relates to the “how” of the business model; which comprises the 

activities and processes utilized to deliver value to customers (Teece, 2010). It 

integrates organizational activities configurated through the use of resources, 

channel selection, partner development, and the use of technology (Bocken et 

al., 2014). 

• Value capture relates to “the revenue streams and cost structures of the 

enterprise” (I. A. Davies & Chambers, 2018, p. 379). Value capture is centrally 
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associated with the “financial viability of the revenue model” (Sjödin et al., 2022, 

p. 51). 

 

Figure 2. Conceptual Business Model Framework 

 

2.1.1. Sustainable Business Models 

The definition of a sustainable business model is derived from the central idea of a 

business model that implements sustainable development as a central philosophy of 

value creation and a value proposition process. A long extent of the literature on 

sustainable business models acknowledges the Brundtland Report (1987) as an 

inspirational definition of sustainability. Therefore, sustainable development is defined 

as the “development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs” (WCED, 1987, p. 43). In the 

context of businesses, business models that embed sustainable development into their 

architecture are also referred to as “sustainable business models” or “business models 

for sustainability” (Morioka et al., 2017; Schaltegger et al., 2016). According to 

Schaltegger et al. (2016), a sustainable business model:  

 

“helps describing, analyzing, managing, and communicating (i) a 

company’s sustainable value proposition to its customers, and all other 

stakeholders, (ii) how it creates and delivers this value, (iii) and how it 

captures economic value while maintaining or regenerating natural, social, 

and economic capital beyond its organizational boundaries” (p. 6).  

 

Characteristics of a sustainable business model include: 

 

“its high levels of integration of economic, social, and ecological concerns; 

its extended notion of value, a managerial mindset that favors 
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sustainability-oriented norms and values; a plurality of stakeholders with 

distinct expectations; and the necessity to include the wider value creation 

ecosystem to understand the business model” (Schneider & Clauß, 2020). 

 

The literature shows that integrating social, environmental, and economic performance 

goals requires high levels of innovation to implement sustainability strategies (Rauter 

et al., 2017). Therefore, sustainable business models are characterized by developing 

technological, social, and organizational-oriented innovations (Bocken et al., 2014; 

Boons & Lüdeke-Freund, 2013). 

The technical-oriented innovation for sustainability includes business models 

with a dominant technical component by developing activities that maximize material 

productivity and energy efficiency (e.g., low carbon manufacturing), the creation of 

value from waste (e.g., implementing circular economy and cradle-2-cradle principles), 

or the use of renewable sources (e.g., solar energy, blue economy, or biomimicry). The 

social grouping includes business models with dominant social innovation 

components, such as delivering functionality rather than ownership (e.g., product-

service systems (PSS) and servitization), the encouragement of customers’ adoption 

of stewardship roles (e.g., fair and ethical trade), and encouraging sufficiency (e.g., 

product longevity).  

Finally, organizational-oriented innovation integrates a dominant organizational 

innovation change element, such as developing businesses that repurpose for society 

and the environment (e.g., net positive approaches) and scaling up solutions for 

sustainability (e.g., open innovation) (Bocken et al., 2014). However, any changes or 

modifications to business models imply a process of innovation, this concept is defined 

as business model innovation, which is explored in the following section. 

 

2.1.2. Business Model Innovation 

Technology does not provide value by itself; technology’s economic value appears 

when it is commercialized via a business model (Chesbrough, 2010). The business 

model integrates “value creation, delivery, and capture mechanisms,” while business 

model innovation embodies “designed, novel, non-trivial changes to the key elements 

of a firm’s business model and/or the architecture linking these elements” (Foss and 

Saebi, 2017, p. 201). Business model innovation goes beyond product or service 
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innovation; it emphasizes new markets, value source creation, and modifying extant 

systems (Schneider & Spieth, 2014). The literature suggests that business model 

innovation is a potential mechanism for integrating sustainable development into 

business (Evans et al., 2017; Schaltegger et al., 2012). When carrying out business 

model innovation, a firm experience changes in the relationship between suppliers and 

procurers moving from product-focused to service-focused operations (Lay et al., 

2009)—a shift from selling products to providing services. 

Several authors (Baines et al., 2017; Foss & Saebi, 2017) agree that one of 

the most relevant types of business model innovation discussed in the literature is the 

“shift from selling products to selling outcome-based services” (Sjödin et al., 2020, p. 

158). Such a shift is often described in the literature under the concept of ‘servitization,’ 

which is: “a transition, where the company moves from providing pure stand-alone 

products and add-on services to maintenance contracts, operational services and, 

finally, to outcome- or performance-based offerings” (Kohtamäki et al., 2020, p. 3). 

In the following section, the notion of Product-service Systems (PSS) is 

explored, which is one of the central conceptualizations to understand business model 

innovation processes. 

 

2.1.2.1. Product-service System (PSS) 

A concept that explains a value-focused business model in a more sustainable peace 

is Product-service Systems (PSS) (Reim et al., 2015). PSS are divided into 

products/services combinations/substitutions, point of sale services, product use 

concepts (use-oriented and result-oriented), maintenance services, and revalorization 

services (Mont, 2002). PSS is a significant research stream in business model 

innovation for driving sustainability (Tukker, 2004). According to Tukker (2004), there 

are three main categories of PSS: 

 

Product-Oriented Services: This business model is “geared towards sales of 

products,” while extra services are added to the value proposition. Two types of  

product-oriented services: 

A. Product-related Service. The provider sells products and offers the necessary 

services for product use (e.g., maintenance, financing schemes, consumables 

supply). 
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B. Advice and Consultancy. Providers give advice on the efficient use of sold 

products (e.g., organizational structure advisors, logistics optimization). 

 

Use-Oriented Services: Although the product plays a central role, it is owned by the 

provider and can be shared by a number of users. 

C. Product lease. “The provider has ownership, and is also often responsible for 

maintenance, repair and control.” 

D. Product renting or sharing. Different users pay for using a product, while the 

provider is still responsible for maintenance, repair, and control. 

E. Product pooling. Resembles services of product renting/sharing with the 

simultaneous use of a product. 

 

Result-Oriented Services: Clients and providers agree on an expected result while 

no determined products are involved. 

F. Activity management/outsourcing. A company’s activity is outsourced to a third 

party. Most of the contracts include performance indicators. 

G. Pay per service unit. In this category, “the user no longer buys the product, only 

the output of the product according to the level of use.” 

H. Functional result. Providers and customers agree on the delivery of a specific 

result. 

It is relevant to state that not all PSS relate to digital services or digital business models; 

therefore, in the following section, the concept of a digital business model is explored. 

 

2.1.2.2. Digital Business Models 

With the emergence of digital technologies such as Cloud Computing Platforms, the 

Internet of Things (IoT), Big Data, Artificial Intelligence (AI), and other smart 

technologies, service-oriented business models and PSS are moving into the digital 

servitization paradigm (Kohtamäki et al., 2019). It is important to note that developing 

or acquiring digital technologies is not the sole requirement for profiting from them; 

enterprises must incorporate digital technologies into the business model (Parida et 

al., 2019). 

Digital business models must articulate how the firm will convert 

technologies into commercial value (Teece, 2010). Such a focus on digital 
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technologies implies a call for business model innovation (Foss & Saebi, 2017). In this 

report, we define digital business models are those “where digital technologies have 

fundamentally affected the way a firm structures and carries out its business and 

thereby creates value for customers, the firm itself, and its partners” (Verhoef & Bijmolt, 

2019, p. 343). 

In digital business models, digital technologies significantly impact the 

business model dimensions of value proposition, value creation and delivery, and 

value capture. According to Bouncken et al. (2021, p. 6), “digitalizing the business 

model describes organizations ongoing efforts in digital transformation towards more 

digital technologies, digitalized activities, and value creation, capture, and proposition.” 

Components of a business model are affected by digital technologies, i.e., the value 

proposition can be modified via servitization, while value creation and delivery can be 

influenced via automation (Frank et al., 2019). In line with Palmié et al. (2022), we 

agree in this study that a “digital business model” is enabled or embodied by digital 

technologies in its value proposition, value creation and delivery, and/or value capture. 

 

2.2. Public Procurement and Business Models 

Public procurement is an economic activity developed by governments (Brammer & 

Walker, 2011) and refers to the “acquisition of goods and services by governments or 

public sector organizations through a public contract” (Witjes & Lozano, 2016, p. 38). 

It allows public organizations to deliver services and perform their functions efficiently 

(Uyarra et al., 2014). According to Witjes and Lozano (2016), procurement processes 

comprise four stages summarized as follows:  

a) The Preparation Stage is when the public institution defines the problem and 

develops an inventory of the demands requested from internal and external 

stakeholders. This stage results in a set of specifications integrated into the 

preliminary concepts of the product/service to be procured. 

b) The Specification Stage, in which the first concepts are analyzed, leads to the 

definitive specifications of the procurement products/services.  

c) The Sourcing Stage or Tender Process, where the specifications are publicly 

presented to potential suppliers, leads to the selection and signature on the 

contract with the tender. 

d) The Utilisation Stage consists of the supply of products/services. 
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The Sourcing Stage is critical because it’s the one that connects public organizations 

with potential suppliers, as the contact is not allowed before the tendering process 

becomes public to ensure fair competition. This stage is when suppliers adjust/develop 

their business models to meet the tender specifications (Kamann, 2007). Usually, 

public procurement processes are linear; it occurs when tenders focus on specific 

aspects such as price or technicalities (Uyarra et al., 2014). Figure 3 summarizes the 

public procurement process and the stage in which business models aim to fulfill tender 

requests. 

 

Figure 3. Stages of the Public Procurement Process 

Adapted from Witjes and Lozano (2016) 

 

According to the European Union Public Procurement Directive (European Union, 

2014), those tenders that are economically more advantageous are selected. Thus, 

suppliers are chosen according to the lowest price, the lowest overall cost, or the most 

value for money based on the price-quality criteria relation. Therefore, tendering 

selection is not only relegated to cost-saving approaches to public procurement. The 

third criteria include non-pecuniary aspects that allow incorporating social and 

environmental dimensions of sustainability (Kodym & Kiiver, 2014). Sweden is top on 

the list of the European Union applying sustainable practices in public procurement 

(Witjes & Lozano, 2016). When considering climate mitigation criteria for more 
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sustainable infrastructures, the United Nations relates such targets to two Sustainable 

Development Goals (SDG): SDG 9, Industry, Innovation and Infrastructure, and SDG 

11, Sustainable Cities and Communities (OECD, 2018; United Nations, 2022). 

 

2.2.1. Public Procurement and Innovation 

Innovation becomes a vital part of the process to consider in public tendering 

processes when it comes to achieving climate-change resilient infrastructures. Firms 

participating in procurement processes can be triggered to innovate when there is 

awareness of innovation opportunities, they hold the capabilities to materialize these 

opportunities, they have the resources to innovate, and they perceive incentives that 

reward innovation (Uyarra et al., 2014). Thus, when considering services for climate-

change resilient infrastructures as an innovative approach, Lenderink et al. (2019) 

suggest three strategies to stimulate innovation through public procurement that go 

from the less use of resources and less time to the highest use of resources and 

highest time implications (Figure 4): 

A) Regular procurement, designed for commercially available services to deliver 

necessary on a daily basis (innovation is not an explicit goal; thus, innovation is 

a potential by-product);  

B) Strategic procurement is used for specific technologies and services that are 

not available; and  

C) Procurement of R&D services, for potential and new services that must be 

developed through R&D services, mainly carried out for testing prototypes and 

through innovation partnerships. 

 

Figure 4. Approaches to Promote Innovation through Public Procurement 

Adapted from Lenderink et al. (2019) 
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2.3. Revenue Models 

Two types of revenue models are worth being mentioned (Bonnemeier et al., 2010): a) 

traditional models in which suppliers charge for an amount of work on a provided 

service (e.g., cost plus and fixed fee prices), and b) innovative models which can be: 

subscription-based, usage-based, and output-based (Andreasson & Lambrecht, 

2022). Innovative models are described as follows: 

 

2.3.1. Subscription-based 

This model is also called ‘service-fee-based’ (Su & Jin, 2022). In subscription models, 

customers benefit from services by paying fees for a specific period in which services 

are available (Enders et al., 2019). Users can access services until the subscription is 

valid; in this case, “the client has to pay a pre-negotiated price” (Bonnemeier et al., 

2010, p. 232). Customers pay periodic membership fees to access a service during a 

determined time and extent (Schüritz et al., 2017). Firms utilizing subscription-based 

models usually provide digital infrastructures where customers can visualize, monitor, 

or analyze data while benefitting from a provider’s expertise.  

Providers centrally focus on providing end services related to a platform’s 

availability, capacity, quality, and even security. The product ownership remains on the 

producer, who handles risks associated with the service provision. Some enterprises 

combine this model with free trial versions, a modality well-known as Freemium, which 

can be later enlarged with more extended subscription fees (Gebauer et al., 2020). 

This model is characterized by users’ data sharing and advertising watching (Tidhar & 

Eisenhardt, 2020). A provider’s poor performance in this model can result in penalties 

since its functioning rests on the guaranteed quality and availability levels or quality 

response times (Bonnemeier et al., 2010).  

 

2.3.2. Usage-based 

Customers pay for services depending on how much they use them, regarding the 

time, distance, intensity, or volume used (Bonnemeier et al., 2010). In usage-based 

models, “the higher the customers’ usage of the service, the higher the fee they need 

to pay” (Schüritz et al., 2017, p. 5350). Providers only capture revenues when 

customers use a determined service (Enders et al., 2019). Enterprises need to define 

units of measure for the services to be paid. This model is a cost-saving solution for 
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customers, allowing cash flow and periodic revenue streams for providers (Fleisch et 

al., 2016). Examples of usage-based models include time-intensity charges using 

machines, telephone systems, or web servers (Bonnemeier et al., 2010). 

 

2.3.3. Output-based 

Output-based revenue models are also known as ‘value-based’ (Bonnemeier et al., 

2010) or ‘gain sharing’ (Schüritz et al., 2017). The provider “focuses on the customer’s 

internal processes and delivers ‘optimization’ or ‘productivity’” (Bonnemeier et al., 

2010, p. 32). The model is based on the customers’ expected outputs; thus, the gains 

are shared with the provider. Outputs can be classified as the amount of a customer’s 

cost savings (Sawhney, 2006), turnover increase, or the value generated for the client 

(Bonnemeier et al., 2010). The service’s success will determine the payment, which is 

usually calculated on a percentage of the value generated on the customer’s end 

(Schüritz et al., 2017). The customers’ value added can be assessed by analysing the 

total cost of ownership (TCO), which may impact the users’ cost savings and long-term 

profitability. Non-monetary references (e.g., customer satisfaction) can also be 

considered relevant outputs from this model (Bonnemeier et al., 2010). 

 

3. Methodology 

To achieve the WP2 research objective of identifying and mapping barriers to the 

introduction of new business models for more climate-change-resilient infrastructures 

in the railway industry, we followed a four-staged sequential research approach. The 

first stage consisted of a literature review of scientific journal articles available in 

leading databases targeting the main topics of the research: business models 

(sustainable business models and business model innovation), public procurement, 

and revenue models. The literature review aimed at identifying relevant themes and 

concepts. The second stage consisted of developing in-depth interviews with 

academics and experts in the field of the railway industry in Sweden. We used expert 

interviews to guide the research contents and better frame the context in which the 

research is carried out. The third stage consisted of developing interviews with 

enterprises in the railway industry from both client and supplier perspectives. This 

stage allowed capturing stakeholders’ perspectives on business model readiness. 

Respondents participating in the research are presented in Table 1 as follows: 
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Table 1. Overview of Respondents 

 Experience Institution Duration 

1 Division of Operation and Maintenance Engineering Luleå University of Technology 60 minutes 

2 Research Institute of Management and Quality WSB University in Poznań 60 minutes 

3 
Operations Administrator. Operation, Maintenance, 

and Acoustics 

Luleå Railway Research 

Center JVTC 
60 minutes 

4 Process leader 
Omicold AB and Luleå 

University of Technology 
60 minutes 

5 

RAM Director (Reliability-Availability-Maintainability) 

and PHM Architect (Prognostics & Health 

Management) 

Alstom Digital Mobility 
1h 20 

minutes 

6 
Project Manager at the Swedish Transport 

Administration,  
Trafikverket 

1h 20 

minutes 

7 Product Engineer Infranord 60 minutes 

8 
Project manager for the Norrbotniabanan 

Coordination Project 
Trafikverket 60 minutes 

9 CliMaint2Innovate Team Luleå University of Technology 60 minutes 

10 
Associate Professor, Department of Mechanical 

Engineering, Faculty of Technology 

Växjö University 

Linnaeus University 
60 minutes 

11 Business Administration and Industrial Engineering Luleå University of Technology 60 minutes 

12 Procurement and Purchases  Trafikverket 60 minutes 

13 Procurement Strategist Trafikverket 60 minutes 

14 
Chief of Technology Development and Digital Plant 

Information 
WSP 60 minutes 

15 CEO Predge 60 minutes 

16 Chief Connected Asset Analyst Vossloh 60 minutes 

17 Project Manager, Condition Management Railway Trafikverket 60 minutes 

18 Consulting Division, Swedish Rail Administration Luleå University of Technology 60 minutes 

19 Co-founder, Market and Business Analyst Predge 60 minutes 

20 
Sustainability Consultant. Sustainability in Industry 

and Infrastructure 
WSP 60 minutes 

21 Sales and Project Director, Signalling Department Vossloh Cogifer S.A. 60 minutes 

22 Managing Director 
Vossloh Nordic Switch 

Systems AB 
60 minutes 

23 Head of Digitalization Vossloh 60 minutes 

24 Regional Manager Sweco Rail North/Central Sweco 45 minutes 

25 Head of Research SMHI 35 minutes 

26 IT Manager Sweco 45 minutes 

27 
Head of Department Geoinformatics & Asset 

Management 
WSP 45 minutes 

28 Business Analyst Sweco 40 minutes 
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29 Sustainability Consultant Sweco 60 minutes 

30 Business Strategist Region Stockholm 60 minutes 

31 
Head of Automation & Technical Manager Transport 

Division 
Sweco 60 minutes 

32 Head of Development Division Sweco 60 minutes 

33 Analytics and Innovation WSP 60 minutes 

34 
Systems Strategist – Rolling Stock, Strategic 

Development, Traffic, and Infrastructure Development 
Region Stockholm 45 minutes 

35 Methods & Tools Manager RAM Services Alstom Group 30 minutes 

 

The final stage involved data analysis by triangulating data (Cruzes et al., 2015), 

contrasting the theoretical framework and case research observations. 

 

4. Results 

 

4.1. Introduction to the Swedish Railway Industry, Infrastructure 

Maintenance, and Procurement Processes 

Despite being a state-run and state-governed affair since its creation in the 19th 

century, the Swedish railway industry started a deregulation process in 1988 

(Lingegård, 2014). By that period, the railway industry was coordinated by the state-

owned business administration, Statens Järnvägar (SJ), which had a monopoly 

position in determining freight and passenger services (Alexandersson & Hulten, 

2008). Since 2007, the Swedish rail infrastructure started to be owned and maintained 

by Banverket, a national authority in charge of handling the train traffic control function 

(Alexandersson & Hulten, 2008). Banverket (BV) existed from 1988 to 2010 and 

consequently transformed into the Swedish Transport Administration (Trafikverket). 

Another body that is worth mentioning is the Swedish Transport Agency (Transport 

Styrelsen), which carries out dialogue with international regulatory bodies, principally 

the European Union, to carry out transport regulations. Therefore, the Swedish 

Transport Agency and Trafikverket effectuate regulations, decisions, and rules (Kans 

& Ingwald, 2021). 

The gradual deregulation of railway infrastructure increased the number of 

actors involved in the different phases of the railway lifecycle, as there was open space 

for private competition (Ingwald & Kans, 2016). Of about 15,006 km of railway length, 

14,700km are managed by the Trafikverket (Trafikverket, 2019). Following Lingegård 
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(2014), the Trafikverket is “the dominant actor for managing and procuring rail and road 

infrastructure in Sweden” (p. 47). Augmentation in the infrastructure capacity has 

required further railway operation and maintenance; thus, more diverse actors are 

converging towards this sector (Ingwald & Kans, 2016). 

 

4.1.1. Swedish Railway Infrastructure Maintenance 

According to the Swedish Transport Administration Annual Report (2020, p. 30), the 

purpose of maintenance is to preserve “roads and railways in an accessible state and 

ensure that they perform their intended function throughout their lifecycle.” Railway 

infrastructure maintenance is coordinated by Trafikverket, which behaves as the 

Infrastructure Manager. Trafikverket’s strategic objective regarding maintenance is to: 

 

“maintain the function of the infrastructure. This means that funds are 

focused on keeping the infrastructure at the same functional level as it was 

built for, based on the framework provided. The delivery qualities that form 

the basis for priority are that the road system should be safe, robust and 

environmentally and climate-friendly” (Trafikverket, 2019, p. 8). 

 

Infrastructure maintenance is currently the highest cost of the total budget in the 

transport sector in Sweden. Operations and maintenance represent 25,2% of 

Trafikverket’s costs—around a third of the national budget (Trafikverket, 2020). 

Maintenance in Sweden has been described as ‘complex’ because it is primarily 

influenced by different actors involved and the outsourcing processes in executing 

several tasks (Olsson & Espling, 2004).  

Trafikverket outsources maintenance through a rigorous public procurement 

and public tendering process (Alexandersson & Hulten, 2008), where the lowest price 

is the dominating criterion for selecting tenders (Abdi et al., 2014). Contracting 

infrastructure maintenance became a popular strategy in Sweden in 1992, leading to 

tenders’ brutal price competition (Olsson & Espling, 2004). Railway infrastructure 

maintenance faces several hindrances. Ageing infrastructure, rolling stock 

deterioration, and high-capacity utilization, combined with poor information and 

ineffective coordination between actors, are critical problems within the railway 

maintenance sector (Kans & Ingwald, 2021; Lingegård, 2014). In addition to the 
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extreme weather conditions in Sweden, climate change is accelerating deterioration 

(Garmabaki et al., 2021). 

 

4.1.2. Maintenance Typologies 

There are different typologies of maintenance services. Basic maintenance “is the 

foundation of a maintenance plan, which constitutes about two-thirds of all railway 

maintenance” (Ivina et al., 2022, p. 921). There are two types of maintenance: 

Corrective and Preventive. On the one hand, preventive maintenance aims to reduce 

the failure probabilities of assets through inspections to replace parts, lubricate, or 

repair. According to Ivina et al., 2022, p. (921), preventive maintenance “is done 

regularly, and it is either predetermined (clock-based and age-based) or condition 

based.” On the other hand, corrective maintenance aims to keep the system 

functioning to make infrastructure available for use; thus, it is carried out when items 

fail, which involves repairing and replacing. 

Another type of maintenance is more specific and consists of maintenance and 

reinvestment of railway, so-called BEST works (track, power, signal, and 

telecommunications), and construction works. They include reinvestment, preventive 

and remedial measures, replacement of components in the facilities, and operating 

costs (e.g., switchgear, tracks, sleeper replacements, overhead contact lines, etc.) 

(Trafikverket, 2021b). Trafikverket has soon begun to realize that the downgrading of 

its assets is linked to a sustainability issue. It has noticed that its processes need to be 

made more efficient and that infrastructure maintenance needs new solutions. 

 

“As for, let’s say, sustainability, that’s both in economic terms and 

environmental terms, and in health, it’s the same thing. This is maximum 

resource effectiveness, but resource effectiveness is still bound to how 

these systems are designed, how we operate them, and, therefore, how 

they degrade. In that scenario, we have to keep track of that first, but also, 

the maintenance that we’re doing on these assets now is it appropriate for 

the operations to design the degradation to improve the maintenance at 

first, but also, in the long run, improve the design of new railways.” 

 

Project Manager, Trafikverket 
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4.1.3. Contracts  

The large extent of maintenance contracts in the railway industry is performance 

contracts, which became common in Sweden in 2005 (Abdi et al., 2014). According to 

Famurewa et al. (2013), performance-based maintenance contracts are “an approach 

to contracting that gives incentives or penalties to the contractor for exceeding or falling 

below specified targets of measurable outcomes” (p. 233). Other names for 

performance contracts are functional contracts, output-based contracts, full-service 

maintenance, total maintenance contract, and performance contract. That means that 

Trafikverket procures the functionality of the tracks, while contractors are expected to 

appropriate the measures while following maintenance regulations. While basic 

contracts are expected to be developed through out a five-year span, BEST works and 

other maintenance solutions are carried out through projects monitored and 

coordinated by Trafikverket. These contracts last determined number of months. 

 

4.1.4. Public Procurement 

As a government agency, Trafikverket must seek by law to procure goods/services in 

competition. Two rules must be followed: the Public Procurement Act and the Act on 

Public Procurement of Water, Energy, Transport, and Postal Services. According to 

these rules, suppliers must be treated in equal and non-discriminatory conditions. 

Trafikverket’s procurement process is developed through eight steps (Figure 5): (1) 

Identification of the need, which is previously defined in missional documents, (2) 

Enquiry documentation (including the demands, evaluation, technical specifications, 

etc.), (3) Advertising in Trafikverket’s Website (registration in Trafikverket’s 

procurement system), (4) Tender submission, (5) Tender analysis, (6) Contract award, 

(7) Contract signing, and (8) Follow-up (Trafikverket, 2021a). 

 

Figure 5. Trafikverket Procurement Process 

Extracted from Trafikverket (2021a) 
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4.2. Business Models, Revenue Models, and Stakeholders Mapping 

 

4.2.1. Business Models in the Railway Industry 

To understand the railway industry from a business model perspective is relevant to 

highlight that several business models overlap. Four business models are worth being 

mentioned; the business model of the (i) infrastructure manager, in which the rest of 

the other business models for infrastructure maintenance gravitate: (ii) track contractor, 

(iii) railway supplier, and (iv) technology-intensive provider business models (Figure 6): 

 

 

 

Figure 6. Business Models in the Maintenance of Railway Infrastructure  

 

4.2.1.1. Infrastructure Manager Business Model 

Taking infrastructure maintenance at the center of the equation, we found, in the first 

place, the Infrastructure Manager business model, also called railway operator (Altieri 

et al., 2022). Its business model is defined by Kasper (2014) as one that depends on 

the “investment in the infrastructure to run electrified rolling stock in addition to ensuring 

timely and reliable trains.” Regarding the value proposition, infrastructure managers 

provide use-oriented services by renting capacity and availability of the railway 
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infrastructure; in contrast, they are responsible for its maintenance, control, and 

repairs. Infrastructure managers have two types of customers: freight carriers and 

passengers (Kans & Ingwald, 2021). Instead of buying the rolling stock, the railway 

operator pays a maintenance fee to a leaser, who owns the rolling stock to provide the 

transport service, either passenger or freight. Thus, value is delivered. Considering 

Trafikverket’s business model, the organization itself manifests that its business model 

is oriented towards the provision of the function of the infrastructure and its assets, 

resorting to the availability and reliability of railway capacity: 

 

“The goal from our side is to maintain the functional capability of the 

assets. Users in Sweden care about getting home on time, punctuality, or 

not having any train delays. However, from Trafikverket’s point of view, 

that’s not what we’re delivering. What we’re delivering is the function of 

our assets, and we’re also delivering the operations. The function of our 

assets in combination with the operations, in combination with what the 

power electricity company delivers and what the train operators deliver, 

that together becomes the delivery towards the people, the punctuality 

system.” 

Project Manager, Trafikverket 

 

Trafikverket charges carriers and passengers to use railway-related services through 

a ticketing model to capture value. Besides, Trafikverket is a public-owned organization 

that also relies on the public budget, which is annually decided. Trafikverket is 

responsible for infrastructure management, coordination, and contracting. 

 

4.2.1.2. Track Contractor Business Model  

Asset management in the railway industry is an intensive service-based activity; thus, 

servitization plays a central role (Diaz & Trentesaux, 2019). Track contractors follow a 

PSS Business Model classified as a result-oriented service. Companies in this 

category oversee new construction, maintenance, and renewal of rail infrastructure, 

equipment assembling, and manufacturing. Track contractors’ value proposition also 

focuses on servitization, providing smart maintenance processes and systems that 

support the maintenance operation. Track contractors capture value through 
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performance-based contracts providing services oriented to a function or a ‘result,’ the 

maintenance of a physical asset in the railway industry. 

 

4.2.1.3. Railway Supplier Business Model 

Railway suppliers carry out activities such as track switches and track technology. 

Their support is mainly focused on track technology, from high-speed switches and 

track systems to ensuring a full range of accessories for maintenance. Railway 

operators, network operators, railway companies, and regional/municipal transport 

companies are their largest customers. Therefore, railway suppliers follow a PSS 

business model that, although focused on product use, the servitization component is 

designed on a value offer of product-oriented services. Railway suppliers create and 

deliver value by manufacturing, installing, and providing customer support through a 

servitization portfolio while capturing value by selling manufacturing components and 

complementing them with software solutions. 

 Railway suppliers capture value by selling rolling stock components (e.g., 

switchgear, dampers, propulsion machines, bogies, motors, generators, etc.), rolling 

stock solutions (e.g., maintenance, modernization, repair, and support), digital mobility 

solutions (e.g., real-time train occupancy and connectivity), and signalling (e.g., 

mainline, and urban signalling). Given the combination of hardware monitoring and 

software support systems, railway suppliers in the market are turning towards hybrid 

models, aiming to rely on a service-oriented value proposition entirely. 

 

4.2.1.4. Technology-intensive Providers’ Business Model 

Technology-intensive providers are comprised of engineering and professional 

consultancy services that carry out data- and digital solutions. These services include 

monitoring systems, telecommunications and data communications, planning, digital 

inspection, and preventive maintenance, focused on asset and vehicle management. 

Technology-intensive providers are typical examples of ‘digital business models’. In 

the railway industry, this model has been known as Railway 4.0 (Jabloński & Jabloński, 

2020), which includes services such as Connected Commuter, Mobility-as-a-Service 

(MaaS), Automatization and Interoperability of Traffic Control Systems (GoA4), the 

Internet of Trains (IoTr), and Predictive Maintenance-as-a-Service (PMaaS) 

(Pieriegud, 2018) (Figure 7). 
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Figure 7. Digital servitization of the railway industry, based on Pieriegud ( 2018) 

 

Infrastructure maintenance relies on digital servitization to carry out remote monitoring 

and digital inspection for railway infrastructure and signalling; therefore, technology-

intensive providers’ business models provide a wide variety of digital solutions. Digital 

twins, for instance, is a software technology that allows a railway maintenance 

transformation by linking data and processes from objects into a virtual representation 

of reality (Dimitrova & Tomov, 2021). 

Predictive Maintenance is a digital service gaining relevance for infrastructure 

maintenance in an asset-intensive sector such as the railway industry. Predictive 

Maintenance (Allah Bukhsh et al., 2019; Carnero, 2005) has been known under 

different labels such as ‘eMaintenance’ (Kour et al., 2014), ‘Smart Maintenance’ 

(Bokrantz et al., 2020; Munzinger et al., 2009), and ‘Maintenance 4.0’ (Kans et al., 

2016; Kans & Ingwald, 2021). It consists of  

 

“Selected physical parameters associated with an operating machine are 

sensed, measured and recorded intermittently or continuously for the 

purpose of reducing, analysing, comparing and displaying the data and 

information so obtained for support decisions related to the operation and 

maintenance of the machine” (Carnero, 2005, p. 540). 
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Predictive Maintenance consolidates information and communication technologies 

(ICT) and computing for more effective maintenance decision-making and helps 

manufacturing industries move from reactive to predictive maintenance (March & 

Scudder, 2019). Predictive maintenance is also used to monitor rail temperature or 

predict catenary tensioning, allowing asset degradation prevention and management. 

As predictive maintenance is becoming a common feature in the transport sector, big 

companies are starting to develop in-house solutions through R&D departments 

focused on digital solutions. To illustrate, Siemens develops services for infrastructure 

and rolling stock maintenance utilizing digital technologies by using smart data to 

anticipate and manage disruptions. Services include predictive maintenance, remote 

monitoring, remote diagnosis, preventive fault analysis, and data visualization 

(Pieriegud, 2018). 

 

4.3. Revenue Models 

The most widespread revenue model strategies in the railway industry regarding 

infrastructure management are cost-plus (fixed fee) and usage-base revenue models. 

To this extent, the Product Engineer at Infranord AB manifested: 

 

“Today, it is a service because they asked for service, they ask us to give 

prices for, send out the people to repair, give us a price for tamping per 

hour, tamping per meter perhaps, change sleeper, and so on, but they 

instead will ask for the function of the railway… You buy a function. You 

will not buy a machine per hour or people per hour or something. No, I will 

buy the function that the train is going on time. It’s a big, big difference. I 

think this is coming more and more in other branches and so on, that we 

can see they will buy a function”. 

 

4.4. Stakeholder Mapping: Drawing on the Business Ecosystem of Railway 

Infrastructure Maintenance 

The deregulation process of the railway industry in 1988 triggered the appearance of 

a handful of actors involved in various processes and activities, not only related to 

infrastructure maintenance but train operation, vehicle management, or vehicle 
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manufacturing, to name a few (Kans & Ingwald, 2021). It suggests that the Swedish 

railway ecosystem is extensive and complex. One of the most well-known stakeholder 

mappings describing the functioning of the Railway Industry in Sweden was developed 

by the Railway Industry Collaboration Forum in 2018 (Järnvägsbranschens 

Samverkansforum) (JBS, 2018) (Figure 8). 

 

 

Figure 8. Organization of the Swedish Railway Stakeholder Mapping,  

Retrieved and adapted from JBS (2018, p. 30) 

 

When relating to the actors involved in infrastructure operation and maintenance, 

Figure 9 presents a simplified version of the Swedish railway infrastructure 

maintenance ecosystem. Sweden’s railway ecosystem context is characterized by high 

competition and high complexity of relationships between actors. Actors involved in 

infrastructure maintenance include upper bodies in charge of coordination and 

regulation, track contractors, railway suppliers, and technology-intensive providers. 

The solid lines represent the relationship between the parties to execute a contractual 

action. It is then observed across the lines about how railway suppliers, track 

contractors, and technology-intensive providers perform the service provided (e.g., by 

track contractors) or the data is analysed (e.g., by technology-intensive providers), the 

infrastructure manager appropriates this information and uses it in his internal 
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processes. However, the information does not circulate with the other stakeholders on 

behalf of the railway operator.  

 

Figure 9. Railway Infrastructure Maintenance Ecosystem 

 

Based on the ecosystem depiction, we found in the upper level two governmental 

bodies: the Swedish Transport Agency and Trafikverket. At a supplier level, we found 

track contractors: Eighty-nine per cent of the basic maintenance is performed by 

Infranord, the largest track contractor, followed by Strukton and NRC Group. The 

remaining 11% of basic maintenance is carried out by BDX Företagen and Infratek. 

BEST practices are developed by Infranord, Strukton, Leonhard Weiss, Railcare and 

NRC Group (Trafikverket, 2021b). Then we fund railway suppliers. Trafikverket’s 

leading railway suppliers are the French multinational rolling stock manufacturer, 

Alstom and the rail technology company, Vossloh AG, based in Germany. Finally, 

technology-intensive providers include engineering and consulting companies such as 

Sweco, Predge, Tyrens, and Ramboll, to name a few.  
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Figure 10. Stakeholder Mapping of the Swedish Railway Maintenance Infrastructure 

with company names 

 

This ecosystem shows an interaction cantered on the Infrastructure Manager, who 

follows a linear and fragmented value chain of service provision with a wide range of 

suppliers. Each supplier is contracted for a different function; even those suppliers, 

such as railway suppliers that can provide smart services, are contracted on a project 

basis to develop specific functions such as manufacturing sensors or carrying out 

signalling. It is also observed, for example, that companies specialized in consulting 

services and based on data management do not communicate or dialogue with track 

contractors or railway suppliers, making it more challenging to create an ecosystem. 

Based on this analysis, Figure 10 synthesizes the stakeholder mapping of the 

infrastructure maintenance ecosystem. 

 

4.5. Business Model Innovation in the Railway Industry: New Business 

Models for Climate-change Resilience in Railway Infrastructure 

Although there is not one single or ideal business model, some characteristics could 

encapsulate ideal business models. Two aspects are worth being considered. On the 

one hand, resilience must be considered a central issue in assessing railway 

infrastructure. Resilience in the railway industry is defined as: 
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“The ability of a railway system to provide effective services in normal 

conditions, as well as to resist, absorb, accommodate, and recover quickly 

from disruptions or disasters. Resilience is a comprehensive system 

measure and covers the following building characteristics which represent 

distinct system states: vulnerability, survivability, response, and recovery... 

Additional proactive (preventive) characteristics to contribute to the 

system’s resilience are mitigation and preparedness” (Bešinović, 2020, p. 

461). 

 

Disturbances, disruptions, and disasters are the main events affecting railway 

infrastructure resilience. Two of them, notably disruptions and disasters, are highly 

related to climate change (Figure 11).  

 

 

Figure 11. Events affecting the resilience of the railway infrastructure 

Elaborated from Bešinović (2020) 

 

A handful of studies support the idea that railway infrastructures need more attention 

for climate-change mitigation and hazard prevention (Dawson et al., 2016; Fabella & 

Szymczak, 2021; Garmabaki et al., 2021). In the field, track contractors have 

highlighted the interconnectedness of the railway infrastructure that can be affected by 

weather (and extreme climate) conditions. Tracks and signalling systems can be 

affected simultaneously. The product engineer of a track contractor company stated: 
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“Compare a road with asphalt and hard, and so on. If it’s coming heavy 

rain, very quick the water goes away, but the railway is open ballast. The 

water is coming down on the big yards, on the track, and the draining 

system doesn’t work. We can see here that it starts to jump and pump-up 

fine materials. That means that we have a problem with the signal 

systems, it will be contacting in the joints, it will be very hard with train is 

coming, the train is very, very heavy, and you can understand it will be like 

a big hammer in the switches. This is very, very dangerous for the switch, 

and we have a problem with the materials. It breaks down… As I say, here 

is the key to understanding and considering extreme weather because 

now we see more and more extreme weather. That means more heavy 

rains in a short time will mean even big, big problems with the track level 

and more sleepers jumping, switches, and so on.” 

 

Climate-change resilient infrastructures may connect solutions to anticipate, address, 

forecast, or prevent disruptions and disasters (Bešinović, 2020). According to the 

OECD (2018), climate-change resilient solutions encourage increased reliability and 

efficiency in service provision, increased asset life, and co-benefits on the 

environment, such as biodiversity conservation. Therefore, business models for more 

climate-change resilience infrastructures are well aligned with climate prediction, 

disaster prevention solutions, or emergency response alerts that build upon SDGs 9 

and 11. 

 On the other hand, business models for climate-change resilient infrastructures 

could be enhanced by integrating digital processes and digitalized solutions. New 

digital services can provide solutions to ensure climate change-resilient infrastructures 

through digital technologies. Former research has suggested that automated methods 

such as real-time railway traffic control are gaining attention as a digital solution to 

address resilience in railway infrastructure (Corman et al., 2018). System-based 

metrics have gained attention, i.e., data-driven, topological, simulation, and 

optimization solutions (Bešinović, 2020). Since digital servitization enables asset 

management solutions, remote monitoring, and asset degradation prediction through 
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predictive maintenance, these solutions can also be focused on responding to climate 

change resilient infrastructures. 

 

4.6. Barrier-Enabler Analysis 

When relating to the identified barriers to introducing new business models—digital 

business models and business model innovation for sustainable and Climate-resilient 

infrastructure—two categories stand out: (i) Barriers related to the external 

environment, which integrates aspects of the policy and industry context, as well as 

digitalization readiness; and (ii) Barriers related to the internal environment, relating to 

business models, client-supplier relationships, and tendering processes. 

The categorization builds upon the collected data during the empirical part 

of the research, contrasted and reinforced with ideas from previous literature (e.g., 

Rizos & Bryhn (2022), Stornelli et al. (2021), and Ahonen et al., (2019). The section is 

enriched with verbatim quotations retrieved from the interviews. Figure 12 summarizes 

the identified categories in which barriers are framed. 

 

 

Figure 12. Barriers to the Introduction of New Business Models for Climate-resilient 

Infrastructures in the Railway Industry in Sweden 
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4.6.1. Barriers  

 

4.6.1.1. Barriers: External Environment 

 

• Policy and Industry 

There are several barriers from a policy and industry perspective. Previous studies 

have pointed out that regulative factors are central barriers in Scandinavian 

countries (Brammer & Walker, 2011). Earlier studies by Espling (2007), Alexandersson 

and Hulten (2008), and Aldenlöv (2019), to name a few, clearly elucidates the rigidness 

of the railway industry legislation, which can hinder the development of new products 

and services. Experts and actors participating in this research also point out that such 

complexity is also linked to the fast-changing conditions of the legislation. Regulations 

that existed at the beginning of the signing of a contract may change over the years 

while a contract is still in vigour. This situation creates conflicts in the implementation 

of contracts, but especially in the negotiation process between the parties. A Project 

Manager at the Swedish Transport Administration stated: 

 

“From an environmental point of view or an effectiveness or efficiency point 

of view, it’s hard to make changes in a running contract to figure out it has 

like 32 contracts on railway maintenance, and they’re distributed. We 

change a couple of them every year. Another problem is that if you make 

changes in regulations because this is actually the contract to take care of 

the regulations to keep the railway running. That’s both preventive and 

corrective maintenance, and it’s difficult to make changes to these regular 

rules or regulations because if you make changes to those, then you also 

have to make negotiations within the contract to implement the new 

regulations because those regulations were not there when you signed the 

contract. It’s kind of in a static environment, and it’s in many cases not very 

beneficial for development or improvement in many cases”. 

 

Such a complex policy context is also characterized by rigid public procurement 

processes, which must follow the Public Procurement Act by law. The Act leads to 

risks in tendering processes forming too static, detailed, and lack flexibility contracts 

(Aldenlöv, 2019). Supplier selection criterium is determined by those offering the 
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lowest costs with no clear incentives for quality improvements. Besides, the tendering 

process is expected to satisfy the infrastructure manager’s needs, outsourcing services 

but showing a low implication in the contracting process with tenders. 

An analysis of the policy context also highlights a lack of preparedness for 

climate-change risks. Emerging research shows that climate-change criteria for 

interpreting resilience in the railway industry are remarkably scant (Bešinović, 2020); 

moreover, urgent (Dawson et al., 2016; Fabella & Szymczak, 2021; Garmabaki et al., 

2021). However, most of the efforts to improve railway infrastructures are currently 

guided by procuring innovation (Aldenlöv, 2019). 

Barriers from the industry are also linked to a turbulent environment 

characterized by factors such as a fragmented ecosystem, an immature and 

underdeveloped market for digital servitization, and the perception that investments 

towards sustainable practices are risky. The railway industry suffers from scant 

collaboration and a fragmented ecosystem. Fragmentation has been a central issue 

hindering cooperation. This fact is linked to a pragmatic and rigid public procurement 

process. This means that each process (e.g., maintenance, vehicle manufacturing, 

data management, etc.) is isolated and outsourced to different actors who do not 

communicate with each other. One of the academic experts participating in the 

research stated: 

 

“Innovative companies can be at several levels. In my opinion and my 

experience, what is very difficult given this fragmentation, is that you have 

many actors, each of which sees one part of the puzzle. What is one of the 

things which are needed is some entities that work on the glue between 

those various fragmented actors.” 

 

Adjunct Professor, Luleå University of Technology 

 

An immature ecosystem is not the sole barrier hindering the introduction of new 

business models. The research also showed that the railway industry—different from 

successful cases in the transport sector—presents an underdeveloped market for 

smart services introduction. Suppliers have provided different examples in the 

transport sector in which digitalization has been under a smooth phase of transition. 
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That is the case of Michelin or Rolls Royce, moving from one manufacturing focus to 

a service-oriented one. However, the car industry shows more maturity in moving 

towards new services.  

Multiple reasons explain such a market lack of development. To date, the 

railway sector is yet supported by operative maintenance companies and original 

equipment manufacturers (OEM), in which niche IT players and hybrid business 

models are still scant. Thus, contract relationships between customers and suppliers 

are linked by product-oriented services and not result-oriented interests. Most of the 

business models, like in the case of railway suppliers, are yet focused on hardware 

provision and not on asset-maintenance-as-a-service leading to a perception of 

uncertainty on business model profitability. Research on this area has suggested that 

companies introducing digital business models highlight a fear of business model 

cannibalization, as there are not yet enough conditions to move from one model to 

another (Ahonen et al., 2019). The head of digitalization at a railway supplier company 

stated: 

 

We are not ready, and the market does not understand how to do it yet… 

Although there are plenty of suppliers… From my understanding, we are 

not ready to handle how to be there yet. I don’t see many customers 

saying: “I want to go from A to B, and it’s a service, and I will pay you a 

certain amount for that.” It’s not yet there. We are not mature enough 

because we don’t have enough data or a sufficient legacy, making us fully 

aware of that cost structure. They don’t know yet there. And there is a 

question of the risk. Because if we are renting a device, or an asset, who 

is reliable if there is a problem? 

 

Uncertainty about business model profitability is also linked in parallel with the lack of 

focus on value creation. The industry is yet centred on a specific result, to comply with 

legislation and save costs, but not looking into the future transformation of the industry. 

An Adjunct professor at the Luleå University of Technology stated: 

 

“In order for the business model to really be sound, in our opinion, you 

have to provide what is considered outcome as a service, and the outcome 
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is it’s a service, but it’s in terms of risk because if you want to commit to 

such an outcome, you have to be able to make very precise calculations 

about the probability of not reaching that outcome.” 

 

Such business model feasibility is also related to high-risk perceptions for 

sustainable practices because of high investment costs. Financial factors are 

central barriers in Scandinavian countries because sustainability-oriented services are 

perceived as more expensive; thus, budgets do not allow the widening of sustainable 

practices (Brammer & Walker, 2011). There is a spread acknowledgement that 

technology investment will not automatically lead to feasible digital business models. 

This is well-known by hybrid and IT companies. However, companies with a high labour 

force participation, such as track contractors, understand that high technological 

investments must also be supported by a guarantee that costs will be covered with 

services provided in the future. The Product Engineer from a Track Contractor 

Company stated: 

 

“This is a very, very big amount of money, you can understand. We'll be 

talking about kr120 million for a ballast cleaning machine under a switch, 

for example. Then you can understand we must plan for this up to 10, 15 

years if it will be possible to buy it. I have a big discussion and show this 

to our largest customer… But if we will buy the machine and make an offer 

to Trafikverket for normal maintenance, it's not possible. We will be too 

expensive, of course. We have to use the cheapest methods”. 

 

Mitigating the effects of climate change and a more sustainable approach to new 

business will require a technological leap, which the industry context does not yet 

show profitability. 

 

• Digitalization Readiness for Climate-change Resilient Infrastructures 

External factors hindering the implementation of new business models for more 

sustainable and climate-change-resilient infrastructures are related to the readiness 

for digitalization in the railway industry, a lack of technological maturity, and a lack of 

tools to progress toward climate change prevention. Although there is a general view 
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that value creation can be better achieved through radical digitalization processes to 

positively impact a company’s economic performance (Parida et al., 2019), 

customers’ digital unreadiness is a critical factor in this industry. Notably, if 

customers lack new technologies and the digital capabilities and skills to use and 

implement innovations that support the offer that suppliers aim to provide. Innovation 

requires openness to changing processes, and the railway industry is very traditional 

and reactive (Wolf et al., 2018). Consider the following statements: 

 

“The railway is a very traditional sector. In a few words, the maintenance 

of the railway has not changed in 100 years… This traditional heavy-duty 

maintenance is no longer an option. We need other solutions where 

maintenance is performed either by robots in a more flexible way or in a 

lean way. This is important for us to be more, in this case, more resilient 

to climate change”. 

 

Professor in the Department of Civil, Environmental, and Natural 

Resources Engineering at the Luleå University of Technology 

 

“I think the entire industry. Other industries have seen much digitalization 

happening. But have never seen it happening in the railway industry. The 

sector is quite complex. The railway degrades over a couple of decades, 

so if we want to innovate, we must wait until the phase is off… It needs 

time; it won’t happen in two days… We need to investigate. But we are not 

there yet because we don’t have the models, all the data, all the regulation 

power… but if we don’t start now, when will it happen?”  

 

Chief Connected Asset Analyst, Railway Supplier Company 

 

Indeed, this factor unveils the lack of technological development that the sector 

currently suffers. Insufficient skills when digital unreadiness is identified must go hand 

in hand with adequate investment in hardware and digital platforms (e.g., supporting 

software and platforms); however, from a customer perspective, there is not enough 

readiness to fulfil the required digital resources and skills. As is common in 



 

35 
 

environments with technological underdevelopment, suppliers are reticent to 

uncertainty as there are multiple risks of introducing new or untested technologies. To 

illustrate, data analysis and autonomous solutions require customer and supplier 

cooperation, and because sensible data must be shared, not all digitalization 

processes can be outsourced. The following statements provide some reflections on 

this concern: 

 

“This is one of the problems that we have. If you look at innovation, that is 

in the railway sector, we’ve been extremely willing to test all kinds of 

different new technologies, which might improve our operations in many 

ways, but when it comes down to it, we hardly ever implement anything. 

We usually keep on doing what we’ve been doing before because we don’t 

have the tools or the methodology to implement these changes, and then 

this will be the same for environmental problems also”. 

 

Project Manager, Trafikverket 

 

“There are a lot of ideas supported by artificial intelligence. In the last ten 

years, there have been a lot of ideas popping up and a lot of ideas that 

companies want to test. But some ideas could not be used because it was 

not yet mature.”  

 

Chief Connected Asset Analyst, Railway Supplier Company 

 

If the customer lacks the skills to capture, share, or make data interoperable because 

of a lack of technological maturity, the successful introduction of innovative solutions 

through digitalization will be hindered. Therefore, the complexity of data systems may 

prevent information interoperability and the successful flow of information across the 

industry. 

Finally, there is a lack of tools to progress toward climate change 

prevention. Smart services can be the foundation for more sustainable and climate-

change-resilient services; however, there is a lack of tools and technologies testing 

these services. There is overall unavailability of technical solutions, as most of these 
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solutions are proof-of-concept technologies that have not yet found the correct way to 

be monetized in the market. Consider the following statements: 

 

“We are working on state-of-the-art solutions. However, most of the IT 

suppliers are doing digital inspection and diagnosis. A lot of companies 

are trying, but the market is not there yet”. 

 

Senior Advisor, IT Digital Supplier 

 

“What is the cost to upgrade the track? The major problems on climate 

change problems that Sweden has are more the question of the drop or 

the heavy rains and the floods because the assets are on the field, and 

most of them are in the countryside… Some rocks are falling from the 

mountains and that kind of situation. So today, we start to see some things 

that the maintenance workers are starting to see where they notice the 

problems in the tracks that are very early stage. The railway should be a 

solution to climate change. But today 95% of the market aims to solve this 

preventive maintenance and only 5% aim to solve a problem of climate 

change or less than that”. 

 

Head of Digitalization, Railway Supplier Company 

 

4.6.1.2. Barriers: Internal Environment 

Barriers related to the internal environment are related to business models and the 

tendering process. Both barriers are explored as follows: 

 

• Business Models 

The three dimensions of business models (value creation, value proposition, and value 

capture) need to be supported by activities, assets, resources, and skills an 

organization utilizes to carry out its business strategy. However, the main barrier is the 

misalignment of customers’ and suppliers’ business models. Such misalignment was 

identified in the value creation process because of a lack of focus on added value. It 

means that the railway industry focuses on service provision (e.g., delivering 
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maintenance in a concrete KPI) but not on adding value to the overall industry (e.g., 

improving the maintenance process and forecasting asset degradation). An Adjunct 

Professor at the Luleå University of Technology expressed this idea perfectly: 

 

“Business models have to provide what is considered outcome as a 

service, and the outcome is a service, but it’s in terms of risk because if 

you really want to commit to such an outcome, you have to be able to 

make very precise calculations about the probability of not reaching that 

outcome… We spend some hours replacing items. Thus, materials and 

labour are needed. It’s a cost-plus business model, but this kind of 

business model is not very smart because if you do your maintenance very 

inefficiently, the cost would be very high, and the outcome will be 

insufficient. It’s better to have a business model which is based on value.” 

 

Misaligned business models are also connected with a lack of technological 

capabilities and skills to fulfil the value-creation process. For instance, digital 

providers need data access and use compatible technologies to successfully offer 

smart services for climate-change resilience. The service goes in line with software 

provision and technological-human support. However, customers occasionally prefer 

to rely on their technologies and IT department engineers while only contracting a 

specific number of hours from digital providers. Providing services from suppliers to 

customers requires further alignment, considering the service to be delivered and the 

necessary resources and skills. Customers may present insufficient technical skills that 

suppliers require to achieve the desired results. 

Smart services for climate-change resilience are expected to function when 

providers can develop relationships with their clients in such a way that cooperation, 

collaboration, and data sharing are allowed. Therefore, this barrier is linked to limited 

customer engagement and perceived in-house competition. This is the case for 

companies that are expected to offer particular digital services but found in their 

customers’ willingness to carry out some of the activities suppliers are expected to 

offer. To illustrate, IT players offering software-as-a-service are also expected to 

provide digital support, but customers aim only to use the software at their own 

expense. Suppliers may interpret this attitude from their customers as a lack of 
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awareness about digital servitization since the provision of smart services requires 

system updates and technical support. Thus, if customers lack technological 

capabilities, as previously highlighted, customer engagement will be delayed. 

Another challenge is the complexity of management systems of customers’ 

organizational structure. Infrastructure Managers, for instance, oversee multiple tasks, 

contracts, and responsibilities. As a state-owned organization, the decisions of the 

Infrastructure Manager must rely on a large extent of dependencies and regulations, 

which requires the participation of multiple hierarchies. Recently, awareness of 

climate-change resilient infrastructure has become a central issue for infrastructure 

managers and policy-makers (Tubridy, 2021). Thus, the relevance of business models 

with higher awareness for climate change solutions is still in its infancy. It is relevant to 

note that Railway Operators handle multiple competing priorities (Ahonen et al., 2019), 

impeding the smooth operation of activities that deviate from the essential 

requirements of the railway industry. The CEO of an IT Engineering Company starkly 

highlights: 

 

“Everybody needs a relationship with the Infrastructure Manager because 

they set the norms or recommendations for all our customers. They need 

to operate on their own because they own all the infrastructure. That is, of 

course, sometimes a little bit problematic because they own their 

infrastructure, and they decide how the information and everything flow 

from the sensors that they need the data.” 

 

Complex organizational structures become a challenge when the customer lacks 

knowledge of the assets’ condition. This hindrance impedes the Infrastructure 

Manager’s capacity to identify and mitigate risks related to asset management and, 

therefore, inhibits awareness of the need for further digitalization for the climate-

change resilient infrastructure of its operations. The following statement expresses this 

idea: 

 

“Let’s focus on maintenance in Sweden; the customer doesn’t have a 

holistic understanding of their assets’ functional world physical properties. 

If you don’t know your assets, how well they are maintained, how old they 
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are, and how long they will still exist, say the useful, functional lifetime. If 

you don’t have that information, it's very hard to work with performance-

based or servitization-based models as well because that assumes at least 

the basic thing is that you have to know, say, the quality of your asset, or 

the health of the asset at the beginning of the contract period and the end 

of the contract period. If you can’t see that, even for easier measures like 

availability or reliability, it’s very hard and complicated to have 

performance-based measures and performance-based or servitization-

based contracts.”  

 

Associate Professor at the Division of Supply and Operations 

Management, Chalmers University of Technology 

 

Finally, the adequate implementation of digital services for climate-change resilience 

can be hindered by information asymmetry. Track contractors have information from 

the operators and those who work in the field, while infrastructure managers may rely 

on regulations and directives that may not be shared in their interactions with their 

customers. Respondents interpret such a lack of data sharing in this client-supplier 

relationship as ‘information asymmetry,’ as there is a lack of no return of information 

exchange between the actors of the ecosystem. An Associate Professor at the Division 

of Supply and Operations Management at Chalmers University of Technology stated: 

 

“We can see that there is an information asymmetry. When you’re making 

contracts, you need to have good information at hand. The customer 

doesn’t have all the information. It’s the same for the contractors; they 

don’t have information at hand either. It’s very hard for them to do good 

bidding. They base their new bidding on contracts on what they have. 

There is no very good information sharing. You have, of course, some 

databases that are open for everyone, like the failure databases; you do 

have them there. Both clients, for instance, as a buyer, and the contractor, 

as a seller, could use that information, but there is some inaccurate 

information that is missing. People tend to keep important information to 

themselves. Open access to relevant information that is not business-
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critical. That would be very good, and I think that would help in the railway 

ecosystem in Sweden at least”.  

 

Information asymmetry may also occur because of the lack of channels, platforms, and 

collaborations for data sharing. According to authors such as Ahonen et al. (2019), 

barriers to data asset management related to information asymmetry are linked to data 

security risks and data ownership. Similarly, Bokrantz et al. (2020) state that business 

models supporting smart service provision must be supported by a combination of 

different data sources to assess decision-making processes. As railway operators 

manufacture devices that are constantly capturing data, these companies require a 

further conversation with their customers; however, infrastructure managers, because 

of the nature of their operations, are not allowed to share such information. Therefore, 

client-supplier relationships must be built on an adequate share of data. 

Such rigidity in the business models of the different actors involved in the railway 

industry is also linked with the type of contracts and the procurement process to 

promote climate change resilience in railway infrastructure. 

 

• Tendering Process 

The way procurement processes are carried out can also become a barrier to 

introducing new business models. On the one hand, the lack of indicators focused 

on sustainability and risk prevention in existing contracts was highlighted by 

respondents as a central barrier because of their focus on very specific and detailed 

conditions. A Project Manager from the Infrastructure Manager stated: 

 

“We’re supposed to do, is to deliver function—by creating resource-

effective ways as humanly possible. That’s a goal. That’s this data goal 

from the Swedish government. You’re supposed to do this, but we’re 

slowly getting there, I think, but it’s a long way. The structures that we have 

today are kind of not promoting it, which I would say that the contracts that 

we have today are not really promoting this”. 

 

The Product Engineer from a Track Contractor company stated: 
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“Here is the problem with the contract. 80% of them make this emergency 

repair, and also, they travel a lot with the car because you can understand 

they have a big area to maintain. When they have a call, often they have 

to travel up to 80km, 100km, 2 hours perhaps, and go out 5, 10 minutes 

they have done this, grind a little, adjust something, and come back or go 

to the next failure”. 

 

In addition to excluding measures and incentives for preventing risks associated with 

climate change, contracts promote competition instead of cooperation between 

companies. This factor is mainly because, the public procurement process forces 

tenders to seek contracts at the lowest possible price, causing companies to focus on 

cost savings and not on the agility of services. Lump sums at low prices increase 

competition, low cooperation, and, therefore, the absence of trust among participants. 

The following section explores some of the factors that could overcome some 

of the barriers that inhibit the wider adoption of new business models that promote 

climate change resilient infrastructures. 

 

4.6.2. Enablers 

 

Having recognized the factors that impede the proper transition to new business 

models towards innovations that promote more sustainable and climate-change-

resilient infrastructures in the railway industry, this section explores the enablers that 

favor this process. Both external and internal factors are explored. 

 

4.6.2.1. Enablers: External Environment 

 

• Policy and Industry 

Recent research has highlighted how sustainable business models are expected to 

function better with policy support (Durán-Romero et al., 2020). Although legislation 

cannot be changed in the short term, some factors could promote more successful 

management of regulation rigidness. From a meso-perspective, a good start could be 

encouraging government interest in the future direction of innovation for 

climate-change resilience policies. Notably, on an innovation policy level, a public 
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procurement strategy could evolve from regular and strategic procurement to 

procurement of R&D services, which requires a higher degree of commitment and 

willingness to collaborate and implicate in the innovation process (Figure 4). 

This factor is also linked to creating economic incentives aimed at boosting the 

participation of climate-change-friendly pioneers. Regulating bodies could, for 

instance, promote key performance indicators (KPI), encouraging sustainable and 

climate-change resilience practices for better tendering selection options. Technical 

assistance and capacity-building programs could also support tenders to receive 

further training on the expected or desirable results from policymakers and legislators. 

An Adjunct Professor at the Luleå University of Technology stated: 

 

“To reduce our contribution to climate change, there are some KPIs, key 

performance indicators, that can be defined, not in terms of quality of 

service, but in terms of things like carbon footprint…If you have that, and 

if there’s a structure, cost structure, or fee structure that can incentivize 

the various actors so that they have the incentive to reduce the carbon 

footprint, then it goes in the right direction.” 

 

One of the main aspects that need to be a rethink and revamped in the railway industry 

is a higher level of business ecosystem alignment and orchestration. Multiple 

studies had previously warned about the lack of a consolidated ecosystem in this 

industry (Espling & Olsson, 2004; Kans et al., 2016; Kans & Ingwald, 2021; Olsson & 

Espling, 2004).  Some of these researches explored the railway ecosystem from 

vehicle management (Kans & Ingwald, 2021) and manufacturing perspectives (Diaz & 

Trentesaux, 2019). However, there is still a missing approach from the infrastructure 

management perspective. Figure 13 describes a potential conception of a railway 

ecosystem for infrastructure management with a higher actorhood engagement. The 

Figure defines contractual relations and information flows between actors. 

While the long-dotted lines reflect the exchange of data and information 

between actors, the short-dotted lines reflect the potential for developing collaborative 

agreements. On the one hand, one of the weaknesses of the current ecosystem is the 

lack of information flow and communication between actors. While technology-

intensive providers currently develop asset management and digital monitoring 
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services, this information is delivered to the railway operator but does not circulate 

among the other actors in the ecosystem to make infrastructure maintenance more 

efficient. On the other hand, the current ecosystem ignores the potential of 

collaborations and alliances, particularly between actors that develop similar services 

or those that complement each other.  

An example of the first case is with railway suppliers who provide after-

sales sensor monitoring services that can be extended into engineering and predictive 

maintenance services. Consulting and engineering companies in charge of asset 

management and risk prevention are working on new models that will allow data 

management to be more aligned with the needs of the railway operator and the client. 

An example of the second case can be seen with track contractors, which, although 

they have already developed smart and telecommunication services, still lack the 

expertise, capabilities, technology, and human talent to address integrated engineering 

services in the operational maintenance processes. Collaborations, alliances, or joint 

ventures could promote a greater flow of information throughout the ecosystem. 

 

 

Figure 13. Formation of a Business Ecosystem for Infrastructure Maintenance in the 

Railway Industry 

 

A solid and evolving ecosystem focuses on creating a new value proposition for the 

market; thus, the railway industry can benefit from the openness of opportunities for 

new revenue streams. By reducing, for example, the costs of performing traditional 
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infrastructure maintenance of the railroad industry’s assets, several monetary 

resources can be shifted to another type of company (e.g., more hybrid). This 

displacement of commercial activities would allow for greater competitiveness in the 

sector since decreasing the maintenance occupation of the infrastructure, it would 

allow for an increase in the capacity and availability of the infrastructure.  

The creation of new technology offerings and tools that enable responses to 

climate change would not only be beneficial to promote the longevity of rail assets but 

also to transfer intra-industry knowledge that would make the operation of the 

transportation industry, in general, more efficient. This would lead to a decreased risk 

of infrastructure degradation and an increase in safety for both passengers and freight, 

as well as personnel involved in maintenance. The Senior Advisor of an IT Digital 

Supplier stated: “We measure temperature, wheel forces, excel forces, and states of 

the track, which are beneficial for the prevention of climate-change risks in railway 

infrastructures.” 

A final enabler related to the external environment concerning policy and 

industry contexts is prioritizing projects to gradually innovate the existing railway 

operations. A gradual transition towards business model innovation in a more 

digitalized path would require operational planning at a meso-level that enlightens the 

desirable roadmap. This decision must be supported by the engagement of the 

different actors of the ecosystem that support the alternatives that are being explored 

and the involvement of IT specialist to ensure adequate planning of the process. 

Support from policymakers can come more in the form of digital business policies and 

innovations for infrastructure prepared for the risks associated with climate change. 

 

• Digitalization Readiness for Climate-change Resilient Infrastructures 

No digital change or evolution can be achieved without the organizational awareness 

of integrating digitalization as a solution to the needs of the environment. The literature 

on digitization processes and sustainable business models has highlighted the 

importance of promoting a transition mindset in the industry. This change is 

already occurring in multiple industries, i.e., in the manufacturing industry 

(Nurbossynova et al., 2021), the process industry (Kamalaldin et al., 2021), the 

maritime sector (Tijan et al., 2021), as well as many other industries where automation 

has achieved a high level of corporate ownership (Plattfaut et al., 2022). Tijan et al. 
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(2021) emphasize the need to be willing to move towards a higher cultural readiness 

for changes to respond to changes in the environment successfully. Therefore, such a 

change must encourage risk-taking attitudes and a higher tolerance for failures. 

Following (Tijan et al., 2021, p. 8): 

 

“Regarding cultural readiness for changes and an organization’s 

willingness to take risks and make decisions under uncertainty, leaders in 

the maritime transport sector need to build a supportive culture that 

embraces collaboration, risk-taking, and experimentation (Kane et al., 

2017). Cultural values crucial for DT success are openness towards 

change, customer-centricity, or willingness to learn.” 

 

A change in mindset and organizational culture will automatically bring about a greater 

willingness to invest in technological resources and the respective capabilities for 

properly managing those resources. Technology investment and capabilities 

building was highlighted as enabler factor. Alibekova et al. (2020) suggested this 

aspect is central to the digitalisation of manufacturing industries in Kazakhstan: “One 

of the challenges for Kazakhstan education system I training more qualified IT and 

other specialists for ICT industry as well as building a favorable environment to retain 

highly qualified ICT specialists locally” (p. 573). 

Technological investment and capacity building can also be strengthened 

through collaboration with experts and specialists in the areas in which progress is 

desired. Therefore, an enabler is to promote collaborations with climate change 

experts. Bokrantz et al. (2020) highlight the need for human capital resources with 

digital readiness in analytical, ICT, social, business, technical, and adaptability skills. 

This will involve not only multiple departments within an organisation talking together 

but also engaging players from different industries for joint solutions. For example, 

organizations specializing in climate forecasting, companies with expertise in big data 

management, and companies with digital capabilities can develop joint technologies 

and models for climate change risk prevention. 

These enablers related to the external environment can be reached through 

a collaborative approach from multiple ecosystem stakeholders and greater support 
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from policymakers. The following is a review of the enablers from an internal 

environment analysis. 

 

4.6.2.2. Enablers: Internal Environment 

 

• Business Models 

Business models have been highlighted as the principal source of enabling conditions 

for the introduction of innovation and new ideas. An expert on innovation at the 

Infrastructure Manager stated: 

 

“A functioning business model offers us a solution, not new technology 

because, In the railway business industry, it is yet very engineering… lots 

of engineers like to develop new technology. They need to think about 

what the client wants, and what are the client's pains. They develop cool 

technology, like very good sensors. And they tell us, to buy our sensor. 

But the client doesn’t want any sensors. The client wants an information 

service that, through IT solutions, can tell us when and can provide us with 

decision support. Then, we want to buy decision support, but they want to 

offer us a sensor because they are engineers that have developed some 

good technology; there is a mitch match of business models”. 

 

In line with this statement and the analysis of a business model’s feasibility for climate 

change solutions, different conditions were explored as enablers. First, the lack of 

solutions for climate change resilient infrastructures can be overcome by implementing 

capabilities and resources enabled by digital technologies. According to Tijan et 

al. (2021), “new business models are necessary for maximizing innovation and 

effectiveness in fostering digitalization” (p. 11). Digital business models are supported 

by capabilities and resources, allowing for better digitalization processes (Parida et al., 

2014). Therefore, companies with R&D departments and research groups digging into 

digitalization services in the railway industry have a lot of capabilities and resources 

for bringing new climate-change resilience solutions. 

Second, to avoid limited customer engagement and perceived in-house 

competition, enterprises are expected to develop joint solutions through cross-
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industry collaborations. This enabler would allow them to relinquish control of 

specific functions for Infrastructure managers and be encouraged to work together with 

customers as a team. This type of collaboration would also allow large and small 

companies to join as well as permit cooperation between different functional areas of 

the organization with those of the suppliers. Kamalaldin et al. (2020) starkly stated: 

 

“It becomes necessary for both provider and customer to move away from 

a transactional product-centric model to relational engagement, where the 

provider works in close collaboration to fulfill the customer’s business 

goals and achieve operational efficiency.”  

 

Some other strategies encouraging external cross-industry collaboration are the 

creation of strategic partnerships, creating platforms for data and information flow 

sharing, and inter-organizational networks (Bokrantz et al., 2020). Former research on 

the railway industry suggested similar insights for business models, considering ideas 

like partnering and collaborations (Ingwald & Kans, 2019; Olsson & Espling, 2004). An 

Associate Professor at the Division of Supply and Operations Management at  

Chalmers University of Technology stated: 

 

“I think the customer actually maybe looks at the contractors. My point is 

that they should work more with servitization with long-term contracts, 

what we call partnering contracts, or performance-based contracts with 

some suppliers, where you assume that those suppliers take good care of 

their sub-suppliers, let’s say. That would be very good, but you have to 

have incentives working with long-term relationships. The customer may 

just need support to create these kinds of contract forms in a good way.” 

 

Although complex structures of public or state-owned organizations can hardly be 

changed, a third factor is to promote greater cultural readiness for change. Some of 

the characteristics of this enabler are an organization’s openness to embrace new 

technologies, its capacity to engage in new ideas, and its reliance on innovation as a 

gate for organizational change. A culture transition is not just physical-based but 
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trusting digitalization’s new solutions (Tijan et al., 2021). The Head of the Department 

of Innovation at the Infrastructure manager stated: 

 

“No one can introduce innovation by themselves, and no one of the actors 

in the railway ecosystem. I don’t know how to create the sense of urgency 

that makes all actors collaborate; however, I think that’s needed since the 

culture is protective, protecting the old. It’s very conservative.” 

 

Digital business models are also more endowed to supply the lack of knowledge of 

assets condition, augmenting internal company awareness of asset degradation. 

To illustrate, business models relying on digital solutions can rely on technologies to 

foresee maintenance issues and prevent the rapid degradation of assets by utilizing 

agile methods and saving costs of operative maintenance. Some firms rely on digital 

twin technologies allowing maintenance optimization (O. Davies et al., 2022).  

Similarly, digital business models have the potential to close the gap when it 

comes to information asymmetry. Therefore, an enabler is promoting data 

transparency mechanisms about the state of the assets (Tijan et al., 2021), which 

can facilitate a more efficient forecast of wheater conditions and climate-change 

emerging risks. As an overall result, efficient data management through more 

transparent data management will contribute to better joint decision-making, allowing 

automation, data analysis, and data collection of higher inputs (Bokrantz et al., 2020). 

Higher data transparency can also be reached by information-sharing platforms 

between the participating actors. Extending the network through collaborations would 

allow a more transparent and cooperative ambience in which all actors find a common 

interest. This can be contrasted with one of the respondents’ opinions. The product 

engineer of a track contractor company stated: 

 

“It’s also important to involve the guys with the gloves. The technical guy 

and the inspection guy. They see the problem outside and also use all 

measurement possibilities from each train. There is a very, very big 

possibility that they can send information. Here, it starts jumping; here, it 

starts, something is coming. That means that we, very, very early, can go 

out and fix the problem before it stops the train.” 
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• Tendering Process 

A final enabler relates to profiting and/or exploiting the potential of the tendering 

process through new procurement strategies, i.e., sustainable and circular 

procurement (Alhola et al., 2019) or innovation procurement (Lenderink et al., 2019). 

These processes aim to integrate sustainable and innovative frameworks for business 

models that better integrate criteria tenders to support further sustainability. To 

illustrate, Alhola et al. (2019) suggest that tendering process can encourage business 

models that extend the products’ life span, tendering solutions of how to use products 

or services more efficiently, improve the cycling of biological or technical materials, or 

provide clean and nonrisky cycles. Authors such as Briguglio et al. (2021) and Stumpf 

et al. (2021) introduce measures such as Green Public Procurement, which centrally 

discusses introducing “green taxes” or “differentiated VAT rates”. Contracts can be 

assigned to those that fulfil “green requirements” by giving higher punctuations to those 

contractors that make joint ventures or collaborations with other companies to enclose 

climate-change resilient solutions. 

A second enabler to transform the tendering process into an enabler condition 

for further introducing climate-change resilient infrastructures is to think of long-term 

contracts (Rizos & Bryhn, 2022). With the help of long-term relationships, actors 

should be more invested in promoting more flexible and negotiated public procurement 

processes to perform ongoing contracts. Commitments could be achieved through 

voluntary agreements or by adopting self-regulation measures toward common goals 

and flexibilities in the process, for instance, by negotiating certain stages of the 

procurement process between infrastructure managers and contractors. Consider the 

following statement: 

 

“Index and common goals have to be agreed upon before you enter the 

stage of the contract period. This is one of the big differences because in 

a traditional contract, well, you enter stage two at once. On day one, you 

start snow removal and everything and hope for the best. You’re under 

common goals are central, and also, we have your partner and leader; I 

performed as a party leader in perhaps 20 projects. Here you have to use 

workshops to get this together. With these, well, people centre people from 

the client contractor on the subs; sometimes you’re having in building 
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projects, you have the consultant here, of course. Then, the way is really 

to strive for performing the contract in a sense that the parties can achieve 

these goals, and that could be incentives also.” 

 

Management Consultant and Lecturer on Plant Production Engineering 

at the Luleå University of Technology 

 

Long-term contracts can also be promoted through previous piloting projects (Ahonen 

et al., 2019) in which the different involved actors can frame the potential solutions of 

what could be a higher degree of commitment. Likewise, common goals can be 

developed through workshops and more specific negotiations where conditions can be 

changed through the development of the contract. For instance, by broadening the 

selection criteria for tenders by not focusing on the overall cost of operations but 

considering other aspects such as value creation or better results in the long term. A 

Management Consultant and Lecturer in Plant Production Engineering at the Luleå 

University of Technology stated: 

 

“My thoughts here about the adoption of climate change in maintenance 

and perhaps in the new building. It’s very difficult, almost impossible, with 

the business models that are used today. Why is that? They are so rigid; 

the bidding process is always the lowest price that the winning bid is the 

lowest price. Then during the contract period, it’s really hard to get some 

change in any direction because of that. That’s why many clients in 

Sweden moved to partner concepts. One way is using the partnering 

concept. The concept opens up possibilities to make changes during the 

contract period. In maintenance, you have five-year contracts. That’s a 

long time, five to seven years of contracts on railway maintenance. If you 

are stuck in your specifications during the procurement process, really 

difficult to make any adaptation to climate change. It will cost you a lot as 

a client. The budget is always limited in some way.” 

 

An Associate Professor at the Division of Supply and Operations Management at  

Chalmers University of Technology stated: 
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“The most important thing is to find some kind of collaboration that is A, 

long-term. You can support your supplier to develop, and that could be 

that you have dedicated equipment, for instance, just for Trafikverket. That 

does happen sometimes. I don’t have any examples, but let’s say that you 

are a maintainer, and Trafikverket needs special equipment to, for 

instance, measure the conditional on their tracks, let’s say. Then you 

develop that together with Trafikverket because you, as a maintenance 

contractor, don’t have the full possibility to do that. You don’t have the 

economic possibilities, maybe not even the technical knowledge to do that, 

but if you work in a contract form with a property contract, you can develop 

it together and then share both, let’s say, the cost and the profits that you 

get. Then it has to be long-term. As a buyer, you can’t say to your 

contractor or if in a bidding situation that we assume that you are going to 

be able to automatically monitor our trucks because to pay it costs too 

much. So, source collaboration is an incentive, I think.” 

 

Revenue models should also receive particular attention because the current tendering 

process focuses on saving immediate costs; however, as seen in the revenue model 

section, performance-based models are focused on the output, the expected 

outcome, or even sharing gains. There is plenty of literature encouraging revenue 

models that permit long terms saving cost digital solutions; i.e., by implementing 

contracts encouraging higher performance and efficiency in asset management, 

tenders can choose performance and gain sharing models, where both parts can share 

long-term savings (Bonnemeier et al., 2010; Eggert et al., 2014). Therefore, a revenue 

model based on shared benefits is expected. 

 

4.6.3. Summary of Barriers and Enablers 

Following the barriers and enablers for more resilient rail infrastructure to climate 

change risks, Table 2 summarizes bellow the findings. 
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Table 2. Table with Barriers and Enablers for the Introduction of New Business 

Models for Climate-Change Resilient Infrastructures 

 

Environment Category Type Dimensions 

External  

Policy and 

Industry 

Barriers 

• Strong regulative requirements  

• Rigid public procurement processes 

• Lack of preparedness for climate-change risks 

• Scant collaboration and fragmented ecosystem 

• Underdeveloped markets for smart services 

introduction 

• High investment costs and high-risk perception for 

sustainable practices 

Enablers 

• Encouraging government interest in the future 

direction of innovation for climate-change resilience 

policies  

• Economic incentives climate-change friendly 

pioneers 

• Business ecosystem alignment and orchestration 

• Opportunities for new revenue streams 

• Prioritize projects to innovate operations gradually 

Digitalization 

readiness 

Barriers 

• Customers’ digital unreadiness  

• Lack of technological development 

• Lack of tools to progress toward climate change 

prevention 

Enablers 

• Promoting a transition mindset in the industry 

• Technology investment and capabilities building 

• Collaborations with climate change experts 

Internal 

Business 

models 

 

Barriers 

• Lack of technological capabilities 

• Limited customer engagement and perceived in-

house competition 

• Complex structures and management systems 

• Lack of knowledge of assets condition 

• Information asymmetry 

Enablers 

• Capabilities and resources enabled by digital 

technologies 

• Cross-industry collaboration 

• Cultural readiness for change 
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• Internal company awareness of asset degradation 

• Promotion of data transparency mechanisms  

Tendering 

process 

Barriers 

• Lack of indicators focused on sustainability and risk 

prevention in existing contracts 

• The process encourages competition 

Enablers 

• Exploiting the potential of the tendering process 

• Long-term contracts and revenue-based revenue 

models 

 

5. Conclusions: Proposing a Framework between Procurement Process and 

Business Models to Contribute to Climate-resilient Infrastructures 

 

This section aims at proposing a framework linking procurement processes and 

business models as the main enablers for the internal barriers facing the introduction 

of new solutions for more climate-change-resilient infrastructures. Figure 14 

summarizes insights for understanding the characteristics and elements of new 

business models toward more sustainable and climate-change resilience railway 

infrastructures. The following two subsections present insights into the procurement 

process and business models. 
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Figure 14. Framework for the Introduction of New Business Models for Climate-

Resilient Infrastructures in the Railway Industry 

 

5.1. Business Models 

Taking as a reference Bocken et al. (2014) definition of a business model’s core 

elements previously introduced in Section 2.1, desirable elements of business models 

for more sustainable and climate-resilient infrastructures can be presented in the three 

dimensions: Value creation (what?), value deliver (how?) and value capture (why?), 

summarized in Figure 15. 

• Value creation elements are expected to integrate a plethora of digital services, 

including smart monitoring, climate-change prediction tools, asset risk 

management, and other decision support tools, among the different services that 

aim to prevent hazards and risks from climate change and extreme conditions. 

• Value delivery components are expected to be supplied through digital capabilities 

and skills in the area of digitalization by promoting transparent data exchange. 

Cros-industry collaborations and partnering contracts can boost value delivery 

expected outcomes. 

• Value capture elements are expected to be built upon performance-based revenue 

models, in which both suppliers and customers share the risk of management. 

 

 

Figure 15: Digital Business Model Characteristics for Climate-change Resilient 

Infrastructure in the Railway Industry 
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5.2. Procurement Process 

While in the traditional procurement process, a product or a service unit is the object 

of negotiation, and the general tendering process is based on the lowest price. In more 

sustainable and innovative procurement processes, the focus is on maximizing value 

for money, where both environmental and social dimensions are included (Witjes & 

Lozano, 2016). Following the results and inputs retrieved throughout this research, 

compared with the intervention of the respondents and the supporting literature, Figure 

16 presents an alternative procurement process for Infrastructure Managers to make 

the tendering procedure more circular. 

Each part of the procurement process has interactions between the Infrastructure 

Manager and the supplier—which in this case, is the one introducing new business 

models. Eight stages integrate this framework, characterized by those currently 

developed by the Infrastructure Manager, enriched with enablers and incentives that 

would promote greater involvement of the parties and greater results for introducing 

solutions to climate-change resilient infrastructures. The steps are: 

• Need: The description of the service expected by the Infrastructure Manager 

must receive and implement feedback from previous tendering processes, 

allowing adjustments and process improvements. Focus on both Innovation and 

Green Procurement practices. 

• Inquiry documentation: Tendering documentation must include a broader 

scope of climate-change risk management indicators. Multiple indicators for 

sustainable infrastructure are being promoted by the United Nations and the 

OECD (OECD, 2018), which can be a departing point of reference. Similarly, 

the inquiry documentation must reflect the value proposition needs of the 

Infrastructure Manager. 

• Advertising: New business models should be more aligned with advertising 

needs. Therefore, suppliers must pay special attention to their value proposition 

in order to create the expected value. 

• Tender Submission: This phase is expected to be matching with the selection 

criteria, which at the same time is aligned with the value creation of the supplier. 

• Tender Analysis and Award: These two phases are expected to be enriched 

with negotiation between the Infrastructure Manager and the suppliers to reach 

a stronger consensus on the expected services and legislation. It is expected 
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that the selection of tenders must be based on results/outcome criteria and not 

on fixed indicators. 

• Signing the contract: The value capture model of the Infrastructure Manager 

and supplier is expected to be aligned toward more performance-based revenue 

models. 

• Follow-up: After signing the contract, follow-up processes are expected to be 

carried out in which the Infrastructure Manager and supplier converge on their 

value proposition needs. 
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Figure 16. Proposal of a Procurement Process for introducing New Business Models for more Climate-change Resilient 

Infrastructures in the Railway Industry 
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