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Abstract: Digitalisation, servitisation, and sustainability are keywords for the current and future de-
velopment of the manufacturing industry. However, their interaction in the context of an organisation
and its supply chain is unclear. This study examines how digital product-service innovation (PSI)
or digital servitisation affects sustainability, considering the triple bottom line perspective, as well
as identifies the underlying causes. Moreover, this study analyses the role played by supply-chain
strategic collaboration, both internal and external to the company, in digital PSI and sustainability.
Using a multiple-case study methodology and B2B market perspective, four companies belonging
to the capital goods industry were analysed. Our findings indicate that digitalisation is leveraging
both basic and advanced services in their impact on economic and environmental sustainability
dimensions, while the results are limited in social sustainability. In addition, supply-chain integration
is relevant for digital PSI. Internal integration is required for both basic and advanced services, while
external integration is especially important in advanced services. We conclude by emphasising that
companies should acquire digital capabilities to develop defensive and offensive business strategies
that ultimately affect sustainability.

Keywords: digital product-service innovation; product-service system; PSS; sustainability; supply-
chain integration; triple bottom line; case study; basic services; advanced services; digital services

1. Introduction

Scholars, policymakers, and practitioners have considered services as a method for
addressing the aggressive cost competition faced by many manufacturing firms in mature
markets. However, from an environmental perspective, there is a huge potential for
industry transformation, especially associated with changes in business models, by offering
performance-based product-service systems (PSS) such that, by shifting ownership from
customer to supplier, PSS maximises the incentive to optimise efficiency and extend product
life [1].

Simultaneously, service and efficiency are improving with the development and
generalisation of information and communication technology (ICT). ICT is opening up
possibilities for optimisation, customisation, and extension of product life and use [2],
thereby generating unprecedented opportunities for product-service innovation (PSI) [3].
Thus, digitalisation becomes an enabler for both PSI and promotion of sustainability,
rapidly transforming the competitive landscape for manufacturing companies [4].

However, despite the aforementioned interest and opportunity, some issues still need
to be addressed. First, when transitioning to PSI, in addition to internal coordination,
supply-chain collaboration is necessary. In fact, supply-chain integration (SCI) is an en-
abler for adding value to products and services [5]. Matthyssens and Vandenbempt [6]
highlighted the demerits of studying value creation by individual suppliers in isolation,
mainly in business markets. Nevertheless, the number of studies that explore SCI in all
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its dimensions is limited. Second, considering the increasing awareness, businesses have
included environmental and social sustainability, along with the traditional economic
sustainability, in their business decisions. Businesses have responded to the new needs
by redefining their operations and designing new products and services. In this context,
the literature usually relates PSI to environmental sustainability [7,8]. Nevertheless, the
PSI literature has largely ignored social sustainability, which, when addressed, reduces the
effects on employment.

The three mega-trends in society, digitalisation, sustainability, and servitisation,
change the conditions for manufacturers when developing and providing new products
and services [9]. In this study, we aim to combine these trends to extend their relationship
in terms of digital services against other types of services in the capital goods manufactur-
ing sector. Servitisation is a form of innovation for manufacturing companies that occurs
through the incorporation or development of services linked to the product offerings of
said companies that may have an important impact on sustainability. In this context, digital
technologies offer many possibilities for servitisation. Thus, the present study aims to
address the following research question: What opportunities that affect sustainability (in
terms of its three strands: economic, environmental, and social) can be generated by digital
services?

We address this question by comparing the services offered by four manufacturing
companies in the capital goods sector in a multiple-case study. We study how and why they
make a significant impact on sustainability by identifying the opportunities of digitalisation
on each type of company services. Through this approach, we also analyse the effect of the
level of SCI.

This study is presented as follows: Section 2 presents a literature review. Section 3
explains the adopted methodology and justifies its suitability for the research objectives
and conditions. Section 4 presents the results and their evaluation in the analysed context.
Section 5 presents the conclusions, limitations of the research study, and suggestions for
future work.

2. Literature Review

The literature review considers the four key variables of this analysis in relation to PSI
or servitisation of manufacturing firms. Firstly, the categorisation of services is considered,
followed by digitalisation and SCI as sources of product-service innovation, and lastly the
potential of servitisation for sustainability.

2.1. Product—Service Innovation and Service Categorisation

7

In the late 1980s, Vandermerwe and Rada [10] referred to the “servitisation of business”
as companies offering fuller market packages or “bundles” of customer-focused combina-
tions of goods, services, support, self-service, and knowledge, changing the competitive
dynamics.

Manufacturing companies face challenges to compete and differentiate their products
in most industries. Commoditisation is driving cost competition, thereby placing developed
countries in a difficult position. Product design and manufacturing are no longer the main
sources of the differentiation and competitive advantage [8]. Servitisation is a suitable
approach under such conditions, first, to help manufacturing companies compete and
defend their industrial business and, second, to open up new business opportunities,
distinct and yet related to the traditional business. In some cases, it is necessary for
manufacturing companies to include a warranty for a specific period to comply with the
legal requirements or align with the market. In other cases, inclusion or development of
services is an important aspect of the manufacturing company’s value proposition through
innovation and customer satisfaction [11].

In this vein, Bustinza et al. [12] considered servitisation as a way to extend tradi-
tional product innovation models, coining the term product-service innovation, adding
more nuances for manufacturing companies. Traditionally, innovation in manufacturing
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companies was associated with product innovation, while that in service companies was
associated with service innovation. However, traditional boundaries between sector fall
and service innovation are a way to introduce something new to develop and maintain firm
performance and competitiveness, increasingly used by manufacturing companies [13].

Moreover, services require greater proximity to customers and a consistent long-term
relationship, thus increasing the complexity for remote suppliers. However, servitisation
can be considered a continuum [14], depending on the extent of the interaction, scope of
change, and the number of agents involved in the change. Furthermore, services provide
competencies for product innovation by facilitating a better understanding of customer
needs, which is another potential source of differentiation [15-17].

In addition, services offer new business opportunities by creating new revenue
streams, which, in some cases, have become the main source of income for the com-
pany. For example, in the automotive sector, financial services and maintenance, repairs,
and extended warranties generate much of their revenues and profits [18]. In some cases,
the product itself may be replaced as in the paradigmatic cases of Rolls Royce ‘Power by
the Hour’, where a customer pays by the usage of the engine instead of buying it and
contracting maintenance [19] or Michelin’s pay-per-kilometre solution [20].

Services add value to products such that they are increasingly integrated into the offer.
Consequently, distinguishing between products and services has become more difficult,
which has resulted in the emergence of product-service systems (PSS). The traditional
boundary between manufacturing and services is becoming increasingly blurred [21].

Although debated among various authors, the PSS concept refers to product(s) and
service(s) combined in a system to deliver the required user functionality [22] or fulfil
the specific needs of customers [23]. PSS includes various possibilities for manufacturing
companies from adding complementary services to the product offering to provide total
solutions that make it unnecessary for customers to purchase or own the product. The
latter means a shift from being a manufacturing company to becoming a service provider,
thereby changing the firm's role in the value-creation process [24]. In these extreme cases,
the production of the physical components of the PSS is typically outsourced [25].

Studies have used different approaches to propose taxonomies or categorise services.
Mathieu [26] distinguished between service supporting the supplier’s product and that
supporting the client’s action in relation to the supplier’s product, thus highlighting the
differences in the intensity of the relationship and customisation.

Tukker [27] considered three types of PSS: product-oriented services, where services
complement and add value to product use, use-oriented services, where service provides
the use of the product instead of the ownership (i.e., leasing), and result-oriented services,
where the centre is no longer in the product but in its result. Similarly, Cusumano et al. [19]
developed a taxonomy distinguishing, on the one hand, services that complement the
company’s products, which facilitate its use or sale without altering the product’s func-
tionality (smoothing), and those that enhance, expand, or adapt the product’s functionality
(adapting), and, on the other hand, services that replace the purchase of the product
(substituting).

Baines and Lightfoot [28] proposed four service categories: (1) no servitisation; (2) base
services: an outcome focused on product provision; (3) intermediate services: an outcome
focused on the maintenance of product condition; (4) advanced services: an outcome
focused on the capability delivered through product performance.

Brax and Visintin [29] identified eight value constellations ranging from basic type—
products with limited support, such as basic maintenance and support services—to the
most complex configuration, total solutions, where the supplier operates and owns the
system, and the payment is based on output or outcome on a long-term basis. Another
interesting approach by the same authors [30] was used by Bustinza et al. [31] to identify
the most profitable and solvent configuration of service offerings throughout the product
life cycle.
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Oliva and Kallenberg [32] combined the orientation to product or to user processes
and their transactional or relational nature, which classifies various services.

However, companies simultaneously work with services aligned with various levels
of servitisation and integration (e.g., related to the continuum of Martinez et al. [14]).
Therefore, this study considers a suitable wider service categorisation. In the literature,
despite the focus on the transition from pure products to pure services in manufacturing
firms, some studies have emphasised the coexistence of different service levels [33,34].

To achieve a simpler and more accurate understanding of the companies, we examined the
taxonomy alongside business terminology. We adopt a variation of Mastrogiacomo et al. [35]
who proposed the taxonomy of product-related services and analysed the services provided
by more than 8000 Italian medium-large (more than 50 employees) manufacturing companies.
They considered nine services categories: (1) consultancy services: advice and assistance related
to your expertise; (2) customised product design and development services; (3) retail sales and
distribution services (with an articulated organisation to support customer service); (4) financial
services: long-term credits related to your products, rental contracts, leasing, etc.; (5) logistic
services: the company provides delivery, transport and /or storage services for its customer’s
products, components, or raw materials; (6) installation and commissioning services: the
company installs and tests its products and trains the personnel in charge of their use; (7)
management and operation services of its products throughout their life cycle: the customer
receives only the benefits of product use without having to execute it; (8) maintenance and
support services during the life cycle of the product, offering spare parts; (9) disposal, recycling,
or conversion services at the end of the product life cycle.

2.2. Digitalisation and Product—Service Innovation

ICT is opening huge opportunities for PSI [3] by adding value to products, allowing
more efficient processes and supporting improved managerial decisions with richer, faster,
and sounder information [36]. Digital capabilities are embedded in physical products by
reinventing or enhancing products seeking competitive advantages [37]. Digital capabil-
ities also allow different methods to relate to customers, improve access to information
and communication, develop customisation opportunities, or strengthen the relationship.
Moreover, ICT can open new and diversified business opportunities.

The combination of technologies has enabled the digital revolution ushered by smart
products that produce not only abundant information but also new knowledge about the
product’s behaviour, form, and context of use. Therefore, there exist new and exciting
opportunities in terms of efficiency and optimisation, customisation, and the extension of
product life and utilisation [38]. Rapidly advancing technologies are creating a promising
avenue for upgradability as a form of product-life extension in the context of PSS [39].

Moreover, some studies linked digital technologies to efficient, reliable, and cost-
efficient operations for manufacturing companies in the context of servitisation [40]. Con-
sequently, as indicated earlier, digitalisation offers enormous potential both internally,
by improving the efficiency of a company, and externally, by expanding the market for
said company’s offerings and creating new value propositions. The lower cost and deep
market penetration of sensors and transmission devices have accelerated the process of
digitisation [41]. Product—service data have increased the speed of product innovation [42].
This acceleration can be interpreted as an R&D investment [43]. Smart, connected products
improve service and efficiency and allow a fundamental shift from reactive service to
preventive, proactive, and remote service [38].

However, according to Lerch and Gotsch [44], there are different stages in the transi-
tion from manufacturer to provider of digitalised PSS: (1) the threshold stage, which has
no impact on the company’s competitive advantages, (2) offering teleservices using ICT
solutions, allowing manufacturers to provide faster and/or higher quality services with
fewer resource inputs, (3) providing purely digital services, such as software-based simu-
lations, virtual or augmented reality applications, or digital technical analysis, (4) using
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digitalised PSS (independent operating systems using ICT solutions as a component in the
product-service bundle).

Opazo et al. [40] linked green and digital servitisation with reference to the automotive
industry as they coexist and operate jointly, but they warned that, to obtain productivity
gains from green servitisation, firms should offer digital services first. Green services are
defined as those specifically designed services to enhance digitally sustainable initiatives
in both product development and product life cycle.

Considering PSI, the literature warns of the difficulty of understanding the precise
capabilities and transformation needed to develop and deliver services [45]. Specifically,
digital transformation, although underexplored by many companies, often plays a domi-
nant role [3]. To support digitalisation initiatives, companies must build new capabilities.
However, manufacturers, particularly small and medium enterprises (SMEs), find it diffi-
cult to access the required resources and competencies [46].

Among these capabilities, digital technology and its efficient use are imperative for
successful servitisation [28,47]. Lenka et al. [48] distinguished among intelligence capability
(i.e., to sense and capture information), connect capability (i.e., to connect digitalised
products though wireless communication networks), and analytic capability (i.e., to benefit
from abundant data).

However, as Kohtaméki et al. [24] argued, the role of digital capabilities differs con-
siderably depending on the business model, becoming more relevant in the transition to
a service-dominant business. In the first stage (‘product provider’), some smart features
are merely offered on the basis of remote diagnostics that are required, whereas, in the
latter stage (being a “platform provider’), an operator may monitor, control, optimise, and
provide ecosystem-enabling autonomous products (e.g., vehicles).

Considering manufacturing and connecting digital capabilities along with training and
software skills, de la Calle et al. [49] examined 2000 Spanish manufacturing companies and
found the key role of digital capabilities for Internet-based marketing such that advanced
manufacturing technologies did not have a positive and significant impact on servitising
except when combined with these connection capabilities.

Parida and Wincent [4] highlighted that the rapid development of digitalisation,
circular economy, and servitisation is forcing firms to develop new types of competitive
advantages. However, new challenges arise in addition to the aforementioned barrier of
capabilities access. With billions of devices already connected to the Internet of things
(IOT), new security considerations arise. Security, privacy, and digital ethics become an
integral part of the process.

2.3. Supply-Chain Integration and PSI

PSI warrants more networked and matrix-type organisational structures [50]. Thus,
the company should increase and reinforce the interaction within its ecosystem, thereby
integrating the supply chain.

SCI can be defined as the extent to which a firm’s strategy collaborates and manages
the intra- and interorganisation processes with its supply chain [51] to achieve effective and
efficient flow of products, services, information, money, and decisions seeking maximum
value to its customers [52]. Two key aspects emerge from this definition: multidimension-
ality and its importance as a competitive tool. Studies have classified multidimensionality
as internal and external integration [53]. The definition of the integration dimensions is
key to determining the scope and limitations of the research study regarding the effect
of integration on business outcomes [54]. Thus, this study considers the approach to
SCI from two dimensions, internal and external. Furthermore, external dimensions are
categorised as customer and supplier integration. Thus, internal and external integration
are complementary and exclusive to include and manage the whole supply chain.

Internal integration represents the extent to which a firm’s functional departments
collaborate and work interactively in a structured manner [55].
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External integration can be defined as the degree to which a firm’s strategy collabo-
rates with its external partners by building a collaborative, synchronised, and cohesive
supply chain [56]. Shah et al. [57] stated that, in pursuing servitisation goals, companies
should develop stronger relationships with key supply-chain partners to manage supply-
and customer-side uncertainty and complexity. Moreover, the degree of servitisation may
be another conditioning element. Spekman et al. [58] argued that the relationships evolve
from the negotiation of an open market through cooperation and coordination until col-
laboration, characterised by SCI, joint planning, and technology and knowledge shared
between partners. Following exploratory interviews, Lambert et al. [59] and Whipple and
Russell [60] presented two models with small differences and specified in three levels of
integration: Type I, the firms recognise each other as partners and share limited operational
information; Type II, the firms collaborate in decision making at a tactical/managerial level;
Type 111, the firms collaborate in process management based on knowledge sharing and
joint decision-making.

From the servitised manufacturers’ perspective, SCI may be an interesting capability.
SCI generates a sense of belonging that favours a climate of trust and commitment [61].
These characteristics allow access to the resources and capabilities of suppliers and cus-
tomers, s well as exploiting their potential to generate maximum added value to the
products or services offered [62]. In the framework of the supply chain, it is recognised that
an important part of innovation processes occurs in customer—supplier relationships [5].
This view is also shared by Lambert and Cooper [63], who highlighted that the real source
of sustainable competitive advantages is the capacity and ability of supply-chain firms to
improve and create value through innovation.

In the traditional product-oriented approach, according to organisational capabil-
ity theory, integrated capabilities promote a continuous and timely flow, leading to the
fulfilment of manufacturing orders [64].

In a service-oriented approach of a manufacturing firm, substantial differences exist
between product and services owing to the intangible, heterogeneous, and perishable
nature of the service. Thus, it demands additional resources and capabilities [28] which
reconfigure all the previous interactions within the supply chain.

From the strategic management perspective, Leuschner et al. [65] referred to SCI
as a firm’s strategic resource or capability. However, as mentioned earlier, a servitised
offering requires a combination of resources and capabilities compared with a product-
oriented company. Adams et al. [66] suggested exploring the internal capabilities to better
understand the efforts needed by the supply-chain partners.

SCI also plays an important role from the perspective of process efficiency and waste
control. Thus, SCI can facilitate the often-complicated process of reverse logistics [67].
Mondragoén et al. [68] empirically demonstrated how SCI affects closed-loop supply chains.
The scope of SCI should not only be limited to the end of a product’s useful life but also
cover the product’s lifespan. In addition, it should not be restricted to the product alone
but should include the waste generated from its operation, which could be relevant to the
capital goods sector.

2.4. Sustainability in Digital PSI

Since the 1980s, from the corporate responsibility perspective, the market focus has
been on triple bottom line concept in the social, environmental, and economic sphere [69].

As society recognises the need to shift towards more environmentally and socially
sustainable way of life, companies have witnessed a radical change in their environment.
This is a consequence of stringent regulations and the effects on their own stakeholders
and markets, particularly customers. Their customers demand other sustainable responses,
requiring innovation in products and services. Accordingly, companies must make strate-
gies to ensure sustainability in all three dimensions, economic, social, and environmental,
taking into account that their strategic objectives exert a reciprocal influence [70].
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2.4.1. Economic Sustainability

Considering PSl-related economic sustainability, both defensive and offensive per-
spectives should be considered by companies that offer services to avoid commoditisation
of products [71] and to innovate markets and revenue sources, respectively.

However, frequently, the same strategy may be offensive or defensive on the basis
of competitors or the circumstances. Distinctive capabilities become a threshold [72], for
example, developing a solution such that PSS is considered an innovation until customers
demand the same from competitors as a basic requirement. However, firms that do not
provide this solution lose out from competition.

Traditionally, services are considered to provide higher profit margins than prod-
ucts [73] as consistent revenue stream [74], while requiring fewer resources [75], and they
can be developed on an installed base of products with a long history and expected life
cycle [32,76].

The literature focuses on competitive motivations for PSI. Increasing customer ex-
pectations in mature markets pushes companies to provide services [26,77]; however, it is
interesting in the early stages of the product life cycle, where, for example, pioneers can
open a new market by reducing customer risks through providing solutions [11].

In strategic management, economic sustainability is linked to a sustainable competitive
advantage [78] acquired through sustainable capabilities [72]. Moreover, because of their
intangibility [79] and closer customer—provider relationship, this implies complex links
and causal ambiguity, which makes it inimitable.

2.4.2. Environmental Sustainability

PSS have become popular in research on business and sustainability in general and on
environmental sustainability in particular. Hallstedt et al. [9] highlighted the role of digital
technologies for becoming effective in an innovative circular economic business model
based on product servitisation. Furthermore, there are some optimistic expectations about
the effect of PSS on the environment. Some researchers have stated that servitisation leads
to optimisation in different business areas such as energy consumption [80], thus reducing
pollution emission (CO,, NOx, SOx, particulates, etc.) and waste production levels [81],
thereby enhancing product lifetime, recycling products, and reusing packaging material [7].
Specifically, result-oriented PSS are considered to boost optimisation as products become
investment and cost for manufacturers [8]. There are also interesting opportunities for
implementing a circular economic model linked to upgradability as a life-cycle extension
strategy, which can be particularly relevant for products that involve significant investment
by the customer and whose technology is evolving rapidly [82], such as with some types of
capital equipment.

However, Hojnik [83] highlighted the risk of oversimplifying the relationship between
servitisation and sustainability. The relationship appears more complex than expected.
Furthermore, adopting PSS adoption does not automatically improve the environment,
such as the dematerialisation of economy, energy consumption, and waste reduction.
Tukker [27] highlighted that PSS is not the remedy for radically improving environmental
sustainability. Focusing on waste management, Corvellec and Stal [84] found that the
waste effects of PSS do not depend on the orientation on product, use, or result but on
how the firm organises residual material flows. Doni et al. [80] did not find an effect of
servitisation on firms’ environmental policies, whether at the firm level or at the supply-
chain management level.

Therefore, there is a need to better understanding the impact of PSS in the environ-
mental domain. Although some researchers (e.g., [27]) analysed the potential of environ-
mental sustainability of various services, empirical research on these relationships has been
scarce [85].
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2.4.3. Social Sustainability

Consistent with the current trend in sustainability from the triple bottom line perspec-
tive, companies should consider expectations beyond their boundaries. The interests and
effects of companies’” decisions must be considered from a holistic perspective, including
external stakeholders, such as customers, suppliers, citizens, and government. Thus, a
company undertakes other organisational actions different from those that are merely
economic-oriented, such as informing the society, its shareholders, or its employees about
its economic, environmental, and social activities [86]. Although several studies on servi-
tisation and sustainability exist, studies on sustainability focused more on the economic
and environmental aspects. Given the interdependence between the three aspects that
represent sustainability, studies that do not consider all three at the same time will not be
clear enough to understand the real effect of the PSS on sustainability [87]. Some authors
analysed sustainability from the triple bottom line perspective. Annarelli et al. [88] stated
the need for integrating environmental analysis with economic perspective. Hallstedt
et al. [9] identified two risks of having a partial analysis of sustainability. In the first case,
there is a risk of sub-optimisation if not all dimensions are considered. In the second case,
there is the risk of avoiding only punctual and current effects and not the risks that arise
from relational effects between dimensions of sustainability.

There is a lack of literature on the social perspective, except for a study on its effect
on employment. Moreno et al. [89] argued that, for developing economies, fostering
servitisation leads to social impact due to job shifts from manufacturing to service-centred
businesses. Although the social dimension is a broader perspective, there are limited
studies on this topic.

Social impact can be analysed from internal and external approaches. The internal
approach refers to the social impact linked with the company employees. The external
approach covers the remaining stakeholders, including customers, suppliers, and society.

The internal approach deals with concepts linked with human resources management.
Tseng et al. [90] found out the interest of developing a sustainable PSS for developing
employees’ participation and self-actualisation. From the internal perspective, it can be
considered the offer of specific training programmes for shifting from manufacturing to a
servitised business model or the possibility of offering an interesting professional growth.

Regarding the external dimension, in addition to direct employment, there are other
externalities that affect the economy and other actors, close or distant, through the com-
pany’s demand on its suppliers. However, the service effect can generate social value,
which facilitates the extension of social effect in contrast to cases where there is a trade-off
between profitability and social benefits [91]. Furthermore, through collaboration, product
and service innovation drives innovation through open innovation [92].

3. Methodology

This study is based on the work of Yin [93], who defined five research strategies (i.e.,
experiment, survey, analysis of archives, historical analysis, and case study) and three
conditions to select the most appropriate method. These conditions are as follows: (1)
the type of research question, (2) the degree of the researcher’s control over the actual
behavioural events, and (3) whether the analysis involves contemporary or historical
events.

This research study was conducted from an exploratory approach to highlight the
phenomena of PSI, digitalisation, and sustainability. Although some studies focused on
PSI and digitalisation [44,94], few studies have included their effects into sustainability,
especially from the triple bottom line approach.

Thus, this study was founded on ‘how” and ‘why’ questions because of the need to
understand the real issues and concerns about the impact of digital PSI on sustainability
and the role played by SCI. Moreover, we have no control over the events, and the focus of
this study was on a contemporary phenomenon in a real-life context. Therefore, according
to Yin [93], the case study method is the best approach for this study. It is particularly
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interesting where there is no integrated theory and there is a complex interaction of
factors [95].

Yin [93] identified two main weaknesses when developing this research method. The
first is the lack of rigour when collecting data and interpreting the results and the second
is about the difficulty in generalising the findings. These problems affect the internal
and external validity of the instrument. Therefore, a systematic case study method was
used to address the first issue [96]. Moreover, three senior researchers were involved in
collecting, processing, and analysing the data to achieve a high level of reliability. As for the
second weakness, the research study was based on a multiple-case study as comparative
results can be analysed through ‘within-case’ and ‘cross-case” analysis [93] and can reduce
observer bias. Hillebrand et al. [97] argued that, when a researcher can devise a logical
argumentation in support of causal relationships, it is reasonable to conclude that these
causal relationships are also valid for structurally similar cases. Thus, the case studies were
first independently evaluated and cross-checked to obtain a general consensus [96]. Then,
a cross-case analysis enabled an identification of common issues.

In the previous sections, the purpose, the main objectives of the research study, the
theoretical models, and a literature review were presented. Thus, there is a holistic under-
standing of the analysed problem for the definition of the method for data collection.

3.1. Research Framework

With digitalisation proving to be a clear trend affecting PSI and SCI in light of their
need for the required transformation, we analysed the impact of digitalisation on sustain-
ability from a holistic perspective, encompassing its environmental, economic, and social
aspects (see Table 1).

Table 1. Research framework.

Domain of Analysis

Analysed Dimensions References

Servitisation taxonomy

Digital services and consultancy
Customisation
Financial services
Logistic services
Installation and setup services
Management and operation services

Maintenance and support services
Disposal and conversion services

Mastrogiacomo et al. (2017)

Digitalisation

Efficiency improvement Adapted from Cenamor et al. (2017);
Cost reduction Kindstrom and Kowalkowski (2014);
New functionalities Porter and Heppelmann (2014); Coreynen
New service etal. (2016)

Supply-chain integration

Supplier integration
Customer integration Adapted from Zhao et al. (2011)
Internal integration

Economical sustainability

Strategy type:
Defensive strategy
Differentiating
Growth and new opportunities
Source of economic sustainability
Better fulfilment of customer needs
Stronger customer relationships
Differentiation and lockout competitors
Increased revenues
Identification of new markets and better response
agility
Access to service data
Reduced customer risk
Improved technology
Reduced life-cycle costs

Adapted from Neely, 2008; Suarez et al.,
2013; Kohtamaiki et al., 2013; Cusumano,
2010; Oliva &Kalenberg, 2003
Adapted from Yang and Evans, 2019
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Table 1. Cont.

Domain of Analysis

Analysed Dimensions References

Environmental
sustainability

Resources efficiency
Longer product life
Increased product usage
Reuse and recycling
Dematerialisation
Liberty for sustainable design

Adapted from Yang and Evans, 2019

Social sustainability

Increased employment

Local supplier development Adapted from Yang and Evans (2019);
Induced demand Beuren et al. (2013) and United Nations
Health and security (Sustainable Development Goals)

Open innovation

We defined the model used in our analysis on the basis of the research question and
the literature review. As the main goal of this research was to identify the opportunities for
digital services regarding sustainability, we used a service taxonomy to classify the services
offered by the companies considered herein. Thus, digitalisation, SCI, and sustainability
(economic, environmental, and social) were measured, and the results were organised
according to the selected service taxonomy.

3.2. Case Selection

The definition of the unit of analysis and the case selection process are key to the case
study method. In this study, the unit of analysis was the company and case selection was
based on three criteria: (1) manufacturers firms were selected from the Basque Country;
(2) we chose firms that provide a combination of basic and advanced services; (3) it was
necessary for the companies to be engaged in the capital goods sector.

The companies were selected from a dataset consisting of 106 Basque manufacturing
companies that participated in a PhD research on the role of SCI as a competitive tool [98].
Each company was categorised by its servitisation level, using, in the first case, the SABI
database, which contains financial information about Spanish and Portuguese companies,
and, in the second case, the services offered through companies” website [99]. To research
that aspect, the level of servitisation was established according to the servitisation contin-
uum [14] and the related Baines and Lightfooft [28] servitisation categorisation. A high
statistically significant correlation was observed between them (Spearman’s rho was equal
to 0.834).

The cases were selected from those companies having a third and fourth level of
the Baines and Lightfoot [28] servitisation categorisation, which means that intermediate
and advanced services are offered. This criterion ensures that, in the finally selected
companies, there is coexistence between basic and advanced services. Finally, from all the
companies that met these criteria, capital goods manufacturing companies were selected.
Other practical issues such as the willingness to participate and accessibility were also
considered. Therefore, as the study was a multiple-case research approach, four companies
were selected for participating in the study (see Table 2): Companies A, B, C, and D.

Companies A, B, and C are those with more than 250 employees, while company D
is an SME. While companies A, B, and C can be considered large companies regionally,
they are small compared with global competitors. All four companies are active in the
B2B markets, specifically, in the capital goods sector. Only one is also working in the B2C
context. Companies A and B are well-established businesses that have existed for more
than a century.
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Table 2. Characteristics of selected companies.

Companies

Industry (NACE Codes)

Age of the Firm

(Years) Size (Employees)  Operating Markets

Company A
Company B
Company C

Company D

C29—Manufacture of motor
vehicles, trailers, and semitrailers
C30—Manufacture of other
transport equipment
C28—Manufacture of machinery
and equipment n.e.c.
C28—Manufacture of machinery
and equipment n.e.c.

>100 >250 B2B

>100 >250 B2B

>40 >250 B2B

>30 <250 B2B and B2C

3.3. Data Collection and Analysis Process

The data-gathering instruments were centred on secondary and primary data (see
Table 3). The first step was to collect and review public information about companies,
focusing on their service offering and annual reports, such as corporate social responsibility,
sustainability, and financial reports. After analysing all available public information, the
second step was to define the case study protocol for collecting primary data. Here,
data were collected through semi-structured interviews. All the interviewees held senior
management positions in their companies and had a global vision, which allowed for
in-depth understanding of the topic under study. After explaining the study objective and
the required information through emails and preview interviews and conversations, the
main interviews of about 2 h duration were conducted. Within a week of the interview, a
report on each interview was sent to the respective participants [93]. Once the interviewees
reviewed the report, having been given a deadline of 1 week, more video-call interviews
were conducted to clarify or to expand on some issues. Thus, we employed a triangulation
of active and passive data to verify the accuracy of the information.

Table 3. Information of primary data collection.

Companies

Interviewee Gender/Years at the Company

Company A
Company B

Company C
Company D

Head of Corporate Human Resources and Corporate Social Responsibility Male/>10
Head of Corporate Human Resources and experience in other Managerial
positions: Strategic Unit director and Commercial responsible

Male/>20

CTO—Chief Technology Officer Male/>25
R&D Manager Male/>15

With the primary and secondary information, we developed a ‘within-case’ table
to understand each company’s position according to the research study’s focus. This
table was compared with that of each company. Subsequently, a cross-case analysis was
conducted to identify patterns or differences between the selected companies to understand
the opportunities and how the digital PSI affects sustainability.

The collected information was organised in three areas. The first one dealt with the
identification of companies’ services according to the Mastrogiacomo et al. [35] service
categorisation. Therefore, we asked about the current and forecast incomes, the role of
digitalisation in their offering, and the main barriers to offer and bill the services the
company identified. The second area concerned the role of SCI in offering the service.
Internal, supplier, and customer dimensions were analysed. Lastly, the third area was
about sustainability from the triple bottom line approach. Thus, environmental, economic,
and social issues were addressed to understand the impact of digital PSI on them.



Sustainability 2021, 13, 6342

12 of 29

4. Results: Impact of Digital Services on Sustainability for Manufacturing Companies
4.1. Identification of the Services

PSI manifests in manufacturing companies as different types of services coexist in the
same company. Most are product-oriented PSS, although there are also result-oriented and
use-oriented PSS [27]. However, some of them involve advanced services, which imply a
higher degree of integration internally and in the supply chain [14], while others are basic
services [28]. However, services related to the same function, such as maintenance, require
different servitisation levels, depending on the level of management and operation and
new client needs. Thus, Oliva and Kallenberg ( [32], p. 168) considered the relationship
with customers and classified services related to maintenance in various categories.

Therefore, according to the taxonomy proposed by Mastrogiacomo et al. [35], we
compiled the various services offered by companies under study. However, the first aspect
in the first category is as follows: ‘Consultancy services: advice and assistance related to
your expertise’, whereas digital services are becoming more important [100]. Therefore, we
modified the taxonomy to include and highlight digital services. Thus, the first category
‘Consultancy services’ was transformed into digital services and consultancy. Moreover,
we found that none of the companies studied offer ‘Retail sales and distribution services
(with an articulated organisation to support customer service)’, which is not surprising
because, in all cases, we referred to industrial services, which, in turn, led us to elimination
of this category from this study in the B2B context.

Table 4 indicates the relationship between the types of services (adapted from Mastro-
giacomo et al. [35]) used with the PSS typology [27] and the level of servitisation, according
to Baines and Lightfoot [28], Oliva and Kallenberg [32], and Martinez et al. [14]. This is
particularly relevant because capital goods manufacturers have been found to lag behind
in their offerings of advanced services compared to other sectors [101].

For a better understanding of the analysis, Table 5 provides the specific content of the
various services in the companies considered.

Table 4. Relationship between taxonomies of services.

PSS Servitisation Level
Adapted from [19] [271 [14,28,32]
1. Digital services and consultancy.
Advice and assistance related to the firm’s expertise Product-oriented PSS Advanced /relationship-based
2. Product customisation Product-oriented PSS Advanced/relationship-based
Customised product design and development services
3. Financial services . . .
Long-term credits related to the products, rental Use-oriented PSS Advanced/relationship-based
contracts, leasing, etc.
4. Logistic services
The company provides delivery, transport, and/or . . . .
Product-oriented PSS Basic-intermediate/transaction-based

storage services for its customer’s products,

components, or raw materials
5. Installation and setup services Product-oriented PSS Intermediate/transaction-based
The company installs and tests its products and trains

the personnel in charge of their use.
6. Management and operation services

Result-oriented and

use-oriented PSS Advanced/relationship-based

The customer receives only the benefits of product use
without having to execute it

7. Maintenance and support services
Not only corrective maintenance and support services
during the life cycle of the product, offering spare
parts, but also predictive.

Basic/intermediate
Product-oriented PSS (usually)/transaction based /advanced
(seldom)/relationship-based

8. Disposal and conversion services
Recycling or conversion services usually at the end of Product-oriented PSS Intermediate/transaction-based
the product life cycle.
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Table 5. Services provided by the companies under study.

Services

Company A

Company B

Company C

Company D

1. Digital services and consultancy

Connected products (IOT) and more
competitive services for operators
and maintainers through data
collection, storage, processing, and
analysis, such as geolocation,
remote human machine interface,
remote condition monitoring,
condition-based maintenance,
energy efficiency (i.e., to reduce
energy and fuel costs by calculating
the optimum operating patterns and
providing the operator with
real-time suggestions.

Connected products (IOT) and more
competitive services for operators
and maintainers through data
collection, storage, processing, and
analysis, such as diagnostic tool for
the different systems working in the
product, training for dealers and
distributors, fleet manager to
optimise the performance and
profitability of customers’ fleets, ad
fuel efficiency and carbon dioxide
emissions data directly from the
vehicle, to make decisions and
optimise resources.

Connected products (IOT) through
an on-premise platform and more
competitive services for customers
and maintainers through collection,
storage, processing, and analysis of
data. Integral advisory service
(compliance with local / global
regulatory norms and specifications)
and simulation models to
demonstrate all key features
(mechanical, thermal, electrical, etc.)
considering real case scenarios. It
leads to a proposal of different
alternatives of energy conversion,
generation, or consumption. In
some cases, global engineering
integration of the complete solution
(complete project management).

Connected products (IOT) through
an on-premise platform and more
competitive services for customers
and maintainers through collection,
storage, processing, and analysis of
data. Service of simulation models
for comparing the current
performance with the potential
performance of their products.
Integral advisory service (use of
building information modelling and
virtual reality for visualising the
product in the place it will operate
in the customer installation).

2. Product customisation

All products are customised. It is

not considered a separate service.

The weight of the design is crucial
in the project (lasts months).

Customised product design and
development through the
combination and adaptation of
modules.

All products are customised as a
part of the integral design of the
solution. In some sectors, that
design can be invoiced separately
(small batches). Key parts of the
product are modular.

Customised product design and
development through the
combination and adaptation of
modules(they have standard
products, generally focused on the
end customer, B2C).They have
software to select and size the
equipment on the basis of the
customer’s requirements.

3. Financial services

They form part of the capital of the
shared company, which may be a
financial entity that remains in
operation for 30 years. The client
receives the service, by kilometres or
fixed price: quota.

Service not provided by the firm.

Service not provided by the firm.

Service not provided by the firm.
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Services

Table 5. Cont.

Company A Company B

Management of the collection and

Company C Company D

4. Logistic services

5. Installation and setup services

sale of spare parts. Logistics

management for materials in the
workshop. Delivery planning

according to workshop activities.
Delivery planning according to
workshop activities. Warehouse
management. Vendor-managed

inventory (VMI) service.

Complete solutions and integrated

Service not provided by the firm.

Service not provided by the firm. Service not provided by the firm.

6. Management and operation
services

or turnkey systems. Service not provided by the firm.

Complete solutions and integrated

They do not install but setup the
or turnkey systems.

product.

System operation. Vehicle operation.

System operation (an incipient area,
mainly in the hotel sector) and
fundamentally through the digital

service platform.

Service not provided by the firm.

7. Maintenance and support services

8. Disposal and conversion services

Preventive and corrective
maintenance for their branded
products. 24 h assistance in more
than 1000 official assistance points
in the five continents). Digital
service platform.

Preventive and corrective
maintenance for their own branded
and for other-branded products.

Product end-of-life refurbishment

Refurbishment and modernisation
and service upgrades.

of the product.

All business units offer both
preventive (through advanced
digital services and local operators)
and corrective maintenance for the
products they supply. 24 h
assistance and ‘on-site’ placement
(when required) are common in
more than 1000 official assistance
points on the five continents.
Refurbishment and modernisation
of the product.

Preventive and corrective
maintenance but not 24/7 and for
their own branded products.
The digital platform is the key to
make up, in a way, for not having a
24 /7 maintenance service.

Service not provided by the firm.
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4.2. Impact of Digitalisation on Services

Furthermore, digitalisation is transversal to the organisation, and this is reflected in the
other services offered and not only through digital services. Therefore, considering previous
research to identify the variables, Table 6 shows the effects of digitalisation on various
services and helps distinguish whether it has led to improved service efficiency [102],
reduction in costs [33], new functionalities [38], or even the appearance of new services [41].
Regarding service efficiency and cost reduction, although cost is part of efficiency, we
consider them separately to identify the digital effects on each aspect. Therefore, for the
purpose of this research, ‘efficiency’ refers to how well the organisation uses its resources
in terms of quality, delivery time, communication workflows, and other benefits such
as preventive actions that are valued by the customer, while ‘cost” refers to the effect of
digitalisation specifically in terms of cost reduction. In addition, new functionalities and
new service offerings aim to improve the customers’ perceptions, among other factors. In
some cases, a higher level of customer participation in a particular service is required.

Table 6. Effect of the digitalisation of the service.

. . . 8.
1. Digital 5. Installa- 6. Manage- 7. Mainte- .
Services é Pmdl.":t 3 4. Logistic tion and ment and nance and Disposal
ustomisa- Financial Y . and Con-
and Con- tion Services Services Setup Operation Support version
sultancy Services Services Services Services
EFFIC Yes Yes Yes Yes Yes Yes Yes Yes
COST Yes Yes No Yes Yes Yes Yes Yes
Company A FUNCT Yes Yes No No Yes Yes Yes Yes
NEWS Yes Yes No No No Yes Yes Yes
EFFIC Yes Yes — — — Yes Yes Yes
COST Yes Yes — — — Yes Yes Yes
Company B FUNCT Yes Yes — — — Yes Yes Yes
NEWS Yes Yes — — — Yes Yes Yes
EFFIC Yes Yes — — Yes — Yes Yes
COST Yes Yes — — Yes — Yes Yes
Company C FUNCT Yes Yes — — Yes — Yes No
NEWS Yes Yes — — No — Yes Yes
EFFIC Yes Yes — — Yes Yes Yes —
COST Yes Yes — — Yes Yes Yes —
Company D pNer Yes Yes — — No No No —
NEWS Yes Yes — — No No No —

Types of effect of digitisation: improves service efficiency (EFFIC), decreases service costs (COST), enables new functionalities (FUNCT), or
determines service occurrence (NEWS). — Service not provided by the company.

All companies identified efficiency and cost improvements in all services provided.
Financial services (only provided by Company A) were an exception. In reality, the
incentive for efficiency and cost improvements is maximised because the supplier is the
owner [24,85]. The firm runs the product by adding value of separating use and ownership.
Consequently, this study considers that these benefits are not derived from the financial
service but exist. Moreover, in most cases, they enable new functionalities and even
determine the appearance of the service, except in the case of basic services (logistic
services, installation and setup services), particularly company D, which is starting to
provide operation services.

Interestingly, some nondigital services were possible because of digitalisation, such as
in-product customisation, product operation, maintenance services, or modernisation and
life extension.

Company D shows how the digitalisation of the maintenance service could com-
pensate for the unavailability of a 24/7 service. Its digital platform service allows for
better management of maintenance work, enabling efficient service. On the same platform,
another service allows the customer to obtain a quotation autonomously.

4.3. Role of SCI Dimensions in the Different Services

SCI has a significant impact on PSI; therefore, this study examined the differences
in the level of SCI required by various services. In particular, we analysed existing rela-
tionships both internally, i.e., within the company, and externally, i.e., with its suppliers
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and customers. To determine the level of integration at both the external and internal
levels for each type of service, we used the types of relationships proposed by Whipple
and Russell [60]. These range from a purely transactional ‘Arm’s-length’ (ARM) relation-
ship, to a project-based collaboration (P’PB), and to the deepest collaboration in process
management (PM).

Table 7 shows that the three dimensions of SCI analysed herein are important in supply-
ing advanced services such as (1) digital service and consultancy, (2) product customisation,
and (3) management and operation services. Consistent with previous research [14,28,32],
we differentiated between basic and advanced services. It was less significant in the case of
basic services, logistic services, installation and setup services, and disposal and conversion
services. Thus, for advanced services, a high and balanced SCI was observed in terms of the
distinct dimensions singularly, while, for basic services, the level of integration continued
to be high but lower than that for advanced services. Moreover, it was inclined towards a
greater relationship in the internal dimension and with customers.

Table 7. Effect of the digitalisation of the service.

Service Categorisation Company Supp. Int. Cust. Int. Int. Int.

Company A CP CP CcpP
1. Digital services and Company B PB PB PB
consultancy Company C cp Gl cp
Company D CP PB CP
Company A CP CP CcP
. Company B CP CP (@
2. Product customisation Company C CP CP CP
Company D Irrelevant ARM CcP
3. Financial services Company A CP CP CcpP

4. Logistic services Company A ARM ARM ARM
. Company A CP CP CP
5. Installatlo.n and setup Company C PB cP cP
services Company D ARM ARM CP
Company A CP CP CcP
6‘0 l\ﬁi;lg gﬁrgsgijzsd Company B CPM cp cp
P Company D PB cP cr
Company A PB PB PB

7. Maintenance and support Company B ARM ARM ARM
services Company C PB PB PB
Company D PB Ccp PB
. . Company A PB CP PB
8. Disposal an.d conversion Company B PB CP PB
services Company C CP PB CcpP

ARM: arm’s-length relationship; PB: project-based relationship; CP: collaborative process management relation-
ship.

Supplier integration is interesting in terms of both advanced and basic services, as it
contradicts the results of some previous studies. Shah et al. [57], for example, identified the
supplier relationship as key to the supply of basic services but not advanced services. How-
ever, regarding advanced services, the development of digital services and commitment
to PSI means that companies are seeking specialised service providers to support them in
aspects such as information security and data storage. Company A highlighted its relation-
ship with Amazon Web services. Depending on their needs, they work with Amazon Web
services on the sizing and security of information repositories. The relationship can even
consider the service provider ‘as one with the company itself’, as highlighted by Company
D. Moreover, in the analysed cases (especially in A, B, and C), the high level of product and
service customisation brings great complexity, and technological content motivates greater
collaboration with suppliers. However, the need for collaboration decreases to the extent
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that customisation is achieved by combining already designed modules (as in Companies
B and D).

With regard to customer integration, the need for greater collaboration was confirmed
in advanced services [57,103] and in basic services, thereby contradicting the results of
earlier studies. In advanced services, all companies concur on highlighting codesign as a
keyword and the necessary involvement of the customer in the digitised PSI offer. However,
while Companies A, B, and C operate in an increasingly digitised sector, Company D oper-
ates in a more traditional sector, unaccustomed to the digitisation of products. Therefore,
Company D has more difficulties introducing its services because customers have still not
prioritised this level of servitisation in their businesses. This service commercialisation
can be achieved using technology with digital tools for analysing the current situation and
comparing with the resulting products or tools for simulation and visualisation through
virtual reality and using building information modelling (BIM). This implies that, despite
being at a disadvantage owing to the current characteristics of their sector, they have
a high degree of integration with both clients and suppliers. However, in the case of
advanced-customisation product services, they highlight that supplier integration largely
depends on the person in the company in charge of the project. Regarding the level of
customer integration in core services, the findings do not contradict existing theory [57,103]
but rather nuance it. Continuing with the specific case of company D, the core services
analysed are of a one-off nature: (4) logistic services, (5) installation and setup services,
and (8) disposal and conversion services. Only service maintenance and support services
show continuity over time. It is a capital goods sector and a B2B market, which means that
products have longer life cycles than consumer goods.

Internally, a high level of integration emerges as a critical element for basic and
advanced services. Thus, all four companies emphasise the importance of collaboration
between people and departments, highlighting information sharing and formation of
multi-disciplinary teams as fundamental aspects. Here, the relationship identified in
the literature was confirmed. Internal integration is fundamental to the development of
external integration [57,99,104,105]. For internal integration, in some cases (A and B), the
growth in the service has led to reorganisation, with the creation of specific units to develop
services, thus clarifying the specification of the relationships in the corporation.

As previously stated in Table 4, given the characteristics of ‘Maintenance and sup-
port services” and depending on the characteristics and purpose of the service, it could
be considered basic/intermediate (usually), transaction-based, advanced (seldom), or
relationship-based, ranging from spare parts management to the remote control of the
company’s products. Here, the level of SCI is lower than that of purely advanced services
because, as the interviewees noted, digitalisation is shifting the dyadic supplier—focal
company and focal company-customer relationship model towards a more open model,
wherein an exchange of data and even an integration of information systems enable certain
barriers to be overcome and resolve several problems associated with maintenance man-
agement. The possibilities offered by digitalisation in the field of maintenance allow for
the remote maintenance supervision of products and development of preventive and pre-
dictive plans, among others, by providing operating data in real time. They also changed
how companies relate to suppliers and customers by enhancing the relationship with both
suppliers and customers.

4.4. Sustainability

Lastly, this study considers the impact that various services have on the three types of
sustainability from the firm perspective. To be sustainable, a firm must be profitable, as
well as environmentally and socially responsible. Our analysis was carried out for each
service; however, we also measured the effect of classifying the services as either basic or
advanced because both types coexist in all the selected companies. Thus, the differences in
PSI with respect to sustainability dimensions, per service and per type of service, could be
identified.
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4.4.1. Economic Sustainability

With regard to economic sustainability, we used different variables considered in the
PSl literature, following Yang and Evans [85]: better fulfilment of customer needs, stronger
customer relationships, differentiation and lockout competitors, increased revenues, identi-
fication of new markets and better responsiveness, access to service data, reduced customer
risk, improved technology, and reduced lifecycle costs. Figure 1 shows the higher potential
of all economic sustainability variables in advanced services than in basic services. In digi-
tal services, the potential is even higher in most variables except in reducing customer risks
(specifically associated with result-or use-oriented PSS) and in increasing income. Basic
services also positively affect economic sustainability with a greater capacity to increase
income but a less potential for differentiation. Basic services serve as a competitive tool
for differentiation in the case of Company C because of its business and the context in
which it competes. Although it is a large company in regional and national terms, it is
small compared with the large global players. Therefore, it uses personalisation, in terms
of both product and service, to differentiate its offer. They have the space and resources
to train their customers in product maintenance, which is a company strategy, given that
having their own maintenance teams would be costly due to the characteristics of their
sales, which are atomised and have few units.

BASIC SERVICES

4

Cust. needs Cust. relation  Different Incomes  New markets Serv. data Cust. risk Technol Cost
access

w

~

mComp.A mComp.B mComp.C mComp.D

(a)

ADVANCED SERVICES

4

0

Cust. needs Cust. relation Different Incomes  New markets ~Serv. data Cust. risk Technol Cost
access

w

~

mComp.A ®mComp.B Comp. C Comp. D

(b)
Figure 1. Impact on economic sustainability: (a) basic services; (b) advanced services.

Although it is interesting to distinguish the way each variable is impacting competitive
advantages such as defending the market, as well as differentiating and opening up new
business opportunities, the relationships between variables and competitive advantages
are not evident. Studies have identified a difficulty of billing for services [106,107], which
prevents a clear distinction from the economic effects of these services. The effects are
mixed, making it more complex to determine the level that is needed in order to stay in
the market; therefore, they become threshold capabilities, or, in contrast, they allow the
company to differentiate themselves and drive the market. Such a situation can be observed
in the companies in our analysis. Many services are integrated into the product offer, and
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the customer requires them, thereby not allowing for any differentiation. In these cases, the
strategy is defensive. However, in the development of the strategy, there are opportunities
for service differentiation associated with customer interaction [40]. For example, product
customisation is essential in Company A’s market; the product is designed and developed
specifically for the customer. Design and customisation are threshold capabilities in that
sense; however, in its implementation, there are opportunities to strengthen ties with the
customer, better understand their needs, and potentially introduce product innovations to
provide better answers in the market as previous research has emphasized [15]. However,
they support economic sustainability. In this sense, we tried to identify the strategy type
for each company and service type (see Table 8).

Table 8. Services and strategy type.

Services Company A Company B Company C Company D
1. Digital services and ALL ALL ALL ALL
consultancy
DEFF It is n I?EFF rated
2. Product DEFF It is not separated S fot separate DEFF
. . . L invoiced . .
customisation It is required invoiced . . It is required
Typically modularity Includes both integration
yp and customisation
DEFF DEFF
3. Financial services .DIFFER Service not provided Service not provided .DIFFER
Facing smallest Facing smallest
competitors competitors
4. Logistic services ALL Service not provided Service not provided ALL
> Installatlop and DEFF () Service not provided . DEFF. . DEFF.
setup services It is required It is required
DEFF
It is used primarily for
product promotion to key
6 Mane?gement. and ALL customers and product DEFF ALL
operation services
development, for
example, public service
fleets
ALL
May be necessary for the ALL
sale of new products or It is a key aspect that may
7. Maintenance and DEFE may serve to win the sale serve to win the sale DEEF
support services (differentiate), as well as (differentiate) or, more
products already owned  frequently, to obtain new
by the customer and sales.
additional services
ALL
ALL Compulsory in some
8. Disposal and Sometimes is part of the sectors, but can be an
- 1P NEW_OPP P opportunity to renew NEW_OPP

conversion services

sales agreement:
repurchasing

products during lifecycle
time for more recent
technological ones

Strategy type: defensive (DEFF), differentiate (DIFFER), new business opportunities (NEW_OPP), or all strategies suit this category (ALL).

The weight of service sales in turnover is low, i.e., less than 1% in Companies A
and B and higher but less than 10% in Companies C and D. However, in addition to the
difficulty of separate invoicing, the enormous investment that capital goods represent
for clients should be considered, which means the relative importance of services sales
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figures cannot be as high as in other sectors. However, they are incorporated into the set
of products/services delivered as part of the sale. In addition, the two companies with a
lower relative weight of services sales are precisely those with separate service business
units. In some cases, the companies found it difficult to obtain the data. One company
confessed the following: ‘Even internally, we do not know the breakdown of service sales
by strategic unit or division’. However, growth expectations are especially clear in the
case of digital business. In other cases, growth expectations are linked to the experience
acquired in previous firm movements, such as in the case of one company who is now
investing in developing services infrastructures in more geographic locations, after some
time delivering the services mainly leveraging on the existing capabilities.

4.4.2. Environmental Sustainability

The impact of digital PSI on environmental sustainability was analysed from aspects
related to the effect on longer product life, increased energy efficiency, resource use and
carbon reduction, increased recycling and reuse, increased product use, dematerialisa-
tion, and the freedom to design for sustainability [85]. An analysis based on companies’
self-assessment, especially through interviews, led us to determine the positive impact of
digitalisation of PSI on three indicators: longer product life, increased energy efficiency,
and increased product use. These aspects concern the physical good being sold and its
energy consumption. These features are the selling points of digital services. All companies
analysed, for example, have simulation tools allowing them to compare the equipment
currently used by the customer with the products they market. The criteria for compari-
son include questions on energy consumption, performance, and flexibility of operation.
However, we found, as previous studies have also highlighted, that the issue of equipment
replacement creates a substantial barrier in capital equipment purchase decisions [82]. The
considerable investment required eclipses other factors in the decision; thus, all indicators
are frequently translated into the economic aspect and then into the payback time of the
investment by the customer. According to Khan et al. [39], a midlife upgrade strategy
appears to be a promising method to postpone replacement and incorporate new technolo-
gies, opening new service opportunities for manufacturing companies while enhancing the
value delivered to customers (primarily related to economic sustainability). Some of the
companies herein highlighted the relevance assigned by the clients to customer experience
in transport, which was usually heavily conditioned by rapid technological development.

Company A highlights in its R&D&I efforts the use of data capture and transmission
tools, including sensorisation and IOT, as well as big data, in addition to energy consump-
tion in other areas of special relevance such as diagnosis, maintenance, and operation.
Thus, energy sustainability in the manufacturing activity, including the product and its
manufacture, is reinforced.

Energy efficiency is considered key in all four companies. In all cases, it is a prioritised
sustainable development goal (SDG) in their sustainability strategies because of its capacity
to influence through their activity.

However, the impact on dematerialisation and the freedom to design for sustainability
have the least effect on the development of digital PSIL. Significant differences are also
identified when comparing the larger companies (A, B, and C) with the SME (Company D),
which, despite maintaining the same pattern with a greater impact in terms of improved
energy efficiency, longer life, and greater use of the product, considers a lower impact. In
this respect, Company D stressed how the product-service offer does not lead the customer
beyond getting the most out of the product by considering the redesign of the product
according to sustainability criteria. The four companies did coincide in speaking of certain
dematerialisation thanks to digital PSI due to a reduction in the number of visits to the
customer through remote maintenance, where the trip is not required, or by being able to
know the characteristics of the error in advance, where spare parts can be carried out in
the first service assistance and the natural dematerialisation due to the digitalisation of
maintenance manuals.
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The analysis of basic and advanced services shows that basic services have a greater
positive impact on environmental sustainability. Here, larger companies (Companies A, B,
and C) have a higher impact on all environmental aspects in relation to basic services and
in advanced services compared with the SME (Company D) (see Figure 2). Company D
indicates, sharing the assessment of other companies, that digital PSI allows it to extend
product life and reduce environmental impact, thanks to the improved efficiency in energy
use.

BASIC SERVICES
4
3
1
0
Life-long Energy effidency  Recover and reuse Product use Desmaterialization Sustainability design
mComp.A mComp.B mComp.C mComp.D

ADVANCED SERVICES

4
2
1

Life-long Energy effidency  Recover and reuse Product use Desmaterialization ~Sustainability design

mComp.A ®Comp.B ®Comp.C ®Comp.D

(b)
Figure 2. Impact on environmental sustainability: (a) basic services; (b) advanced services.

4.4.3. Social Sustainability

The impact of digital PSI on social sustainability was measured on five aspects accord-
ing to the literature review [31,88] and the United Nations’ Sustainable Development Goals.
These aspects are as follows: job creation, customer health and safety, empowerment of
local suppliers, induced demand, and open innovation. In Yang and Evans’s [85] approach
to considering the social sustainability potential of PSS, only the first variable, job creation
based on Beuren et al. [108], is considered. According to the aspects that the companies
themselves prioritised in the United Nations SDGs, we added the remaining variables
indicated.

Overall, this social approach is the least explored dimension in the servitisation lit-
erature. The analysis of the companies’ evaluations of their opinion on how digital PSI
impacts the social dimension of sustainability shows that the impact on each of the aspects
measured is more balanced than in the case of environmental sustainability. However,
there is no agreement among the companies surveyed that any of the social sustainability
indicators used have a lower impact (see Figure 3). For example, Company A indicates that
open innovation is the aspect on which the digitalisation of its product-service offering has
the least impact. For Company B, it is employment, and, for Company C, it is the strength-
ening of local suppliers. Company D reports a low impact on two aspects, customer health
and safety and induced demand. The consideration of the impact on social sustainability
on the digitalisation of the product—service offer is, on average, low and, therefore, lower
than the impact that the companies consider having on both economic and environmental
aspects. Social dimension objectives seem to be a consequence of pursuing economic and
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environmental objectives. These results accord with those of Vifell and Soneryd [109], who
stated that the social dimension is often the vaguest in terms of practical attempts towards
achieving sustainability.

ADVANCED SERVICES

3
1
0

Employ Health Security Local supp. Demand Open innov.

mComp.A mComp.B mComp.C ®Comp.D

(@)

BASIC SERVICES

3
0

Employ Health Security Local supp. Demand Open innov.

mComp.A ®Comp.B ®Comp.C Comp.D

(b)
Figure 3. Impact on social sustainability: (a) basic services; (b) advanced services.

Customer health and safety and job creation are the aspects that are highlighted as
the main success of digital PSI. Indeed, this observation would apply to both basic and
advanced services. Concerning customer health and safety, the assessment of Companies
A, B, and C is that it has a high impact, and this is explained by the fact that the sector
in which their products are used is mainly transport. The capacity to improve both the
product and the product support service or to achieve higher added value would have a
direct impact on the perception of quality by end customers and, by extension, on their
industrial customers. On the contrary, Company D presents a low impact of digital PSI
on customer health and safety and job creation. However, they pointed out that this may
change in the future as they are currently working to ensure that their products, related to
water and air treatment, help in the prevention of COVID-19, improving the perception
of users and, therefore, of those who own their products. As mentioned earlier, a midlife
upgrade may prove to be a highly effective strategy in the fields of health and security or
customer experience [39].

Regarding the second issue, namely, job creation, all companies point to the positive
impact of creating specific positions for managing and exploiting large volume of data.
Lafuente et al. [110] demonstrated how knowledge-intensive business services positively
impact employment in the manufacturing sector, particularly with respect to start-ups.
Although, in absolute terms, hiring new staff is not highly relevant for Companies A, B and
C, there is growth due to the creation of new departments or the expansion of existing ones
or even the creation of new companies (spin-offs), whose business model is based on the
provision of services through the management of the teams’ data. Here, it is also interesting
to differentiate the responses according to basic and advanced services. Companies A and
B have a greater impact on job creation from basic services than from advanced services.
The fact that they have a large installed base and require a large workforce due to the type
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of product they manufacture can explain this response. Company C, on the other hand,
shows a high impact on job creation, from both basic and advanced services.

The impact of digital PSI on the empowerment of local suppliers, on induced demand,
and on open innovation is, according to the group of companies, low. The empowerment
of local suppliers is perhaps due to the effect of a higher sales volume, thanks to the offer
of services, as well as due to the search for expertise and knowledge in an unknown area
for the company, especially when talking about issues related to the storage and security of
information, processing of large volumes of data, etc. However, as servitisation increases
firms” dependency; it is conditioned by other factors such as trust and commitment [111].
In some cases, companies are more exposed to unethical supplier practices [112].

Concerning induced demand, it can be observed that digitised supply can lead to
the provision of other services. This question depends on the level of immersion of the
sector in digitalisation. Thus, Companies A, B, and C do claim to see some impact, while
Company D indicates that the impact is negligible, especially looking at the impact from
basic services. Company D operates in a sector where there is not yet a widespread digital
culture, which makes offering advanced services a challenge.

The impact on open innovation also depends on the type of service from which it is
analysed. Thus, all companies agree that advanced services have a low to medium impact
on open innovation, while only Companies B and C take this view when referring to basic
services. Companies A and D, especially the latter, report that the impact is negligible.
Nevertheless, these findings, together with the high level of SCI in the advanced services of
the companies analysed herein, align with Chesbrough [92] in that collaboration is the key
ingredient for generating product and service innovation through open innovation. This
SCl is also important because of its positive impact on product innovation capabilities [99].

5. Conclusions

Although the literature has shown interest in the possibilities opened up by PSI to
drive business sustainability [24,31], there is a lack of empirical research [85]. Furthermore,
the results and approach are partial, and an effort is needed to better understand this
phenomenon from a broader perspective. Moreover, by delving into specific cases, we
provide the reasons and nuances of several elements generically studied in the literature
on quantitative research.

In this work, an in-depth analysis of the services offered by the four previously selected
manufacturing companies was conducted. The main objective was to find how digital
services can affect the sustainability of a company in its different aspects, economic, social,
and environmental, compared with the other services. Furthermore, the role of SCI was
considered. Consequently, a series of conclusions contribute to the knowledge of this field.

5.1. Theoretical Implications

PSI is considered in the literature as a continuum [11]. Frequently, scholars see
PSI or servitisation as a transition from pure products to services (even pure services)
that manufacturers must make. However, most companies have experienced that various
services coexist with products. In addition, basic services are provided simultaneously with
advanced services playing a complementary role. In our analysis, like other scholars [33,34],
instead of studying services separately, we considered various services within the same
company.

Among those, digital services are critical for manufacturing companies, and they were
the focus of our study to compare them with the rest of the services [24]. Therefore, we
modified the previous taxonomy [35] to include and highlight them. This approach is novel
in the literature.

Confirming the expectations of development opportunities based on digitisation
in the literature [4], the analysed companies were consistent with the expected future
high growth in digital services. Moreover, digitalisation affects other services, not only
digital services. In this study, digital technologies impacted product customisation, logistic
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services, management and operation services, maintenance and support services, and even
conversion services, leading to an improvement in service efficiency, decrease in costs, new
functionalities, or even a determination of service occurrence. Furthermore, digital services
allow basic services such as maintenance to become advanced services, and advanced
services benefit from digital services [32].

Unsurprisingly, a higher potential of all economic sustainability variables was found
in advanced services than in basic services. Among these, digital services were significant.
However, basic services are also seen as positively affecting economic sustainability, with
greater capacity to increase income but less potential for differentiation.

Nevertheless, some of the most evolved forms of services such as operating sys-
tems [24] were found to be, in fact, mere instrumental and defensive strategies. Clients try
avoiding risk by passing it on to the supplier, who must accept it to acquire the market but
does not see it as a transformational opportunity. In such cases, companies do not consider
those services as real opportunities but as tolls to be paid to continue in the market.

Although the literature considers that result-oriented PSS are in the interest of both
client and provider [71], at least for the study companies, it is seen as a requirement mainly
for the client’s benefit. The risk and effort are considered too high. Perhaps, it can be a
consequence of the critical mass access to profit on this effort [11,15]. Moreover, as discussed
in the literature, new and distant capabilities and investments are required [32]. Despite
the difficulties in leveraging significant new sources of revenue and performance, there
is a need for manufacturing companies to advance services as a basic tool for economic
sustainability.

The impact on social sustainability is more limited than that on the other areas, partly
due to its instrumental nature, which limits the effects on employment and generation
of economic activity; this occurs if the strategy is defensive or instrumental. The greatest
potential in the area of customer health and safety is related to the type of activity conducted
by the companies studied, mainly related to transport. In other areas of social sustainability,
companies understand sustainability in terms of compliance rather than their ability to
be active agents of this transformation. The literature on sustainability has discussed the
incoherence between corporate rhetoric and actions [113].

5.2. Managerial and Policy Implications

This study provides useful insights for managers and policymakers as it reveals that
digitalisation leverages both basic and advanced services in terms of their impact on
economic and environmental sustainability and, albeit to a more limited degree, on social
sustainability. In addition, SCI was found to be relevant for digital PSI.

Services have become an indispensable component of manufacturing companies’
offerings, making the development of such services necessary as a defensive strategy. It
also creates opportunities to generate growth and new business. In this context, ICTs are
presented as multi-purpose tools that not only generate new services but also affect other
services in the company that typically coexist with each other. Thus, servitisation becomes
an interesting method of innovation to improve performance, including in sustainability-
related dimensions.

Therefore, companies should be aware of the need to acquire digital technology and
the necessary capabilities, including the capability to capture information and the capability
to perform analytics [42]. Specifically, with respect to small businesses, given their general
lack of resources and capabilities, our findings show the relevance of making an effort to
accelerate the digital transformation of such companies. This is in addition to the difficulties
that traditionally product-centric companies encounter in shifting towards services.

The results also highlight the key role of SCI in PSI, focusing particularly on the
deployment of advanced services. In this sense, it is important for companies to reinforce
their interactions with the rest of the value chain, building long-term relationships based
on trust and commitment.
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For policymakers, helping manufacturing businesses in making this transition, espe-
cially SMEs, which form the backbone of enterprise in Europe, should be a political priority.
Moreover, given that advanced services have a greater potential to affect sustainability for
companies in all respects, a decisive commitment to make progress in this area is necessary.
However, optimising equipment and operations can occasionally have undesirable effects
in social and/or environmental dimensions. Thus, policymakers should attempt to prevent
such outcomes through policies and laws.

5.3. Limitations and Future Research

This study presented some limitations. First, the study was limited to four companies
that operate in a B2B environment and in the capital goods industry. Although the case
selection process was defined, the selected companies are not necessarily of the same
manufacturer pattern. Thus, in spite of their similarities, our findings may be limited in
their generalisation. This limitation is inherent to the development of a case study as the
research strategy. Second, the companies” headquarters are all located in the same region.
Therefore, the effect of regional culture on business management was not considered.

Although we incorporated more variables than previous studies in our analysis of
sustainability, not all the possible variables were included; the incorporated variables were
treated with a limited degree of scrutiny. For researchers with specific interests in this field,
numerous possibilities exist for further development.

Further research is needed to overcome these pitfalls by working on new case studies
in the same industry and the same region to identify differences in company behaviour
due to the location. Moreover, more evidence is needed on how the digital PSI benefits
from the impact of advanced services in the sustainability performance more than the
basic services. These differences can be further analysed, considering the effect of size,
because, in the study, we identified how the SME (Company D) showed a worse impact
on sustainability regarding the basic services than the large companies (Companies A, B,
and C), while, in the advanced services, the difference was much lower. New variables
and approaches, as well as a more extensive treatment regarding the field of sustainability,
would prove considerably fruitful, particularly in relation to social sustainability, which
is a less developed topic in the literature. For instance, an in-depth analysis of the links
among the various dimensions of sustainability would be interesting.
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