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Abstract. The readiness of companies to successfully
meet the market demands requires knowledge and
opportunities based on cooperation by establishing
digital ecosystems. Integration and management of
advanced technologies within a networked digital
ecosystem, and reconfiguration of all aspects of
organizational and operational activities along the
entire value chain, enable companies to achieve
benefits in creating value and developing smart and
sustainable products and services. In this paper, a
conceptual model of the smart industry value chain is
presented with an emphasis on how the environment
and elements of the digital ecosystem should function.
Also, the performance characteristics in this ecosystem
are presented and discussed.
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1 Introduction

Digital transformation is a set of actions taken by a
business system to adopt modern digital technologies,
create business models and improve business processes
to change the organization's performance and create
new value for all stakeholders. To successfully adapt,
change, and prepare, organizations need a clear
strategy, appropriate organizational structure, and a
balanced change management system suited for digital
transformation. Therefore, adopting the concept of
digital transformation is vital for survival and
necessary in most industries (Naimi-Sadigh et al.,
2021).

Digital innovations and their widespread use cause
disruptions, implying problems related to changes in
business processes, and as such, can shake the core of
any industry (Naimi-Sadigh et al., 2021). Digital
development has led to a data revolution and lasting
changes in customer needs and expectations, which are
resulting in the disruption of the entire economy and
society. With technological and digital advances, the
boundaries between physical and digital channels of
stakeholders interaction become blurred, and the
impact of digital transformation on the value chain is
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being felt in various ways (Reinartz et al., 2019),
(Savastano et al., 2018).

Digital technologies change the strategy, business
models, operational processes of the organization,
value chain, skills, and relationships with stakeholders,
which creates vulnerabilities and, at the same time,
provides new and innovative opportunities to
positively impact business and society (Bichi et al.,
2020). In order to take full advantage of digital
opportunities, appropriate models, methods, and tools
are needed (Naimi-Sadigh et al., 2021). Digital tools
and technologies enable manufacturing companies to
reduce costs, increase productivity, improve product
development, achieve faster time to market, and
increase customer focus through various value chain
elements (Savastano et al., 2018). Sustainability of the
value chain requires dynamic management skills in a
business environment (Breitenbauch de Moura et al.,
2020) and efficient use of resources in the ecosystem
(Alhawari et al., 2021), (Di, 2021). Collaboration,
communication, and integration through new digital
connections between companies and stakeholders,
redesign of business models, and harmonization with
digital tools, are vital for creating value and the
production of smart and sustainable products or
services through Servitization (Naimi-Sadigh et al.,
2021), (Savastano et al., 2018). The competition of
business systems in a dynamic market is based on new
business models, which include smart products and
services supported by servitization, providing
customers with new experiences and benefits and at the
same time engaging them to improve products and
services.

The motivation for this paper is to investigate the
influence and role of modern concepts of production,
service delivery, and industrial development in the

digital age observed in digital ecosystems and
collaboration concepts. These concepts include
servitization, smart and sustainable product

development, smart industry, digital industry, digital
transformation, smart factory, and digital factory.
Section 2 presents the research methodology of these
concepts, while Section 3 describes the concepts
individually. In Section 4, the conceptual model of the
smart industry value chain is presented.
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2 Methodology

This paper is a preliminary report, research
methodology is based on a literature review, and the
obtained results are the baseline for future research.
The relevant Scopus database was searched by title,
with the complex query (Q1) "servitization" OR "smart
products” OR "smart industry" OR "digital industry"
OR "digital transformation” OR "smart factory" OR
"digital factory” AND "ecosystem". The search result
had 39 articles. In addition, the analysis was limited to
articles published in the last 3 years, where a total of
29 articles, i.e., 21 available articles was found.

The second part of the research aimed to investigate
the impact of these modern concepts on value chain
management and to identify the wvalue chain's
determinants in the digital age's smart industry
ecosystem. Therefore, the search was performed in the
relevant database in the Scopus area, according to the
title, based on the complex query (Q2) "servitization™
OR "smart products™ OR "smart industry” OR "digital
industry” OR "digital transformation” OR "smart
factory" OR "digital factory" AND "value chain
management” OR "value chain". The search result was
15 articles and 11 of them were available and included
in further analysis.

Finally, based on the literature review, a smart
industry value chain conceptual model is presented.
The smart industry value chain model provides an
overview and characteristics of modern production,
service delivery and ecosystem collaboration. The
internal value chain management and immersion of the
value in the ecosystem is increasingly important for
value creation in the smart industry environment.
These two topics are considered separately because
value chain management is observed at the company
level and its value-creating activities, while the
ecosystem includes all external stakeholders,
technologies, data, and tools available to the company
in creating value.

3 Literature review

Digital technologies have led to revolutionary changes
in service and manufacturing business systems by
changing how products and services are developed,
created, delivered, and evaluated. The emerging digital
technologies emphasize the development of smart
products or services, which require knowledge and
skills that business systems individually do not have
enough (Kahle et al., 2020). Therefore, it is necessary
to establish ecosystems with new opportunities for
interactive relationships connecting all stakeholders,
contributing to the creation of new business models
(Manser Payne et al., 2021). Over the last decade,
companies have redefined and adapted their product-
oriented business models into service-oriented
business models and synergy between products and

services, i.e. smart and sustainable products. The
acceptance and transition to the concept of servitization
is driven by the widespread adoption of digital
technologies and increased dynamics of market
demand. These two effects were disruptive, and
companies strived to keep pace with these systemic
changes. One of the responses was establishing a non-
static ecosystem that enabled companies to interact and
exchange experiences, technologies and, services
dynamically.

Disruptive innovations in the ecosystem provide an
opportunity for different stakeholders to recognize
smart technological features and adapt their products
and services to market dynamics. Under the influence
of disruptive innovations, it is important to recognize
how and to what extent all stakeholders are connected
and what benefits they have from this relationship in
the development of smart and sustainable products and
services. Companies that do not recognize and accept
new market demands face potentially severe economic
consequences. Therefore, it is essential to identify key
business models based on innovations and how
companies drive innovations in products and services
as well as how these innovations are accepted in the
ecosystem (Manser Payne et al., 2021). Also, digital
transformation requires new business models and the
harmonization of business models of other different
business systems within the ecosystem (Kohtamaki et
al., 2019).

Smart and sustainable products and services are the
results of the concept of servitization on which the
functioning of the ecosystem is based. Such innovative
products and services include integrating 10T solutions
and other digital solutions such as the cloud, big data,
and artificial intelligence, and they are a crucial driver
of digital transformation in business systems.
Furthermore, by applying digital technologies, smart
products and services can create new opportunities for
business model innovation. This results in new
opportunities such as innovative product-related
services, a new customer relationship or new pricing
models, or even replacing the purchase of products
with pay-per-use payment systems (Kahle et al., 2020).

3.1 Servitization

Servitization is a concept focused on business model
transformation where a business system needs to
change a product-oriented business model to a service-
oriented approach, whereby digital technologies enable
the creation of value for the customer. The ecosystems
are being developed to take advantage of all the
opportunities that servitization brings for all
stakeholders while creating value for the customer with
a particular service is in the focus. Servitization is
defined as the transformation of processes,
opportunities, and offers within business systems in
cooperation and communication  with  other
stakeholders. These stakeholders form ecosystems for
the progressive creation, delivery, and recording of
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increased output value, which is based on the
application of digital technologies. (Manser Payne et
al., 2021). The concept of servitization reshapes the
common idea of products as independent concepts and
emphasizes the connection of three dimensions of the
offer, namely product, service, and software
(Kohtaméki et al., 2019).

Technology-led  servitization  provides new
opportunities for services, platforms, intelligent
products, and new business models and becomes a
business model driver for value perception, and
creation (Kohtaméki et al., 2019). Servitization-
oriented strategies use digital technologies as a
mechanism to develop new revenue-generating values.
However, success depends on the ability of business
systems to leverage data collected from customers to
create an effective strategy, tactics, and business model
of value creation (Manser Payne et al., 2021).
Recognizing and achieving this level of service
integrated with the product is becoming a prerequisite
for survival in increasingly complex markets. In
addition, servitization has become a vital means for
manufacturing and service companies to provide
integrated product and service solutions with
customized requirements, so many business systems
are trying to switch from simple product delivery to
providing customized supply and service-driven
solutions (Wei et al., 2020).

3.2 Smart and sustainable product

Smart and sustainable products are a new generation of
products whose main characteristics are servitization
and care for sustainability and the environment. The
basic features of such products are energy efficiency,
intelligence, connectivity, human interaction, sense,
and autonomy. To develop and produce these products,
business systems need to integrate innovative product
development and digital technologies, intelligent
technology, and green and sustainable technology (Yin
et al., 2020).

Smart products consist of three key components: a
physical element, smart services, and connectivity. A
wide range of smart and sustainable products, such as
health-related bracelets, smart cars, smart home
appliances, and industrial products such as machinery
and equipment, connect based on 10T, enabling
companies to make faster and more efficient decision-
making based on data from smart products and
providing new customer service. Equipped with
technologies such as sensors, software and microchips,
connectivity, and the ability to collect, process, and
store data, smart products add value by creating better
or 'smarter" interactions with customers, other products,
performing tasks without human input, and collecting,
monitoring, controlling and optimizing data from
different sources for all stakeholders in the ecosystem.
The ability to collect and process data distinguishes
smart products from traditional products and provide
opportunities to develop new services and create added

value resulting from these solutions, as data generated
by smart products can be used in a variety of ways,
such as helping companies improve their product
development processes or create a smart offer to
customers. Data collected from smart products are still
focused on creating value for the user, but a value for
all stakeholders in the ecosystem is still neglected
(Kahle et al., 2020), so it is important to establish an
ecosystem and create business models that will be
acceptable in a dynamic market.

3.3 Business models in an ecosystem based
on servitization

An ecosystem is an environment for multi-stakeholder
collaboration, providing opportunities to create and
develop advanced smart and sustainable products and
services based on the interaction provided in the
ecosystem and intense utilization of digital
technologies. The ecosystem is the creator of
servitization and smart products (Kapoor et al., 2021).
A prerequisite for successful survival in the market is
that companies utilize all the benefits brought by the
digital age and treat them as a necessary prerequisite
for development. Business systems must learn to
participate in the ecosystem and contribute to building
an ecosystem around products or services to gain a
competitive advantage and establish partnerships with
other companies for joint value creation and joint
innovation (Yin et al., 2020). The values and
innovations created by business systems derive from
the benefits of data collected in the ecosystem from
smart products and services. Such ecosystems in which
different stakeholders are present can contribute and
benefit from the development of integrated solutions
based on advanced connectivity, can create a positive
social impact and solve major problems such as
disease, poverty, and environmental crises (Kahle et
al., 2020). The role of business ecosystems is to enable
the replication of capabilities, which requires a strong
center to encourage the learning of all stakeholders
(Jovanovic et al., 2019). Such interaction influences
every participating business entity and suggests
adjustment in centralization within individual business
systems and their integration with others (Sklyar et al.,
2019).

In an ecosystem based on the concept of
servitization, business models for smart solutions
involve a combination of different products, services,
software, and analytics. The successful application of
business models that support digital servitization
expands the business processes beyond the boundaries
of a business system. Therefore, the production and
service business entities need to define the value
system, understand its position and where, how, and
why the boundaries of the business system are
determined, and how digital transformation affects
business models in different positions within value
systems and ecosystems. It is a complex process that
requires systematic and continuous changes in
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processes, with the readiness of companies to
experiment with the potential mistakes and successes
brought by experimentation.

When moving to a business model based on
servitization, business systems need to redefine the
existing business model. In addition, they need to
understand the configurations of other business
systems within the ecosystem to create a strategic fit
between business models of all stakeholders. The
changes and emergence of new business models affect

business systems operations in the ecosystem and
influence component manufacturers, system vendors,
system integrators, solution providers, operators,
distributors, and customers. In such an ecosystem, the
business model should be understood as dynamic,
constantly subject to change through continuous
construction and reconstruction (Kohtamaki et al.,
2019). For this to be possible, it is necessary to be
guided by Digital Transformation Playground (Pihir et
al., 2019).
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Figure 1. Digital Transformation Playground (Pihir et al., 2019)

Digital Transformation Playground (Figure 1)
shows that changing or improving any business
concept such as developing a new business model,
building an ecosystem, improving customer value by
developing customer journey, or any other service-
based business improvement idea requires recognizing
the right technologies (Pihir et al. 2019), but also
business environments and routines, value propositions
and price logic (Kohtamaki et al., 2019).

3.4 Value chain management in the digital
age

The value chain includes all business system activities
that can facilitate the production process and business
in general and make the final value-added product
competitive in price and performances on the market.
The digital age and technology evolution require a
reassessment of the value chain by providing digital
services, new communication channels with customers
and partners, and new digital services to new partners
in the digital ecosystem (Naimi-Sadigh et al., 2021).
Porter divided the activities in the business system into
basic and supporting. With the development of digital
technologies, requirements have been set for achieving
a certain level of technological maturity, which is a
fundamental source of sustainability, acceleration, and
proactivity in the value chain (Opresnik et al., 2013).
Ribeiro (2019) presented the second generation of the

value chain where information systems are added as a
primary activity, which means people, processes, and
technology. A critical area within the business system
always requires the appropriate alignment of people,
processes, and technology.

Markets today are very competitive, changeable,
and saturated with products, services, and offers, which
means that no business system can afford the lack of
information and data about their business, their
customers, or changes that affect their business future
(Ribeiro, 2019). Value chain management needs a
strategic approach (Breitenbauch de Moura and Godoy
Saroli, 2020) that allows business systems to adapt
quickly by combining all resources in the ecosystem to
improve competitiveness, developing closer strategic
relationships with stakeholders. The development of
smart solutions transcends the boundaries of the
business system, and significant resources, knowledge,
and skills necessary for success are acquired in the
industry ecosystem. Digital transformation has created
many new business opportunities by transforming
product-based value chains. Szalavetz (2020) states
that this was done in four key ways: servitization of
operations and products, application of technological
and organizational solutions that enable innovation
activities, cooperation of business systems in the
ecosystem, and high-intensity of interaction between
stakeholders in producing and providing digital
solutions. Manufacturers can use various digital
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technologies and innovations to enhance the stages of
their value chain, such as product design and
innovation, manufacturing, supply chain management,
marketing, sales, and services. The transformation in
these phases includes advances in production
equipment, smart products, data tools, and analytics,
and the way products and services are designed,
manufactured, and serviced in the industry has to
change.

4 Conceptual model of the smart
industry value chain

Contemporary digital concepts, value chain at the
enterprise level, and the ecosystem have been observed
separately, and the impact of some certain concepts on
the value chain or ecosystem has been analyzed.
However, these claims are changing, and it is necessary
to show an overview of the conceptual model of the
smart industry value chain, which is presented below
(Figure 2) with the recognized characteristics.
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Figure 2. Conceptual model of the smart industry value chain

The figure of the conceptual model of the smart
industry value chain begins with governance and
management, which are responsible for defining the
digital strategy and business models of companies. In
developing products or services, companies have
concentrated on internal value chains. Primary
activities played a fundamental role in the production
of products or services in companies, and traditional
information systems, which supported these activities,
represent a mature technology for almost any industrial
application. Changes in the market and new
requirements of customers have become greater and
more complex. The needs of companies for resources
in development, production, service delivery, and
sustainability to successfully respond to market needs
are a condition for survival. The changes that followed

the emergence of digital concepts in the industry can

be described through the following characteristics

(based on literature review presented in previous

chapters and related to the complex queries (Q1 and

Q2) in Table 1):

e continuous innovation of business models under
the influence of Servitization (C1)

e ecosystem based on collaboration, communication,
and exchange of resources (C2)

o redefining and integration the value chain in the
ecosystem (C3)

e smart and sustainable product and Servitization
(C4)

e sharing knowledge, competencies, and skills (C5)
e experiment culture (C6).
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Table 1. Recognized characteristics of the smart industry value chain in literature

Authors C1l C2 C3 C4 C5 C6
Q1

Manser Payne et al., 2021. + + +

Song et al., 2021. + + +

Yang et al., 2021. +

Komninos et al., 2021. + + + + +

Kapoor et al., 2021. + +

Yinetal., 2020. + + +

Hermes et al., 2020. + + + +

Mohammadian et al., 2020. + +

Tan et al., 2020. + + +

Wei et al., 2020. + +

Hofmeister Kahlea et al., 2020. + + + +

Zemranea et al., 2020. + + +

Jih & Hung, 2020. + + + +

Riasanow et al., 2020. + + +

Kohtamékia et al., 2019. + + + + + +

Jovanovic et al., 2019. + + + +

Sklyar et al., 2019. + + +

Horvath & Rabetino, 2019. + +

Burmeister et al., 2019. + +

Yildirim & Tungalp, 2019. + +

Chirumalla et al., 2019. + + + + + +
Q2

Cho & Jun, 2021. +

Naimi-Sadigh et al., 2021. + + + +

Ribeiro, 2021. + +

Uduvela et al., 2021. + + +

Szalavetz, 2020. + + + +

Reinartz, 2019. + + + +

Zighan et al., 2018 + +

Savastano et al., 2018. + + +

Bustinza et al., 2015. + +

Xu et al., 2015. + + +

Opresnik et al., 2013. + + +

With the concept of servitization in companies, the
value chain transcends internal boundaries and
expands to the external environment. Internal borders
are open for advanced collaboration, projects, and
support between companies and all stakeholders. The
integration and  sharing of  resources, a
multidisciplinary environment, and the reliance of the
manufacturing sector on the service sector enable
corporations to implement all the values and elements
of services to develop smart and sustainable products
and/or services. Product and service lifecycle
boundaries are disappearing with the provision of
advanced services and the constant upgrading of new
services.

New value flows in the ecosystem help to better
understand customer needs, and disruptive innovation
has enabled the integration of new values into business
models. Some business models based on servitization
in the ecosystem recognized by Kohtaméki et al.
(2019) are product provider, industrializer, integrated

solutions provider, outcome provider and platform
provider. These business models are included in the
conceptual model of the smart industry value chain and
present some possible utilization of resources in the
value chain. The product provider business model
emphasizes standardized products and add-on services
where some smart features based on remote diagnostics
are included. The Industrializer business model
presents modular product offerings and service
agreements. The integrated solutions provider business
model presents customized and modular product-
service systems with some performance guarantees or
operational services, including sales and delivery,
remote diagnostic, preventive maintenance, advanced
services, loT solutions, and increasing emphasis on
project management capabilities. The outcome
provider business model is customized, modular
product-service systems owned by the manufacturer,
predominantly performance pricing, and this business
model is based on value-based selling, delivery of
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outcome-based services, 10T, and Al solutions. Finally,
the platform provider business model is a service-
dominant business model where the platform provider
enables provider-customer interactions and sharing
services.

Operating in an ecosystem requires knowledge,
skills, and a culture of experimentation, where
common capabilities and resources, especially
infrastructure and data, are used to build smart and
sustainable products and/or services, which individual
companies have not had so far.

5 Conclusion

The development of smart and sustainable products
and services requires ecosystems to align in the
collaboration and integration of complementary
capabilities. Integration and management of a wide
range of networked ecosystem capabilities allow
companies to achieve important gains in creating value
for different stakeholders at all levels of the system.
Companies need to adopt a systematic approach to
address business opportunities throughout the value
chain. The first step should be to set a strategic path
and define business goals to be achieved. Next,
companies need to identify and select potential
innovations and resources in the ecosystem for further
development and projects that can provide business
value. If companies want to do this, they need
knowledge, skills, and a culture of experimentation
with the digital innovations in the value chain. This
paper provides an overview of new concepts and their
connections in the ecosystem, which provides a basis
for further research on the operations of these concepts
in the ecosystem. Future research will be based on
several case studies through which we are going to
empirically analyze value chain concepts established in
this paper.
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