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Abstract
In a globalized world, small- and medium-sized manufacturing enterprises (manu-
facturing SME) face the challenge of keeping up with global competition. Although 
AI is ascribed the potential to fundamentally change entire markets, industries, and 
general business activities, the question remains how SME can implement AI in 
their operation effectively and efficiently, and therefore build up potential (service) 
business models. The aim of this paper is to reveal the innovation potential of these 
systems and to provide instructions on how they can be used by SME. Through these 
resources can be used more efficiently and new business models can be created. The 
causes for the little use of AI are numerous and solutions were sought in this work. 
The result is a socio-technical framework that allows manufacturing SME to build 
up AI-based (service) business models for themselves.

Keywords Business model · Business model design · Artificial intelligence · Small 
and medium-sized manufacturing enterprises (manufacturing SME) · Socio-
technical design framework

Introduction

The working world is currently in a state of upheaval. As a result, many intense 
debates are being held about the future of work, focusing on the opportunities 
and implications of new technologies, especially artificial intelligence (AI) (e.g., 
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Hirsch-Kreinsen & ten Hompel, 2017). Because of these technologies, new develop-
ment potentials are opening up for manufacturing SME. In particular to those with 
regard to process innovations (intelligent monitoring, controlling, and managing 
of processes, making them more flexible to lift Industry 4.0 to a new level) and/
or product innovations according to AI-based (service) business models (industrial 
products with digital services and AI applications to augment innovative business 
models) (Mishra & Tripathi, 2021).

The “Industry 4.0” initiative aims to make the entire value-added chain more 
efficient by way of digitalized and automated or autonomous processing steps  
(Kagermann et al., 2013; Lepore et al., 2021). The focus of the initiative is therefore 
primarily on digital process innovations and their implementation–even due to domain 
knowledge of production processes of manufacturing SME (Obermaier, 2019).

Crucial for the competitiveness of SME in global markets is that companies focus 
not only on efficiency and thus improving internal processes but also on the effec-
tiveness, i.e., developing (service) business models1 (Abu-Rumman et  al., 2021; 
Adrodegari & Saccani, 2017; Baines & Lightfoot, 2013; Kowalkowski et al., 2017). 
Although there is a consensus that the use of digital technologies has the ability to 
accelerate the progress and therefore enables complex and new services, their role 
is often overlooked (Ardolino et al., 2018). These could provide the possibility to 
improve the services offered through digital technologies or even completely change 
them. At this point, new (service) business models could be created (Adrodegari & 
Saccani, 2017; Ardolino et al., 2018; Paschou et al., 2020). Although in this context, 
AI is ascribed the potential to fundamentally change entire markets, industries, and 
general business activities (Pfau & Rimpp, 2021); the question remains how busi-
nesses can implement AI in their operation effectively and efficiently, and therefore 
build up potential (service) business models, which have been used rarely (Paschou 
et al., 2020).

More and more companies are recognizing the potentials of AI; however, they 
lack the knowledge of how to integrate it into their existing business (Dowling et al., 
2021; Hanussek et al., 2021; Laperche & Liu, 2013; Zimmermann, 2021). One of 
the greatest challenge in the coming era of artificial intelligence is reflected in the 
correct implementation and management of AI, to establish a sustainable business 
(Boll-Westermann et al., 2019). Indeed, many SME have some competitive advan-
tages due to their unique, technological (industry) knowledge (Falk et  al., 2020). 
However, due to their limited financial and staff/human resources (Abu-Rumman 
et al., 2021), they seldom avail of further necessary knowledge domains to introduce 
and operate data- and AI-based (service) business models effectively and efficiently 
(Andrade et al., 2022; Coreynen et al., 2017).

1 This phenomenon of focus shifting in production is investigated in research under the term “serviti-
zation” (Baines & Lightfoot, 2013; Brax & Visintin, 2017). Other synonyms for this are among others 
“service transition,” “service transformation,” “service strategy,” “service infusion,” “product-service 
systems,” or sometimes “hybrid offering” (Adrodegari & Saccani, 2017; Brax & Visintin, 2017; Fliess & 
Lexutt, 2019; Kowalkowski et al., 2017; Paiola & Gebauer, 2020).
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Multinational enterprises have already integrated big data as one of the most 
important resources in their business models successfully (Zimmermann, 2021). 
However, manufacturing SME require suitable concepts and support in the develop-
ment of AI-based (service) business models (Queiroz et al., 2020).

Therefore, this article aims to describe the implications, which are induced from 
the use of artificial intelligence, for business models and how they evolve, to then 
create a socio-technical framework for manufacturing SME. First, the term business 
model, its elements, as well as the process of business model development, will be 
illuminated. Following this, the features of artificial intelligence will be portrayed. 
Based on these remarks, the implications that arise for AI-based (service) busi-
ness model development in the manufacturing sector will be presented. Afterwards, 
a framework for the development of AI-based (service) business models will be 
derived. The significant results will be concluded in combination with an outlook in 
the end of the article.

Theoretical Basis

Business Model

In science and in practice the term “Business Model” steadily gains traction (Baden-
Fuller & Mangematin, 2013; Kilintzis et  al., 2020; Müller-Stewens & Lechner, 
2016). Reasons for this are the rising stress of competition, globalization, introduc-
tion of new technologies, blurred industrial boundaries as well as changing mar-
ket and competition premises (Huikkola & Kohtamäki, 2018). The development of 
new and the transformation of existing business models2 can be viewed/seen as core 
competences to stay competitive now and in the future to be and stay competitive in 
the long term3 (Gassmann et al., 2017; Kohtamäki et al., 2019).

There is no uniform definition of what exactly characterizes a business model 
(see Adrodegari & Saccani, 2017; Bouwman et al., 2018; Carayannis et al., 2017; 
Joenssen & Müllerleile, 2020; Paiola & Gebauer, 2020). Nonetheless, the multitude 
of definitions are a unity when it comes to describe the requirement of a business  
model, of how enterprises generate values and delivers them (Adrodegari &  
Saccani, 2017; Arnold et al., 2016; Osterwalder & Pigneur, 2010).Business models can  
(explicitly) help to analyze the business logic, as well as the net value creation and 
monetization mechanisms and generate a better understanding of these (Adrodegari 

2 While the first type of building new business models internally, in addition to existing business mod-
els, is to be regarded as business model innovation, the second type addresses the change of existing 
business models in the sense of a business model transformation. To circumvent any misunderstanding, 
the notion has to be made, that there is no uniform interpretation of both these terms (Arnold et al., 2016;  
Bouwman et al., 2018; Grijalvo Martín et al., 2021). As part of this article both terms will be summa-
rized in the single term business model development.
3 Gassmann et al. clarify this in the following way: “In the future competition will not be between prod-
ucts and processes, but instead between business models” (Gassmann et al., 2017, p. 5).
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& Saccani, 2017; Baden-Fuller & Mangematin, 2013; Osterwalder & Pigneur, 
2010).

Due to the large number and heterogeneity of existing definitions of business 
models, their content layout does not follow an explicit procedure. Exemplarily, 
because of their popularity and their essential contribution to science, the Busi-
ness Model Canvas from Osterwalder and Pigneur (2010), the magic triangle from 
Gassmann et al. (2017), as well as the  V4-Modell from Al-Debei and Avison (2010) 
will be highlighted. Based on an extensive literature study about business model 
frameworks, Adrodegari and Saccani (2017) have identified business model traits 
which are widely agreed upon. Those can be–in the style of Paiola and Gebauercom-
piled into the following four components (Paiola & Gebauer, 2020).

• Value proposition: The value proposition aims to satisfy customer problems and 
needs, by providing unique products, services or a combination of both, which 
fulfill the demands and expectations of their customer segment.

• Value delivery: The centerpiece of every business model are the customers. To 
serve their needs in the best possible way, this element aims at an effective and 
efficient design of customer segments, relationships, and channels.

• Value creation: With the key resources, activities, and key collaborations, this 
element contains central elements for realizing the value proposition and repre-
sents all internal and external resources that are required to offer the value prop-
osition.

• Value capture: These describe how companies monetize their value proposition 
and realize values from the individual customer segments.

Business Model Development

In order to carry out a targeted (further) development of the logic of a business  
model, there are different concepts and models (Carayannis et  al., 2014).  
Examples–again due to their popularity and their significant contribution to practice 
and research—are the Business Model Design Process (by Osterwalder & Pigneur,  
2010), the St. Gallen Business Model Navigator (Gassmann et  al., 2017), or 
approach for business model innovation (Schallmo, 2013).

In practice, the “Business Model Design Process” developed by Osterwalder and 
Pigneur (2010) has prevailed. The five-step process lays a basis for companies to 
develop their business models in a specific context. The 5 Phases of the Business 
Model Design Process can be seen in Fig. 1.

In the “Mobilize” phase, the course is first laid for the project of business model 
development. In particular, it is about creating an awareness of the necessity of the 

Fig. 1  Business model design process  (adapted from from Osterwalder & Pigneur, 2010, S. 249)
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project, to define the specific project goals and scope, putting together the project 
team and the first ideas to the test in advance The subsequent “Understand” phase is 
primarily devoted to extensive research and analysis in order to gain knowledge about 
the corresponding elements of the business model. In the course of this, information 
about relevant technologies, trends, competing companies as well as potential 
customers and their problems and needs are collected. In order to ask critically the 
current status quo and to be open to new assumptions and paradigms, Osterwalder and  
Pigneur (2010) recommend a mix of activities. In addition to classic methods such as 
market research, expert interviews, customer surveys or observations early prototyping 
can be helpful in this phase in order to collect timely feedback for ideas. The knowledge 
and ideas from this phase are prototypically implemented as business models in the 
“Design” step and, among other things, tested and validated for their feasibility and  
profitability with internal stakeholders as well as external experts and potential 
customers. In addition, it is clarified whether the old and new business model should 
be separated from one another or integrated into each other. In this phase, it is very 
important/crucial to research many different, often daring ideas, to experiment with 
them and obtain them as much feedback as possible from a wide variety of people and 
groups of people develop and optimize the business model. The goal/aim is to select 
the most promising business model design at the end of this phase in order to actually 
implement it in the company in the subsequent phase (“implement”). Ultimately, it 
is important to establish dedicated structures and processes in the company in order 
to continuously monitor and evaluate the market and the performance of the business 
model and to make adjustments in order to remain competitive in the long term if it is 
necessary (“Manage”).

In the rarest of cases, however, the process of business model development is lin-
ear. For example, the “Understand” and “Design” phases can often run simultane-
ously. This can be attributed in particular to the exploratory nature of the business 
model development in which new possibilities are continuously explored, tested, or 
discarded (Osterwalder & Pigneur, 2010).

AI as Enabler of (Service) Business Models

For a long time, the industrial production was characterized by transactional sales 
with a rather low number of customer interaction points and a strong focus on cost 
efficiency. Nowadays the industry is becoming more and more flexible towards cus-
tomer-specific product-service solutions (Qvist-Sørensen, 2020). Former product-
centric success factors in traditional industry, such as “new materials and technol-
ogies, faster and more reliable automation, machining with more precision, waste 
reduction programs, smoother flow of parts, employee engagement, and closer cou-
pling within the supply chain” (Baines & Lightfoot, 2013, S. 2) are not enough to 
keep up with the competition. Rather, it is important to meet the needs of customers 
instead of just selling them a product (Gaiardelli et al., 2021). In this context, digi-
tization offers diverse potentials for business model developments in the direction 
of (service) business models (Boehmer et  al., 2020; Coreynen et  al., 2020; Frank  
et  al., 2019; Kohtamäki et  al., 2019; Paiola & Gebauer, 2020; Vendrell-Herrero 
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et  al., 2017). Technologies such as IoT, AI, Big Data, or Cloud Computing give 
manufacturing companies, among other things, insights into where their products 
are and how they are used, as well as information about their status and performance 
in real time (Ardolino et al., 2018; Baines & Lightfoot, 2013; Boehmer et al., 2020;  
Frank et  al., 2019; Lu, 2019; Paiola & Gebauer, 2020; Paschou et  al., 2020). 
Therefore, the ability to react, for example, in the event of impending machine 
breakdowns, can be significantly increased (Baines & Lightfoot, 2013). Digi-
tal technologies also enable new forms of customer interaction (Coreynen et  al.,  
2017).4

In this context, specifically artificial intelligence5 as a key technology (Ahlborn 
et  al., 2019; Dowling et  al., 2021; Zimmermann, 2021) can significantly change 
entire value chains, business models, markets, and industries through the use of 
intelligent systems (Brynjolfsson & Mcafee, 2017; Dowling et  al., 2021; Pfau & 
Rimpp, 2021; Zimmermann, 2021).

In a simplified understanding of AI, according to Beins et al. (2017), four core 
skills of modern AI can be identified: perception, understanding, acting, and learn-
ing. AI extends the logical basis of common IT systems that rely on the input, pro-
cessing and output of data to include the components of learning and understand-
ing. By expanding the processing component, the system is trained for continuous 
self-optimization (Beins et al., 2017). These learning effects mean that AI systems 
offer far greater opportunities and possibilities, especially for tasks that require a 
high level of adaptability and problem-solving skills, compared to clearly defined 
and rigid if–then-rule-based systems (Ahlborn et al., 2019; Beins et al., 2017). With 
regard to the increasing number and variety of data types and quantities that serve 
input in the first step (“perception”), it is possible to read almost any form of data 
and process it (“understand”).6 In principle, the processing component uses clearly 
defined case decisions, if it is possible. But it can also be complemented with learn-
ing or training properties (Beins et al., 2017).7 After processing the data, decisions 
are made or actions are triggered (“action”). For example, the system can draw 
conclusions based on the data in order to identify any anomalies (VDMA Bayern, 
2020). Insights gained from this can support certain problems and decision-making, 
derive suggestions for action and, if necessary, even initiate subsequent processes 

6 The quality and relevance of the data play a decisive role here, since possible latent or openly immoral 
patterns in earlier decisions, for example, in the area of racism or sexism, may later be reproduced by the 
AI under certain circumstances (Keding, 2021).
7 Special methods are used for this, such as language understanding or machine or deep learning (Beins 
et al., 2017).

4 A more comprehensive overview of the role of digital technologies in service transformation is pro-
vided by Ardolino et al. (2018).
5 AI describes methods, processes, and technologies that enable IT systems–such as machines, robots, or 
software systems—to interpret large amounts of data and to learn from this data in order to reproduce or 
imitate certain human-cognitive abilities (Di Vaio et al., 2020; Lee et al., 2019; Metelskaia et al., 2018; 
Paschou et al., 2020; VDMA Bayern, 2020). This means that tasks that require visual perception, lan-
guage or strategic thinking and planning, for example, can be carried out independently and efficiently 
by machines (Ahlborn et al., 2019; Dowling et al., 2021; Metelskaia et al., 2018; VDMA Bayern, 2020; 
Keding, 2021).
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autonomously (Beins et al., 2017; VDMA Bayern, 2020).8 In the subsequent train-
ing phase (“learning/training”), but also during operation, the AI system uses 
feedback to learn to understand the cause-effect relationships of the operations and 
to differentiate between correct and incorrect actions (Beins et  al., 2017; VDMA 
Bayern, 2020). As a result, the AI system can access an ever-increasing amount of 
data and knowledge and also learn from this experience and continuously develop 
itself (Ahlborn et  al., 2019; VDMA Bayern, 2020). It is not uncommon for the 
algorithms9 used in decision-making and problem-solving situations to exceed the 
cognitive abilities of real people and therefore be faster, more precise, and more 
efficient (Ahlborn et al., 2019; Di Vaio et al., 2020; Keding, 2021). This applies in 
particular to cases that are characterized by a high degree of dynamism, uncertainty 
and complexity. Especially if those also require a high degree of objectivity and the 
multitude of decision-relevant parameters and data would exceed human processing 
capacity (Ahlborn et al., 2019; Keding, 2021; VDMA Bayern, 2020).10

However, the possibilities of AI are also technically limited. Up to now, AI 
systems have been limited to solving individual, specific use cases within certain 
system boundaries (Ahlborn et  al., 2019; Beins et  al., 2017; Bundesregierung der 
Bundesrepublik Deutschland, 2018; Boll-Westermann et al., 2019; VDMA Bayern, 
2020; Zimmermann, 2021). Moreover, the predictability of self-learning systems 
decreases over time and can no longer be guaranteed sooner or later (Seifert et al., 
2018). In addition, ML-based methods in particular are often of the black box type. 
This means that results, which are generated by AI systems are no longer traceable 
or just traceable with a disproportionately high effort. Therefore, they are often per-
ceived as non-transparent (Bitkom & DFKI, 2017). These properties of AI have led 
to “serious fears of parts of the population [note of the author] of becoming victims 
of an unstoppable mechanization process. The Keywords are data collection mad-
ness, transparent customers, rationalization of workplaces etc.” (Bitkom & DFKI, 
2017, p. 37). These emotions towards AI systems can also be identified in the oper-
ational context. When it comes to implementing and operating AI systems in the 
organizational context, the most important factors are trust and acceptance (Jung & 
von Garrel, 2021).

8 With reference to the example of anomaly detection, this information could be used, for example, to 
identify relationships between sensor values and quality assurance results in order to anticipate potential 
production errors and ideally to arrive at dedicated recommendations for action for machine operation 
(VDMA Bayern, 2020) This enables tasks that require, for example, visual perception, language, or stra-
tegic thinking and planning to be carried out independently and efficiently by machines (Ahlborn et al., 
2019; Dowling et al., 2021; Metelskaia et al., 2018; VDMA Bayern, 2020; Keding, 2021).
9 Artificial intelligence is based on mathematical-statistical models, so-called algorithms (Beins et  al., 
2017; Joenssen & Müllerleile, 2020). Based on a specific problem and the underlying data model, algo-
rithms are able to autonomously identify different solutions, gain new knowledge, optimize processes, 
and support decisions (Beins et al., 2017; VDMA Bayern, 2020).
10 As a result, it can be expected that the future role of people will be to focus more on topics and tasks 
that require strong judgment, intuition, creativity, flexibility, empathy, and tacit knowledge (Keding, 
2021).
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Implications for Manufacturing SME

Business Models and AI

Formerly successful business models and their individual elements may become 
ineffective and obsolete (Paiola & Gebauer, 2020). Manufacturing companies 
are called upon to reflect critically on their business models and, if necessary, 
to reconfigure/redesign them in order to be able to survive in the changed com-
petitive environment (Boll-Westermann et  al., 2019). The role of a company is 
transforming “from being owners of competencies and resources into integrators 
of skills, resources and technologies able to realize complex value creation pro-
cesses” (Gaiardelli et al., 2021, p. 177). The possible impacts arising in relation 
to the individual elements of the business model can be significant.

The use of AI opens up new opportunities and possibilities for manufactur-
ing companies to innovate their value proposition. AI solutions, especially in 
combination with the increasing linking of production, can support companies 
in responding more specifically to specific customer needs and in stronger indi-
vidualization of their range of services). In particular, through integrated sen-
sors in the machines, information about the utilization, use, and condition of an 
object can be obtained and evaluated in real time. Through this, conclusions and 
insights can be drawn for new, innovative, and customer-centered value proposi-
tions (Ahlborn et al., 2019; Dowling et al., 2021; Keding, 2021; Metelskaia et al., 
2018; Zimmermann, 2021). It should be emphasized that the value proposition of 
an AI-based solution depends heavily on the solution itself. Examples of generic 
value propositions could be as follows:

• Making data usable: One of the greatest potentials of AI arises from the net-
working of production-related systems in Industry 4.0. Networked produc-
tion makes it possible to obtain and evaluate different data and information in 
order to derive and take meaningful measures (Ahlborn et al., 2019).

• Relieve employees and strengthen focus on core business: The algorithms on 
which the AI is based can support employees in relieving them of repetitive or 
highly process-related work, which in turn frees up resources to strengthen the 
core business (Ahlborn et al., 2019; Keding, 2021).

• Support and optimization of customer processes, as well as the creation of new 
service offers: Data can also be analyzed in real time using AI in order to provide  
customers with valuable knowledge for optimizing their planning and production.  
The data obtained from this can in turn be used to design new types of products and 
services (Dowling et al., 2021; Keding, 2021; Zimmermann, 2021).

The fact that the focus of the value proposition of a service-centered business model 
is primarily on intangible goods, such as certain skills, knowledge, and processes, and 
that the demand for individual solutions rises, a customer-centered value-adding process  
within the scope of value delivery is of eminent significance (Coreynen et  al., 2017;  
Culot et al., 2020; Kohtamäki et al., 2019). Furthermore, Coreynen et al. explained it 
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further as follows: “learning from customers, being adaptive to their individual and 
dynamic needs and co-creation are essential” (2017, p. 50). This allows ideas for the 
future value proposition or other elements of the business model to be validated early 
on in their conception and development (Boll-Westermann et  al., 2019). Depending  
on which specific AI-based solution a company offers its customers, the type of  
collaboration can also change. In this way, companies can gradually integrate more 
deeply into their customers’ value adding through the increasing delivery of relevant and 
tailor-made services (Baines & Lightfoot, 2013; Qvist-Sørensen, 2020). As a result, the 
cooperation and the relationship with the customers intensifies. An important point is the 
topic of trust and acceptance. Since the topic of artificial intelligence is very complex 
and can lead to fears and reservations among customers, especially when it comes to  
sharing data, it is essential to gain the trust of customers (Boll-Westermann et al., 2019).

The value creation activities of traditional manufacturing companies are primar-
ily focused on the construction, production, and distribution of physical goods (Boll-
Westermann et al., 2019). In principle, the development of complex AI-based solutions 
requires dedicated internal and external processes as well as activities dealing with 
the design, engineering, operation and maintenance of products, services, and IT sys-
tems (software and hardware) (Metelskaia et al., 2018). During the development phase 
and the operation of AI-based (service) business models, the management of internal 
and external data, information, and knowledge domains are central (Boll-Westermann 
et al., 2019; Metelskaia et al., 2018). As companies integrate more and more into the 
added value of their customers, it is important to create a trusting cooperation Employ-
ees, especially those with direct customer contact, are required to understand their cus-
tomers ‘businesses and their challenges in every detail and to do everything necessary 
and possible to solve their customers’ problems. At the same time, they should have 
in-depth knowledge of their own products, technologies, and systems in order to be 
able to make realistic and targeted offers to customers. A high degree of commitment, 
empathy, authenticity, technical understanding, customer orientation as well as flex-
ibility and resilience are therefore required (Baines & Lightfoot, 2013). In addition, 
it is important to develop and expand appropriate marketing and sales skills in order 
to convey the value of the new solutions to customers and to convince them of the 
offers (Adrodegari & Saccani, 2017; Baines & Lightfoot, 2013). The introduction of 
AI-based solutions does not only affect the key activities of a manufacturing SME, but 
also usually presents it with a number of challenges with regard to its key resources 
and collaborations. Often, SME lack the necessary core competencies and resources. 
Qualified specialists are indispensable for the successful introduction and management 
of the AI offering (Metelskaia et al., 2018). In addition, it must be ensured that the 
respective company has the necessary technical resources (Boll-Westermann et  al., 
2019), such as adequate access to qualitative and comprehensive data sets11 from 

11 The installed base is therefore very important, because as a general rule, the larger it is, the larger is 
the available database. A large number of products in circulation and a broad base of existing customers 
make it possible to generate valuable data, which in turn can provide insights for optimizing your own 
offers and business model (Adrodegari & Saccani, 2017; Baines & Lightfoot, 2013).
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different sources with which the corresponding AI models can be trained, or general 
know-how on topics such as artificial intelligence or data science (Falk et al., 2020).12

In contrast to physical products, AI-based (service) business models as digi-
tal service offerings are primarily based on data, which can usually be copied and 
reused at almost no cost. Traditional pricing mechanisms, such as the classic over-
head calculation, usually fall short of the element of value capture in the context 
of (service) business models and are simply ineffective. Rather, it is important to 
determine the benefits of the services for customers in order to draw conclusions 
about their willingness to pay, as well as with regard to adequate payment mod-
els. In connection with AI-based solutions, “as-a-service” subscription models, such 
as software-as-a-service or AI-as-a-service, are particularly widespread and recog-
nized. In these models, for example, products equipped with AI are not offered as 
capital goods, but as a service. Service agreements can ensure more stable payment 
flows, which can be particularly advantageous in times of strong economic fluctua-
tions (Baines & Lightfoot, 2013; Brax & Visintin, 2017; Fliess & Lexutt, 2019). 
However, values do not have to be measured solely in monetary terms. In particu-
lar, in a digitized, post-industrial world, data represent an important, often critical 
to success, source for generating values. In this sense, AI-based solutions translate 
the input data into valuable insights, which in turn generate additional values (Boll-
Westermann et al., 2019).

On the cost side, it is to be expected that the introduction of AI will be associated 
with corresponding investments. Typically, a significant part of the costs is likely 
be incurred in recruiting and qualifying the necessary specialist staff, on setting up 
an appropriate IT infrastructure, and in developing, marketing, and selling innova-
tive AI-based products, services or product-service combinations (Metelskaia et al., 
2018).

Business Model Development and AI

The development of AI-based (service) business models by manufacturing SME is 
a complex process in which the interaction between physical products and services 
changes significantly (Brax & Visintin, 2017). In this context, it is not enough to 
open up new technological possibilities through AI, but these must be made sus-
tainable and economical in AI-based (service) business models (Paiola & Gebauer, 

12 Companies that want to offer their customers AI solutions do not necessarily have to develop them 
in-house (Pfau & Rimpp, 2021). It often makes more sense to use services that are already available on 
the market and, if necessary, to customize them (Pfau & Rimpp, 2021). In particular, if the AI applica-
tions are expected to have only a weak to moderate influence on the business model, outsourcing can be a 
worthwhile alternative (Pfau & Rimpp, 2021). For example, if a manufacturing enterprise wants to offer 
predictive maintenance services in addition to its existing business, i.e., the sale of production goods, it 
must be considered whether the investment in building up the necessary know-how and the necessary 
technical and organizational infrastructure would be profitable. In addition, it must be ensured that the 
respective company has the necessary technical resources. AI systems usually place high demands on 
computing power (Boll-Westermann et  al., 2019). This can be remedied, for example, by special plat-
forms that are offered in the cloud, on-premise or as edge computing (Falk et al., 2020).
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2020). This fact can lead to fundamental changes in the business model that can 
question the reasoning of the existing business model. It is therefore important to 
approach the development of new business models in a targeted and structured man-
ner (Adrodegari & Saccani, 2017; Qvist-Sørensen, 2020; Kohtamäki, 2019).

Due to the characteristics of AI which were described above, but also against 
the background of a lack of financial and human resources (Dowling et al., 2021; 
Hanussek et al., 2021; Zimmermann, 2021), it seems to make sense, especially for 
manufacturing SME that have had little or no experience with AI, to adapt clas-
sic business model development processes: Since the development of innovative, 
AI-based (service) business models is a complex project, the specific effort and 
scope is sometimes not yet clearly defined, especially at the beginning of the pro-
ject, and often becomes apparent in the course of the project. An agile and inter-
active approach, in which certain ideas are continuously tested and, if necessary, 
validated with the customers, can therefore be useful in the development of an AI-
based business model in order to gain gradual clarity about the project scope and 
goals to develop customer-optimized solutions. Osterwalder and Pigneur (2010) 
already make it clear that breaking the linearity of the process may be necessary due 
to the exploratory nature of the business model development. In order to visualize, 
test and, if necessary, discard ideas as quick as possible, it may be advisable to use 
rapid prototyping methods. But the design of user journeys can also provide infor-
mation on how processes, including potential touch points, pain points and moments 
of truth, i.e., particularly memorable, decisive moments, can be designed (Corves & 
Schön, 2020).

In order to ensure that the design of the business model is consistent with poten-
tial AI-based solutions as well as in harmony with the employees, it is advisable to 
closely coordinate the development of these perspectives, i.e., the economic, techno-
logical and social dimensions (Carayannis & Campbell, 2010). This allows depend-
encies to be taken into account and actions to be compared with each other.

From a social perspective, it seems logical to “demystify” the topic of AI in com-
panies as a first step, especially against the background of the emotional approach to 
artificial intelligence. By dealing with the topic and communicating transparently, it 
is possible to create a clear and shared understanding of the potential, requirements, 
and challenges of AI and also to generate awareness in the company (Jung & von 
Garrel, 2021).

Since artificial intelligence processes, systems, and related technologies are con-
stantly evolving (Boll-Westermann et al., 2019), it seems advisable, to continuously 
monitor and reflect on such developments throughout the process of business model 
development and after implementation. This sharpens the focus on translating or 
monetizing technological potentials into economic values. At this point, it is par-
ticularly important to critically question your own assumptions and, if necessary, to 
have the courage and willingness to reiterate them in the process. It is unlikely that 
a company with an AI-based solution will be successful in the medium to long term 
if the solution itself and the associated business model are not continuously devel-
oped. In order to justify the implications of AI-based business model development 
in SME, it is therefore advisable to adapt the business model development process at 
the processual level according to these implications (Fig. 2).
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As already shown, the development of new and innovative business models is 
increasingly becoming a core competence for companies in order to be competitive 
in the long term (Paiola & Gebauer, 2020). Once successful business models and 
their individual elements can become ineffective and obsolete (Paiola & Gebauer, 

Fig. 2  Development process for AI-based business models  (adapted from Osterwalder & Pigneur, 2010, 
S. 249)

Fig. 3  Design framework for the Implementation of AI-based (service) business models for manufactur-
ing SME
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2020). Manufacturing companies are therefore required to critically reflect on 
their business models and, if necessary, reconfigure them in order to survive in the 
changed competitive environment (Boll-Westermann et al., 2019). Due to its disrup-
tive character, artificial intelligence in particular has the potential to redefine or even 
destroy established industries (Ehret & Wirtz, 2017).

But “[…] many small and medium-sized companies are just at the beginning of 
digitization” (Dowling et al., 2021, p. 7). In addition to financially limited resources, 
personnel restrictions also pose great challenges for SME. SME often see little rea-
son to break new ground and therefore concentrate their resources in order to carry 
out their core business, especially when the workload and demand of their products 
or services is high (Dowling et  al., 2021). Furthermore, SME often lack qualified 
specialist staff and the necessary expertise about the potentials and specific applica-
tions of AI, which are, however, necessary to advance such topics (Dowling et al., 
2021; Hanussek et al., 2021; Zimmermann, 2021).

AI technologies for (service) business models are always developed by people (AI 
experts) and implemented for specific corporate contexts (with technical experts) 
and process data into information. This requires, especially in the industrial context, 
people with the knowledge to act on the basis of this information (service employ-
ees/users). In order for such models to work, all existing technological organiza-
tional, human, process, and labor resources must be included in addition to customer 
needs. In this sense, AI-based (service) business models are socio-technical systems 
and the result of the interaction of people or groups and intelligent systems based on 
their unique data, information, and knowledge domains (North & Varvakis, 2016).

For this reason, it can be helpful, especially for SME, to link heterogeneous data, infor-
mation, and knowledge domains and to make previously non-existent knowledge available 
in order to develop AI-based (service) business models (Koch & Windsperger, 2017).

Different methods and tools can act as “enablers” here, systematically generating, 
applying, distributing, and storing data, information, and knowledge domains from 
a socio-technical perspective (i.e., taking into account technological, organizational, 
personnel, procedural, and work-related design options) for the development of AI-
based (service) business models (Mertins et  al., 2016). The use of these methods 
must not only be characterized by the management of existing knowledge domains 
with a focus on its documentation, but must support the development of dynamic 
resources and capabilities of organizations in order to develop, reconfigure, realign-
ing, or integrate core competencies using external resources and skills (including 
integrated data and information platform, wiki, digital knowledge communities (Al-
Gharaibeh & Ali, 2021; North & Maier, 2018). 

Conclusion and Outlook: Socio‑Technical Design Framework

Manufacturing enterprises are facing a multitude of challenges nowadays. Due to 
globalization and the increased use of technologies, the competitive environment is 
intensifying considerably, while at the same time the expectations and demands of 
customers are increasing. Manufactured goods are being imitated at continuously 



 Journal of the Knowledge Economy

1 3

lower costs and are increasingly interchangeable, so that more and more production 
companies are starting to enrich or even replace their previously goods-centric offers 
with service-oriented, integrated solutions and to develop service-based business 
models. Especially, AI–as a key technology–offers great potential through service 
or product innovations, as customer or process data combined with AI methods form 
the basis for the development of new (service) business models.

If one sees AI-based (service) business models in this context as socio-technical 
systems, whose outcomes is the interaction of people or groups and intelligent sys-
tems on the basis of their unique data, information, and knowledge domains, then an 
arrangement of these domains, taking into account the technological, organizational, 
personnel, procedural, and work-related design options, appears to be a promising 
approach. However, especially manufacturing SMEs, whose competitive advantages 
are in particular due to their unique technological domain knowledge, rarely possess 
the other necessary knowledge domains to effectively and efficiently introduce and 
operate data- and AI-based (service) business models.

Summarizing the challenges and insights–based on the implications abstracted by 
artificial intelligence for (1) individual elements of business models, (2) the process 
of business model development, and (3) the development of (service) business mod-
els by SME–a design framework–referring to research activities relating the digi-
tal transformation (e.g., Rêgo et al., 2021) or customer-driven innovation (Sindakis, 
2015)–for SME for the development of AI-based (service) business models can be 
established (Fig. 3).

This approach is justified by the knowledge that it is of strategic importance, 
especially for small- and medium-sized companies, to develop AI-based (service) 
business models, to network heterogeneous knowledge domains—both on an 
organizational and individual level–and to provide and spread,which has been so 
far, non-existent knowledge.

But at this point, it should be emphasized that the challenges presented in this 
article for the development of AI-based service business models as well as the 
developed solution approach in the form of a framework can only provide ini-
tial indications. Only through the concrete, organization-specific design of this 
framework do the specific challenges that organizations have to face when devel-
oping new business models become clear (i.e., Corallo et al., 2019). In this con-
text, the implementation of an agile and interactive development process, which 
is only briefly described and recommended, is an example. To what extent, such 
an agile process influences the shape of a business model or what relationships 
exist between the resources and how these affect the development process has not 
been sufficiently researched so far. In addition, the introduction of agile methods 
requires transformations at all levels of an organization, which not only have to 
involve procedural but also cultural change processes in a company. Such a pro-
cess requires, among other things, a change in the mindset of the employees and 
is of a long-term nature.

Furthermore, it is also possible to convert this organization-related design frame-
work into a cross-organizational framework and thus promote the development of 
cross-organizational platform resources (“platform boundary resources”) (i.e., Zhao, 
2022), and thus a broad knowledge community for the development of AI-based 
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products and services together. in this context, in the business model context, a lot of 
time is often spent addressing the actual customer problem in order to overcome the 
so-called “problem–solution hurdle”–that means ensuring that the desired solution 
addresses an actual customer problem. By opening up the framework, customers of 
the manufacturing companies (or their customers) can be integrated directly. Mak-
ing their ideas or everyday problems in the execution of a process or the processing 
of a task available to the company in the sense of an open innovation platform.

Funding Open Access funding enabled and organized by Projekt DEAL.  This research and development 
project is funded by the German Federal Ministry of Education and Research (BMBF) within the “Inno-
vations for Tomorrow’s Production, Services, and Work” Program (Funding Number: 02L20C034) and 
implemented by the Project Management Agency Karlsruhe (PTKA). The author is responsible for the 
content of this publication.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ 
licen ses/ by/4. 0/.

References

Abu-Rumman, A., Al Shraah, A., Al-Madi, F., et  al. (2021). Entrepreneurial networks, entrepre-
neurial orientation, and performance of small and medium enterprises: Are dynamic capabilities 
the missing link?. Journal of Innovation and Entrepreneurship, 10, 29. https:// doi. org/ 10. 1186/ 
s13731- 021- 00170-8

Adrodegari, F., & Saccani, N. (2017). Business models for the service transformation of industrial firms. 
The Service Industries Journal, 37(1), 57–83. https:// doi. org/ 10. 1080/ 02642 069. 2017. 12895 14

Ahlborn, K., Bachmann, G., Biegel, F., Bienert, J., Falk, S., Fay, A., Gamer, T., Garrels, K., Grotepass, J., 
Heindl,  A., Heizmann,  J., Hilger,  C., Hoffmann,  M., Hoffmeister,  M., Jochem,  M., Kalhoff,  J., 
Kamp, M., Kramer, S., Kosch, B., & Zinke, G. (2019). Technologieszenario “Künstliche Intelligenz in 
der Industrie 4.0”. Plattform Industire 4.0 Working Paper. Retrieved from https:// www. platt form- i40. de/ 
IP/ Redak tion/ DE/ Downl oads/ Publi kation/ KI- indus trie- 40. pdf?__ blob= publi catio nFile &v= 10

Al-Debei, M. M., & Avison, D. (2010). Developing a unified framework of the business model concept. 
European Journal of Information Systems, 19, 359–376. https:// doi. org/ 10. 1057/ ejis. 2010. 21

Al-Gharaibeh, R. S., & Ali, M. Z. (2021). Knowledge sharing framework: A game-theoretic approach. 
Journal of the Knowledge Economy. https:// doi. org/ 10. 1007/ s13132- 020- 00710-9

Andrade, J., Franco, M., & Mendes, L. (2022). Facilitating and inhibiting effects of organisational ambi-
dexterity in SME: An analysis centred on SME characteristics. Journal of the Knowledge Economy. 
https:// doi. org/ 10. 1007/ s13132- 021- 00831-9

Ardolino, M., Rapaccini, M., Saccani, N., Gaiardelli, P., Crespi, G., & Ruggeri, C. (2018). The role of 
digital technologies for the service transformation of industrial companies. International Journal of 
Production Research, 56(6), 2116–2132. https:// doi. org/ 10. 1080/ 00207 543. 2017. 13242 24

Arnold, C., Kiel, D., & Voigt, K. -I. (2016). How the industrial internet of things changes business mod-
els in different manufacturing industries. International Journal of Innovation Management, 20(8). 
https:// doi. org/ 10. 1142/ S1363 91961 64001 56

Baden-Fuller, C., & Mangematin, V. (2013). Business models: A challenging agenda. Strategic Organi-
zation, 11(4), 418–427. https:// doi. org/ 10. 1177/ 14761 27013 510112

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13731-021-00170-8
https://doi.org/10.1186/s13731-021-00170-8
https://doi.org/10.1080/02642069.2017.1289514
https://www.plattform-i40.de/IP/Redaktion/DE/Downloads/Publikation/KI-industrie-40.pdf?__blob=publicationFile&v=10
https://www.plattform-i40.de/IP/Redaktion/DE/Downloads/Publikation/KI-industrie-40.pdf?__blob=publicationFile&v=10
https://doi.org/10.1057/ejis.2010.21
https://doi.org/10.1007/s13132-020-00710-9
https://doi.org/10.1007/s13132-021-00831-9
https://doi.org/10.1080/00207543.2017.1324224
https://doi.org/10.1142/S1363919616400156
https://doi.org/10.1177/1476127013510112


 Journal of the Knowledge Economy

1 3

Baines, T., & Lightfoot, H. (2013). Made to Serve: How manufacturers can compete through servitization 
and product-service systems. John Wiley & Sons, Ltd. Retrieved from https:// primo. fu- berlin. de/ 
FUB: FUB_ ALMA_ DS511 06196 38400 02883

Beins, K., Bernadi, A., Besier, J., Blattmann, A., Boiselle, J., Böken, A., Burchardt, A., Bures, S., Buschbacher,  
F., Buske, M., Czarnecki, C., Dehmel, S., Dohmann, F., Dransfeld, H., Erbs, N., Felden, C., Fetzer, J., 
Frühling, J., Geißler, S., & Zicari, R. V. (2017). Künstliche Intelligenz: Wirtschaftliche Bedeutung, gesells-
chaftliche Herausforderungen, menschliche Verantwortung. Bitkom e.V. Retrieved from https:// www. dfki. 
de/ filea dmin/ user_ upload/ import/ 9744_ 171012- KI- Gipfe lpapi er- online. pdf

Bitkom & DFKI. (2017). Entscheidungsunterstützung mit Künstlicher Intelligenz. Wirtschaftliche Bedeu-
tung, gesellschaftliche Herausforderungen, menschliche Verantwortung. Bitkom e.V. Retrieved from 
https:// www. bitkom. org/ sites/ defau lt/ files/ file/ import/ First Spirit- 14969 12702 488Bi tkom- DFKI- 
Posit ionsp apier- Digit al- Gipfel- AI- und- Entsc heidu ngen- 13062 017-2. pdf

Boehmer, J. H., Shukla, M., Kapletia, D., & Tiwari, M. K. (2020). The impact of the Internet of Things 
(IoT) on servitization: An exploration of changing supply relationships. Production Planning & 
Control, 31(2–3), 203–219. https:// doi. org/ 10. 1080/ 09537 287. 2019. 16314 65

Boll-Westermann, S., Faisst, W.; Bertschek, I., Dowling, M.; Dumitrescu, R., Falk, S., Fischer, S., Friege, C., 
Liebl, A., Nieße, A., Pflaum, A., Piller, F.T., Riss, U., Schmidt, F., Schnell, M., Schröder, L., Terzidis, O., 
& Wolf, I. (2019). Neue Geschäftsmodelle mit Künstlicher Intelligenz: Zielbilder, Fallbeispiele und Gestal-
tungsoptionen. Plattform Lernende Systeme. Retrieved from https:// www. acate ch. de/ publi kation/ neue- 
gesch aefts model le- mit- kuens tlich er- intel ligenz- zielb ilder- fallb eispi ele- gesta ltung sopti onen/ downl oad- pdf? 
lang= de

Bouwman, H., Nikou, S., Molina-Castillo, F. J., & de Reuver, M. (2018). The impact of digitalization 
on business models. Digital Policy, Regulation and Governance, 20(2), 105–124. https:// doi. org/ 10. 
1108/ DPRG- 07- 2017- 0039

Brax, S. A., & Visintin, F. (2017). Meta-model of servitization: The integrative profiling approach. Indus-
trial Marketing Management, 60, 17–32. https:// doi. org/ 10. 1016/j. indma rman. 2016. 04. 014

Brynjolfsson, E., & Mcafee, A. (2017). The business of artificial intelligence: What it can - and cannot 
- do for your organization. Harvard Business Review, 1–20. Retrieved from https:// hbr. org/ cover- 
story/ 2017/ 07/ the- busin ess- of- artifi cial- intel ligen ce

Bundesregierung der Bundesrepublik Deutschland (Hg.). (2018). Strategie Künstliche Intelligenz der 
Bundesregierung. Retrieved from https:// www. bmbf. de/ files/ Natio nale_ KI- Strat egie. pdf

Carayannis, EG, & Campbell, DFJ (2010). Triple Helix, Quadruple Helix and Quintuple Helix and how 
do knowledge, innovation and the environment relate to each other? A proposed framework for a 
trans-disciplinary analysis of sustainable development and social ecology. International Journal of 
Social Ecology and Sustainable Development, 1(1), 41–69

Carayannis, E. G., Grigoroudis, E., & Stamati, D. (2017). Re-visiting BMI as an enabler of strategic 
intent and organizational resilience, robustness, and remunerativeness. Journal of the Knowledge 
Economy, 8, 407–436. https:// doi. org/ 10. 1007/ s13132- 017- 0471-3

Carayannis, E. G., Grigoroudis, E., Sindakis, S., et al. (2014). Business model innovation as antecedent 
of sustainable enterprise excellence and resilience. Journal of the Knowledge Economy, 5, 440–463. 
https:// doi. org/ 10. 1007/ s13132- 014- 0206-7

Corallo, A., Errico, F., Latino, M. E., et al. (2019). Dynamic Business Models: A Proposed Framework to 
Overcome the Death Valley. Journal of the Knowledge Economy, 10, 1248–1271. https:// doi. org/ 10. 
1007/ s13132- 018- 0529-x

Coreynen, W., Matthyssens, P., & van Bockhaven, W. (2017). Boosting servitization through digitization: 
Pathways and dynamic resource configurations for manufacturers. Industrial Marketing Manage-
ment, 60, 42–53. https:// doi. org/ 10. 1016/j. indma rman. 2016. 04. 012

Coreynen, W., Matthyssens, P., Vanderstraeten, J., & van Witteloostuijn, A. (2020). Unravelling the internal 
and external drivers of digital servitization: A dynamic capabilities and contingency perspective on firm 
strategy. Industrial Marketing Management, 89, 265–277. https:// doi. org/ 10. 1016/j. indma rman. 2020. 
02. 014

Corves, A., & Schön, E. M. (2020). Digital Trust für KI-basierte Mensch-Maschine-Schnittstellen. In: 
Boßow-Thies, S., Hofmann-Stölting, C., Jochims, H. (eds) Data-driven Marketing. Springer Gabler, 
Wiesbaden. https:// doi. org/ 10. 1007/ 978-3- 658- 29995-8_ 12

Culot,  G., Orzes,  G., Sartor,  M., & Nassimbeni,  G. (2020). The future of manufacturing: A Delphi-
based scenario analysis on Industry 4.0. Technological Forecasting & Social Change, 157(120092). 
https:// doi. org/ 10. 1016/j. techf ore. 2020. 120092

https://primo.fu-berlin.de/FUB:FUB_ALMA_DS511061963840002883
https://primo.fu-berlin.de/FUB:FUB_ALMA_DS511061963840002883
https://www.dfki.de/fileadmin/user_upload/import/9744_171012-KI-Gipfelpapier-online.pdf
https://www.dfki.de/fileadmin/user_upload/import/9744_171012-KI-Gipfelpapier-online.pdf
https://www.bitkom.org/sites/default/files/file/import/FirstSpirit-1496912702488Bitkom-DFKI-Positionspapier-Digital-Gipfel-AI-und-Entscheidungen-13062017-2.pdf
https://www.bitkom.org/sites/default/files/file/import/FirstSpirit-1496912702488Bitkom-DFKI-Positionspapier-Digital-Gipfel-AI-und-Entscheidungen-13062017-2.pdf
https://doi.org/10.1080/09537287.2019.1631465
https://www.acatech.de/publikation/neue-geschaeftsmodelle-mit-kuenstlicher-intelligenz-zielbilder-fallbeispiele-gestaltungsoptionen/download-pdf?lang=de
https://www.acatech.de/publikation/neue-geschaeftsmodelle-mit-kuenstlicher-intelligenz-zielbilder-fallbeispiele-gestaltungsoptionen/download-pdf?lang=de
https://www.acatech.de/publikation/neue-geschaeftsmodelle-mit-kuenstlicher-intelligenz-zielbilder-fallbeispiele-gestaltungsoptionen/download-pdf?lang=de
https://doi.org/10.1108/DPRG-07-2017-0039
https://doi.org/10.1108/DPRG-07-2017-0039
https://doi.org/10.1016/j.indmarman.2016.04.014
https://hbr.org/cover-story/2017/07/the-business-of-artificial-intelligence
https://hbr.org/cover-story/2017/07/the-business-of-artificial-intelligence
https://www.bmbf.de/files/Nationale_KI-Strategie.pdf
https://doi.org/10.1007/s13132-017-0471-3
https://doi.org/10.1007/s13132-014-0206-7
https://doi.org/10.1007/s13132-018-0529-x
https://doi.org/10.1007/s13132-018-0529-x
https://doi.org/10.1016/j.indmarman.2016.04.012
https://doi.org/10.1016/j.indmarman.2020.02.014
https://doi.org/10.1016/j.indmarman.2020.02.014
https://doi.org/10.1007/978-3-658-29995-8_12
https://doi.org/10.1016/j.techfore.2020.120092


1 3

Journal of the Knowledge Economy 

Di Vaio, A., Palladino, R., Hassan, R., & Escobar, O. (2020). Artificial intelligence and business models 
in the sustainable development goals perspective: A systematic literature review. Journal of Busi-
ness Research, 121, 283–314. https:// doi. org/ 10. 1016/j. jbusr es. 2020. 08. 019

Dowling,  M., Klinkenberg,  R., Köpcke,  H., Liebl,  A., Löser,  A., Mordvinova,  O., Morik,  K., Rabe,  M., 
Schlunder, P., Schmidt, F., Gradl, M., Hungerland, N., Meier, P., & Witte, K. (2021). KI im Mittelstand:  
Potenziale erkennen, Voraussetzungen schaffen, Transformation meistern. Plattform Lernende Sys-
teme. Retrieved from https:// www. acate ch. de/ publi kation/ ki- im- mitte lstand- poten ziale- erken nen- 
vorau ssetz ungen- schaff en- trans forma tion- meist ern/

Ehret, M., & Wirtz, J. (2017). Unlocking value from machines: Business models and the industrial internet of 
things. Journal of Marketing Management, 33(1–2), 111–130. https:// doi. org/ 10. 1080/ 02672 57X. 2016. 
12480 41

Falk, S., Faisst, W., Biegel, F., Bollgrün, P., Braun, A., Ohliger, U. und Sedlmeir, J. und Thorms, J., & 
Winter, J. (2020). Von Daten zu Wertschöpfung: Potenziale von daten- und KI-basierten Wertschöp-
fungsnetzwerken. Plattform Lernende Systeme. Retrieved from https:// www. acate ch. de/ publi kation/ 
von- daten- zu- werts choep fung- poten ziale- von- daten- und- ki- basie rten- werts choep fungs netzw erken/

Fliess, S., & Lexutt, E. (2019). How to be successful with servitization - Guidelines for research and 
management. Industrial Marketing Management, 78, 58–75. https:// doi. org/ 10. 1016/j. indma rman. 
2017. 11. 012

Frank, A. G., Mendes, G. H. S., Ayala, N. F., & Ghezzi, A. (2019). (in press). Servitization and Industry 
4.0 convergence in the digital transformation of product firms: A business model innovation perspec-
tive. Technological Forecasting & Social Change, in press, 1–21. https:// doi. org/ 10. 1016/j. techf ore.  
2019. 01. 014

Gaiardelli, P., Pezzotta, G., Rondini, A., Romero, D., Jarrahi, F., Bertoni, M., Wiesner, S., Wuest, T., Larsson, T., 
Zaki, M., Jussen, P., Boucher, X., Bigdeli, A. Z., & Cavalieri, S. (2021). Product-service systems evolution 
in the era of Industry 4.0. Service Business, 15, 177–207. https:// doi. org/ 10. 1007/ s11628- 021- 00438-9

Gassmann,  O., Frankenberger,  K., & Csik,  M. (2017). Geschäftsmodelle entwickeln: 55 innovative 
Konzepte mit dem St. Galler Business Model Navigator (2. Aufl.). Carl Hanser Verlag. https:// doi. 
org/ 10. 3139/ 97834 46452 848. fm

Grijalvo Martín, M., Pacios Álvarez, A., Ordieres-Meré, J., Villalba-Díez, J., & Morales-Alonso, G. 
(2021). New business models from prescriptive maintenance strategies aligned with sustainable 
development goals. Sustainability, 13(216), 1–26. https:// doi. org/ 10. 3390/ su130 10216

Hanussek, M., Papp, H., Blohm, M., Kintz, M., Grigorjan, A., Brandt, D., Hennebold, C., & Oberle, M. 
(2021). Cloudbasierte KI-Plattformen: Chancen und Grenzen von Diensten für Machine Learning as 
a Service. Fraunhofer IAO, Fraunhofer IPA. Retrieved from https:// www. ki- forts chrit tszen trum. de/ 
de/ studi en/ cloud basie rte- ki- platt formen. html

Hirsch-Kreinsen, H., & ten Hompel, M. (2017). Digitalisierung industrieller Arbeit: Entwicklungspers-
pektiven und Gestaltungsansätze. In: Vogel-Heuser B., Bauernhansl T., & ten Hompel M. (Eds.), 
Handbuch Industrie 4.0 Bd.3. Springer Reference Technik. Springer Vieweg, Berlin, Heidelberg. 
https:// doi. org/ 10. 1007/ 978-3- 662- 53251-5_ 21

Huikkola, T., & Kohtamäki, M. (2018). Business Models in Servitization. In M. Kohtamäki, T. Baines, R. 
Rabetino, & A. Z. Bigdeli (Hg.), Practices and tools for servitization: Managing service transition 
(S. 61–81). Springer International Publishing AG. https:// doi. org/ 10. 1007/ 978-3- 319- 76517-4_4

Joenssen, D. W., & Müllerleile, T. (2020). KI Basierte Geschäftsmodelle, Aalener Beiträge zu komplexen 
Systemen (Ausg. 1; Nov. 2020). HS Aalen. Retrieved from https:// opus- htw- aalen. bsz- bw. de/ front door/ 
 index/ index/ docId/ 1011

Jung, M., & Garrel, J. (2021). Mitarbeiterfreundliche implementierung von KI -systemen im hinblick auf 
akzeptanz und vertrauen: erarbeitung eines forschungsmodells auf basis einer qualitativen analyse. 
TATuP - Journal for Technology Assessment in Theory and Practice, 30, 37–43. https:// doi. org/ 10. 14512/ 
tatup. 30.3. 37

Kagermann, H., Wahlster, W., & Helbig, J. (2013). Umsetzungsempfehlungen für das Zukunftsprojekt 
Industrie 4.0 – Abschlussbericht des Arbeitskreises Industrie 4.0. Forschungsunion Wirtschaft - 
Wissenschaft. Retrieved from https:// www. fachp ortal- paeda gogik. de/ liter atur/ volla nzeige. html? 
FId= 10458 95

Keding, C. (2021). Understanding the interplay of artificial intelligence and strategic management: Four 
decades of research in review. Management Review Quarterly, 71, 91–134. https:// doi. org/ 10. 1007/ 
s11301- 020- 00181-x

https://doi.org/10.1016/j.jbusres.2020.08.019
https://www.acatech.de/publikation/ki-im-mittelstand-potenziale-erkennen-voraussetzungen-schaffen-transformation-meistern/
https://www.acatech.de/publikation/ki-im-mittelstand-potenziale-erkennen-voraussetzungen-schaffen-transformation-meistern/
https://doi.org/10.1080/0267257X.2016.1248041
https://doi.org/10.1080/0267257X.2016.1248041
https://www.acatech.de/publikation/von-daten-zu-wertschoepfung-potenziale-von-daten-und-ki-basierten-wertschoepfungsnetzwerken/
https://www.acatech.de/publikation/von-daten-zu-wertschoepfung-potenziale-von-daten-und-ki-basierten-wertschoepfungsnetzwerken/
https://doi.org/10.1016/j.indmarman.2017.11.012
https://doi.org/10.1016/j.indmarman.2017.11.012
https://doi.org/10.1016/j.techfore.2019.01.014
https://doi.org/10.1016/j.techfore.2019.01.014
https://doi.org/10.1007/s11628-021-00438-9
https://doi.org/10.3139/9783446452848.fm
https://doi.org/10.3139/9783446452848.fm
https://doi.org/10.3390/su13010216
https://www.ki-fortschrittszentrum.de/de/studien/cloudbasierte-ki-plattformen.html
https://www.ki-fortschrittszentrum.de/de/studien/cloudbasierte-ki-plattformen.html
https://doi.org/10.1007/978-3-662-53251-5_21
https://doi.org/10.1007/978-3-319-76517-4_4
https://opus-htw-aalen.bsz-bw.de/frontdoor/index/index/docId/1011
https://opus-htw-aalen.bsz-bw.de/frontdoor/index/index/docId/1011
https://doi.org/10.14512/tatup.30.3.37
https://doi.org/10.14512/tatup.30.3.37
https://www.fachportal-paedagogik.de/literatur/vollanzeige.html?FId=1045895
https://www.fachportal-paedagogik.de/literatur/vollanzeige.html?FId=1045895
https://doi.org/10.1007/s11301-020-00181-x
https://doi.org/10.1007/s11301-020-00181-x


 Journal of the Knowledge Economy

1 3

Kilintzis, P., Samara, E., Carayannis, E. G., et al. (2020). Business model innovation in Greece: Its effect 
on organizational sustainability. Journal of the Knowledge Economy, 11, 949–967. https:// doi. org/ 
10. 1007/ s13132- 019- 0583-z

Koch, T., & Windsperger, J. (2017). Seeing through the network: Competitive advantage in the digital 
economy. Journal of Organization Design, 6(1), 1–30. https:// doi. org/ 10. 1186/ s41469- 017- 0016-z

Kohtamäki, M., Parida, V., Oghazi, P., Gebauer, H., & Baines, T. (2019). Digital servitization business 
models in ecosystems: A theory of the firm. Journal of Business Research, 104, 380–392. https:// 
doi. org/ 10. 1016/j. jbusr es. 2019. 06. 027

Kowalkowski, C., Gebauer, H., Kamp, B., & Parry, G. (2017). Servitization and deservitization: Over-
view, concepts, and definitions. Industrial Marketing Management, 60, 4–10. https:// doi. org/ 10. 
1016/j. indma rman. 2016. 12. 007

Laperche, B., & Liu, Z. (2013). SMEs and knowledge-capital formation in innovation networks: A 
review of literature. Journal of Innovation and Entrepreneurship, 2, 21. https:// doi. org/ 10. 1186/ 
2192- 5372-2- 21

Lee, J., Suh, T., Roy, D., & Baucus, M. (2019). Emerging technology and business model innovation: The 
case of artificial intelligence. Journal of Open Innovation: Technology, Market, and Complexity, 
5(44), 1–13. https:// doi. org/ 10. 3390/ joitm c5030 044

Lepore, D., Dubbini, S., & Micozzi, A. et al. (2021). Knowledge sharing opportunities for industry 4.0 
Firms. J Knowl Econ. https:// doi. org/ 10. 1007/ s13132- 021- 00750-9

Lu, Y. (2019). Artificial intelligence: A survey on evolution, models, applications and future trends. Jour-
nal of Management Analytics, 6(1), 1–29. https:// doi. org/ 10. 1080/ 23270 012. 2019. 15703 65

Mertins, K., Orth, R., & Kohl, I. (2016). Ein Referenzmodell für Wissensmanagement. In Kohl, H., Mertins, 
K., & Seidel, H. (Eds.). Wissensmanagement im Mittelstand. Grundlagen – Lösungen – Praxisbeispiele 
(pp. 31 - 40). Springer Gabler, Berlin, Heidelberg. https:// doi. org/ 10. 1007/ 978-3- 662- 49220-8

Metelskaia, I., Ignatyeva, O., Denef, S. & Samsonowa, T. (2018). A business model template for AI solu-
tions. In L. Moutinho & X.-S. Yang (Hg.). ACM Other conferences, Proceedings of the Interna-
tional Conference on Intelligent Science and Technology. ACM. https:// doi. org/ 10. 1145/ 32337 40. 
32337 50

Mishra, S., & Tripathi, A. R. (2021). AI business model: An integrative business approach. Journal of 
Innovation and Entrepreneurship, 10, 18. https:// doi. org/ 10. 1186/ s13731- 021- 00157-5

Müller-Stewens,  G. & Lechner,  C. (2016). Strategisches managment: Wie strategische Initiativen zum 
Wandel führen (5. Aufl.). Schäffer-Poeschel.

North, K., & Maier, R. (2018). Wissen 4.0 – Wissensmanagement im digitalen Wandel. HMD Praxis der 
Wirtschaftsinformatik, 55(4), 665–681. https:// doi. org/ 10. 1365/ s40702- 018- 0426-6

North, K., & Varvakis, G. (2016). Competitive strategies for small and medium enterprises increas-
ing crisis resilience, agility and innovation in turbulent times. Springer. https:// doi. org/ 10. 1007/ 
978-3- 319- 27303-7

Obermaier, R. (2019). Handbuch Industrie 4.0 und Digitale Transformation - Betriebswirtschaftliche, 
technische und rechtliche Herausforderungen. Wiesbaden: Springer Gabler. https:// doi. org/ 10. 1007/ 
978-3- 658- 24576-4

Osterwalder, A. & Pigneur, Y. (2010). Business model generation: A handbook for visionaries, game 
changers and challengers (Vol. 1). John Wiley & Sons.

Paiola,  M., & Gebauer,  H. (2020). (in press). Internet of things technologies, digital servitization and 
business model innovation in BtoB manufacturing firms. Industrial Marketing Management, 89, 
245–264 Vorab-Onlinepublikation. https:// doi. org/ 10. 1016/j. indma rman. 2020. 03. 009

Paschou, T., Rapaccini, M., Adrodegari, F., & Saccani, N. (2020). Digital servitization in manufacturing: 
A systematic literature review and research agenda. Industrial Marketing Management, 89, 278–
292. https:// doi. org/ 10. 1016/j. indma rman. 2020. 02. 012

Pfau, W., & Rimpp, P. (2021). AI-Enhanced business models for digital entrepreneurship. In M. Soltanifar, 
M. Hughes & L. Göcke (Hg.), Future of business and finance. Digital Entrepreneurship: Impact on 
Business and Society (pp. 121–140). Springer, Cham. https:// doi. org/ 10. 1007/ 978-3- 030- 53914-6_7

Queiroz, S. A. B., Mendes, G. H. S., Silva, J. H. O., Ganga, G. M. D., Miguel, P. A. C., & Oliveira, M. G. 
(2020). Servitization and performance: Impacts on small and medium enterprises. Journal of Busi-
ness & Industrial Marketing, 35(7), 1237–1249. https:// doi. org/ 10. 1108/ JBIM- 06- 2019- 0277

Qvist-Sørensen, P. (2020). Applying IIOT and AI - Opportunities, requirements and challenges for indus-
trial machine and equipment manufacturers to expand their services. Central European Business 
Review, 9(2), 46–77. https:// doi. org/ 10. 18267/j. cebr. 234

https://doi.org/10.1007/s13132-019-0583-z
https://doi.org/10.1007/s13132-019-0583-z
https://doi.org/10.1186/s41469-017-0016-z
https://doi.org/10.1016/j.jbusres.2019.06.027
https://doi.org/10.1016/j.jbusres.2019.06.027
https://doi.org/10.1016/j.indmarman.2016.12.007
https://doi.org/10.1016/j.indmarman.2016.12.007
https://doi.org/10.1186/2192-5372-2-21
https://doi.org/10.1186/2192-5372-2-21
https://doi.org/10.3390/joitmc5030044
https://doi.org/10.1007/s13132-021-00750-9
https://doi.org/10.1080/23270012.2019.1570365
https://doi.org/10.1007/978-3-662-49220-8
https://doi.org/10.1145/3233740.3233750
https://doi.org/10.1145/3233740.3233750
https://doi.org/10.1186/s13731-021-00157-5
https://doi.org/10.1365/s40702-018-0426-6
https://doi.org/10.1007/978-3-319-27303-7
https://doi.org/10.1007/978-3-319-27303-7
https://doi.org/10.1007/978-3-658-24576-4
https://doi.org/10.1007/978-3-658-24576-4
https://doi.org/10.1016/j.indmarman.2020.03.009
https://doi.org/10.1016/j.indmarman.2020.02.012
https://doi.org/10.1007/978-3-030-53914-6_7
https://doi.org/10.1108/JBIM-06-2019-0277
https://doi.org/10.18267/j.cebr.234


1 3

Journal of the Knowledge Economy 

Rêgo, B. S., Jayantilal, S., Ferreira, J. J., et al. (2021). Digital transformation and strategic management: 
A systematic review of the literature. Journal of the Knowledge Economy. https:// doi. org/ 10. 1007/ 
s13132- 021- 00853-3

Schallmo, D. (2013). Geschäftsmodell-Innovation. Grundlagen, bestehende Ansätze, methodisches 
Vorgehen und B2B-Geschäftsmodell. Springer Gabler, Wiesbaden. https:// doi. org/ 10. 1007/ 
978-3- 658- 00245-9

Seifert, I., Bürger, M., Wangler, L., Christmann-Budian, S., Rohde, M., Gabriel, P. & Zinke, G. (2018). 
Potenziale der künstlichen Intelligenz im produzierenden Gewerbe in Deutschland. Studie im 
Auftrag des Bundesministeriums für Wirtschaft und Energie (BMWi) im Rahmen der Begleit-
forschung zum Technologieprogramm PAiCE - Platforms | Additive Manufacturing | Imaging | 
Communication | Engineering. iit-Institut für Innovation und Technik in der VDI/VDE Innovation 
und Technik GmbH, Berlin. Retrieved from https:// www. bmwi. de/ Redak tion/ DE/ Publi katio nen/ 
Studi en/ poten ziale- kuens tlich en- intel ligenz- im- produ ziere Appln den- gewer be- in- deuts chland. pdf

Sindakis, S. (2015). Corporate venturing and customer-driven innovation in the mental health-care mar-
ket: A review of the literature and development of a conceptual framework. Journal of the Knowl-
edge Economy, 6, 1013–1033. https:// doi. org/ 10. 1007/ s13132- 013- 0173-4

VDMA Bayern (Hg.). (2020). Leitfaden Künstliche Intelligenz – Potenziale und Umsetzungen im Mittelstand. 
Retrieved from http:// ki. vdma. org/ docum ents/ 106096/ 53103 997/ VDMA% 2520B ayern_ Leitf aden_ KI_ 
2020_ 16018 89305 004. pdf

Vendrell-Herrero, F., Bustinza, O. F., Parry, G., & Georgantzis, N. (2017). Servitization, digitization and 
supply chain interdependency. Industrial Marketing Management, 60, 69–81. https:// doi. org/ 10. 
1016/j. indma rman. 2016. 06. 013

Zhao, J. (2022). Coupling open innovation: Network position, knowledge integration ability, and innova-
tion performance. Journal of the Knowledge Economy. https:// doi. org/ 10. 1007/ s13132- 022- 00932-z

Zimmermann, V. (2021). Künstliche Intelligenz: hohe Wachstumschancen, aber geringe Verbreitung im 
Mittelstand. KfW Research, (318), 1–7. Retrieved from https:// www. kfw. de/ PDF/ Downl oad- Center/ 
Konze rnthe men/ Resea rch/ PDF- Dokum ente- Fokus- Volks wirts chaft/ Fokus- 2021/ Fokus- Nr.- 318- 
Febru ar- 2021- KI. pdf

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

https://doi.org/10.1007/s13132-021-00853-3
https://doi.org/10.1007/s13132-021-00853-3
https://doi.org/10.1007/978-3-658-00245-9
https://doi.org/10.1007/978-3-658-00245-9
https://www.bmwi.de/Redaktion/DE/Publikationen/Studien/potenziale-kuenstlichen-intelligenz-im-produziereApplnden-gewerbe-in-deutschland.pdf
https://www.bmwi.de/Redaktion/DE/Publikationen/Studien/potenziale-kuenstlichen-intelligenz-im-produziereApplnden-gewerbe-in-deutschland.pdf
https://doi.org/10.1007/s13132-013-0173-4
http://ki.vdma.org/documents/106096/53103997/VDMA%2520Bayern_Leitfaden_KI_2020_1601889305004.pdf
http://ki.vdma.org/documents/106096/53103997/VDMA%2520Bayern_Leitfaden_KI_2020_1601889305004.pdf
https://doi.org/10.1016/j.indmarman.2016.06.013
https://doi.org/10.1016/j.indmarman.2016.06.013
https://doi.org/10.1007/s13132-022-00932-z
https://www.kfw.de/PDF/Download-Center/Konzernthemen/Research/PDF-Dokumente-Fokus-Volkswirtschaft/Fokus-2021/Fokus-Nr.-318-Februar-2021-KI.pdf
https://www.kfw.de/PDF/Download-Center/Konzernthemen/Research/PDF-Dokumente-Fokus-Volkswirtschaft/Fokus-2021/Fokus-Nr.-318-Februar-2021-KI.pdf
https://www.kfw.de/PDF/Download-Center/Konzernthemen/Research/PDF-Dokumente-Fokus-Volkswirtschaft/Fokus-2021/Fokus-Nr.-318-Februar-2021-KI.pdf

	Design Framework for the Implementation of AI-based (Service) Business Models for Small and Medium-sized Manufacturing Enterprises
	Abstract
	Introduction
	Theoretical Basis
	Business Model
	Business Model Development
	AI as Enabler of (Service) Business Models

	Implications for Manufacturing SME
	Business Models and AI
	Business Model Development and AI
	AI-based (Service) Business Models of SME

	Conclusion and Outlook: Socio-Technical Design Framework
	References


