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Abstract:  

 

Purpose: This study is intended to investigate different factors related to technology innovations 

and particularly business model innovations and particularly its impact on small and medium 

sized enterprises to find out its relevance and possibilities of transforming the business according 

to Industry 4.0 technology requirements. 

 Design/Methodology/Approach: Theoretical analysis and research model has been used to 

discuss the concepts and the literature study. This paper is primarily based on research journals, 

articles and relevant websites that provides the most updated information on the chosen topic. 

Findings: The technology innovations related to Industry 4.0 have different impact on different 

enterprises depending on the size and the resources it enjoys both internal and external. The fourth 

industrial revolution is transforming many industries globally. Big companies have potential as 

well as resources to adopt Industry 4.0 technologies and innovations, however, the small and 

medium sized businesses still need to develop and innovate their business models to be competitive 

in the international markets. 

 Practical Implications: This paper is helpful in conceptual understanding on different forms of 

innovations in businesses, including technological and business model innovations while adopting 

Industry 4.0. The research findings provide an insight for future investigation in this direction. 

Originality/Value: The systematic literature analysis and the research performed in this study is 

useful for minimizing the research gap related to Industry 4.0 and enterprise level innovations. 

 

Keywords: Industry 4.0, Small and Medium size Enterprise (SME), Business Model Innovation 
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1. Introduction 

 

The technology innovations related to Industry 4.0 have different impact on different 

enterprises depending on the size and the resources it enjoys both internal and external. 

The fourth industrial revolution is transforming many industries globally. Big companies 

have potential as well as resources to adopt Industry 4.0 technologies and innovations, 

however, the small and medium sized businesses still need to develop and innovate their 

business models to be competitive in international markets.  

 

The purpose of this paper is to investigate different factors related to technology 

innovations and particularly business model innovations in Small and Medium Sized 

Enterprises (SMEs) to find out the relevance and possibilities of transforming the 

business according to Industry 4.0 technology requirements. This study is primarily 

based on research journals, articles and relevant websites that provides the most updated 

information on the chosen topic. The paper is helpful in conceptual understanding on 

different forms of innovations including technological and business level while 

implementing Industry 4.0. The research findings can give insight for future investigation 

in this direction. 

 

The ‘Industry 4.0’ concept was introduced in 2011 to represent the fourth industrial 

revolution by the German federal government to transform the businesses in the 

manufacturing sector. Industry 4.0 is one of the most trending topics recently in both 

professional and academic fields (Chiarello et al., 2018; Liao et al., 2017). The same 

concept has also been referred to as ‘smart factory’ as a synonym in which machines are 

interconnected with wireless connectivity and sensors, to streamline the entire production 

line and control to make decisions.  

 

However, from a business point of view ‘Industry 4.0’ can be defined as the new platform 

for product firms where machines, products and processes are interconnected and 

integrated by using the industrial Internet of things to produce high value products for 

customers and the firm’s internal process. The fourth industrial revolution entails not 

only the production process, its efficiency, and productivity, but also the ability to 

interconnect and make all resources including physical assets and people work together.  

 

Industrial revolution 4.0 is disconnected from the needs of small and medium-sized 

businesses (Imran et al., 2018), consequently research is required to ensure the long-term 

survival and growth of SMEs. Especially considering the specific nature of SMEs 

characteristics regarding Industry 4.0, require further analysis and research that helps 

them to redevelop or extending their existing business models. Companies must adjust 

their business models in response to technological developments such as Industry 4.0, 

nurturing opportunities and addressing obstacles that arise (Saebi et al., 2016).  

 

Companies can extract value from new technologies only through suitable business 

models (Chesbrough, 2010). However, SMEs need to invest in innovation activities and 

high-performance processes for gaining competitive advantage. The digitalization of 

manufacturing firms is expected to have productivity gains. At the same time, 

digitalization presents an opportunity for SMEs, where a less structured enterprise can 
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develop the capabilities very rapidly to proactively leading to business model innovation 

(Lindgren and Abdullah, 2013). External partners from the network can be useful for 

SMEs for collaboration in making product development related strategies as well as to 

develop innovation business model strategies.  

 

While the Industry 4.0 paradigm, in this digital era integrates various technologies and 

creates opportunities and potential not only to create dynamic new products and services 

and to share information between different entities of the technology ecosystem 

(Lombardi, 2019) but also to create new innovative business models.  

 

However, SME’s specific challenges differ from those of large firms regarding Industry 

4.0, therefore, SMEs need customized solution that can answer their specific challenges, 

but past research has primarily focused on large enterprises rather than on SMEs (Müller 

et al., 2018). Hence, the focus of this paper is to address the topic of business model 

innovation (BMI) and Industry 4.0 in SMEs. 

 

2. Literature Review 

 

Most of Industry 4.0 concepts are focused on delivering of intelligent products and 

production processes by integrating modern information and communication 

technologies (Brettel et al., 2014). Intelligent products, processes and procedures are 

all thus a part of the fourth industrial revolution which emphasizes on product 

innovation, process innovation and even business model innovations (also referred to 

as digital business model). It is well established that firms need to build an acceptable 

business model to assist their planning for interacting with impending future 

technological developments such as industrial digitalization within the Industry 4.0 era 

specially when future directions and alternatives in technology are ambiguous and 

uncertain (Ghobakhloo, 2018).  

 

Moreover, enterprises face problems in a continuously changing and uncertain business 

environment, and innovation is a critical tool for maintaining their competitive 

advantage (Lin et al., 2006; Trzcielinski, 2021). While according to Ramsauer (2013), 

traditional industries must be innovated in order for industrial nations to maintain their 

competitiveness and economic wealth in the long run. However, short-term 

productivity and long-term sustainability are both influenced by the technological 

advancements and emerging innovations in corporate contexts. According to most 

recent research made by Ghobakhloo (2018), the concept of Industry 4.0 is dependent 

on underlying technology trends and design principles, where ‘technology trends’ 

simply refers to the advanced digital technological innovations that aid the emergence 

of Industry 4.0, a new digital industrial technology.  

 

Although product and process innovations have significant importance, studies also 

suggest business model innovations are essential for upcoming success (Wischmann et 

al., 2015). Many researchers and practitioners in this context are specially concentrated 

on technological implications under Industry 4.0 (Burmeister et al., 2016). However, it 

is also debated that the innovation ecosystem’s structures can be self-organized or 

managed to produce a system of innovative products and services by forming multilayer 



Ibrahim Khan Mohammed, Stefan Trzcieliński 

 

 495 

 

 

networks of actors with various features (Tsujimoto et al., 2018). It is worth to notice 

that innovation is driven by experienced employees and creative university graduates 

but also by government support for R&D, training, and technical assistance (Rao et al., 

2002). 

 

In order to sustain the technological advancements and upcoming innovations, 

enterprises need to learn to adopt business model transformation. In such situation the 

innovative aspect of an enterprise can be determined or measured by the knowledge and 

technology they possess. Enterprises, on the other hand, were not very interested in 

implementing innovation to change their successful business model and established 

customer relationships (Jovovic et al., 2017; Trzcielinska, 2021). This is due to the fact 

that innovations are mostly connected to risk. Particularly technological innovations are 

associated with uncertainty factor at each level of its implementation.  

 

Whereas, in the fourth industrial revolution, innovation is a crucial element which cannot 

be ignored especially when it is connected to the technological upgradation of the firm. 

However, the technological innovation risks are mostly associated to technological 

uncertainty, market uncertainty, lack of knowledge on innovation benefits and 

institutional environment. And to overcome this impediment a systemic understanding 

of innovation policy is essential, which should be included in the firm’s strategy, and 

which needs a coordinated implementation.  

 

However, mostly those organizations which recognize the necessity of constant 

innovation will be able to survive in a highly competitive environment (Pavlović et al., 

2018). On the other hand, Industry 4.0 relies on the use of digital technology to collect 

and analyze data in real time, delivering important data to the manufacturing system (Lee 

et al., 2015; Wang et al., 2016a). Since it is useful in improving quality, productivity as 

well as flexibility and can help in the production of customized products at a big scale in 

an efficient way while reducing resource consumption (Dalenogare et al., 2018, de Sousa 

Jabbour et al., 2018). While according to (Xu et al., 2018) digital technologies 

incorporation into industrial activity has helped the emergence of industry 4.0 concept.  

 

Digital technologies including intelligent sensors allow firms to extract a significant 

volume and variety of real-time data on factory performance and its external factors, 

which aids in decision-making. This merging of physical and virtual domains by using 

cyber physical systems (CPS) is the core of Industry 4.0 concept that leads to a paradigm 

shift (Xu et al., 2018). It is however understood that Industry 4.0 technologies allow 

organizational actors, machines, and other resources to communicate and collaborate 

with each other in an intense manner in a production and innovation environment.  

 

This integration of technologies with industrial actors also increases the volume and 

diversity of business data in the real time, apart from delivering innovative and 

customized digital solutions such as data-driven services and integrated platform 

solutions. On the other hand, Buhalis and Sinarta (2019) argues that companies try to 

exploit the flexible, dynamic and agile digital technologies to create innovative service 

offerings. Closer relationship with external partners of the organization is considered as 

crucial when it comes to capability development that is increasingly cognitive, analytical, 
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and relational. The collaboration capabilities of a firm lead to new source of knowledge, 

innovations and technologies that enables competitive aspect of the firm in a complex 

and uncertain environment (Costa and Porto, 2014; Teece, 2007). Hence collaboration 

capability has vital importance in a digital business environment.  

 

However, the technological competitiveness amongst rival companies will be determined 

by their capability to obtain external information and connect it to their collaboration 

networks. This will necessitate a greater ability of the firm to organize knowledge that is 

spread throughout its technological network partners (Costa and Porto, 2014). The 

‘innovation capability is defined as the firm’s ability to continuously transform 

knowledge and ideas into new products, processes and systems for the benefit of the firm 

(Yang, 2012).  

 

Innovation is also critical for generating customer loyalty, strengthening the logistics 

service provider (LSP)-customer relationship, achieving competitive advantage, and 

improving the performance of logistics service firms (Asian, 2019; Wagner and Sutter, 

2012). Developing innovation capability, innovative processes, and innovative culture, 

is critical in managing and mitigating supply chain risks according to (Dani, 2010).  

 

However, Industry 4.0 solutions takes into account a complex system of interconnected 

digital technologies, information systems, and processing technologies that necessitates 

a high level of competence interdependency and technological complementarity 

(Dalenogare et al., 2018; Reischauer, 2018; Rübmann et al., 2015). Industry 4.0 

innovation ecosystem, therefore, has emerged as a more ideal architecture for technology 

development and provision due to their distinctive nature, involving interdependency and 

value cocreation instead of the linear supply chain approach (Rong et al., 2015).  

 

Industry 4.0 integrates two streams of research, one relates to the industrial processes 

with significant attention towards smart manufacturing and other that is related to process 

and product innovation which aims to add value to the customers (Frank et al., 2019; Wei 

et al., 2017). In this context, small and medium-sized firms (SMEs) are the ones who can 

benefit the most out of Industry 4.0 innovation ecosystems since they lack the financial 

resources to acquire the transdisciplinary knowledge and competencies needed to build 

sophisticated solutions on their own (Dallasega et al., 2018).  

 

Despite the recent emphasis on Industry 4.0 (Liao et al., 2017; Osterrieder et al., 2019), 

little is known about how to systematize SMEs' efforts through the promotion of 

innovation ecosystems for cocreation of Industry 4.0 solutions. On the other hand, BMI 

is appealing towards new customers who either are not totally satisfied with current 

business solutions or don’t have access to them (Yunus et al., 2010). BMI not only 

engage the new consumer groups, but also targets to achieve customer loyalty using more 

comprehensive value offers (Enkel and Mezger, 2013).  

 

While BMI is a cost-effective option for customers, BMI represents the “designed, novel, 

nontrivial changes to the key elements of a firm's business model and/or the architecture 

linking these elements” (Foss and Saebi, 2017). Innovation activeness therefore is a key 

factor and is needed to relate to Industry 4.0 solutions for a successful business model 
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innovation. However, innovation, collaboration, integration, and interoperability are 

considered as four main success factors in Industry 4.0. While Eloranta and Turunen 

(2016) claim that “IoT boosts the availability of data and expands opportunities for 

process optimization, collaborative value creation, business model innovation and as a 

result restructures the existing industries”. The business model innovations are 

combination between structure, content and structure of innovation aiming at creating 

firms value (Amit and Zott, 2012; Zott and Amit, 2017). When new players enter into 

market, the existing and incumbent firms feels the need to develop new enterprise level 

capabilities and innovative business models due to the changing market requirements and 

competition.  

 

A digital transformation therefore depends up on how firms innovate their current 

business model. Business model innovations are also a part of implementation strategy 

in the context of sustainability for the incumbent firms (Massa and Tucci, 2014) and has 

the objective to create value and it is part of strategic implementation in strategic 

management framework (Amit and Zott, 2010; 2012; Zott and Amit, 2017).  

 

However, the integrated digital infrastructure related to Industry 4.0 is estimated to 

deliver faster industrial processes, improved efficiency, boost economic growth and 

significantly change the profile of the existing workforce (Reußmann et al., 2015). Even 

though this new technology-driven wave of innovation is positioned as bringing 

significant disruption to the manufacturing industry, a lot of barriers still exist for many 

sectors and specially for smaller-scale manufacturers with adaptation challenges when 

compared to big companies (Mittal et al., 2018; Sommer 2015). Examples can be limited 

managerial knowledge of the Industry 4.0 concept, workers/fears to be replaced by 

machines, distrust in new technologies and lack of investment resources 

 

3. Industry 4.0 and Enterprise Level Innovations 

 

3.1 Industry 4.0 and Innovations  

 

The expectations from Industry 4.0 in terms of its innovation impact is strongly linked to 

its interconnected technologies. The growing popularity of Industry 4.0 technologies is 

due to fact that it can be seen as a smart recombination of existing technologies with new 

technologies and their application to the manufacturing environment (Trappey et al., 

2016). It is also considered as the new paradigm shift in the industrial production.  

 

However, many studies have proven that Industry 4.0 has a positive influence on 

production process and services, and significantly improves performance (Imran et al., 

2018; Nawanir, 2016). In this context, innovation is greatly connected with industry 4.0 

in the last decade where mobile, cloud, social media, and big data combination created 

new concept for industrialization process and has significantly shifted the market into 

new era of competition and differentiation of products (Geiger and Sá, 2013) which leads 

to innovation-based economy where data, knowledge and IoT’s are at primary focus.  

 

An integrative role for these different technologies can be played by Blockchain 

technology, which can enhance the efficiency of its own Industry 4.0, security and 



  Technology, Innovation and Business Transformation: An Industry 4.0 Perspective 

 

498 

 

 

provenance regarding related data on goods, assets and operations, and aims to integrate 

heterogeneous systems, manage commercial transactions and support the traceability of 

its own assets (Bueno et al., 2020). While the new industrial revolution has been linked 

to factors such as innovation, intellectual property rights, smart technology, and access 

to knowledge (Geiger and Sá, 2013). Industry 4.0 can also be described as an umbrella 

term which encompasses variety of latest concepts, and numerous disciplines which are 

linked within the industry to transform the business operations (Lasi et al., 2014).  

 

With the combination of intelligent devices and machines, there is a possibility of 

lowering the production costs, increase flexibility, quality, and speed of production by 

making use of knowledge-based solutions and increasing enterprise capabilities. This 

leads to a new phase of automation in the firm that enables innovative and more efficient 

processes, products, and services. However, due to the changing role of customer 

behavior in the production process, firms are expected to modify and bring changes in 

their existing business models with new innovations to improve responsiveness towards 

customers.  

 

Moreover, customers have become more outcome oriented (Geiger and Sá, 2013), which 

needs new approach towards representing new business models. For example, the 

necessity of increasing the interaction between the firms and consumers in the online 

social networks, and how to model these online interactions for low-cost social media 

marketing is crucial. The implementation of Industry 4.0 in manufacturing firms helps in 

boosting production capabilities, improving efficiency, and shorten the breakout times.  

 

Moreover, the digitization process enables the transformation of business models using 

intelligent technologies such as artificial intelligence (AI), Internet of Things (IoT), 

robotics and machine learning, etc. Researchers have also confirmed that digital 

transformation of firms has considerably positive impact on productivity and 

performance on macro level (Bughin et al., 2019; Shahbaz et al., 2019). However, the 

so-called ‘digital transformation’ and the connected area of ‘Industry 4.0ʹ are about to 

change various business models and organizations thoroughly (Büyüközkan and Göçer, 

2018).  

 

Whereas, to successfully implement innovations within a supply chain, a clear 

communication strategy with a changed mindset with regards to those innovations among 

all involved partners in the supply chain is required (Sabri et al., 2018). Furthermore, the 

transformation needs to be implemented as a long-term process with cyclical, successive 

phases consisting of multiple trials. 

 

3.2 Industry 4.0 and Business Model Innovation in Small Businesses 

 

It has been noticed that coercive manufacturing firms are often influenced by process 

efficiency and process innovations while adopting industry 4.0 technologies. However, 

to fully realize Industry 4.0's potential, new business models must be explored in addition 

to process efficiency (Frank et al., 2019; Müller et al., 2018). As mentioned by 

(Chesbrough, 2010) companies can extract value from new technologies only through 

suitable business models. For example, the potential of cloud computing is realized only 
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when the adopting firm restructures its business model and the organization structures to 

take advantage of the cloud's capabilities (Brynjolfsson et al., 2010). Business models 

are also helpful in innovation since they convert market opportunities into profits while 

delivering the service or product value through commercialization (Amit and Zott, 2012).  

 

However, the impact of Industry 4.0 on business models is a field that has received little 

attention (Arnold et al., 2016). A lot of advantages from Industry 4.0 technologies are 

only fully accessible to SMEs if they innovate their existing business models. Firm’s 

internal knowledge as well as its innovation strategy have been proven to be crucial in 

terms of determining how the business model innovation (BMI) takes place while 

implementing Industry 4.0. This is especially true in case of SMEs since they are more 

focused on process innovations and value creation of their existing resources. But the 

SMEs that have internal drive and exploratory innovation strategy toward Industry 4.0 

add significantly more new features to their current business models (Müller et al., 2018).  

 

The strategies that are connected in search of new ideas and new information are 

‘exploratory innovation strategies’ that deals with non-routine problem solving and 

experimentation with new business models. In an industrial context, studies have 

demonstrated that exploitation is achieved by having product-market knowledge, 

utilizing manufacturing experience, and through technological know-how (Wei et al., 

2014).  

 

However, exploratory innovation strategies require top management support combined 

with new abilities that involve searching, adaptability, diversity, and autonomy in 

decision-making. While SMEs are capable of gathering and acquiring external 

knowledge, although to transform this knowledge and exploit it for Industry 4.0 adoption 

is still not satisfactory. It has been noticed that SMEs have limitations in their financial 

resources as well as IT specialist availability with regards to Industry 4.0 adaptation. The 

challenges related to resource limitations, low bargaining power are the concerns that the 

exiting business models are not suitable to apply Industry 4.0 (Müller et al., 2018). A 

digital leadership can however become a centre of a transformation process with the help 

of digital technology knowledge and vision enabled with culture, drive, and competence.  

 

It is to be noted that the core of digital transformation is business model innovation 

(BMI), which can be achieved by using customer experience, digital innovation 

techniques and ecosystem development. An innovation ecosystem consists of a group of 

local entities and dynamic processes, which combine together to make solutions for 

different challenges” (Oksanen and Hautamäki, 2014). Most of the current studies agrees 

on central aspects while describing business models, that is creating and capturing value 

by providing a value proposition to customers (Casadesus-Masanell and Ricart, 2010; 

Zott et al., 2011).  

 

However, it’s not just about the consumer in the digital era, but also about the 

development of the ecosystem in the transformation path (Kane et al., 2017; Valdez-de-

leon, 2016). While the traditional enterprises follow known business models and 

concentrate on optimization and process efficiency, start-ups are looking for a feasible 

value proposition and a scalable, sustainable business model (Mercandetti et al., 2017). 
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Start-ups are the firms that invest in innovative products and business models at their 

initial stage and usually operate in uncertain market conditions. This can also be 

considered as experimentation stage where new entrepreneurs look for a product or 

service with a high potential for profit. However, the criteria for larger companies that 

are intending to digitize their business is changing, since they want start-up firms to 

promote their digital transformation (Rondani, 2017). A firm’s technical ability is crucial 

in such situation for promoting and supporting a firm’s innovation strategy and to sustain 

success gained from innovation activities (De Franco et al., 2017).  

 

Whereas the management ability can provide an entrepreneur a direction for development 

of enterprise. However, it is considered that SMEs do not operate in an organized way 

precisely, in such a case to have results based on a firm’s capabilities becomes narrow. 

Technology innovation competency is therefore critical and can result in a continuous 

development of the firm if it is being promoted and supported by technological 

innovations. BMI has become a surviving factor for competition, and it is especially true 

in the case of SMEs.  

 

However, the innovation potential of SMEs significantly depends up on the resources 

available in the environment rather than exploitation of their own resources. The SMEs 

size and age are also a big factor for showing the tendency to cooperate with other entities 

in the environment. Mostly the large companies rely on their own (internal) resources, 

while SMEs tend to acquire the necessary resources from the environment. The firms 

with greater resources have more innovation potential and are more open to their 

environment (also referred as openness).  

 

For example, the innovation potential and innovation capacity of SME can be denoted 

by the sum of the resources available inside the firm such as financial, human, knowledge 

etc. and the external resources which are accessible to the enterprise. Hence the concept 

of ‘open innovation’ particularly suits to SMEs. However, previous research confirms 

that BMI contributes to successful globalization, competitive advantage, and success of 

SMEs (Asemokha et al., 2019). Moreover, SMEs that participate in BMI can 

internationalize themselves faster when compared to nonparticipating SMEs (Asemokha 

et al., 2019).  

 

While Industry 4.0 provides opportunity to increase transaction efficiency at the same 

time it offers chances to develop novel business model designs (Frank et al., 2019; Müller 

et al., 2018). An open innovative framework is also important to integrate the 

collaborative manufacturing models. However, business model innovation is a part of 

digital transformation, accomplished by rearranging business activities with greater value 

than the previous ones by optimizing new digital technology (Berman, 2012; Prem, 

2015). 

 

4. Findings and Conclusions 

 

SMEs contribute more than half of Europe's gross value added, but they struggle with 

both Industry 4.0 and business model innovations (BMI), resulting in a lack of external 

knowledge and uncertain innovation strategies, which limits those company’s efforts to 
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make incremental improvements (Frank et al., 2019; Kotlar et al., 2020; Müller et al., 

2018). The most important quality required for innovating a firm is the ability to 

anticipate market’s changing requirements and customer’s needs (Trzcielinski, 2021). 

Access to technology skilled employees with creative mindset is important for product 

and process innovations while the role of a manager becomes crucial and more relevant 

factor for developing business model innovations. The connection between digital 

leadership and innovation in disruptive era shows that digital leadership had influence on 

innovation (Kreutzer et al., 2017; Wasono and Furinto, 2018) including developing 

innovative business models.  

 

However, the digital leader should always adopt new ways in doing business, act in a 

global mind set to interconnect, be more creative to support the innovation culture and 

must have profound knowledge in risk taking and in making decisions. It has been 

observed that implementation barriers related to Industry 4.0 implementation are 

significantly higher in SMEs than compared to larger enterprises due to various reasons 

including its high costs of investment, SMEs need to pursue innovations in value 

creation, offer, and capture.  

 

Although small businesses are flexible and can adopt to technological changes very 

quickly, they simply need to be encouraged by external support such as big companies 

can share expertise about technology know how’s, network partners can effectively share 

knowledge and resources while financial support must be offered by big organizations 

for a successful business transformation.  
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