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Introduction  

 

In this revolutionary era, new technological advances are shaping the way we think about 

the world. Companies have to incorporate this shift of vision into their strategies in order 

to create value. In particular, new technologies must support radically new business 

models to constantly adapt to changing customer expectations and boost productivity. 

Digital transformation is the new source of competitive advantage and many large 

companies are already exploiting it. Of course, technology-driven strategies must be 

coherent with the strategic goals of the company, for they must be aligned with the 

company’s mission. New patterns are emerging in all industries, as technology is being 

incorporated more and more into the business field. Following these patterns, employees 

as well as CEOs must be trained to embrace digital transformation and to let it coexist 

with the present working environment. As a result, new collar jobs will be created, 

enhancing creativity, soft skills and the ability to cooperate with advanced manufacturing 

systems through simple user interfaces. People will be increasingly in contact with new 

forms of self-learning robots, which will integrate into the supply chain and increase work 

environment safety.  

The Fourth Industrial Revolution will bring change at an unexperienced speed and scale, 

generating new disruptive ways of creating value for the company itself, for its 

stakeholders and for the society. By affecting human experience, it brings also new 

opportunities to sustain innovation in the long run. Indeed, the development of 

technological solutions must be seen as a long-term investment, rather than a one-shot 

advantage. Building in-house expertise and talent will be crucial to sustain disruptive 

innovation and continuously lead change. This work aims at explaining the upcoming 

revolution as an opportunity for companies to act strategically and incorporate new 

disruptive technologies into their business, thus ensuring a sustainable competitive 

advantage over time and anticipating competitors.  
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1. Strategic innovation as a redesign of business models 

 

The first financial and then economic crisis of 2008 has accelerated an evolution already 

taking place in the competitive context. In fact, already before the advent of the crisis, 

Italian companies were facing important strategic challenges imposed by the emergence 

of the following trends: 

 Political-economic, in particular the globalization of the manufacturing sector that 

increases the intensity of international competition, reduces the product’s life 

cycle and entails their progressive transformation into commodities with a 

consequent erosion of margins; 

 Socio-cultural, in particular the change in the behaviour of the average consumer 

who is increasingly attentive to intangible content such as creativity, design, and 

sustainability, searching for new meanings and experiences; 

 Technological, in particular the advent of the Fourth Industrial Revolution that 

significantly reduces the positive effects of economies of scale and allows the 

reconfiguration of products, processes and, more generally, of value chains. 

The crisis has therefore incentivized the need for all companies to redefine their business 

model. Some may be limited to perfect it and some are obliged to change it radically by 

implementing strategic innovation [1], [2]. 

 

1.1 The concept of strategic innovation   

 

There are many definitions of strategic innovation which all seem to converge on the fact 

that it brings to the definition of a new business model through the development of 

innovative products presented or combined in a new way, so as to create a radically 

different experience, also transformative, in the clients involving them also on an 

emotional, intellectual and/ or spiritual level; innovative processes for the production 

and/ or distribution of existing or new products that can lead to the acquisition of new 

customer segments; innovative value chains, so as to create a new market space that, 

making competition irrelevant, allows an increase in value both for the company and the 
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customer. In traditional competitive strategies, the first step towards the definition of a 

strategy is to define the business. By defining the business, one has to identify the 

customer segment to be served, the technologies to be used and the functionalities or the 

main advantages to be offered. The objective is, therefore, to look for an attractive 

industry and position in it, choosing the optimal strategy in order to best compete with 

the other players. As opposed to competitive strategies, innovative strategies start when 

a company firstly identifies a gap in the strategic positioning map, and only then it finds 

an answer to three questions: Who are our customers? What do we offer them? How can 

we deliver it with effectiveness and efficiency?. The objective of an innovative strategy is 

not to play better than others, but rather to change the rules of the game. In redefining the 

business model by giving a different answer to the questions above, we tend to define first 

the Who, then the What and finally the How. Nevertheless, the risk of starting from 

identifying the target market and therefore the current needs is not to innovate at all. If 

questioned about the desired new product, the average customer would respond by 

describing the old product improved in performance and/ or in purchase conditions. 

Emblematic is the statement of Henry Ford "If I had asked people what they wanted, they 

would have said faster horses". By the way, the best-known example of strategic innovation 

occurred by reversing the classic sequence of responses is that of Ryanair. The Irish airline 

has taken advantage of the advent of the Internet to allow the purchase of tickets and the 

production of the boarding pass online so as to reduce the costs of personnel at the 

airport. Pursuing an innovative strategy aimed at identifying a How we can offer a flight 

service focused on essential needs has also reduced the costs associated with the purchase 

and maintenance of aircraft using only Boeing 737, with airport taxes, deciding to rely on 

secondary airports, with transfers proposing only point-to-point routes so as to also avoid 

connections with other airlines, and with onboard services by charging additional meals 

and luggage. This has made it possible to offer a different thing, a low-cost flight service. 

This has made it possible to reach even not regular customers of traditional airlines, 

primarily students and retirees, without losing regular customers given that even 

managers of multinational companies are in fact obliged to use, if possible, low-cost 

flights. Instead, starting from the requests of managers and the fact that their tickets are 

paid by their companies, the traditional airlines have formulated a competitive strategy 

mainly based on the creation of loyalty cards. Ryanair arrived in 2017 to 6.6 billion euros, 

carrying 117 million passengers through 413 aircraft and 11,000 employees [3]–[5]. 
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Source: Bagnoli et al., 2018 

 

The above-depicted image resumes the passage from a competitive strategy to an 

innovative strategy. In competitive strategies, the objective is establishing as a leader in 

one of the three strategic dimensions, achieving competitive equality in the others. In 

innovative strategies, it is the integration of all sources of strategic innovation that allows 

the creation of sustainable competitive advantage. This is the reason why an innovative 

strategy tends to establish leadership in all dimensions.  

 

1.2 Sources of strategic innovation 

 

In formulating a strategic innovation for the (re)definition of the business (model), the 

company could start with any of the three questions, thus generating three sources of 

strategic innovation. Likewise, starting from the How leads generally to a Technology 

Push innovation; starting from the What generates a Design Driven innovation; in the 

same manner, starting from the Who brings to a Market Pull innovation [6].  
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Source: Bagnoli., 2011  

 

Technology Push innovations originate from the commercial use of the results of scientific 

research, that eventually leads to new products to satisfy previously non-existent 

customer needs. Dyson's Air multiplier TD technology, for instance, allows creating a 

constant flow of air without using traditional fan blades. This avoids the blows of air, 

increasing, in the same manner, the safety and ease of cleaning of the fan. It is therefore a 

“proposal” innovation where the main challenge is to educate users and make them 

appreciate the characteristics of the new product. These kinds of solutions are typically 

radical innovations, as they are new and differentiated with respect to existing products, 

bringing more performance or even introducing new functions. For established 

companies, investing in disrupting technologies is not rational as new products would be 

more functional and therefore easier, requiring lower manufacturing cost and lower 

profits, thus eroding the margins; also, these technology-driven products would be rather 

recognized by a niche market with a non-relevant market share to be exploited.  This 

makes Technology Push innovations a complex strategic lever to be managed as they 

require long development times, large investments and new technological skills [7]. 

Design Driven innovations originate from the recognition of the latent needs of the 

customers, by exploring the emerging socio-cultural trends that can lead to attributing 

new meanings to existing products, stimulating their redesign or their different use. The 

final aim is to give a new sense to the product. The Kartell Bookworm, for example, was 

designed to take on different forms, giving the customer the opportunity to express his 

aesthetic taste, as well as his intellectual level by exposing the main books that he wishes 

to show. Its meaning is therefore much more similar to the paintings, rather than to the 
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classic solid wood bookcases to support the weight of large quantities of books. Design 

Driven innovations can be both incremental and radical. They are incremental when the 

company adopts a new language to restructure the message to be delivered to the 

customer, strengthening or refining the meaning attributed to the product. They are 

radical instead when the newly adopted language implies either a substantial change in 

the current meaning of the product or the birth of new meanings. Hence, the client plays 

an active role in attributing a meaning to the product, both as an individual (emotionally 

and psychologically) and as part of a society (symbolically and culturally). As noted above, 

they are “proposal” innovations that arise from an interpretation of the socio-cultural 

evolution made by a designer, unlike “response” innovations that originate from the 

current needs of customers, whether they are explicit or not. 

Market Pull innovations originate from the recognition of the customers' explicit needs 

by interviewing a sample of "average" users. In particular, the development of a significant 

value proposition starting from the customer segment chosen by the company starts from 

the definition of a statistically significant and representative sample of the segment. This 

sample is subjected to targeted questionnaires in which they are requested to establish 

the importance of the purchasing criteria or of certain characteristics of the product that 

they would define as discriminating, compared to other products. From the analysis of the 

results, a value curve is defined, which establishes whether the company is pursuing a 

competitive advantage or a competitive disadvantage. Pink Taxi, for example, is a taxi 

service launched in several countries from Mexico to Russia where both drivers and 

customers are exclusively women. The aim is to prevent both subjects from being 

subjected to sexual harassment. The service has been highly successful despite the 

reduced market share potential. Solutions like these are usually incremental innovations 

because clients are rarely able to express needs that go beyond their normal consumer 

experience. They usually require incremental improvements in performance offered by 

the old product at a lower price [5].  

In formulating an innovative strategy, a further question might be answered: why do the 

customer buy my offering?. This question leads to the development of the Design Thinking 

innovation, which derives from a joint combination of both a significant value proposition 

and a socio-cultural analysis of the trends. If the Design Thinking is about asking ourselves 

Why, this means that the company must be willing to find the good fit between what they 
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offer and why the customers should buy it. The focus on the reason why the customer 

buys a certain product starts with identifying: the jobs to-be-done, i.e. what he/ she is 

trying to achieve in his/ her work and/ or life; the gains, i.e. the concrete advantages that 

he/ she wishes to achieve; the pains, i.e. the risks and obstacles he/ she faces to carry out 

his/ her job. This procedure requires passing from the traditional market research 

conducted through interviews to the observation of the behaviour of "extreme" users, 

who have a greater sensitivity to future progress than the average population and 

therefore they have needs that individuals "on average" do not have. This method allows 

arriving at a deeper understanding of the phenomenon. The interest is not directed to 

what the user says, but rather to what he does, thinks, tries, sees and hears, in order to 

recognize unexpressed needs. According to the diffusion of innovations theory developed 

by Rogers, the segment of extreme users should be recognized as similar to the innovators 

(frequency distribution of 2.5%) and early adopters (frequency distribution of 13.5%) [3].  

 

Source: Verganti, 2009 

 

As previously stated, a sustainable competitive advantage can be achieved by the 

integration of all sources of strategic innovation. Accordingly, people buy products not 

only for their functional characteristics but also for the messages they incorporate. 

Likewise, products have a dual nature: on the one hand, the technological-utilitarian 

dimension that has to do with functionality and performance, but also with reliability, 

simplicity and price; on the other hand, the linguistic-symbolic dimension, which 
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concerns messages and meanings, design, emotions, culture and status. If the company is 

aware of the utilitarian and symbolic nature of its products, it can have a complete view 

of the product by understanding how it can satisfy practical needs as well as convey a 

specific meaning at a cultural level. Any product innovation, but even process or business 

model innovation, should therefore have both a technical and semantic content. An 

innovation in the language used to communicate the product can be in fact more easily 

"sold" if accompanied also by an intervention on its functionality and/ or performance, as 

well as a technological innovation of the product can be more easily "sold" if accompanied 

by a change of meaning [8]. 

An emblematic example of strategic innovation taking place by integrating the various 

sources of innovation is that of the Italian company Foscarini, which defines its business 

model as "The factory without factory". The company designs, assembles and distributes 

more than 55 lines of decorative lamps, which means more than 200 different models, 

collaborating with more than 33 designers. Foscarini uses more than 20 materials and 18 

innovative processing technologies, partnering with a local ecosystem of suppliers. This 

allows the company to select the best fit between the technical solution and the 

innovation proposed by the designers. The strategic choice of not owning a factory 

therefore depends on the desire to increase the degree of freedom in creating the lamps, 

in order to preserve the original message of the designer. This business model therefore 

makes it possible to maximize the value created for customers, designers, but also for 

Foscarini's suppliers. The suppliers, coherently with the Northeast entrepreneurial 

culture, are characterized by having important productive skills but poor marketing skills: 

they know how to produce everything, but they don't know what to produce. Foscarini, 

also thanks to an international network of retailers that allows us to grasp the latent needs 

in the market, is able to tell them what to produce in order to make the most of their 

technological skills.  

The three sources of strategic innovation are connected respectively to three strategic 

dimensions: 

 Intimacy with customers pursued by responding quickly and accurately, through 

a personalized offer, to the specific requests of a niche of customers identified 

through an in-depth market segmentation; 
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 Product leadership pursued by satisfying customer needs through an always 

innovative offer of products with new and/ or higher performance features; 

 Operational Excellence pursued by satisfying the needs of customers through a 

low-cost offer of standardized products distributed in a way that minimizes access 

difficulties to them [5]. 

 

1.3 Framework for the redesign of business models 

 

After having analysed what does strategic innovation mean in light of business model, the 

focus shifts on the adequate framework to organize information and visualize the 

different building blocks that compose it. Just as there are many definitions of strategic 

innovation, there are also multiple definitions of a business model. The more recent ones 

seem to agree that "it is a conceptual framework to provide a holistic but abstract 

understanding of the underlying business logic of an organization". Starting from the 

triangular figure previously exposed, a more complex framework has been elaborated. 

Indeed, the proposed framework has a triangular shape to stress the closure of economic 

cycles, but also the importance of strategic innovation processes consistency and 

coherence. It is made up of 7 building blocks connected by 7 relationships [9]. 

 

Source: Bagnoli et al., 2018  
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Suppliers are the subjects with which the company interfaces for the supply of resources. 

Relations with supply channels can be occasional, long-term or partnerships. Occasional 

supplier’s relationships are characterized by low supply costs, availability and respect for 

delivery times. The company's goal is to exploit economies of scale, minimizing costs and 

maximizing production. Long-term relationships aim to look for suppliers that guarantee 

the quality of resources, which will contribute to differentiate the final product and create 

competitive advantage. By building partnerships with suppliers, the company wants to 

vertically integrate its value chain in order to have more control and thus ensure the 

availability of key resources. The goal of the company is to create network economies 

based on close collaboration and dialogue with suppliers. 

Resources are productive factors that can either be used once in the production process 

(raw materials, semi-finished or goods) or are used for long periods within the company 

(land and buildings, plants and machinery). In addition to physical resources, a company 

may also have financial resources (cash, credit lines, etc.) and intellectual resources. The 

last ones can be divided into three categories: human capital, consisting of skills, 

education, experience, values and social skills; organizational capital, consisting of 

organizational procedures, routines, management systems, ICT, intellectual property; 

relational capital, consisting of relationships with customers and suppliers, brands, 

reputation and image of the organization. Through optimal exploitation of resources, the 

company should produce distinctive skills in order to distinguish from competitors. 

Accordingly, knowledge is a particularly critical resource because it allows combining 

resources and skills in new and distinctive ways, producing more value for final 

customers. Finally, resources are defined as internal if owned or otherwise directly 

controlled by the company, and external if they involve relations with the environment 

and stakeholders [10], [11]. 

Processes are the system of activities that the company develops in order to transform 

inputs (resources) into outputs (products). They can be subdivided, even considering 

their different impact in terms of time in creating a competitive advantage, in: 

 Operational management processes: supply, production, distribution, etc.; 

 Customer management processes: selection, acquisition, sales promotion, 

personal sales, retention, growth, etc. 
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 Product innovation processes: identification of opportunities, management of the 

research and development portfolio, design/ development, launch, etc.; 

 Regulatory and social processes: environment, safety, health, sustainability, 

recruitment and management of work relationships, communities, etc. [12].  

A company aims not at doing better the same activities as the competitors, but at 

developing different or even the same activities in a different way. This is also why 

companies tend to focus on their core competences while outsourcing the development 

of less critical processes, even if these processes require high knowledge skills and 

therefore they are not merely operational [13]. 

The products represent the visible offer which the company presents on the market to 

satisfy the explicit (response), latent or non-existent (proposal) needs of the customers. 

They can be subdivided according to their multiple dimensions. Firstly, their final 

destination: products intended for consumption (B2C) or production (B2B); secondly, 

their role in the offer: loss leader, accessories or complementors, etc.; finally, their 

differentiation: commodity (fungible and undifferentiated), asset (tangible and 

differentiated in functional terms), service (intangible and customized), experience 

(memorable and differentiated in sensorial, emotional, intellectual, physical or social 

terms). Product differentiation can happen during the co-design phase, purchase, 

delivery, use, integration, and maintenance. During this phase, products will be 

standardized or customized according to the client’s needs. To move towards a product 

in line with the customer's needs, dialogue with the customer is necessary [3]. 

The customers are the recipients of the products and they have the power to certify or not 

the validity of the value proposition of the company. Some of them contribute significantly 

to margins and turnover, others are faithful over time and others still are main sources of 

information for the company. Besides, the company may direct its value proposition to 

different customer segments: mass (non-segmented); niche (a segment only); segmented 

(more related segments); diversified (multiple unrelated segments); multi-sided 

(multiple interdependent segments). Another segment must be added, in the case when a 

company offers experiences that end up transforming the inner-self of the customer; this 

results in a shift from serving market segments to serving tribes of customers. People in 

tribes have common sociodemographic and heterogeneous behavioural characteristics, 

enhanced by sharing passions, interests, and experiences. They are able to perform 
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collective actions, for they are not mere consumers but rather supporters of the product. 

The value of the connection between members that starts from the product is more 

important than the value of use per se. Cognitive customer retention together with the use 

of fidelity cards intensifies the loyalty of the affective fan by creating reference 

communities characterized by rituals, objects and places of worship. Consequently, 

customer feedback is functional to rate loyalty and adapt production processes to create 

products that best fit the customer’s needs [14].  

The society comprises all the company’s stakeholders (employees, citizens, researchers, 

etc.) whose opinions, decisions and behaviour can favor or hinder the company. 

Additionally, it is also constituted by the set of environmental, cultural, technological, 

economic and political factors that characterize its external context. The society provides 

natural, historical and artistic resources (e.g.: the culture of beauty and the well-made of 

the Made in Italy), but also human resources (e.g.: internship students) that have the 

potential to constitute important competitive factors. Social responsibility, by reading the 

framework of the business model in a counter-clockwise direction, requires the company 

to exploit these resources and give them back with a value-added, in order to constantly 

feed the external context. As a company transforms the wood into a table, it must likewise 

transform the intern into an expert student. In other words, the company must 

(re)configure its operations to improve its social impact (e.g. by reducing pollution), but 

also support the development of the (local) ecosystem to indirectly increase its 

competitiveness. However, by reading the business model framework in a clockwise 

direction, social needs can be a fundamental stimulus to create new markets or business. 

The idea is to start from a social need, then (re)design products to satisfy it, and imagine 

an innovative revenue model to make the business sustainable. Obviously, in order to 

create a new market, it is easier to start from an existing social need, rather than generate 

a new economic need [15].  

An emblematic example of strategic innovation taking place starting from social needs is 

that of Grameen Danone: a joint venture between Grameen Bank Group and Danone Group 

(world leader in yogurt production). It was founded in 2006 as a social enterprise, dealing 

with the production of yogurt enriched with essential nutrients for children in 

Bangladesh. The company operates with the "no loss no dividend" formula, imposing the 

destination of excess profits for the creation of new opportunities, for welfare and 
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development of people. This is possible because raw materials like milk which are needed 

for production are sourced locally. Nevertheless, Danone Group was able to obtain 

significant returns in terms of increasing brand awareness and brand equity, for Grameen 

Bank was awarded the Nobel Peace Prize, the possibility to enter a new and unexplored 

geographical market, where little or no market of milk-based products exists, the 

reduction of production costs, thanks to the innovative technologies and the R&D 

department deployed, and finally the change in the strategic vision of the company.  

Indeed, the vision of the company has shifted from «a food and beverage conglomerate» 

to «a family health and medical nutrition company».  

The framework of the business model adopted presents three different levels of analysis: 

value chain, that is the internal value chain of the company constituted by the functional 

resources to feed the processes to realize the products; value system, that is the external 

value chain of the company which acts as an intermediate organization between its 

suppliers and its customers; society, i.e. the set of stakeholders, including those not 

belonging to the value system. This framework also presents four decision areas 

identified by four sub-triangles. The lower-left triangle reflects the choices aimed mainly 

at reducing unit costs; the lower right triangle represents choices related to increasing 

unit revenues, the one on the top is aimed at creating a new market space and the central 

one regards formulating a new proposal worth. To this end, the last one defines how the 

business creates profits and/ or alleviates the penalties of customers, suppliers, and of all 

the company’s stakeholders. An effective value proposition must focus on a few attributes 

of value, in order to consequently avoiding a high-cost structure. The selected attributes 

should be different from those offered by competitors or explicitly requested by 

customers, but similar to those characterizing alternative sectors and requests from non-

customers; summarized in a compelling and high-impact slogan. An effective value 

proposition must be also deeply rooted in the corporate culture and necessarily anchored 

to the company's mission and strategic vision [16]–[18]. 

While the business model represents the logic of how a firm creates, delivers and captures 

value for a company, the business model canvas is a visive tool to figure out the core 

elements that represent the business model in order to develop a strategy and to map it 

easily. The adopted framework starts from the previously-shown figure, which can be 

“opened” in a broader scheme to resemble a canvas.  
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Source: Bagnoli et al., 2018 

 

In order to describe the function of the business model canvas, the Ikea case is illustrated. 

Ikea has managed to revolutionize the furnishing sector, coming in 2017 to 38.3 billion 

euros through 403 stores in 49 countries, and 151,000 employees. The vision of Ingvar 

Kamprad, the founder of Ikea, was the following: “To be on the side of the majority of people 

is a social ambition on which our business is based. The IKEA vision is to contribute to a 

better way of life for the majority of people. We do this by offering a wide range of home 

furnishings of good design and function, at prices so low that the majority of people can 

afford to buy them. That is our business idea. We know that in the future we may make a 

valuable contribution to the democratization process at home and abroad.” This thought 

was originated from the fact that in Sweden, during the late 1940s, younger households 

needs, demanding new and low-cost furniture, were not satisfied as Swedish 

manufacturers only provided expensive items. This situation was viewed by Kamprad as 

both a social problem and a business opportunity, which he resolved by offering the 

majority of the population what they wanted: low-cost but high-value furniture. As stated 

in the Testament of a furniture dealer, which resembles Kamprad’s doctrine: “All nations 

and societies in both the East and West spend a disproportionate amount of their resources 

on satisfying a minority of the population. In our line of business, for example, far too many 

of the fine designs and new ideas are reserved for a small circle of the affluent. That situation 

has influenced the formulation of our objectives.” 

By having in mind that fulfilling customers’ needs is the ultimate source of a company’s 

well-being in the long run, Ikea’s scope then and today is “to create a better everyday life 
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for the many people”, by offering a wide range of well-designed home products, at 

affordable prices for as many people as possible. As a matter of fact, products offered by 

Ikea cover every part of the home, yet being very essential and providing a basic range of 

items which reflect the company’s mantra. Consequently, their focus is “we don’t just sell 

a chair or a table, we sell a philosophy and a mission”, meaning that communicating their 

spirit is as important as communicating their offering. Furthermore, as their offering is so 

essential and simple as their mindset and working environment, the general belief of the 

company would be “less is more” [19], [20].  

Their strategy, consisting in low cost, quality and simplicity, echoes all the business model 

starting from the value proposition, “we shall offer a wide range of well-designed, 

functional home furnishing products at prices so low that as many people as possible will be 

able to afford them”. In order to map the business model of Ikea, the starting point is the 

product design process that is in-house, that is to say, no external designers are used. 

Ikea’s peculiar design is focused on an essential aesthetic and modular architecture. This 

allows a reduction in design costs, but above all, it allows the offer of functional furnishing 

products with clean and simple shapes, as an expression of Swedish culture. This also 

makes it possible to use the same components on several product lines, thus maximizing 

production and logistics efficiency.  

At the logistics level, there are mainly three types of logistics: the first is in-store logistics, 

concerning the flow of goods within the stores; the second is the distribution logistics and 

the third is the one addressed to the customer which constitutes a separate service. These 

types of logistics are inspired by efficiency criteria that allow savings for the benefit of the 

final price. Consequently, it brings to high-speed and readily available warehouses. This 

leads to the reduction of unit production costs and therefore allows the offer of low-cost 

design products, but also the offer of more sustainable products. Indeed, sustainability 

helps to increase unit and total sales revenues by intercepting a target of customers which 

are sensitive to safeguard the planet. A high variety of combinations, and therefore of an 

amplitude of offer, leave the customer the freedom to configure their products, making 

them feel like an architect. All this is emphasized also by the fact that the customer is 

entrusted with the activity of loading, transport, and assembly at home. This reduces unit 

sales costs, strengthening the offer of low-cost design products, but also the offer of 



20 
 

transport and assembly payment services and therefore the increase in total sales 

revenues. 

The company focused its efforts to build long-lasting partnerships with both suppliers 

and customers. On the suppliers’ side, Ikea relied on manufacturers from over 70 

countries to build essential and modular products that comply with the unique design that 

distinguishes the Swedish company. Therefore, Ikea has no production facilities, but 

designs all its products and exercises strict control over the network of sub-suppliers to 

ensure that they execute the defined standards. As the design is developed in-house, the 

supplier’s relationship was crucial. They succeeded in this by establishing joint ventures 

with geographically isolated suppliers in order to set low-cost prices and ensure their 

control over rigid quality standards. This led to increased flexibility and reliability also 

from the supplier’s point of view, who can benefit from Ikea’s expertise and knowledge to 

update its production efficiency. The profound evolution of the environmental context 

and the increased complexity of demand and competition have led Ikea to adopt a 

strategic orientation focused on the construction and consolidation of a network of 

relations with its stakeholders, especially when it comes to entering a new market. 

On the customers’ side, Ikea developed a system where the purchase experience required 

little or no assistance, as the products were equipped with detailed explanation and 

people were provided with a yearly catalogue. Furthermore, the idea of self-service 

directly from the warehouse and self-assembly at home revolutionized customers 

relationship, fostering even lower costs from the manufacturing and shipping side. Ikea’s 

motto, “retail is detail”, eventually summarizes the attention given to customer’s 

experience while purchasing. The presence of warehouses with real-time product 

availability allows the speed of delivery and therefore instant gratification. The point of 

sales, due to their size and the need to have ample parking to facilitate furniture loading 

by the customer, are located outside the historic centers and, more precisely, near 

motorway junctions to intercept even non-local customers. The shops have some 

peculiarities:  

 Bound paths to "oblige" the vision of the whole offer and presence at the end of the 

journey of "unmissable" products; 
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 The possibility to see and touch the products to create a visual but also sensorial 

contact with the potential user, especially with children who make impulse 

decisions; 

 An exhibition and a catalogue of products inserted in a specific setting that 

facilitates the visualization of the context of use in the home; 

 The presence of a restaurant to appreciate Swedish culture to experiment with 

new foods, as well as new furnishings; 

 The presence of a kinder garden to entice couples with children to visit the shops 

in peace and increasing their vulnerability to the products on display. 

The design of the products and of the stores has allowed Ikea to intercept customers 

characterized by a medium-low propensity to spend, a high propensity to the 'do-it-

yourself'. Above all, the company was able to address customers characterized by a short-

term time horizon, therefore exploiting a completely new market segmentation. Within 

the latter category, we can identify students who must furnish their bedroom for the 

university period, managers would like to change the furnishing of the apartment made 

available by their company, and older people who have a reduced future life expectancy 

and therefore they have no interest in products designed to last 20 or more years. 

Furthermore, customer relationship is guaranteed through the Ikea Family card. It was 

conceived as a sort of fan club, a community of members passionate about furnishing and, 

in particular, of the Ikea style, to which specific advantages are reserved, such as lowered 

prices and reserved services. Starting from the value proposition, a business model has 

been designed, at the same time coherent and innovative, able to transform some 

paradoxes.  

The concept of paradox, in the economic sphere, has been taken up by De Wit and Meyer 

who believe that the application of a dialectical method through paradoxes may be able 

to exploit new ideas, linking opposing concepts and stimulating creativity. The first 

paradox recognized at Ikea is accessibility vs exclusivity. Exclusivity is linked to the fact 

of creating a strong and stable community over time, while accessibility is expressed by 

giving open access to the majority of people. Ikea managed to blend the two concepts 

together. Another paradox is leisure vs shop. This paradox refers to the fact that on the 

one hand Ikea stands as a welcoming place to spend Sunday with the family, but on the 

other it maintains its function of a store that can stimulate impulse purchases by 



22 
 

customers. In the figure below, the founding elements of the business model and the 

relationships between them are represented.  

 

 

Source: Bagnoli et al., 2018 

 

In addition, the figure below allows to visualize a comparison between the Ikea value 

curve and that of traditional furniture stores. On the abscissa axis the value attributes or 

critical success factors are shown, while on the ordinate axis their importance from 1 to 
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10 is represented. The comparison of the two curves visually highlights how the Ikea 

value proposition is opposite to that of traditional furnishing stores, giving little 

importance to the attributes which traditionally are considered important (e.g. durable 

product) and vice versa (e.g. variety combinations), and adding new attributes such as the 

experiential store and instant gratification. The mirror symmetry between the two curves 

shows the extent of the strategic innovation operated by Ikea  [21]. 

 

Source: Bagnoli et al., 2018 

 

1.3.1 The matrix of strategic fit 

 

The matrix of strategic fit is a visual tool used to test whether the company is strategically 

aligned, and therefore coherent, in all the strategic dimensions that characterize it. The 

matrix is composed of 14 dimensions, grouped into three general aspects: strategy, 

business model and profit model. The first context is aimed at the strategic positioning of 

the company under the economic-financial dimension, the dimension of generic strategies 

and the size of the disciplines of value. The second context incorporates and reworks the 

building blocks of the business model canvas, starting from the value proposition that 

links the context of strategy with the context of business. Finally, the last context of the 

profit model includes the cost and pricing dimensions. The matrix can be analysed in a 

horizontal direction, thanks to which it is possible to view its dimensions in detail; for 

each of these a progression is observed, that is a shift to the right in the matrix of strategic 

fit that allows to reach the highest level of leadership for the company. Each dimension 

therefore outlines a tension on a horizontal level of opposing forces. 
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In the first dimension, concerning the economic-financial strategy, the company places 

itself in a perspective of productivity or growth. Investing for long-term revenue growth 

contrasts with the reduction in short-term financial performance costs. The main 

objective of organizations is generally the long-term growth of value for shareholders; at 

the same time, the organization must show short-term results. Therefore, the starting 

point in describing the strategy is to balance and articulate the short-term financial goal 

for cost reduction and productivity improvement with the long-term goal of profitable 

growth [12]. 

The second dimension, which identifies generic strategies of cost leadership, 

differentiation and lock-in, highlights a tension between efficiency and effectiveness. 

Satisfying stakeholders and customers, consistently with the mission, creates a strategic 

architecture of efficiency and effectiveness issues that reflects the issues of productivity 

and revenue growth above [12]. A company must continually improve its operational 

effectiveness and actively seek to move the productivity frontier; at the same time, there 

must be a continuous effort to extend its uniqueness by strengthening its key activities 

[13]. 

The third dimension of the matrix of strategic fit positions the company on one of the four 

value disciplines: operational excellence, product leadership, customer intimacy and 

ecosystem leadership. This dimension involves a progression from a concept of closure to 

a concept of openness. Companies that pursue operational excellence do not look at or 

operate like other companies that pursue other valuable disciplines. Product leaders are 

pursuing new solutions to problems that their latest product or service has just solved. 

While these are focused on making their operations lean and efficient, those who pursue 

a strategy of customer intimacy are willing to make investments to retain long-term 

customers [5]. In perspective of the ecosystem leadership, companies work cooperatively 

and competitively to support new products, meet customer needs and finally integrate 

the next cycle of innovations. This leadership allows all members of the ecosystem to 

invest in a shared future [22]. 

The fourth dimension links the strategic context with that of the business model concerns 

through the value proposition of the firm. The value offered summarizes a specific mix of 

elements that satisfy the needs of the target clients. The detected tension ranges from 
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critical factors of quantity -such as price, availability, speed- to factors of quality -like 

novelty, involvement, life/ work style- [23]. 

In the fifth dimension of the matrix the company identifies critical resources for the 

enterprise, ranging between internal and external. The internal skills may include patents, 

models and computer systems created by employees and thus generally "owned" by the 

organization. Decisions to develop or invest in such activities can be taken with a certain 

degree of security because the work is done internally or purchased from outside. The 

external skills include relationships with customers and suppliers, brand names and 

reputation or image. The value of these assets is mainly influenced by the way in which 

the company places itself towards its customers and this incorporates an element of 

uncertainty [24]. 

The sixth dimension includes the choice of key suppliers to develop the business model. 

This dimension involves a tension between economies of scale and/ or scope and network 

economies. The first incorporates an advantage in terms of costs which the company 

enjoys when the production increases or the scope of business expands, involving 

specialized suppliers and ensuring a higher bargaining power [23]. Instead, network 

economies invest in relationships with privileged interpreters that are involved in a 

process of collaboration with the company [6]. 

The seventh dimension of the business model concerns internal processes, which develop 

according to a temporal perspective, considering different measures for the short wave of 

operations and the long wave of innovation. According to this logic, the cost savings 

resulting from improvements in operating processes offer rapid benefits -within six or 

twelve months- ; growth in revenues deriving from the strengthening of relations with 

customers matures in the medium term -from twelve to twenty four months- ; innovation 

processes take longer to generate revenue -from twenty-four to forty-eight months- [12]. 

The eighth dimension of the matrix concerns the distribution: extensive, selective, 

exclusive and direct. The tension between push and pull is expressed by the fact that the 

relying only on a push strategy means dedicating resources to promote certain behaviour 

from users; on the other hand, the fact of relying on a pull strategy means dedicating 

resources only to promote the brand to final customers [25]. 
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The ninth dimension concerns products. The tension is realized between standardized 

and personalized products: on the one hand a specific variety of products is produced and 

distributed; on the other hand, it is produced in response to the wishes of a specific 

customer. To shift the progression of economic value from goods to services or services 

to experiences, companies should use these interactions to understand exactly what their 

customers want. They must then translate information about a customer's wishes into 

operations for efficient and on-demand production or procurement, effectively 

transforming the old supply chain into a new demand chain [3]. 

The market defines the tenth dimension of the matrix. A progression can be identified 

from a response strategy in a consolidated market to a proposal strategy in an unexplored 

market. Knowledge of changes in the environment helps to adapt one's models more 

effectively to constantly changing external conditions. Identifying problems that guide 

and transform the market according to the perspectives of the customer and demand, the 

major market segments and their attractiveness helps to discover new segments [23]. 

The eleventh dimension concerns the customer segment of the business model of the 

company. The choice of customers ranges between two key concepts: pain and gains. This 

means determining the emotions and feelings that can motivate the behaviour of a 

particular consumer. In particular, the first means answering the question: What are your 

fears, frustrations and anxieties? while the second means answering the question: What 

are your desires, needs, hopes and desires? [23]. 

The last dimension of the business model context, the society, is divided between two 

different forces, namely inside-out and outside- in. A company clashes with the society 

through its activities in the normal course of the business, creating inside-out 

connections. Each activity in the value chain of a company touches to the communities in 

which it operates or to which it is addressed, creating positive or negative social 

consequences. However, not only the business activity affects the company, but also the 

external social conditions affect the firm. These are outside-in links. Each company 

operates in a competitive context, which significantly affects its ability to implement its 

strategy, especially in the long term [26]. 

The last context of the matrix of strategic fit, the profit model, is divided into the 

dimension of costs and pricing. The cost dimension is identified through a tension 
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between bounded costs and discretionary costs. Bounded costs depend on past decisions, 

while discretionary costs are decided based on parametric assessments. 

The last dimension, that of pricing, is contrasted between the price based on competition 

or on the cost. Competitive prices use data on competitive price levels or on expected or 

observed shares of actual or potential competitors as the primary source to set the price. 

In cost-based pricing, decisions are mainly influenced by accounting data [27], [28]. 

The actual use of the matrix of strategic fit occurs by analysing the matrix vertically. This 

allows to check the strategic alignment of the firm: if the company is consistently aligned 

with its strategy, ideally it should happen that the building blocks pertaining to that 

strategy are aligned vertically with respect to it. Note that the definition of every building 

block of the matrix is reported in the appendix. From the internal analysis of the company, 

the presence or absence of factors considered critical for the success of this project are 

highlighted through traffic lights colours. From the analysis of the as is it is therefore 

possible to propose strategic coherence reasoning and verify the effective alignment of 

the corporate identity with the strategy it is pursuing. Once the state of the art has been 

identified, it will be possible to move towards the to be, or an ideal shift towards a more 

profitable strategic dimension capable of creating value. 

Apple has exercised a pass from product innovation a platform ecosystem. Being part of 

an ecosystem has led a transfer of value from products or services to interactions. Apple 

conceived the iPhone in 2007 as a premium communication device, shifting the 

competitive landscape. The combination of device, software and online store quickly 

destroyed the music industry and gave Apple a dominant market position. The high 

switching costs for consumers and better bargaining power with suppliers have led Apple 

to have a virtual monopoly on the core business, developing a strategy of lock-in. The 

critical success factors of Apple in the matrix of strategic fit will therefore be aligned to 

the right [23]. 

Foxconn is a multinational company in Taiwan that deals with the production of 

electronic components, especially for Apple. Foxconn offers a range of supply chain 

services, including product design, component procurement and logistics. Pursuing its 

strategy, it has gradually integrated its activities vertically, including the acquisition of 

Sharp and the development of its own branded products. Unlike Apple, Foxconn 
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developed the operational excellence strategy, outsourcing secondary activities to 

suppliers in order to reduce production costs [29]. 

In the case of Ikea, the value of the product is enhanced by the addition of experiences and 

related purchase. The addition of these complementary offers, taking advantage of the 

existing key skills and resources, has led to additional revenues. To make this possible, 

Ikea has transformed its own stores in experiential centers, where a part of the value 

creation process is delegated to the customer, who in exchange will get the product at a 

lower price. This has a double advantage because on the one hand it increases the 

intimacy with the customer and on the other it allows to achieve operational excellence, 

delegating parts of the process that are costly for the company [30]. 
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2. Industry 4.0 and the impact on the redesign of business models 

 

This chapter proposes an analysis of historical Industrial Revolutions that changed 

economic and social conditions. Then, it focuses on the Fourth Industrial Revolution, or 

Industry 4.0, trying to discuss its disruptive innovations and the way by which technology 

shapes manufacturing. After this, the focus shifts on how digital transformation is 

impacting on every level of the business model.  

 

2.1 The four Industrial Revolutions 

 

An Industrial Revolution can be defined as a radical transition to new manufacturing 

processes, which inevitably affects the society, causing periods of well-being and growth 

in the living standards. The First Industrial Revolution happened in 1770 in Great Britain. 

The main revolutionary innovation was the introduction of mechanical production assets 

based on water and steam power. The iron and textile industries, as well as metallurgical 

and mining industries, were the protagonists of this period of industrialization. Before 

this, people used to manufacture mostly at home or in small rural shops but, as demand 

for goods increased, a need for a more efficient and cost-effective production arose. The 

result was the mechanization of the processes and the birth of the first factories. 

Centralized production was the central element of the new business model, thus having a 

strong impact on internal production processes and resources: from new materials and 

machines to new human competences. As an example, the power loom invented by 

Cartwright in the 1780s revolutionized the textile sector, providing a mechanized process 

of weaving cloth. Another important contribution was given by Watt’s steam engine to 

power industrial machinery and means of transportation.  

The Second Industrial Revolution happened in the early 1870s and it followed the great 

period of expansion thanks to the precedent Industrial Revolution. It is marked by the 

introduction of mass production based on division of labour and electrical energy. The 

industries which benefited from this technological development where also the electrical 

and chemical-oil sector. A lot of scientific researches led to the generation of the first 

electrical generators to spread electricity across the cities and the design of a lightbulb for 
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home use, by Edison. Among other inventions there is also the telephone and the radio, 

by Bell and Marconi. Living conditions improved significantly and, on the industrial side, 

the production processes were broken down to build the first assembly line. Ford’s mass 

production was the pivotal point in the new business model, influencing both the 

resources and the internal processes. In addition, much more R&D was stimulated by the 

possibility to offer accessible products for all. As said before, Industrial Revolutions have 

the power to change society; as a matter of fact, the Second Industrial Revolution favoured 

urbanization, with people moving from the countryside to the cities, where the factories 

were. Also, an increasing share of population could afford factory-made goods.  

The Third Industrial Revolution began in 1970s and it has spread over all industries. The 

most important achievement is the introduction of electronics and IT for higher 

automatization of production. Having the production process more automatized and 

flexible allows to shift from an economic vision to a more sustainable one, taking into 

consideration the use of renewable energy. This fact incentives also for a more 

collaborative value creation, sharing information at all levels, from suppliers to 

customers. Society gets more involved into the value creation process, causing a re-

distribution of economic and decision power. The emerging needs for more customized 

products require the products requires the supply chain to be more flexible and adaptable 

to changes. This layer is indeed the core of the new business model offered by the Third 

Industrial Revolution. By now, three advancements have reshaped the world’s economy: 

mechanization, electricity and information technology.   

The Fourth Industrial Revolution has been actively incentivized by German R&D funds, 

which strive to promote the introduction of robots to replace labour force and an 

increased human-to-machine collaboration. Machinery and production processes will not 

be substituted, but rather advanced and updated. This is possible thanks to sensors and 

actuators, Cyber-Physical System (CPS) and the Internet of Things (IoT). The upcoming 

period will be marked by intelligent and digitized processes, with the aim to create smart, 

hyper-connected factories. The result is that products are not only physical but also 

digital, namely smart products. They will allow a double communication: from the smart 

factory to the end user, by personalizing features and extra services, and from the end 

user to the smart factory, transmitting its data and producing incremental knowledge for 

the firm. The collection of a huge amount of data will be one of the core topics that shape 
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the new business model offered by this revolution. Indeed, in comparison to the Third 

Industrial Revolution, this one is expected to reach all industries, resulting in a 

combination of the world of technology and the market dynamics through innovative 

business models [21], [31]–[36]. 

 

Source: Bagnoli et al., 2018  

 

2.2 Industry 4.0 

 

The term Industry 4.0 has its origins from the German term “Industrie 4.0”. This is because 

Germany has one of the world’s most advanced manufacturing industries, together with 

a high degree of technological know-how. Therefore, this way of referring to the Fourth 

Industrial Revolution resembles the willingness to join together two realities: production 

and network connectivity. Technologies embedded in production systems will integrate 

physical objects and human labour across the supply chain, which will become more agile 

and reactive to changes. Moreover, the increased interaction and connection of machinery 

will cause a shift form a centralized to a decentralized production. This is possible thanks 

to Cyber-Physical Systems (CPS) and Cyber-Physical Production Systems (CPPS). Cyber-

Physical Systems (CPS) enable the connection between virtual and real world. They can 

be objects – either finished products or machinery – that are composed by a physical and 

a virtual part. The physical component is equipped with sensors or actuators that allow 

the CPS to interact with and control it; whereas, the virtual component represents a digital 

twin, that is to say a digital copy of the physical object. It allows simulation of the future 
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behaviour of the product and prediction of potential errors, in order to optimize its 

functions. Cyber-Physical Systems are the assumption to enable the Internet of Things 

technology. The most evident benefit of CPS is to improve users’ interaction with the 

physical world, thanks to high-performance virtual systems that facilitate the 

communication between users and enterprise [21], [32], [37]–[39].  

The adoption of many CPS constitutes a network of Cyber-Physical Production Systems 

(CPPS), which expands the focus from one single object to an ecosystem of objects, which 

are linked and communicate with each other in real-time. Cyber-Physical Production 

Systems are the assumption to enable an intelligent factory, namely smart factory, where 

the enterprise is able to monitor a product’s lifecycle, from the co-design with customer 

to its constant monitoring over time. The key to achieve cross-functional integration of 

activities at all levels of the smart factory is to manage correctly the enormous quantity of 

data gathered from all CPS. Two concepts that are converging with the technological 

advancements of Industry 4.0 are the digital thread and the digital twin. The digital twin 

represents the digital version of a physical entity in real time, virtually miming its 

behaviour. This software provides a complete framework to gather all product or process 

data, tracking current and future capabilities and sensing performance deficiencies by 

simulating different scenarios. The digital twin is a model which can follow the 

movements of the manufacturing machines and, above all, it can send instructions 

remotely thanks to its easily accessible interfaces. The advantage is that every actor who 

is directly involved into the process can send solutions or new options from anywhere in 

the value chain, also measuring and checking the evolution of the product [21], [32], [40]. 

The concept of digital twin is fundamental for Industry 4.0 as this tool that may rise 

significant operational benefits within an organization. First of all, it allows predictive 

rather than preventive maintenance, through which the enterprise can consequently plan 

the equipment activity in a proactive manner. Then, by providing continuous real-time 

feedbacks, the digital twin allows an optimal process reconfigurability in order to respond 

to changes in market demand. It also fosters R&D advancements, thanks to insights on 

product’s current behaviour and use, incentivizing research on how to improve it. In 

addition to it, the fact that Big Data are managed in a holistic and unified way within the 

digital twin, the system has the capability of giving proactive advice on the creation of new 

products and services based on guaranteed performance outcomes. This ability is perhaps 
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the most promising in the Industry 4.0 innovative scenario, for the digital twin not only 

works on a series of tasks dictated by the operator, but it eventually becomes a real user, 

who receives information and gives advice on how to make the product better and more 

suitable for use. The concept of machine as a user permits also to monetize structured data 

and create an additional revenue stream. Other benefits that may arise from the use of 

digital twin are lower operating costs, as the production process will be optimized, and 

lower maintenance-driven costs, as there is the possibility to act a priori on potential 

machinery’s downtime. 

 

Source: own elaboration  

 

The concept of digital twin echoes the inherent functions of computer-aided design (CAD), 

but with some differences. First of all, the digital twin is a more robust model which 

supports also specific organizational outcomes that can improve decision making. Second, 

with the digital twin the human operator has the capability to interact and evaluate best 

and worst scenarios, and above all get advice on the optimal solution. Finally, the 

application of new disrupting technologies into the digital twin model can lead to the 

emergence of new business opportunities. Nevertheless, the use of CAD started in mid 90s 

with a very complex system to prototype digitally a physical product. Shortly after, 

Product Data Management (PDM) began to diffuse in order to govern the data produced 

by CAD software. Structured data provided great access and visibility of all phases of the 

development of the product. The next step in innovation came around 2000, when 

Collaborative Product Commerce (CPC) enabled the sharing of resources among different 

partners and the enterprise to co-design products. This stream of innovation happened 

because the mindset around value creation shifted from an enterprise-centric view to a 
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collaborative view of shared activities. This new way of thinking was mainly driven by the 

advent of Information and Communication Technology, which led to the convergence of 

computer networks and the subsequent integration of enterprise, suppliers, and 

customers.  

Over time, PDM and CDC practices laid the foundations for the development of Product 

Lifecycle Management (PLM). It is a process that aims at creating links throughout all 

product lifecycle, from idea to retirement. Due to this, an enterprise who wants manage 

product lifecycle successfully must include PDM and CDC elements to ensure connectivity 

at both the data level and the partners level. Thanks to its ability to address growing 

software technology and potential application in manufacturing, Product Lifecycle 

Management is used in strategy; indeed, it merges together product data and business 

analysis in order to create value for the enterprise. As an example, an Original Equipment 

Manufacturing (OEM) company may use PLM applications to take the decision of 

outsourcing a part of the production process. The breakeven price selection for the 

negotiation of this agreement will be based on product information available from PDM 

software. Once the agreement is done, the two companies may set CPC as a collaborative 

digital dimension to sustain the partnership. Product Lifecycle Management will be 

deployed in order to coordinate the delivery time of the product and control the budget 

[41]–[43].  

 

Source: Accenture, 2017 

 

The next wave of innovation is the massive implementation of digital thread and digital 

twin models. The digital thread supports the free-flowing stream of communication 



35 
 

framework that allows connected data to flow through all the functions with which a 

product interacts. A digital thread therefore allows digitization and traceability of a 

product’ history. Hence, connecting product, data and organization within a digital twin 

in real-time will result in an improvement in quality and accuracy, from the design to the 

manufacturing and support process. In order to successfully implement a digital thread 

in an organization, it is necessary to foster the development of a holistic approach to 

coordinate all upstream and downstream functions, breaking down technology barriers. 

Among the obstacles which an organization might face when implementing this process, 

there is the construction of a robust framework that consolidates all the existing PLM 

systems into a unified one. Moreover, many organizations are still resistant to the 

adoption of the proper technologies [42], [43]. 

One of the main causes that prompted Industry 4.0 were the shorter-than-ever time to 

market and the increasing customer responsiveness. As Christensen (1997) believed, in 

today’s competitive environment a sustaining innovation is not enough to stay up-to-date 

with the emerging customer needs. Therefore, a company must find new opportunities in 

the market to boost its productivity and make profits. These opportunities are now made 

accessible thanks to the new technologies, which make it possible for a company to 

produce at labour cost and in locations that are attractive for the customer. This is the 

reason why Industry 4.0 will impact mainly four spheres: factory, business, products and 

customers. Factory will be more integrative and communicative thanks to new ways to 

connect and control machines, resources and processes. Machines, in particular, will 

become intelligent and reactive to changes. Business is affected too, as Industry 4.0 will 

open up to new, stronger and more collaborative partnerships, optimizing demand-

driven production in real time and access of complementary services. There will be a 

totally new type of product, more customized and digitized. Customers will be the major 

actors taking part to the value creation process, requiring more additional functions and 

directly intervening in the design process [34]. The enabling technologies of Industry 4.0 

show they are disruptive, as they have the power to reshape the industry’s traditional 

structure, give rise to new business models and target new customer segments and new 

actors.  
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Source: own elaboration  

 

Although the definition of disruptive technologies may be blurred or they may not have a 

clear application yet, the relatively low cost at which now companies can integrate them 

in their value chain opens up to a potentially highly-significant impact on manufacturing. 

According to Boston Consulting Group, the nine technologies that are shaping industrial 

production are: additive manufacturing, autonomous robots, augmented reality, cloud 

computing, simulation, Industrial Internet of Things, Big Data and analytics, cybersecurity 

and horizontal and vertical system integration.  

Additive manufacturing, also known as 3D-prining, is the technique of joining together 

different materials that compose a product virtually. The advantage of being precise, 

flexible and rapid turned this technique in an industrial technology, that is now being 

implemented in manufacturing to lower production costs. Autonomous robots will be 

included in the production process in order to enhance productivity and safety, but also 

interaction and close human-to-machine collaboration. Augmented reality may be used 

instead to send instructions to workers for fixing a machine, or for remote monitoring. 

Cloud computing is a broad technology that has already been used by many companies to 

store big amounts of data and make them available at any time and in any part of the value 

chain. Simulation has the potential to design a product as a result of the data gathered 

from its digital part, and as a consequence it gives the possibility to test it in the virtual 

world before making it reality. Industrial Internet of Things allows CPPS to connect with 

all the digital systems of the value chain and therefore to integrate vertically. With Big 

Data and analytics, we refer to the process of gathering huge amount of Big Data, elaborate 

them and provide the company with new knowledge, ready to be used into the 

manufacturing process. Cybersecurity is a set of protocols and standards that guarantee 
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security and data protection; it is essential for a hyper-connected company. Horizontal 

and vertical system integration is a technological advancement that strives to build strong 

relations both on the vertical and horizontal level. With Industry 4.0, incremental 

knowledge that arises from data and the need for more skilled people to interact with 

machines will generate the need for a more cohesive partnership from both the inside-in 

and the inside-out of a company [44].  

 

Source: own elaboration  

 

The above proposed framework aims at clustering these technologies by identifying the 

main objective that represents a specific group of technologies. The first cluster, connect, 

comprises technologies that can collect, connect and monitor a big amount of information, 

leading to significant cost reductions. The information flow through the company’s 

network of digitized processes allows to reduce production downtime, while analysing 

the current situation and communicate autonomously in case of potential issues. This 

group is represented by sensors attached to physical products, Big Data, cloud computing 

and Industrial Internet of Things. Indeed, IoT is an enabler for interoperability among the 

value chain systems. The second cluster, analyse, includes technologies which perform 

advanced analytics, or enable the association between different sets of information, in 

order to generate instrumental outcomes for production improvement. The involved 

technologies are Big Data analytics, autonomous robots aimed at work digitization and 

automation and data sharing with external actors. This cluster uses the information 

collected the environment and analyses them in order to produce incremental knowledge, 

aimed at answering to complex questions. The above-mentioned technologies turn 

unstructured data into structured and refined data; this is possible by exploiting the 



38 
 

increasing amount of knowledge-based activities arising from the use of advanced 

robotics, which are able to replace humans in performing repetitive tasks.  

The third cluster, integrate, aims at merging different parts of a company’s value chain in 

order to build a more competitive and integrated value system. Some technologies 

covered by this cluster are horizontal and vertical system integration, both virtual and 

augmented reality, data processing and cybersecurity. On the company side, integration 

at the business operation level or via acquisition of another company in the same industry 

is beneficial for achieving a complete control over the whole system and for a better 

positioning in the industry. On the consumer side, increased familiarity with interfaces, 

together with virtual and augmented reality devices makes it possible to establish a better 

communication with the company. Also, data processing allows to a better understanding 

of the dynamics between machines and humans, providing convenient insights. On the 

security side, all this massive use of data requires integration at all levels, to ensure data 

trustworthiness and protection. The fourth and last cluster, innovate, comprises all those 

technologies that bring significant advancements in providing new smart products and 

services, starting from the connection, analysis and integration of existing information. 

This leads to a step up in precision and quality. Not only the materials which 3D printing 

can process have been extended, but also the size of the finished product. Also simulation 

technologies have been advanced and are becoming more and more relevant to provide 

cost-effective production planning and execution [40], [45].  

 

Source: EY, 2017 
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Another framework to categorize technologies is the above proposed one. Ernst & Young 

poses Big Data & analytics as a pillar for the development of all other technologies. This 

reflects a vision of Industry 4.0 as mainly driven by data exploitation. The other 

technologies are therefore generated from data and they are enabled by the ability to 

connect information through the use of sensors and the cloud, and to secure them by 

implementing cybersecurity standards. Only after having successfully built a network of 

information that flow freely along the entire value chain, a company is able to introduce 

two categories of technologies: soft and physical. Soft technologies are represented by the 

implementation of simulation tools and other software that allow a machine to auto-

organize and adapt to specific events. Moreover, major connectivity is reached when there 

is vertical and horizontal integration of the production processes, both inside and outside 

the company. Instead, additional physical technologies can be collaborative robots, 3D 

printing, and human-machine integration and augmented reality. This framework is 

relevant because it sets a hierarchy among these technologies, trying to think about the 

different roles that they play and how they are connected one to another. Of course, the 

common denominator for all is data, because it is the raw material which is then 

elaborated and shaped to perform a specific task. For instance, collaborative robots 

cannot live without data, which are used every day by the same robot in order to learn 

from its mistakes and adapt to its tasks. For the same reason, without a proper network 

of connected robots, it cannot align and optimize its functions relatively to other robots. 

Data sent to the cloud help humans to “talk” with robots and evaluate their performance 

day by day [45].  

In the BCG’s adopted classification of technologies, there are some radically new 

technologies and some already existing ones, which have proven to be significantly 

relevant in the future. In most of the cases, Industry 4.0 has proven to be an opportunity 

for companies to innovate even with small changes in terms of technologies, thus not 

requiring a complete replacement of existing tools but rather an advancement of them. As 

showed in the figure below, the estimated percentage of equipment that will be replaced 

is 40-50%, during the Fourth Industrial Revolution. This replacement will be due to the 

fact that the lack of interoperability of existing equipment will increase complexity in 

adapting the processes to new connectivity standards posed by Industry 4.0. In this sense, 

machinery’s long-life expectancy can be a threat towards replacement or updates 

according to the latest technologies. Once equipped with proper sensors and actuators, 
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the equipment will run self-maintenance monitoring and, therefore, it will be able to 

predict potential breakdowns and to suggest early replacement of its parts. Compared to 

the Third Industrial Revolution, Industry 4.0 will require way less investment in 

replacement of machinery [40], [46]. 

 

Source: McKinsey, 2015 

 

2.3 Operational drivers 

 

As for the application of Industry 4.0 at the operational level, the next chapter will 

carefully analyse the enabling technologies and their benefits at the business level. Before 

this, it is necessary to define an intermediate level, i.e. to visualize which are the main 

operational drivers that characterize the Fourth Industrial Revolution. These drivers are 

proposed in contrast, in order to highlight their diametrically opposite essence which 

thanks to new technologies can be overcome. Furthermore, their position on the left or 

right is designed so that the drivers that indicate openness are represented on the left, 

while those on the right indicate stability.  

Drivers that indicate 

openness 

Drivers that indicate 

stability 

Decentralization Centralization 

Externalization Internalization 

Interoperability Ownership 



41 
 

Accessibility Security 

Flexibility Optimization/ focus 

Reactivity Prediction 

Humanization Automation 

Simplification Complexification 

Source: own elaboration 

 

The first operational drivers in contrast are decentralization and centralization. 

Decentralizing means distributing the capacity for production and processing of data and 

decisions into separate units in a spatial or logical sense, generally with autonomy and 

possibly with distinct objectives, even if synergistic. Some systems that allow for 

decentralization are cloud systems and the creation of production subunits. 

Centralization, instead, means concentrating the functions of the systems, both 

productive, decision-making, and processing in a limited number or in a single 

operational cluster. This means territorial compactness and/ or high integration between 

protocols and data sources. To encourage centralization, dedicated data centers are built, 

with a strong integration of networks and systems, or even the co-location of production 

systems, often proprietary or limitedly dependent on third parties.  

The second pair of opposing elements is externalization, as opposed to internalization. 

Externalizing means entrusting the activities necessary for the implementation of the 

business model and processes to an external entity. Typically, this is a benefit concerning 

the use of Software-as-a-Service (SaaS). On the contrary, internalizing means maximizing 

the number and type of operations carried out within the company autonomously, 

including the most strictly productive activities, data management and processing, 

marketing and after-sales services. This requires the adoption of specific skills and 

infrastructures in sectors that are not directly related to the company’s mission. 

Furthermore, it can also mean having to absorb activities that had previously been 

delegated to third parties. 
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Within the third pair of operational drivers, interoperability versus ownership, it is 

possible to define interoperability as the ability of two or more systems, networks, means, 

applications or components, of exchanging information between them and then being 

able to use that information. This can be done by using data representation standards, 

protocols and physical interfaces that allow hardware and software systems to interact 

effectively regardless of their specific design. Ownership is defined as a characteristic of 

a system operating, exclusively or principally, through protocols, data formats or 

interfaces designed and controlled by the system manufacturer itself and not freely 

implementable by third parties. Ownership is expressed through undocumented 

protocols and formats, or publicly documented but subject to intellectual property. 

Furthermore, ownership also means adopting proprietary patents or those for which an 

exclusive right of use has been obtained.  

After that, the fourth pair of analysed drivers is accessibility versus security. The concept 

explains how the extension to access of previously unused resources can increase security 

threats and the consequent difficulty in managing them. Accessibility is the characteristic 

of a device, service, resource and environment to be identifiable and usable with a 

reduced use of technical, economic and intellectual resources. This occurs with the 

simplification of protocols, documentation, advanced man-machine interfaces, and 

intuitive interaction. Safety instead means being free from dangers, or having the 

possibility of preventing, eliminating or making less serious damages, risks, or difficulties. 

IT security is managed with mechanisms to control access to data and information and 

functions or mechanisms to verify the integrity of the data, their origin and their 

confidentiality, also with cryptographic techniques.  

The fifth pair of operational drivers is identified as flexibility versus optimization/ focus. 

Flexibility is understood as the ability to vary, modify, adapt simply, efficiently and 

effectively to different conditions. At the operational level, this occurs when there are 

modular designs or there is the possibility of replacing the hardware with the software. 

On the contrary, optimization/ focus insists on finding the criteria for choosing between 

different options that maximizes a function. Not necessarily this is related to efficiency; 

for example, if the goal is to have a low time-to-market, an optimal solution could be to 

keep the stock supplied. Here, the contrast with flexibility lies in focusing on maximizing 

a particular process that is considered as the "core".  
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Moving on, another type of driver addressed by the Fourth Industrial Revolution concerns 

reactivity and prediction. The first is defined as the observation, for control purposes, of 

a variable quantity (or of several quantities) and the ability to rapidly intervene to correct 

it (or them). Measurement and analysis tools, software agents, actuators, and feedback 

systems are useful tools for this purpose. Prediction instead means knowing beforehand, 

hypothesizing the possibility of an event, its variables, and supposing in advance what will 

happen. This is guaranteed by hypotheses or inductions based on the comparison 

between historical data and measurements, statistical techniques and machine learning. 

The essence of this contrast derives from the different point of view which the two drivers 

rely on: on the one hand, reactivity looks at the real time, on the other hand prediction 

looks at the future.  

The penultimate pair of operational drivers that are set in opposition and that, perhaps, 

are the most widely recognized in the Industry 4.0 context, are humanization and 

automation. Humanization wants to make central the result of a process or judgment 

perpetrated by human action. This means introducing a balance between the choices 

guided by the data, the objectives and the vision of decision makers and operators. In a 

factory, to make this possible, it is necessary to implement semi-supervised systems, 

which are capable of processing and presenting data to the human decision maker in an 

understandable form so that he/she can interpret and extract valuable meanings. In the 

opposite way, automation means the general reduction of human intervention in the 

performance of production or data processing activities. In the production area, this 

occurs through the use of complex and refined machines and procedures, capable of 

regulating their operation and controlling the quality of the work produced with sensitive 

organs. Furthermore, autonomous systems are able to replace man in making optimal 

decisions because they are equipped with Artificial Intelligence and Machine Learning 

software. Automation somehow represents the Third Industrial Revolution, while 

Industry 4.0 is characterized by a reduction in the complexity of reading data and 

therefore a possible return of human primacy. This is not surprising even if we are talking 

about digital innovation, as it simplifies and automates the "browse" tasks (analysis of the 

single data, monitoring of the single sensor, etc.) making the processes "accessible" again 

as they did before the world became complex, i.e. at the beginning of the First Industrial 

Revolution. This triggers a phase of the cycle where men can again take control, but to do 

it effectively they need new skills. 
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The last pair of operational drivers analysed are simplification versus complexification. 

The first one represents the reduction in the number of parts, different elements or sub-

processes that contribute to the performance of an activity. There are various methods 

that can be implemented to simplify production activities: merging and eliminating 

different parts or operations, using alternative processes, replacing physical elements 

with software elements, and using data resources and computations available as online 

services. Complexification, on the other hand, means adding elements by increasing the 

overall functions, even to the detriment of the simplicity, operative or constructive, of a 

product or a process. This benefit can be activated by integrating new sub-components or 

adding new software features. In the case of 3D printing, the use of innovative materials 

and the additive printing system allow the creation of more complex products. The order 

with respect to the left and right column reflects a similar concept for humanization vs 

automation. In previous industrial revolutions there was a tendency to add functions and 

components, while today we tend to collapse them into a few elements that solve different 

problems in the same way. This happens for example with the reuse of software and 

hardware components, but also with common interfaces, such as voice assistants and chat 

bots, or with aggregated paradigms, think for example of the entire touch world accessible 

on small screens [40], [47]–[56].  
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3. Industry 4.0 and the enabling technologies  

 

This chapter describes the nine technologies that represent the advent of the Fourth 

Industrial Revolution. The technical explanation is followed by the description of the 

impact of the specific technology on the business model canvas and, therefore, on the 

building blocks previously discussed. This latter specification was the result of a 

Structured Literature Review conducted on about 160 papers, analysed and codified 

through the Nvivo software. This work made it possible to identify the main operational 

benefits in the economic sphere enabled by the technologies of Industry 4.0. The figure 

below shows nine heatmaps, one for each technology, where the intensity of the colour 

represents the importance attributed in the literature to the impact of Industry 4.0 

enabling technologies on the building blocks of the business model. 

 

Source: Bagnoli et al., 2018 

 

Almost all the documents investigate the impact of Industry 4.0 on resources and internal 

processes, interpreting the ongoing revolution, similar to those preceding it, especially as 

an opportunity to maximize operational excellence in terms of productivity, quality, time 

and sustainability. More than a few documents emphasize the possibility through 

Industry 4.0 of making the product ever smarter, as well as making the role customers 

and suppliers increasingly central. Few documents reflect on the impact of Industry 4.0 
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on society and hardly anyone on the value proposition as evidence of how literature 

interprets the industrial revolution by adopting a predominantly operational and not a 

strategic perspective. 

 

3.1 The nine technologies of Industry 4.0 

 

With the Fourth Industrial Revolution, the society is witnessing the birth of a digital 

industry founded on 9 technological pillars. After the description of each of the nine 

technologies, the heatmaps are reported with an indication of the operational benefits 

that each technology enables at the business level. 

 

3.1.1 Additive manufacturing 

 

Additive manufacturing, also referred to as 3D printing, is an enabling technology that 

could help to optimize performance in the area of resources and internal processes, but 

also relocate the entire production process. There are different types of manufacturing 

processes: the subtractive process creates an object by removing material from a block; 

the forming process applies a force to a material to change its shape; the casting process 

modifies the state of a material, e.g. from solid to liquid; finally, additive manufacturing 

process can create an object using exactly the quantity and size of material it needs, 

without waste or excess. This system works by “material addition”, for it is also known as 

“layered manufacturing”. A part from cost reduction and improved flexibility, this method 

allows for rapid prototyping. First of all, rapid prototyping is a series of industrial 

techniques in order to fabricate a prototype physically. With 3D printing, rapid 

prototyping is achieved through simple steps: first, a digital model is created with CAD 

software; secondly, it has to be transformed into a STL file (Standard Triangulation 

Language To Layer), which uses geometric data to decompose the area of the model into 

a series printable layers; then, the file must be sent to a slicing software, which composes 

the slices for the printing; finally the slices are sent to the 3D printer which builds the 

object layer by layer.  
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Source: own elaboration 

 

It essentially has the potential of extending production system’s features and range of 

materials, allowing for continuous customization, as the 3D model can be always 

modified. This eventually leads to mass customization. Although it will be extensively 

deployed in the upcoming years, the origin of additive manufacturing goes back to 1980s, 

when Charles Hull invented the Stereolithography to build 3D objects. The difference from 

the modern 3D printer developed by the Massachusetts Institute of Technology (MIT) is 

that now enterprises can produce more rapidly, cheaply and without using toxic 

substances that were instead employed in the Stereolithography. Therefore, marginal 

production costs are lowered and more rapid time-to-market is achieved. As a matter of 

fact, the advantages of 3D printing go beyond the boundaries of an enterprise, 

transforming the traditional view of factories. Once, large production facilities were built 

in remote locations, leading to a progressive distance from production to consumption. 

Now, with the flexible and instant production enabled by 3D printing, enterprises can 

relocate closer to their end users, closing the gap between producer and consumer, and 

choosing strategic places in order to produce locally and connect with communities of 3D 

developers. While making local manufacturing more profitable, additive manufacturing 

reduces the benefits of exploiting economies of scale. Nevertheless, it will be possible to 

create networks of collaborators. Additive manufacturing has the potential to transform 

designers into manufacturers, due to the accessibility of 3D printing technology for both 

industrial and personal use, at disposal of an active community that shares online designs. 

Indeed, the price of purchasing a 3D printer has dramatically decreased in the last 5 years 

[47], [57], [58]. 
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Elaboration from Bagnoli et al., 2018 

 

In this heatmap the main operational drivers enabled by additive manufacturing are 

described. Starting from the resources, one of the benefits of 3D printing is stock 

optimization, as there will be less and less need to hold stocks thanks to just-in-time 

production. Inventory and warehouse costs will therefore be drastically reduced. The 

digital resources deriving from 3D printable models can be shared and modified from 

time to time, bringing out the creativity of the operator and thus increasing the human 

side of the design. Moreover, this type of additive production allows the use of only the 

necessary material, thus reducing or wasting excesses. This also has a positive impact on 

emissions, reducing energy-intensive production mechanisms. From the point of view of 

internal processes, additive manufacturing leaves room for new opportunities to use 

innovative materials or produce unique pieces that were not previously possible. All this 

happens with precision and quality, reducing the time between design and production, 

and therefore the product development cycle. In the production phases, the typical 

construction by layers will need less and less assembly phases. The distribution channels 

can be digital, since the 3D models are based on an open source approach where it is 

possible to have access to standard printing models or request the more complex ones for 

a fee. In addition to the new digital channels, the physical channels will also be 

revolutionized, as it will be possible to locate the 3D printer closest to the customer, 

allowing the costs of shipping, packaging and transport of the final product to be cut. This 

leads to a reduction in the number of specialized suppliers, both for external processes 
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and for internal processes such as component suppliers. Consequently, the proximity to 

the consumer leads to a greater sensitivity towards emerging expectations and therefore 

the company is facilitated in reducing time-to-market and streamlining the process. The 

customer will be able to customize the product, becoming a producer, and the 

relationships will be more flexible and dynamic. The products are more functional, 

complex and performing, and therefore more differentiated than the competitors’ ones. 

The quality of these products is guaranteed even in small batches. From the point of view 

of customers, suppliers and companies, 3D printing will bring more communication and 

collaboration between the parties, especially through sharing opportunities. This will 

bring the company and the environment in which it lives to interface with remote places 

that were not previously taken into consideration, such as developing countries [44], [48], 

[49], [54], [57], [59]–[69]. 

 

3.1.2 Autonomous robots 

 

Autonomous and collaborative robots are not new in the field of technology, although 

there is a huge difference between precedent automated robots and upcoming 

autonomous robots: the last ones have the characteristic of real-time autonomy. That is 

to say, they can work and take decisions independently and closer to humans without 

being controlled by an operator. They can basically do three things: perceive the 

environment and collect information about it; take consequent decisions, after having 

evaluated all possible scenarios; and finally, actuate in order to implement a specific task. 

Thanks to the Fourth Industrial Revolution, autonomous robots are embedded with 

sensors, which allow constant reception and transmission of data from the real world. 

Moreover, thanks to the deployment of Artificial Intelligence, autonomous robots will 

have more power to learn from their mistakes and change their algorithms to 

continuously adapt to new standards. This ability reflects the high level of flexibility that 

they can achieve during the production process. Indeed, robots can interact with each 

other and with humans, building a collaborative environment. It is thanks to the capacity 

of self-learning and self-adjusting that autonomous robots have become an essential part 

of the production process of nearly every sector, working closely with humans and 

replacing their most dangerous and hard tasks. This does not mean that robots will 
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replace human work, rather they will cause a shift in the required human skills. There will 

be no more necessity for low-skilled human operators, yet there will be an increasing 

need for augmented operators, who can interact with autonomous robots and work in a 

secure environment. As a matter of fact, with the implementation of autonomous robots 

in production or decision-making process, a need to set safety protocols will rise, so as to 

guarantee the integration of men and machines [44], [67], [70].  

 

Elaboration from Bagnoli et al., 2018 

 

The autonomous robots that are used within the production system bring numerous 

advantages. First of all, they increase the security and integrity of the large amount of data 

that passes through the company. In a company with delocalized production sites, the 

robots located in various parts of the production manage to contact each other and 

exchange secure and real-time information. Moreover, they greatly affect the 

communication between machinery, IT systems and man. In fact, thanks to their human-

like intelligence, they manage to act as a link between the "machine" system and the 

"human" system, with the use of easy-to-use interfaces. The robots therefore manage to 

work side by side with man, coordinating their movements with the surrounding 

environment and learning day by day, and building a more engaging work experience. 

This happens for example in Amazon, where the warehouse moves 70% faster than in 

absence of automated systems. The use of robots, however, leads on the one hand to be 

less in need for lower-skilled workers, reducing costs and increasing the quality of work. 

This also applies to transporting products to their destination. However, on the other 
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hand, many other new higher-skilled jobs will also be created, employing the human 

intellect in more creative and less dangerous activities. Other operational benefits 

concern production monitoring, analysis and control to enable automatic optimization 

and predictive maintenance. This creates an end-to-end communication network 

between intelligent machines, thanks to which it is possible to integrate the entire value 

chain from the resources in the warehouse to the outgoing logistics.  

The fact that the machines are intelligent and autonomous makes them able to evaluate 

and choose optimization criteria without the control of a human operator. This happens 

because the artificial intelligence with which the robots are equipped transforms the data 

into physical actions, which allow the machines to put into practice the optimal scenario. 

Robots can accomplish many tasks more efficiently and quickly than human operators, 

reducing dangerous tasks and ensuring corporate safety. However, their use is expanding 

outside the production process, for example they are used to predict future demand and 

in basic customer service. The reason that drives the application of intelligent systems is 

the growing push of consumers to have adaptable products and services based on needs. 

In fact, when used for shipping, drones reduce transport costs and make the shipping 

process visible to both the company and the consumer. This conversion from physical to 

digital is leading the company to be fully integrated in all its parts, with much more 

precision and control power, but also the freedom to accept requests for personalization 

by customers. All the actors of this ecosystem are invited to benefit from the autonomous 

robot technology to promote decentralized real-time relations and speed up processes. 

The constant learning of the robots guarantees an improvement of the know-how and an 

innovative push in the long-term. It therefore becomes imperative to prepare men for the 

revolution in robotics, encouraging learning and joint work [32], [37], [38], [40], [44], 

[46], [60], [61], [64], [66], [71]–[79]. 

 

3.1.3 Augmented reality 

 

Augmented reality is a technology that offers an interactive experience in the real-world, 

by enhancing or adding computer-based elements to it. While virtual reality creates a 

completely virtual world, isolating from the real one, augmented reality brings digital 
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components into a person’s perception of the real world, by integrating multiple sensory 

modalities, for instance visual, auditory, olfactory etc. It takes information from a person’s 

motion and translates them into augmented objects that can be seen through a variety of 

devices. Augmented reality is a technology that is configured in four different variants. 

The first one is called marker-based, and it works only in presence of a “marker” that is 

scanned by the camera, for example a QR code. The second variant is called markerless: it 

works via GPS and sends computer-based information about the location based on user’s 

current position. The third variant is called projection-based and works by projecting an 

augmented object, such as a hologram, onto a physical surface. The fourth and last variant 

of this technology is called superimposition-based and it works by overlapping a physical 

object with an augmented object.  

Augmented reality is not a new technology, as its history goes back to 1968, when Ivan 

Sutherland built the first head-mounted display (HMD) to perform 3D objects in the real 

world, but with limited capabilities. The term augmented reality was coined by Tom 

Caudell in 1990 and from this year on this technology diffused and began to be deployed 

in the assembly lines and maintenance of machinery. From 2000 the first augmented 

reality devices appeared. The functioning of augmented reality is based on three simple 

steps: first of all, input devices collect all relevant information that will be processed later. 

These devices can be either a smartphone’s camera or sensors embedded into a smart 

product. Data are sent to a cloud server that uses a 3D software to turn virtual images into 

augmented content to be then visualized by the user. The visualization occurs with a 

display device, that can be categorized in hand device (smartphone, tablet) or head device 

(smart glasses, head-up display).  

 

Source: own elaboration  
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Three characteristics of augmented reality are the combination of real and virtual world, 

the alignment with 3D modelling and the real-time interaction with humans. Indeed, 

within an augmented reality working environment, actions taken by users have direct and 

immediate consequences over the environment. For this reason, this technology may be 

revolutionary in the field of manufacturing, consumers’ decision making and even 

learning. When applied in a factory, augmented reality can allocate information and 

expertise in situations where a remote distance maintenance support is required. As a 

result, human capabilities are enhanced and distributed efficiently in the value chain. 

Tracking labor and working movements in real-time facilitates flexibility and labor 

productivity, a part from safety monitoring. Other applications of augmented reality in 

manufacturing involve the design without building and the optimization of assembly line, 

due to the fact that this technology allows complete control over the system, by visualizing 

internal machinery’s components, their status and their performance. Indeed, merging 

human and intelligent systems capabilities can result in a more flexible value creation 

architecture, thus reducing costs, time and machinery failures, while providing higher-

quality data.  

Augmented reality can enhance also consumers’ decision making, first of all by 

configuring new or improved touchpoints, where the company can better interact with 

their customers. In practice, augmented reality can help customers choose better during 

virtual shopping, enabling them to virtually try the object on themselves. In fact, the 

shopping experience that leads to try an item online at home without physically going to 

the store adds value to the purchase choice. This is why consumers’ willingness to pay 

tends to increase. In the field of learning, this technology can lead to a radical change in 

the way processes are learned. In fact, augmented reality offers a collaborative learning 

venue, in which many people, even physically distant, can learn together in a virtual 

environment in an immersive way. The greatest benefit lies in being able to use sensory 

modalities to communicate with people, to have a 3D vision of the field of work and to 

personally take control and decide over the current situation. The increased learning 

experience can be applied to multiple areas, giving the opportunity to learn in the field in 

complete safety and to connect people, not isolating them [33], [47], [77], [80]. 
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Elaboration from Bagnoli et al., 2018 

 

The application of augmented reality systems within the corporate environment leads to 

increasing the efficiency of maintenance, repair and training on the field remotely. This is 

because the fundamental benefit of this technology is that it transmits something human, 

such as assistance and support, in places that man cannot physically reach. This allows to 

create or improve touchpoints through which the company can understand the 

customer's needs and serve them better. Augmented reality can be used to improve the 

customer's shopping experience, for example by virtually trying out a product in a familiar 

environment like the house, and then deciding whether to buy it. At the process level, 

augmented reality significantly helps to establish communication systems between 

machine, products and people, sharing key information. However, the potential solutions 

that this technology offers to humans are much more innovative. Any operator, even non-

specialized, will be able to assume roles of responsibility towards a machine that they are 

not able to use: this is because the AR devices show on the display the functions necessary 

for the maintenance of the machine and the necessary steps to fix it. Moreover, it is 

possible to activate training programs even at distance thanks to the possibility of 

comparing oneself in a virtual world in real time [32], [33], [38], [47], [60], [72], [80]–

[82]. 
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3.1.4 Cloud computing 

 

Cloud computing is a way to have direct access to shared resources without having to 

directly manage them. This system allows automated self-provisioning of data, which are 

available on demand in real-time and anywhere. The abstract architecture of data storage 

ensures flexible, collaborative use of information throughout all the network and secure 

data processing. Three essential elements constitute the cloud: a front-end, which is 

represented by client’s access to the cloud, a backend, which is represented by the 

provider’s cloud infrastructure, and a network, which allows the connection among all 

parts. Thanks to cloud computing a company can create services and applications, store 

large amounts of data, provide software and do data analysis. The economic benefit lies 

in the possibility of exploiting low-cost IT resources. This is possible because cloud 

computing can be used via pay-per-use, where the company only pays for the actual use 

of the cloud. This form of payment makes the use of the platform more flexible and 

accessible, allowing the company to eliminate hardware costs for data storage, local data 

centers and the cost associated with IT experts to manage databases. The use of cloud 

computing represents a great technological change in industries where the management 

of resources is essential. Apart from the savings in capital costs that can be reduced, this 

technology can quickly manage on-demand resources. In fact, these can be used in any 

place in real time and in an elastic manner, favouring performance efficiency and time 

savings. Furthermore, the centralized management of virtualized resources offers high 

security standards and protocols, which prevent from cyber threats.  

Cloud computing technology enables three main categories of services at any company’s 

disposal: Software-as-a-Service (SaaS), Platform-as-a-Service (PaaS), and Infrastructure-

as-a-Service (IaaS). In the era of Industry 4.0 where big amount of data are made available 

for the company, the need for a centralized and secure storage is getting more and more 

stringent. As seen in the graphic below, each category of cloud service is enabled by the 

one which stands below it. The Infrastructure-as-a-Service is a service that allows to 

supply the IT infrastructure of the cloud and to control it, thus managing to save on the 

physical costs of the hardware, delegating the management of it to the supplier. Thus, this 

service allows access to both virtual storage of resources and to the data center. The main 

functionalities are execution of websites, support for software applications, data analysis 
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and storage, and development and computing tests. To achieve this, those who buy this 

service, through the pay-per-use payment formula, must manage the entire operating 

system, as well as the data and software applications supported. For this reason, this type 

of service is used by IT system administrators within a company. As the data collected and 

managed by the company requires time and qualified personnel, this cloud technology is 

considered an efficient solution, which allows the company to avoid the management 

costs of a physical server and, at the same time, manage the resources to develop products 

and services that can reach the customer more rapidly. This means that such cloud 

infrastructure has the potential to favour business innovation. 

 

Source: own elaboration 

 

The Platform-as-a-Service offers the use of a platform to develop and deliver software 

applications, supporting them throughout the entire life cycle. The main advantage lies in 

the fact that the writing time of the source code is considerably reduced. This type of 

service which available through the pay-per-use formula does not provide direct control 

over the infrastructure, but it allows the management of apps and data, avoiding the 

typical software license costs which companies would otherwise be subjected to. This 

cloud-enabled service offers also a valid data analysis framework to improve product 

performance, as well as additional data-driven services. The recipients of the cloud 

platform are mainly software houses or web agencies, which have the opportunity to 

collaborate in the development of apps simply thanks to an internet connection. The 

Software-as-a-Service allows users to use a software application via an internet 

connection, from anywhere. A very generic but exhaustive example is the use of Gmail, 



57 
 

CRM or ERP software. This service is configured through the "rental" of the use of the app, 

which for the end customer has no cost. Hence, the software is managed by a producer, 

who then makes it available and distributes it to the public. Like Platform-as-a-Service, 

even this type of cloud service does not enable direct control over the infrastructure, 

nevertheless nothing is managed by the user, who only uses the service [48], [83]–[85].  

 

Elaboration from Bagnoli et al., 2018 

 

One of the advantages of cloud computing is to increase data security thanks to a 

framework controlled by security protocols that allows more people to interact. Many 

governments are taking an interest in the cloud and many are already working to develop 

regulations that can be shared by everyone. The cloud-based platforms have the power to 

give access to a single source of information, thus returning uniformity and guarantee. 

Resources in the cloud are therefore sharable and scalable with minimal human control. 

Furthermore, from a financial point of view, using a pay-per-use cloud platform reduces 

capital costs to purchase local hardware and data centers. A SaaS platform, for example, 

helps to manage informatic processes and store key information for the company. The fact 

that this information is immediately available increases the possibility of predictive 

maintenance and production optimization. The cloud helps integration along the entire 

supply chain thanks to a centralized command system to which all actors can access. This 

technology makes it possible to contact suppliers and work on the same platform. The 

cloud in fact facilitates the development of products as applications, reducing the 

development cycle and time-to-market. The cloud represents an opportunity above all to 
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make remote places or developing countries accessible, which can benefit from the IT 

revolution [37], [47], [48], [50], [59], [62], [66], [74], [83]. 

 

3.1.5 Simulation 

 

Simulation technology uses a software to make a virtual copy of a physical object, in order 

to understand its behaviour, predict its performance and eventually compare alternatives 

and choose the best one. The virtual model is used to simulate a set of activities by 

changing its variables and understand how changes will impact on the whole mechanism. 

The advantage is that simulation does not require a physical employment of resources, 

rather it diminishes waste, time and effort by providing a secure and faster method to 

optimize manufacturing processes. In addition, simulation can happen in the dimension 

of time and space, giving a perfect visualization of the evolution of the process, thus 

creating various scenarios. For example, in a warehouse the simulation process can be 

used to observe the productive capacity of the machines and the movement of resources 

needed from inventory, being able to adjust the use of them and implement just-in-time 

manufacturing. The creation of a simulation model usually starts from the need of fixing 

a problem. Once the model is built, it has to be run and outputs have to be analysed and 

integrated in the manufacturing process. Due to the extreme difficulty in writing codes of 

simulation models time after time, it is most likely to have a single, highly adaptable 

simulation model which can be easily adjusted according to current changes.  

Nowadays, simulation software packages are embedded with a user-friendly interface, 

able to make changes in the simulation model. This is because manufacturing processes 

and products are evolving rapidly and keeping up with emerging needs requires to have 

a flexible system. Moreover, the increasing number of latent variables that affect the 

success or failure of a decision in the market makes it even riskier to take action. For this 

reason, simulation can be viewed as a long-term problem-solving methodology, with 

which it is possible to evaluate results of different scenarios and choose the optimal one, 

without incurring in risks. Once assessed its functionality, it is easy to understand how 

useful a simulation tool can be when evaluating the manufacturability of a new product, 

or assisting in the development of a new product or process, or even planning the capacity 

of a machine. Finally, additional outcomes of a simulation process can be some indexes 



59 
 

that may be helpful when compared to a benchmark, in order to track the performance of 

the system. Nevertheless, simulation techniques can be very different as they vary 

depending on what they are planned for. The three most popular simulation tools that are 

used mainly in manufacturing systems are the System Dynamics (SD), the Discrete-Event 

Simulation (DES), and the Agent-Based Modeling (ABS).  

System Dynamics (SD) is a simulation model for framing, understanding, and identifying 

the dynamic non-linear behaviour of complex systems. The principle is the recognition 

that the underlying structure of the system is as important as the determination of its 

behaviour. This methodology is deployed in a long-term view of the business. System 

Dynamics modelling is used to structure real-world phenomena, in which continuous 

changes incur and, for this reason, the model updates every variable in small time lapses, 

giving positive or negative feedbacks and continuously adjusting it. These systems ideally 

form flow diagrams and their inherent structure tells a lot about the behaviour of the 

variables. As it is a deterministic top-down approach, the main advantage of this model is 

its ability to predict a system’s behaviour just by looking at its structure. It can be 

deployed in capacity planning, activity forecasting and quality management, thanks to its 

macroscopic perspective.  

The Discrete-Event Simulation (DES) structures a system in a series of discrete events in 

determined periods of time. For this reason, it can be viewed as a step function, as 

opposed to a continuous function where time is not split up. One of the main differences 

between DES and SD is that the first one is primarily used in discrete events, while SD 

involves systems characterized by continuous changes. In general, the DES system implies 

a queue, like the simulation of the warehouse operations. It goes very much in detail, 

analysing every time sequence; while SD is deterministic, this model is rather stochastic, 

requiring the processing of different results before identifying a certain behaviour. It can 

be deployed to balance the assembly lines, to schedule a system, to optimally allocate 

resources or for capacity planning.  

The third most used simulation tool is the Agent-Based Model (ABS), which employs a 

series of autonomous and independent agents or objects which interact with each other 

in order to achieve an objective and explain their behaviour. The most relevant difference 

between DES and ABS is that the last one has a bottom-up perspective, where the same 

objects under study are independent and active entities with a given behaviour, while DES 
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has a top-down process-oriented approach. As an example, the ABS system has been used 

to study the migratory behaviour of birds. Indeed, differently from DES, the Agent-Based 

Model does not require the concept of queues. They are essentially decentralized and 

together they form a pattern of behaviour. It can be deployed in transportation, 

production planning and supply chain supervision [86]–[88]. 

 

Elaboration from Bagnoli et al., 2018 

 

Starting from the resource building block, simulation technologies can be used to 

calculate the energy consumption of a factory and therefore to know its environmental 

impact. The simulation of the inventory, of the logistics and transport process can 

positively influence the production process, increasing the efficiency of the warehouse 

management and the allocation of resources. During the construction and assembly 

phases, simulation can be used to create various scenarios, taking into account potential 

obstacles or errors during the processes. This favour the calculation of the specific costs 

of creating the single product, optimizing the flow of resources. The risks deriving from 

the production processes can be identified in advance by adapting the system to the 

demand and the possibility of proposing appropriate solutions. This is possible as the 

simulation systems transmit information to all the agents who are able to cooperate in a 

single virtual space, reducing response times to a minimum. Simulation models offer the 

advantage for operators of configuring different production scenarios without wasting 

resources to dynamically compare and manage the entire production chain.  
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Mercedes-Benz has developed virtual assembly lines thanks to simulation systems to find 

the optimal way to carry out an assembly activity. In order to make this possible, it is 

necessary to simulate the entire life cycle of the supply chain, for managing the data in a 

coherent manner allows an accurate forecasting of the economic and social performance 

of the products. Already from the product prototyping stage it is possible to apply 

simulation tools, to test the model within the product line, increasing its quality. As a 

matter of fact, thanks to simulation it is possible to verify in a virtual environment the 

actual operation of the product before its launch on the market. This reflects the 

fundamental function of the virtual copy of the physical element, the digital twin. As for 

external processes, simulation can intervene even during the transport phase of the 

product to its destination, increasing the visibility of the shipping process. From the 

suppliers' point of view, the simulation tools will involve the evaluation of different costs 

for alternative suppliers and their environmental impact, allowing the company to 

progressively move towards more conscientious and environmental-oriented choices 

[44], [50], [54], [60], [62], [77], [82], [89]–[92]. 

 

3.1.6 Industrial Internet of Things 

 

Industrial Internet of Things (IIoT) integrates Information and Communication 

Technologies (ICT) with the manufacturing system, connecting devices of different nature 

by embedding sensors to them in order to communicate with each other and with a 

centralized unit of control. By linking all the components of an environment, it is possible 

to have a complete vision of what is happening to every part of the system and in real 

time. Industrial Internet of Things uses the Internet to enhance components, or “things”, 

which are either hardware or software. The result is that even remote assets will be 

intelligent, able to share information and self-regulate by coordinating with other assets. 

The possibility of collecting data even from assets that are physically distant through the 

use of sensors and a connection network favours the automation of the system itself, 

which makes it possible to achieve optimal production with minimum machine downtime. 

Even from the human resources point of view, with IIoT workers will be able to manage 

their area with more flexibility, without the need for an on-site expert, as processes will 

be more facilitated with the real-time connection to a central unit. Hence, workers will be 
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able to concentrate more on their core activities, and there will be major savings in the 

employment of certified personnel to assist in the supply chain management. With a more 

digitally integrated supply chain, there will also be significant energy savings that will lead 

the company to be more sustainable.  

Sensors can be connected not only to the machines but also directly to the final products 

that will be destined to the consumer, allowing the system to constantly have information 

on their use and therefore to think faster and more efficiently to customized solutions for 

the customer. Both the smart products that the machines can notify the system when 

there are problems, even proposing a diagnosis and a suitable solution based on the 

surrounding environment. In fact, one of the functions enabled by the Industrial Internet 

of Things is to be able to know what is around and adapt accordingly. If a machine is about 

to stop, the replacement machine can intervene in complete autonomy, replacing it in all 

its functions. Predictive maintenance is indeed a benefit that this technology is able to 

favor optimally, ensuring a secure data flow along the entire value chain. In terms of 

decisions, it is possible to have a clear vision of the production system and therefore to 

make more precise decisions based on real-time data. There is indeed an emergent need 

for efficiently turning data into relevant resources to be deployed in the value process, 

eventually building collaborative partnerships with key suppliers, beyond company’s 

boundaries. It is necessary to extract the maximum value from the data gathered from the 

system, in order to be able to efficiently plan production and create more intimacy with a 

hyper-connected society.  

 

Source: own elaboration  
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In order to implement Industrial Internet of Things in a manufacturing system, firstly it is 

important to select the “things” that must be identifiable and always locatable from the 

Internet; secondly, data must be collected and managed. If Industrial Internet of Things 

represents the intelligence at the edge of the system, cloud computing can be viewed as 

the central brain to which every information flows. Every source of data collected from an 

individual machine or product must be directed towards the centralized storage of data, 

that will be managed by an IT expert. This is the reason why intelligent things must be 

flexible and handle high-frequency data updates, pushing them into the cloud. Time is an 

essential factor in this case, in fact the joint work of IIoT and cloud computing to collect, 

send, analyse and store data with extreme accuracy and speed allows to make resources 

accessible in real time. Furthermore, storing the resources in one place avoids having 

redundant information along the value chain [44], [46], [93], [94]. 

 

Elaboration from Bagnoli et al., 2018 

 

The use of Industrial IoT can be implemented at the resource level to increase data 

security, thanks to the fact that interconnected devices in real time guarantee trust, 

privacy and security even remotely. By introducing remote monitoring and sensor 

technologies, companies can radically decrease safety-related incidents. A secure access 

to data allows to optimize the algorithms that allow an autonomous decision system. 

Devices of this type are able to monitor and coordinate during their life cycles, ensuring 

the efficiency of maintenance and repair. The inputs sent autonomously by the sensors 

allow the central system to know the performance of the product, being able to compare 
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it with standards and send, if necessary, instructions to improve. The data produced by 

an autonomous system with IoT are transmitted to the company but also to the consumer, 

who can receive personalized instructions on how to use the device and send direct 

feedback. This system enables advanced analysis processes based on such feedback.  

New forms of human-machine interaction facilitate communication with Smart Products 

thanks to new and simpler user interfaces. Increasing communication is a fundamental 

advantage: enabling universal access to information in real time, even from decentralized 

sites where smart devices are located. At the same time, the ability to localize information 

in real time offers a social benefit, namely the knowledge of the environmental impact and 

the prevention of such dangers. This enables the workers themselves to work in a safer 

environment, also reducing the number of employees required. From the consumption 

point of view, intelligent products with IoT sensors can indicate to the user the optimal 

way to achieve a certain purpose, thus reducing emissions. IoT technology in the 

industrial sector also brings the benefit of aligning and coordinating the various supply 

chain activities, from internal processes to distribution. For example, the transport and 

delivery system can be sensorized so as to exchange data with the central office and keep 

track of it. This can be done through RFID chips or QR codes, or with GPS for geolocation. 

This advantage becomes important in a company that transports flammable materials 

which needs to know constantly where the load is and if there are any problems.  

From the point of view of external processes, this means a reduction in delivery times, as 

well as a guarantee of product quality. There is enormous potential for developing 

products with intelligent systems enabled by the Internet of Things. This will make these 

products more complex and functional, thanks to their ability to perceive the consumer's 

taste and self-adapt to their personal way of use. All interactions perceived with the 

consumer are stored in the memory of the product, which will exploit them to develop 

services complementary supplements, able to differentiate the product. This occurs even 

in small production batches. The IoT systems therefore offer the opportunity to be more 

focused on listening to the customer, rather than the product, also interfacing with new 

customer segments. Relationships between partners can be improved, involving them in 

the development and sharing of open standards and in joint learning [34], [37], [40], [46], 

[48], [54], [59], [76], [77], [80], [85], [90], [93], [95]–[98]. 
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3.1.7 Big Data analytics 

 

Big Data analytics is a major technology of Industry 4.0 and it involves collection and 

analysis of large amounts of data, to extract useful information to be implemented in 

business decisions. In particular, it involves applying statistical and process techniques to 

large amounts of data from each branch of the company, transforming intangible 

resources in tangible value for the company itself. There are many benefits that can be 

obtained from an accurate re-elaboration of data, both as regards the efficiency of 

production, and to increase proximity to the customers, by offering solutions that are 

more in line with their preferences. Obviously, data analytics requires a large initial 

investment to favor the construction of a real intelligent analysis infrastructure, which in 

the long term will lead to significant cost reductions of data management. In addition to 

this, the continuous improvement of the business processes will be guaranteed thanks to 

a greater speed of analysis, which will take place in real time, and to a greater precision, 

since managing large amounts of data means more probability to obtain more accurate 

and reliable results.  

One of the cases of application of Big Data analytics is certainly the efficiency of resources 

and energy. In fact, by analysing the data in real time of the production processes it is 

possible to program a more stable production line, avoiding maintenance costs and 

downtime. Furthermore, it is possible to predict the peak demand and thus guarantee a 

supply of resources from the warehouse before production begins. The use of intelligent 

machines that send data and find optimal solutions helps reduce material and energy 

waste. A further application of this technology concerns the interaction with the final 

consumer. Data from smart products allows the company to be more informed about 

consumer preferences, thus being able to propose solutions based on their purchase 

propensities. To guarantee this level of services a rapid response from the system is 

necessary, and it is for this reason that analytics are done in real time.  

The fundamental role of Big data, which are certainly made possible thanks to the Internet 

of Things, is to get the company to have more insights about products and processes, 

analysing both internal and external data. This data flow coordination optimizes the 

performance of the entire system, ensuring transparency and ease of use. As far as the 

latter is concerned, the software provided for data analytics is increasingly flexible with 
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regard to user interfaces, which make human-machine interaction more immediate. 

However, it is important to know that Big Data and analytics are two different entities, 

independent of each other. Big Data refers to the enormous amount of data present at 

company level, which can be categorized into structured and unstructured data. An 

example of the latter can be video data, images, sounds, texts, etc. These data constitute a 

sea of notions and are defined by 5 factors, or 5 Vs: volume, speed, variety, value and 

veracity. This is because the data are vast, they flow fast in the network, they are of 

different types, they carry valuable information, and they are truthful. Instead, analytics 

are the set of methodologies needed to extract value from data and translate it into valid 

and usable information in real life.  

There are several data analysis processes, depending on the scope of use. Descriptive 

analysis leads to graphic representation of a series of data; predictive analysis builds 

probabilistic scenarios based on past patterns; finally, prescriptive analysis provides 

solutions or advises optimal directions to better manage possible future scenarios, 

quantifying the effect they could have on the system. These three methods focus 

respectively on the analysis of what happened, what could happen and what could be 

done. The choice of combining Big data and analytics together means that the collection, 

processing and analysis of large amounts of data with scientific methodologies can lead 

to significant benefits in companies emerging from Industry 4.0. In particular, this 

technology encourages data-driven management of decisions, revolutionizing processes 

and optimizing results. Big Data analytics technology flows through the Industrial 

Internet of Things and the cloud. Data analytics helps to enrich and make more intelligent 

the devices equipped with sensors that communicate thanks to the IIoT with the 

centralized cloud. This happens because, thanks to the IIoT and the miniaturization of the 

sensors, many data sources scattered in remote geographical locations are made 

accessible. Nevertheless, this has increased the distance between devices that generate 

data and the centralized cloud processor. For this reason, the sensor components that 

generate huge amounts of raw data need an edge computing system near them to 

decrease complexity and minimize data access latency. An edge analytics platform located 

near each connected unit allows to pre-process data at the edge of the network, and then 

send them directly to the centralized cloud.  
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The importance of using decentralized analytics is understood through three factors. First 

of all, the sensitive information that is captured by edge analytics can be pre-processed 

on-site and then sent to the central cloud only if certain privacy conditions are met. In this 

way their safety is preserved. Second, the smart devices that come with analytics are able 

to lighten the work on the cloud and thus reduce the data latency. Third, having a 

decentralized and independent processing system with respect to the cloud can prevent 

any connection problems to the system, which can occur especially when some devices 

are located in remote places. Therefore, edge computing uses connected devices thanks 

to the Industrial Internet of Things to capture, integrate, and pre-process data; in addition, 

it makes use of the flexibility and centrality of the cloud to perform complex data analytics 

and support the decision-making process. Furthermore, pre-processing the data in the 

same place where they are generated favours the sharing of technologies within the 

society and therefore encourages third-party innovations, perhaps favouring the 

development of smart cities. When the IIoT-based edge computing platform has pre-

processed valuable data, they are ready to be sent to the cloud infrastructure, which runs 

improved analytics by integrating all the company’s data in a simple and shared 

environment. Using a single structure to collect all Big Data helps simplify processes and 

reduce coordination costs between different parties [38], [44], [51], [60], [74], [85], [99], 

[100]. 

 

Elaboration from Bagnoli et al., 2018 
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The data collected from the devices equipped with sensors are new resources for the 

company, like useful information for knowing the behaviour of these devices and 

proposing a tailored response service. In the case of products, these can transmit key 

information about the customer and know its behaviour towards the use of the product. 

The analysis of these data involves a greater personalization of the service, a better ability 

to predict damage or technical accidents, a development of rapid responses compared to 

the market. These data exchange systems work efficiently due to the fact that data is 

transmitted correctly and securely, and intellectual property is respected. To propose 

this, a company needs highly specialized personnel with specific skills, leading to a decline 

in less qualified jobs. The manufacturing system uses information from machinery to 

make decisions about internal processes, making risk management more efficient and 

production forecasts more accurate. This allows the use of Big Data to support the 

coordination and integration of internal processes, logistics and supply chain.  

The role of data also supports new ways of creating value and generating ideas that 

change the innovation environment. Companies can create user engagement platforms 

through data, building a network based on information exchange between partners. As 

for the products, these are constantly monitored throughout their life cycle. Furthermore, 

new products and services will be distributed and monetized at a faster rate and through 

new digital distribution channels. This helps to reduce the barriers to the purchasing 

process, with personalized discount offers and more after-sales services. The level of 

synchronization between the company and each individual consumer must always be 

updated in order to strengthen loyalty with the consumer. Companies can use insights 

from their customers to create a differentiated product, optimizing product performance 

[34], [35], [40], [47], [48], [51], [54], [62], [66], [77], [89], [90], [93], [95], [101]–[105]. 

 

3.1.8 Cybersecurity 

 

As products and production processes get more connected with one another thanks to 

Industry 4.0, increasing information gathered from them will expose the company to risks 

of cyber-attacks. For this reason, cybersecurity needs to be implemented in order to 

ensure protection of hardware and software potential damage and data breaches. 
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Companies must embrace this risk and take preventive action in order to avoid potential 

issues, thus minimizing negative consequences on the value chain system. Protecting data 

and making the safety system resilient must be the primary objective when pursuing 

cybersecurity-related actions. These actions must be then reported to the institutions, 

which issue security regulations, and to the final consumer, which must be aware of the 

risks and ensured that their privacy is respected. At the level of connected machinery and 

smart products, cybersecurity deals with data privacy preservation when data are sent to 

the cloud, and data encryption to ensure confidentiality of information. At the cloud level, 

cybersecurity must protect data access from different users within an organization and it 

must provide a secure analytics framework, protecting relevant information from 

unauthorized access. At the user level, cybersecurity must ensure confidentiality and 

integrity of information and a secure system of user authentication to validate their 

identity. The emergent technologies which are shaping the future of all industrial sectors 

are posing hard challenges for what concerns cyber-protection and this leads for the 

companies to stay up-to-date with current cyber-risks, emerging cyber-risks and new 

frameworks to assess these risks. Before actuating on this, a company must align in all its 

divisions towards the concept of security, not in a fragmented way but rather with a 

cohesive point of view. This can be achieved by integrating talented skills into the human 

capital, with significant benefits on improved knowledge about the topic.  

It must be noted that the risk of cyber-attacks is equally probable at the industrial system 

level as well as at the connected smart product level. Indeed, in many cases connectivity 

can be seen as a vulnerability for data attacks, especially when there is poor protection 

over the gathered data. Moreover, significant benefits in implementing cybersecurity 

actions are achieved by forming collaborative partnership with third parties. Sharing 

cyber-protection best practices in a community can help on the one hand to raise 

awareness about the issue of security and on the other hand to set new standards for a 

safe and connected Cyber-Physical Production System. Even though security, privacy and 

data sharing can be seen as a potential threat towards the adoption of connected systems, 

it is actually an opportunity for the company to communicate transparency and attention 

to the customer, by providing safe and reliable forms of communication to and from the 

end users. In particular, data transfer to the cloud computing storage becomes relevant in 

the field of cybersecurity, as protective actions must be taken both at the edge of the 

network and at a central level. The benefits of using the cloud are valid also for 
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cybersecurity technologies, as it provides a more rapid response to cyber-attacks and 

integration at all levels [37], [40], [46], [51], [83], [106], [107].  

The data-privacy business affects every and each industry. Data collected at the 

customers’ level or at the employees’ level is increasingly subject to rules and regulations. 

This is because personal data is managed at all levels of the organization and some kind 

of rules to manage them are needed. The new European data-protection directive, GDPR, 

has come to effect on May, 2018. Every company is becoming data-centric, and data 

gathered from individuals represent the products that the company offers. These data, or 

even PII (personally identifiable information) are not only quantitative, but rather they 

are about behavioral characteristics and customer’s personal preferences. With the EU’s 

General Data Protection Regulation (GDPR), the main purpose is to protect individuals’ 

rights on personal data. It does this by imposing European institutions to put structure 

and discipline around PII. Data will be controlled from the way they are gathered to the 

way they are stored and processes, up to their final use.  

On the customer side, customers that are going to share their data via the Internet will be 

addressed with strict consent requirements, in order to gain knowledge about how their 

information will be managed. On the company side, according to the regulation, 

companies must take record of data-processing activities, which must be secured through 

the use of specific tools such as encryption, data anonymization and data access controls. 

Every kind of data collected from everywhere must have a specific purpose, that is to say 

a legal basis. Moreover, in case of data breaches, companies must notify it to the 

authorities within 72 hours. According to McKinsey, “only 25 percent of the companies 

we surveyed said they would be able to meet the new requirement to report any data 

breach to regulators”. This would be even more difficult for decentralized plants or 

management units. The above-mentioned supervising authorities have also the power to 

provide sanctions. On the whole, GDPR is a principle-based regulation, guiding 

institutions to comply with transparency, fairness, accuracy and so forth. Although this 

regulation is being adopted at the European level, other countries have moved the first 

steps towards protection around personal data. For instance, the state of California 

recently passed the California Consumer Privacy Act of 2018 [108], [109].  
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Elaboration from Bagnoli et al., 2018 

 

The increasing use of technology leads IT teams to monitor systems to prevent possible 

network damages. This increases the need for immediate and effective communication 

with all parts of the network in order to share techniques for internal security. The 

purpose of this collaboration is to increase awareness of security issues and the ability to 

assess risks; it is crucial that all the operators of the company are aware of the risks to 

which the devices that remotely store and send sensitive user data are exposed. 

Cybersecurity means being able to monitor, analyse and optimize everything that the 

Internet uses also to third parties. Suppliers that collaborate in the digital field contribute 

to reducing the overall risk to which the company is exposed when it exchanges key 

information with the outside. This enables an ecosystem of collaboration, learning and 

exchange of ideas, looking for partners in society. Since the data owned by the company 

constitute a potential competitive advantage to increase consumer experiences and 

create additional revenues, handling such data safely becomes an important business 

objective [40], [50], [56], [66], [93], [107], [110]. 

 

3.1.9 Horizontal and vertical system integration 

 

Horizontal and vertical system integration is the latest technological advance that marks 

the advent of the Fourth Industrial Revolution. Industry 4.0 requires in fact a greater 
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integration of data and systems along the entire value chain, in this way all departments 

and business functions become part of a single integrated system. The company as a 

whole will become more cohesive and truly automated. Horizontal integration refers to 

when a company takes over another company in the same industry; vertical integration 

is the acquisition of upstream and downstream business operations within the same 

production chain. In the context of Industry 4.0, horizontal integration refers to the 

generation of value creation networks which involves the integration of different agents 

such as business partners and customers, business and cooperation models. The vertical 

one, on the other hand, concerns intelligent production systems such as factories and 

intelligent products, smart logistics networking, production, marketing and services. 

These two levels of integration converge at a certain point; the vertical integration of 

hierarchical subsystems leads to the creation of an intelligent factory, which in turn 

supports horizontal integration through valuable networks. Thanks to horizontal system 

integration, the company will be able to exchange information with decentralized 

production sites, fostering the creation of global value chain networks, an integrated 

ecosystem of inter-company collaborations. Instead, vertical system integration will 

enable access to automated production equipment, achieving the potential of a smart 

production system by using sensors to build a reconfigurable manufacturing system.  

 

Source: PwC, 2014 

 

At the heart of Industry 4.0 is the integration of hardware and software systems along the 

supply chain. A fully integrated industry is in fact able to perform all business processes 

in a compliant manner so that all parts of the value chain have access to the same data in 
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real time. The result of the company's vertical and horizontal integration in the era of the 

Fourth Industrial Revolution will be the expansion beyond traditional boundaries. From 

this, new actors will originate and the role of the existing ones will change radically, as 

part of a network. In this network, new ways will be found to create and distribute value 

to stakeholders and society, in which everything will be shared and also the beneficiaries 

of the offer will be able to be protagonists within the ecosystem of the company. From this 

point of view, companies will always need to find new ways to capture and share data, 

which are the foundation of new knowledge, so that everyone can benefit and take 

advantage of it. The spirit is to collaborate and co-create value with the external 

environment, since the value created decreases if divided within the company, but 

increases if multiplied outside of it [34], [47], [52], [74], [77], [111]–[113].  

 

Elaboration from Bagnoli et al., 2018 

 

The digitized vertical integration offers benefits from the point of view of resources aimed 

at ensuring a secure flow of data throughout the supply chain. On the other hand, 

horizontal cooperation helps to meet customer needs by activating advanced analysis 

processes based on customer feedback. End-to-end communication is made possible 

thanks to the multitude of interconnected devices facilitates system integration, from 

production to outbound logistics. Resource efficiency is increased thanks to greater 

integration between consumers and suppliers. The integration between these two 

sources of data external to the company can generally reduce the costs associated with 

generating information to plan and forecast processes thanks to automation.  
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Integration offers a fundamental operational benefit: increased internal and external 

coordination. Manufacturing systems are connected vertically with the network of 

geographically dispersed devices. This helps in the introduction of multi-value 

distribution channels, both vertically and horizontally, which connect production and the 

end user in a different way. The increase in vertical integration in this sense leads above 

all to a reduction in time-to-market, as process virtualization gives access to key 

information on production in real time, reducing the time to make decisions. However, to 

make the information accessible in every part of the company, it is necessary to know how 

to share it flexibly, thanks to integrated and functional products that constantly adapt to 

market demands. It is the market that decides when to start production, shifting the focus 

of a company from the product to the consumer. This requires continuous investments 

and improvements on the part of the company to adopt increasingly effective 

communication with the outside. Companies will be faced with a crossroads: acquiring 

and retaining their consumers or losing them completely in favor of leading technology 

competitors. For this reason, a company that wants to adapt to the new industrial 

revolution must enable new models and organizational structures to adapt to digitization 

[38], [47], [50], [52], [54], [62], [66], [67], [69], [89], [90], [93], [101], [102], [110], [114], 

[115]. 

 

3.2 The technologies of Industry 4.0 and the impact on the business model 

 

The research allowed to map the main improvements at the operational level deriving 

from the application of technologies in the corporate environment. The work first focused 

on identifying operational benefits for each technology and for each individual building 

block, by analysing and extracting significant information from the papers. After that, the 

results were combined and the benefits were aggregated according to logical criteria, 

unifying similar benefits coming from different technologies. This step was validated by 

the IT Professor Andrea Albarelli. Together with him the operational benefits have been 

skimmed and given a definition. The final work shows 73 operational benefits. The first 

table represents the operational benefits and the nine technologies of Industry 4.0, where 

for each operational benefit has been associated the kind of technologies which activate 

it. In the second table, the operational drivers have been assigned to each operational 
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benefit. The third table, finally, links the operational benefits with one or more value 

propositions, which will be helpful for further analyses. At the end of chapter 3, after the 

description of the business models 4.0, a final and more comprehensive matrix will be 

shown, linking the operational benefits with the value propositions underlying the value 

disciplines and the emerging business models.  

Starting from the first table below, it is possible to see the relative benefits that the 

technologies are able to activate, divided by building blocks of the business model and in 

turn categorized into: value chain, value system, value ecosystem. 
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The following table shows how the operational benefits are related and thus attributable 

to different operational drivers, which have previously been described. This table allows 

for a deeper classification of the research and a more consolidated view of the phenomena 

at the business level.  
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The third table has a more strategic purpose, as it is connected to the matrix of strategic 

fit, taking from it the concept of value proposition. The value proposition is the element 

that in the matrix of strategic fit links the strategic dimension to that of the business model 

at the operational level and is therefore useful for reasoning on how the operational 

benefits can be translated into value for the customer. This table therefore summarizes 

how, starting from the technological field of Industry 4.0, we arrive at the strategic field 

to innovate the business model of a company coherently with the digital revolution in 

progress. 
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4. Industry 4.0 and the emergent business models  

 

In the previous chapter the operational benefits were shown, originated from the Industry 

4.0 enabling technologies at the level of building blocks. Furthermore, their impact on the 

value propositions was illustrated. This setting allows to design new value propositions, 

in order to create new business models associated with the strategic dimensions of the 

matrix of strategic fit. The following chapter illustrates twelve potential business models 

that can be grouped into four meta-business models: Smart factory, Servitization, Data 

driven and Platform.  

 

Source: Bagnoli et al., 2018 

 

The Smart factory business model is attributable to the strategic dimension of operative 

excellence. This meta-business model 4.0, which can be adopted above all in the business-

to-business (B2B) sector, aims to solve the strategic meta-paradox "serial production vs. 

singular production” to obtain a unique, personalized product, through a standardized 

industrial production process. The Servitization business model is instead attributable to 

the strategic dimension of product leadership. This meta-business model 4.0, which can 

be adopted above all by businesses operating in the business-to-consumer (B2C) sector, 

strives to solve the strategic meta-paradox "tangible product vs. intangible product” to 

sell the intangible qualities of tangible assets, but also the tangible qualities of intangible 

services.  
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The Data-driven business model is attributable to the strategic dimension of customer 

intimacy. This meta 4.0 business model can be adopted above all by companies operating 

in Customer-to-Business (C2B) sector, that is in sectors where new products are 

developed starting from the data generated by the experiences of customer use. This tries 

to overcome the "knowledge exploitation vs. knowledge exploration" paradox to exploit 

existing knowledge by generating the financial resources necessary to explore new 

(customer) knowledge, but at the same time explore new knowledge to generate the 

intellectual resources necessary to exploit the existing knowledge. Finally, the Platform 

business model is attributable to the strategic dimension of ecosystem leadership. This 

meta-business model 4.0, which can be adopted by companies operating in consumer-to-

consumer (C2C) sector, aims to solve the "producer vs. consumer" paradox. The client is 

not seen as a passive recipient of goods and services, rather they participate in the 

different phases of the production process by assuming the role of prosumer.  

 

Source: Bagnoli et al., 2018 

 

The business models can be viewed according to the framework proposed above. They 

will be further analysed and a flywheel will be proposed, which is a graphic 

representation of the model, with the aim of making the relationships that characterize 

each business model better understood. 
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4.1 Smart factory business models 

 

Smart factory business models are an opportunity for companies to build a highly 

integrated, automated, highly flexible and adaptive factory with respect to market needs. 

This is possible primarily thanks to the new technologies of Industry 4.0 and the 

introduction of Cyber-Physical Production Systems (CPPS). These give a digital soul to 

physical products, making them traceable throughout the production process. This means 

that a displaced company can maintain a decentralized level of control with respect to the 

production site, being able to follow the path of the production units in complete 

transparency. The smart factory models also make it possible to integrate the value chain, 

or rather the customers and suppliers of the company, establishing on-demand 

collaborations with the latter, based on the needs of the former. These collaborations 

allow to access exclusive resources and share product design projects, but also to 

efficiently allocate production capacity to more performing systems in total autonomy. 

These intelligent, highly customizable and decentralized business models are the pillar of 

operational excellence. 

 

4.1.1 Smart manufacturing 

 

The increasingly rapid adoption and use of new technologies has made companies capable 

of facing new competitive challenges, improving the quality of the products offered to the 

customer and the time-to-market. Some of the most promising technologies are very 

small, such as the sensors used in production machinery, which allow the machinery to 

monitor itself and manage its own production. They therefore make it an intelligent tool. 

Moreover, not only does it efficiently manage to program and send signals to the central 

cloud, but also to communicate with other similar machines. This system is in fact called 

the Cyber-Physical Production System (CPPS), due to its ability to create a connection 

between what is physical and what is digital. The CPPS are in fact the basis for building an 

intelligent factory, as they constitute the fabric that unites the various parts of the factory, 

even decentralized, and makes them sensitive to information and able to learn 

independently. The integration among those elements involves a high flexibility in 
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adapting to changes from outside or inside the company. As a result, smart manufacturing 

allows the company to interface with the value system and the ecosystem in general. The 

concept of "smart" refers to the ability to collect and use data during the life cycle of the 

product or by means of production machinery. This creates the advantage of being able 

to know in real-time how customers react to the product and therefore leaves room for 

any changes to the product or system. The concept of "manufacturing", in addition to the 

traditional one, within Industry 4.0 tends to extend beyond the borders of the factory and 

to comprise the entire ecosystem of relationships with which the manufacturing industry 

interfaces. 

Smart manufacturing as a business model allows a more efficient management of 

resources. These are monitored and arranged for use in the production chain with 

flexibility and speed. Resources also include human resources, which require appropriate 

training in order to learn to share the productive environment with intelligent machines. 

Operators will then be assisted in making optimal decisions that optimize production and 

reduce costs. From the point of view of production processes, these will be managed in an 

integrated manner, using interoperable and modular systems capable of making the 

product design and production process more flexible. This rapid manufacturing process 

provides a rapid response to a dynamic and constantly changing market. In this market, 

which wants increasingly personalized products, the products that are offered are tailor-

made for the individual customer and are traceable throughout their lifecycle. This allows 

the product itself to be informed, integrated and intelligent.  

Smart manufacturing therefore uses advanced and intelligent systems capable of rapidly 

producing new products, thus reducing time-to-market and optimizing production 

processes autonomously. It joins the industrial sphere and the growing productive 

automation with the sphere of advanced computer systems that allow the analysis of data 

and the elaboration of an optimal answer. A bottom-up value creation is then created, 

which starts in a first phase from the demand-driven production system and subsequently 

extends to the external ecosystem. In this ecosystem, the company is looking for new 

know-how and skills that are hardly possible for a single entity. This encourages the 

growth of industrial competitiveness and alliances between partners. Finally, the security 

of IT systems is critical for the optimal functioning of smart manufacturing and it is 
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therefore necessary for companies to have adequate security systems to ensure secure 

data flow [32], [37], [50], [54], [66], [116]. 

 

Source: own elaboration  

 

The resources available to the new intelligent factory are of two types: physical resources 

(raw materials) and digital resources (sensors, autonomous robots). These will be used 

in the design phase with the Cyber-Physical Production System (CPPS), the production 

system based on new technologies that combines digital, software and physical elements. 

Through this process, more complex products are obtained which require new 

technological devices to be involved, a big amount of data to be analysed and new skills 

to be acquired. This integration also takes place at the level of suppliers and customers of 

the value system, generating competence alignment and stronger customer involvement. 

This leads to the creation of an ecosystem capable of providing a rapid response to 

growing market demands. The customer is involved in the product design phase, which 

thanks to the data becomes more and more personalized according to their needs. Real-

time data is a key resource because it helps reducing production-related risks and costs. 

This also leads to an improvement in product delivery times and increasingly effective 

communication with distribution centers. Another thread opens up from the fact that new 

technologies open the doors to new job profiles, which will be integrated into the 

company as highly capable human resources, able to coordinate internal processes 

through man-machine and machine-machine communication. This aspect also requires 
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an integration between the digital and physical worlds, which can also have positive 

effects on the environment [32]–[34], [40], [46], [52], [54], [60], [61], [66], [70], [73], [85], 

[90], [95], [103], [104], [117], [118]. 

 

4.1.2 Mass customization  

 

To understand the phenomenon of mass customization it is important to retrace the 

logical and historical thread that led this manufacturing system to emerge. Therefore, 

three waves of production are identified: craft production, mass production and mass 

customization. The craft production has spread since 1850, as a type of production that 

allows the customer to make the product on request. However, this had very high costs, 

plus it did not include a real manufacturing system that could not therefore be scalable. 

In addition, the artisans worked in the place where they lived, so they were geographically 

limited and eventually excluded from other sources of revenues. In response to this, with 

the advent of the First World War mass production was born. This allowed companies to 

produce large volumes of products at very low cost and to the detriment of quality. This 

type of system also introduced many new features such as the assembly line, tested by 

Ford to produce the T model, and the division of labor. The workers, no longer artisans, 

were subjected to hours and hours of identical manual work, as their skills were very 

specific. This left no room for the worker to enjoy the value of his work and the finished 

product, as it constituted only a small part of the whole system. The economies of scale 

were enabled thanks to the production of fixed components that could be interchangeable 

between them, achieving significant cost reductions. From the consumer's point of view, 

however, the degree of freedom of choice was considerably limited. 

Consequently, consumers began to request more and more varieties of products, 

adaptable to every kind of need. This push led to the emergence of mass customization in 

the 1980s. This production system allows the mass production of customized products, 

thus permitting the realization of more variants and possible combinations. In order to 

make this feasible at a production level by continuing to exploit economies of scale, 

production machinery is adapted to be modular and reconfigurable. A reconfigurable 

production system allows companies to adapt to market changes, as well as to share 
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resources for the creation of products that share the same characteristics. This allows, in 

addition to the economies of scale, to reach the economies of scope as well. If the paradigm 

of mass production was cost, with mass customization the new paradigm becomes 

variety. This leads to increasingly considering the role of the consumer, implementing 

customer requests with a flexible and efficient work process. Consumers thus have the 

ability to choose from as many combinations as possible and to better satisfy their tastes. 

 

Source: Koren, 2010 

 

Even if the consumer acquires greater possibilities to contribute to the desired product, 

their power is limited only to the choice of the combination that best suits them, without 

entering into the merits of the product design itself. With the new wave of emerging 

technologies, a new production paradigm is advancing: the individual mass 

customization. This new production system will lead to the creation of unique products 

for each individual consumer, tailored to each specific customer need. The technologies 

that are exploding in the Fourth Industrial Revolution will help companies to go beyond 

traditional response systems and focus directly on the consumer’s proposal. Big data 

analytics offer the opportunity to capture consumer habits in real time and, perhaps, to 

identify latent needs. The data collected by the CPS systems embedded in each product 

are the key resource for knowing the consumer. The product will be designed through a 

platform that connects the producer to the consumer, in order to trigger a close 

collaboration. The platforms will be equipped with interfaces to allow virtual 
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participation and the visualization systems (like augmented reality) will allow the 

customer to adapt the product to their specific reality. 3D printing is the production 

system that comes closest to the paradigm of individual mass customization, because it 

allows to digitally modify the product. The co-creation platform will become a sort of 

community, where customers themselves can share their own designs and incentivize a 

continuous innovation. The productive architecture becomes from modular to open, 

increasing the collaboration between the various actors of the ecosystem. 

In individual mass customization systems, the production is customer-centric and the 

entire system is demand-driven. This leads back to the concept of craft production, in 

which products were made as and when the customer wanted. In the picture above it is 

possible to see the closeness between these two production systems, in terms of volume 

and product variety. However, a further leap is made: it is thanks to the use of new 

technologies that companies manage to keep costs and production levels in an optimal 

balance, realizing scale effects along the entire value chain. As a matter of fact, the gap 

between economies of scale and scope is overcome thanks to this paradigm shift, which 

instead focuses on the value of production [21], [34], [73], [89], [119], [120]. 

 

Source: own elaboration 

 

Mass customization focuses on improving the efficiency of internal production processes, 

made flexible and fast thanks to 3D printing, which allows customized sales of customized 

products and services, without penalizing productivity. Data as a resource also plays a 

fundamental role, because it allows the rapid analysis of information, which involves a 



90 
 

reduction in time-to-market and the creation of customized products and services. These 

arise from the clients' individual latent needs, which are the main sources of data. This is 

why companies carrying out a business model based on mass customization are focused 

on listening to the customer, for all the production is demand-driven. Furthermore, Big 

Data allow a deeper understanding of the customer and allow them to live an experience 

that goes beyond that of the sale, being involved in the product design process. Experience 

and feedback allow a company to build an ecosystem that looks after services dictated by 

the user. This triggers a collaboration between customer and company, where the 

customer becomes a prosumer and eventually a data provider [36], [40], [44], [50], [54], 

[55], [60], [63], [70], [74], [76], [85], [101], [103], [121]–[124]. 

 

4.1.3 Hub & spoke  

 

The Hub & Spoke model was born as an optimization structure for the transport system, 

since routes were organized from a central hub and then branched towards different 

spokes. The first company that pioneered this system was Delta Air Lines; later, in 1970s, 

this system was also adopted by the telecommunications industry. At the production level, 

Ann Markusen theorized that industrial districts could invoke a hub & spoke system, as 

there was a central key company that connected several smaller companies. With the 

advent of globalization, the growing demand for more tailor-made customer services has 

contributed to affirming this business model, as it allowed greater proximity to the 

customer, relocating production activities to more favourable geographical locations for 

the customer segment. However, it is true that this system requires robustness in 

coordinating the various parts and building relationships at distance. If applied to the 

production system, the hub & spoke model allows a company to create local production 

sites that are configured as decentralized mini-factories, located close to customers. The 

company acts as the hub of the network, becoming responsible at the central level for the 

quality of decentralized services and control over the entire network, creating operational 

standards to be shared with the spokes. The spokes are precisely the dislocated mini-

factories of the network, which constitute the point of contact with the customer and 

distribute the services directed to them. 
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The development of spokes close to the customer allows, first of all, to exploit specific 

capabilities at local level, thus using the distinctive resources of the territory; secondly, 

this model allows the factory to reach competitive costs, increasing product quality and 

reducing transport costs to distribute it; moreover, this means less time-to-market and 

less pollution, which has a positive impact on the environment. Finally, the spokes 

encourage the application of new technologies allowing lower incremental costs to 

activate them. In fact, thanks to Industry 4.0, many technologies allow not only to foster 

the application of this business model but also to make it more flexible and adaptable at 

the local level. Consider for example the cloud, which connects various points thanks to 

the Internet of Things and allows access to standardized services, which will then be 

customized at a decentralized level. Furthermore, additive manufacturing opens the door 

to local production, encouraging users to become “makers” of their product. The ability to 

replace 3D printers locally allows to gain additional information about the end customer. 

The benefits of an agile and self-organized network can be seen from the high 

organizational flexibility, which allows the company to exploit new market opportunities. 

McKinsey talks about e-plant in a box, which allows capital costs to be cut by positioning 

a mini-factory at very competitive costs and capable of producing small series of products. 

Customers can therefore quickly reach the production site and design their own product, 

making use of new technologies such as autonomous robots, simulation software and 3D 

printer. Like edge computing, which was explained in the third chapter in the Industrial 

Internet of Things section, so these e-plants in a box are able to make decisions 

independently and start producing in a decentralized manner. On the consumer, this has 

a more than positive effect: first, it increases their desire to identify themselves with a 

product entirely designed and produced locally; second, they are more willing to pay a 

higher price for it. Thanks to Industry 4.0, digital networks have the possibility to expand 

in areas that were previously ignored and create the opportunity to offer differentiated 

and geographically dispersed products [32], [40], [55], [57], [61], [64], [76], [125]. 
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Source: own elaboration 

 

In terms of internal processes, the development of the product operationally takes place 

within small decentralized factories, which respond to centralized governance. 

Positioning in places that are not normally familiar to a factory allows niche markets to 

be reached in remote places. Being in physical proximity with the clients allows to exploit 

local resources from local suppliers, and the result will be a product that has a local 

identity, increasing the willingness to pay by the final consumers. Production is based on 

demand depending on the client, which takes a central role in the design process of their 

personal product. Also, the distribution is close to the customer, which generates a lower 

environmental impact, the ease of reaching customers with their involvement in 

production and, finally, the possibility of building an outsourcing technological platform. 

A centralized governance contributes to maintain greater control over suppliers, which 

are reduced. Furthermore, local resources implemented in the mobile manufacturing unit 

reduce the CAPEX on one side, but on the other they increase the variable costs, given that 

it is not possible to exploit economies of scale. Finally, on-site resources foster cultural 

and legislative alignment with society [40], [61], [63], [64], [76], [101], [125]. 
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Source: elaboration from McKinsey, 2015 

 

In this framework, McKinsey aims at comparing the three business models previously 

described. This comparison is important as the next generation of factories thanks to new 

disruptive technologies will be determined by customer demand. In this chart, the three 

models have been categorized based on the volume of production and the value they want 

to communicate to the customer. In the case of smart manufacturing, the model addresses 

the need for large volumes of mass products at a low price. In the case of mass 

customization, the model adapts to a mass customer segment that requires increasingly 

customized products, according to market’s trends, focusing on the value of co-creation 

with the customer. In the case of hub & spoke, the model addresses niche markets or small 

segments of customers in remote places, producing a small range of products in small 

volumes. 
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4.2 Servitization business models 

 

The term servitization is commonly associated with the term productization. Servitization 

means that the product is increasingly associated with a service, losing its material value. 

Productization means that services intended for the user evolves to be considered a 

predominant component with respect to the product. The convergence between 

servitization and productization leads to consider an integrated offer through the 

combination of product and service. Servitization-based business models offer an 

increasingly oriented view to selling the use of the service with respect to the sale of the 

product. This change of direction is advantageous both in terms of risk, as the consumer 

does not own the service but only enjoys its use; moreover, it is advantageous in terms of 

sustainability, as the value offered to the customer is less and less of a tangible nature. 

This means using less resources and energy for producing, as the service sales increase, 

thus reducing costs.  

This integration between product and service, defined as Product-Service System (PSS) 

can be divided into three evolving categories. The first category is associated with a 

product orientation: the company offers a smart product capable of performing data 

collection functions and therefore enabling remote monitoring services. In this case, the 

product and the service are sold together and the services are tailor-made for the 

customer, to guarantee their functionality and durability over time. This happens with the 

iPod and the iTunes service. The second category is geared more towards use: in this case 

the company offers additional add-on services, actually selling the service, of which the 

product itself represents only a part of it. An example is bike sharing. The third category 

is oriented towards the result: the company sells only the service, thus maintaining the 

ownership of the product and offering users to pay only for the result of the service. This 

case includes home-based laundry services. All these categories of business models satisfy 

the needs of the consumer through a progressive dematerialization of the product and an 

ever more extensive offer of the service. 
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4.2.1 Smart products 

 

Smart product business model arises from the integration of Cyber-Physical System (CPS) 

in the company value chain. Smart products can be objects, machines or devices equipped 

with sensors, controlled by software and connected to the Internet. They are essentially 

digitized products, with a traditional mechanical component and a technological aspect 

that allows them various functions. The technological component, a sensor or a 

microprocessor, creates a point of contact between the smart factory and the product at 

every moment of its life cycle. This connection has a dual purpose: on the one hand, it 

allows to exchange data in real time and therefore to receive information on the 

performance of the product; on the other hand, it reduces the distance with the customer 

who uses the product itself and knows in detail its usage habits. The data that is passed 

from one point to another in the network allows the company to have enough information 

to design a complementary service tailored to the profiled customer, increasing profit 

margins and reducing delivery costs. The constant communication enabled by the 

Internet of Things and the exchange of Big Data has the potential to expand the range of 

after-sales services, thus increasing consumer satisfaction and achieving more lasting 

relationships with them. Emerging digital technologies can optimize the process of 

customer service innovation, facilitating access to more specific data. This generates a 

source of competitive differentiation. 

Smart products are not only connected to each other, but they are also intelligent. They 

are in fact able to adapt to the specific needs of the consumer independently, are proactive 

in seeking solutions to potential system problems and are able to analyse the data coming 

from the user, through a decentralized decision-making system, and then send them to 

the central office. They are no longer a passive component of the product creation process 

but they rather become an active element within the value chain: they are able to self-

manage, to track their position throughout the life cycle, and to send feedback on their 

conditions of use. Connectivity enables communication between machines, be it between 

smart product and smart product or between smart product and smart factory; the 

interface instead enables man-machine communication, and in particular customer-

product communication. The new technologies of Industry 4.0, above all CPS and the 
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concept of digital twin, have shifted the company's focus from product orientation to 

service orientation [34], [37], [48], [50], [62], [103], [104], [111], [126]. 

 

Source: own elaboration 

 

The smart product is an intelligent product, which uses existing technologies to analyse 

the data coming from the consumer, to rework them and provide a «smart» product that 

is able to create a direct dialogue with the customer, and therefore to involve it in the 

creation of the product itself. The data received from the customer is processed through 

a data analytics process, allowing product customization thanks to the choices of the 

individual customer. The product is equipped with monitoring systems and real-time 

localization to get constant information about its operation. The process of developing a 

smart product also involves external technology suppliers, who add value to the internal 

product creation process, favouring the development of complementary and independent 

services, and connecting to the firm by sharing information and ensuring process 

coordination. This helps the company to create a network that in turn meets the value 

system of the suppliers. Smart products can constantly monitor, decide, adapt and learn 

independently through machine learning algorithms. This offers the manufacturer to 

continuously improve the experience of using the product. This advancement is 

guaranteed by a reliable update system, which contributes to share security along every 

building block of the business model and to the company from an ecosystem point of view 

[40], [63], [66], [97], [103], [126]–[128]. 
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4.2.2 Add-on services 

 

With the advent of smart products and the growing connectivity of intelligent systems, 

huge data sources are made available. This data has the potential to bring out new 

customer-tailored services, which on the one hand will save time and money and on the 

other will increase loyalty to the company. These additional services, or add-ons, must 

however refer to an existing product or service. These can be offered at the hardware or 

software level. Hardware add-on services are added to a physical product before, during 

or after the purchase. Through sensors, the product is put in communication with the 

central company system and therefore makes it possible to offer remote maintenance 

services or preventive diagnosis, sending the instructions for use directly to the 

consumer. Software add-on services are added to the "smart" part of the product, to 

increase its functionality and customize its use based on the consumer. These services can 

be both complementary and independent with respect to the traditional functions of the 

property.  

Companies can take advantage of the opportunities to add valuable services to the current 

offer, enjoying the data that is produced and therefore increasing the knowledge of the 

final consumer. Companies that already enjoy a high level of consumer knowledge can 

monetize their data by offering add-on services. This is because competition today, thanks 

to emerging technologies, no longer ends with the purchase of goods but it continues with 

the consumer's experience, which can be controlled by offering tailor-made services. 

Being difficult to replicate, they increase revenues. The add-on services are therefore a 

new source of revenue that expands the classic one-shot sale of physical products. For the 

company, this generates revenue and differentiation; for the consumer, services decrease 

the level of responsibility that generally involves the possession of a physical product and 

increase satisfaction. For example, new technologies make it possible to exploit the data 

collected by smart products and offer services such as predictive maintenance of a 

product, saving money and thus increasing customer’s loyalty to the brand. In this regard, 

data analytics of these offer precise information regarding the customer segment, 

exploring their characteristics and usage habits. 

For companies, the fact of adopting add-on services to enhance their offer can also mean 

an advantage in terms of implementing new technologies. In fact, the cost of investing in 
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new cloud software or data-driven systems can be reduced if shared with partners. 

Cooperation with key suppliers is important to achieve the goal of providing greater value 

to customers, perhaps sharing the information they provide. If the business-supplier 

relationship is important to eliminate the risks, the business-customer relationship is 

essential to design personalized services, triggering a co-creation system. The company is 

therefore encouraged to maximize the durability of the product, offering add-on services 

throughout the entire life cycle to produce more value. These services allow for more 

flexible customization and quality, adding functionality to the product and making it 

unique.  

 

Source: own elaboration 

 

The hardware add-on services arise from the use of sensors, which are implemented to 

the physical product through technologies such as big data analytics and CPPS. This allows 

constant traceability, offering greater security and reliability for the company and the 

environment, together with the reduction of possibility of errors. This leads the company 

to optimally plan and monitor the production and service system with flexibility. The use 

of data that enables the constant traceability of products allows to satisfy the needs of the 

customer and to exploit a continuous interconnection between company and customer 

and the creation of a network along the entire value chain. If customer needs are met, 

their satisfaction and loyalty towards the product and its services is increased, i.e. 

towards the product platform, strengthening also the long-term relationship. The data can 
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also be used by other partner companies for the development of useful insights on 

customers, integrated also with the after-sales monitoring of their use of the product. The 

real challenge is to succeed in attracting more and more suppliers in the network in order 

to remain competitive in the sector and offer unique services [40], [48], [49], [52], [54], 

[78], [80], [101], [103], [126], [129].  

 

4.2.3 Everything as-a-service 

 

The everything as-a-service business model is a paradigm shift in the traditional business 

sales model, especially in manufacturing. The model requires that each instrument, 

function or mode must be usable as a service to the user. The product is then 

dematerialized as the main asset sale and there is a shift from product to service. In fact, 

the sale of the property of the asset becomes the sale of the use of the asset, which 

becomes the sale of the availability of use of the asset, which becomes the sale of the 

expected result of the asset. As a consequence, also the revenue system changes: what was 

a one-time entry flow for the company now becomes a revenue stream perpetuated over 

time based on the period of use of the customer. Payments can thus assume different 

forms: pay-per-use, pay-per-feature or pay-per-output. From the consumer's point of 

view, going from a product formula to a service means fewer risks related to the 

possession of the product and lower costs related to both the product and its use. This 

leads to a greater willingness to pay, through which the manufacturer can offer higher 

prices to their customers. From the manufacturer's point of view, there will be lower fixed 

costs (CAPEX), which will be translated into variable costs (OPEX). It will be possible to 

have increasing revenues in the long term, reducing production and thus positively 

impacting the environment. The products from which the customer benefits will enjoy a 

longer life cycle, as it is more favourable to both the producer and the consumer. 

The traditional capital-intensive system is replaced by a service-based system, much 

more flexible and agile in responding to the needs of the market and the specific user in 

particular. The solutions proposed to the market exploit the data to know the latent needs 

and therefore customize a service suitable for each micro customer segment, making the 

company faster to respond to the market and therefore more competitive. Companies, by 
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interacting with consumers, collect information about them and offer more flexible and 

reconfigurable services, focusing on long-term relationships rather than transactions 

with customers. A typical example of everything as-a-service business model is the cloud 

and the SaaS, PaaS and IaaS service models. This solution does not require the company 

to have local data centers and therefore investing heavily of technology, nevertheless it 

offers all the benefits of online data storage. Through monitoring systems, control over 

the service is ensured and therefore very short reaction times are guaranteed; the 

declared outcome levels requested by the client ensure reliability to the cloud; it is 

scalable because it adapts to changing needs and it is in continuous technological 

updating.  

Digital transformation leads to servitization, which promotes a collaborative approach to 

the market to create value. In fact, the product becomes more and more a platform and an 

ecosystem of services is created, where various actors are called to work together to offer 

added value to consumers. To ensure proposals that maximize value it is necessary to 

create a network of long-term stakeholders that can co-create the demand-based service 

proposal. Suppliers will have many opportunities to join the network to gain new 

knowledge and above all new customer data. Customers will be willing to contribute to 

the development ecosystem, as they will be able to receive solutions adapted to their 

needs and pay only for what they want, reducing time, effort and expense. Therefore, 

digital technology encouraged by CPS and high connectivity must go hand in hand with 

servitization, to introduce new sources of value and therefore revenues for the company. 

 

Source: own elaboration 
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The everything as-a-service business model focuses on offering the willingness to use an 

asset. This starts from the collection of big data and their processing, which allow to create 

a highly diversified service and a differentiated payment method. This highly 

personalized service increases customer satisfaction, which is willing to pay more, also 

having different rates based on usage. This new approach to the consumer shifts the 

company's vision from output to outcome, which leads to significant impacts in terms of 

sustainability, as well as data retrieval. The possibility of better understanding the market 

of reference allows to respond rapidly to changes in demand and to build lasting 

relationships. Relationships change the vision towards society, which goes from being a 

single to being an ecosystem. The co-learning process, which is pivotal to build ad-hoc 

services, requires active user participation in the service design process, leading to a 

radical shift from selling a product to selling a solution [40], [52], [62], [103], [126], [130], 

[131].  
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4.3 Data-driven business models 

 

Data-driven business models arise from the enormous amount of data made possible by 

Industry 4.0 technologies. The data, both external and internal, constitute an exclusive 

source of value for the company, which makes it possible to make production systems 

more efficient, foreseeing potential malfunctions, proposing new products and services 

“digital first” or even increasing the performance of existing ones, experiencing a process 

of digital transformation. The products and services delivered to the user make it possible 

to get in touch with them through the network, enhancing a deeper knowledge of the 

habits and desires of the end customer. For this reason, business models driven by data 

are associated with the value discipline of customer intimacy. The possibility of expanding 

existing internal knowledge, being able to reinvest it in processes or making it available 

to third parties makes the company more reactive from the point of view of ever-

increasing market needs. The potential application of the productized information is 

greater than the cost of processing and making this information usable. Similarly, an 

informatized product guarantees a fast and secure way to exchange data from one side of 

the network to the other. 

 

4.3.1 Smart customer experience  

 

The customer experience identifies the way in which customers interact with the 

company through the products or services offered and at physical or digital contact 

points. This allows the company to build more lasting relationships with its customers 

and increases loyalty. The customer experience in the Industry 4.0 era is driven by the 

enormous amount of data that is made available thanks to smart devices, which connect 

the origins of the network and bring data to the central system. This makes interactions 

useful for the design of new services and business models. Using technologies enabled by 

the new digital revolution, companies can conduct analyses on the data received from 

consumers, creating insights of how consumers use the product or service; this allows to 

offer customers personalized services based on demand and in short times, as the entire 

production chain is made adaptive and agile to changes in consumer needs.  
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Companies will have to learn to use data in a predictive manner, based on a forward-

looking approach, which can satisfy the user's unreported needs and at the same time it 

can introduce new customer segments that until then could not be reached. Data coming 

from the consumer can be transformed into many opportunities for the company: micro-

segmentation of the consumer, diversification of the offer, discovery of new markets, 

creation of insights about customer behaviour, design of standardized and highly 

customizable services based on the customer. The value of data circulates in two 

directions: on the one hand the information generated by the user is sent to the company 

and to its partners, on the other hand the consumers themselves receive information in 

their smart products that increase the smart user experience. The relationship between 

producer and consumer is a win-win relationship in which both parties have an 

advantage. The product thus becomes part of a platform in which huge amounts of data 

are exchanged and the consumer becomes the protagonist in the design of the service, 

making their experience unique [33], [36], [46], [53], [66], [73], [85], [97], [101], [132]. 

 

Source: own elaboration 

 

The central element is the customer, who becomes the fundamental source of data for the 

company. Analysed and refined data give the possibility of shaping the right digital 

experiences for every single user, which will be translated in new product functionalities 

and individualized distribution of the service. The attention towards the customer, who 

is not treated as a part of a mass but rather as a single entity, ensures stronger long-term 

relationship with the company itself. This feeling of loyalty eventually can lock-in the 

customer, preventing them from switching to another platform. When this happens, the 
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company becomes the ecosystem leader. Collecting data through the smart devices or 

through the network of integrated suppliers offering complementary services allows to 

satisfy last-minute requests in a short time. Complementary products or services allow 

for upselling and therefore generate additional revenue streams. The involvement of the 

client, who participates and makes an exciting and sensorial experience, changes his life 

(work) style, which positively impacts in creating a collaborative innovation network, 

which in turn pushes customers to interact with the company and share their journey. 

The co-design process favours an approach to individualism from the customer's point of 

view, allowing the company to align to a customer-centred vision. This view is also 

reflected in external processes, which no longer provide multiple different distribution 

channels, but guarantee uniformity of purchase through a “no-channel” paradigm. The no-

channel facilitates the purchase and therefore generates additional revenues [33], [35], 

[85], [97], [101], [103], [132]–[134], [37], [46]–[48], [53], [61], [66], [73].  

 

4.3.2 Indirect data monetization 

 

Indirect data monetization refers to the process of analysing and processing data 

available to the company to derive value from it. The refinement of raw data results in in-

depth valuable insights that will then be reused to gain operational advantages and 

improve current activities. Data thus becomes a strategic asset to be reinvested in the 

company to reap the following benefits: create new business categories, create new 

products or services, increase the performance of existing products or services, reduce 

costs and increase productivity. 

This data enhancement process requires companies to integrate data from two different 

sources: from the product and from the user. User-generated data comes from online 

feedbacks, comments, and video or audio content. Product-generated data are obtained 

from the features that the product itself enables (machinery or wearables). Another 

categorization of data depends on the person who produces it, which may be the user, the 

product, the manufacturer or the service provider. In this case, we can distinguish six 

categories of data: active data generated by the user (deriving from voluntary inputs), 

passive data generated by the user (deriving from involuntary inputs such as the 



105 
 

pedometer), data from the product (status of the machinery), data generated by the 

manufacturer (introduction of new product features), and data generated by the third-

party service provider (service updates). This data can therefore come from software 

such as ERP and CRM, from digital platforms or from intelligent devices equipped with 

IoT technology. The need to integrate all this data generates the need to build a trusted 

data marketplace where those who make the data available, through direct monetization, 

and those who acquire it, through indirect monetization, can build a relationship of trust. 

The secure circulation of data is a fundamental pillar for building a data-driven economy. 

The data held and acquired will not only contribute to improving the internal skills of the 

company that processes them, but will also be usable by the customer in the form of an 

increased and hyper-personalized customer experience. 

Obviously, to combine data from different sources and derive effective use from it, the 

company must equip itself with advanced analytical systems and talented human capital 

to generate knowledge from data. Data can potentially improve a company’s processes 

and performance from an internal point of view and consumer’s loyalty and the 

company's reputation from an external point of view. The combination of internal and 

external data is a rare and difficult asset to imitate: while external data coming from the 

online user interactions are within everyone's reach and relatively easy to analyse, 

internal data coming from the corporate and organizational processes of a company are 

practically impossible to acquire from other sources. For this reason, the company should 

realize that the value of the information it produces has a high potential to create data-

centred business models. This could be an incentive to take ownership of the data 

analytics process. Furthermore, value originated from the data must be aligned with the 

long-term objectives of the company. Resources and processes activated by the data lead 

to a more detailed knowledge of consumer, market habits, and trends in general, thus 

being able to micro-segment target customers and target a specific price level that 

satisfies each of them. Indirect monetization of data makes it possible to exploit 

knowledge to offer improved or totally new services to the customer, increasing revenues 

and long-term relationships. With the advent of the Fourth Industrial Revolution, 

companies must take into account that the digital connected to the physical makes devices 

able to communicate, opening the doors to an enormous quantity of data that can radically 

change the decision-making process and give birth to new business models [40], [51], 

[62], [78], [97], [101], [126]. 
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Source: own elaboration 

 

The building block that largely concerns the indirect monetization of data is that of 

resources, since the collected data are divided into two different types. The data 

generated by the user are collected and analysed, with the aim of identifying latent 

customer needs and offering them complementary tailor-made services. Indeed, they are 

customized directly by the user during the design phase, thus enhancing the "customer 

journey” throughout the pre and post sales process, culminating in the creation of a smart 

product. This impacts on customers in terms of positive customer experience, which 

allows them to receive feedback which will constitute new resources for the company. 

The smart product also allows price differentiation based on the customer who has 

customized it. The other fundamental resource is the data deriving from the product, that 

is generated both by smart products, by machines operating at the supply chain level, and 

by service providers. This data allows on-demand manufacturing thanks to the 

maintenance and prevention of errors, or a more general efficiency of production 

processes and decision-making, which leads to a reduction in waste and time. This can 

bring to new and more complex products to be designed and also the expansion of the 

product range. Both suppliers and customers, bringing value through data, encourage the 

study of new markets and the identification of new trends in society. Additionally, data 

can generate valuable information to get new insights about present and future potential 

markets, creating an opportunity to attract new suppliers [40], [51], [62], [69], [78], [95], 

[97], [101], [126], [128], [135].  
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4.3.3 Direct data monetization 

 

Direct monetization of data refers to the practice of giving a third-party access to 

company’s data in order to generate a "direct" revenue stream. Direct monetization 

complements indirect monetization, as the latter needs to integrate data from outside, in 

order to translate data into valuable information. The data that are made available to 

external actors can be distributed as raw untreated data, insights created from data 

analysis, or analytical processes deriving from the data; obviously, the more the data are 

processed and “productized”, the more their value increases and therefore the revenues 

deriving from them are consistently increased. The transformation of data and their 

enrichment through advanced analytics systems leads to creating opportunities for 

differentiation in the competitive environment, thus creating a new source of value and 

forging stronger relationships with upstream and downstream partners in the value 

chain. This is potentially applicable to all sectors, as each company is a data source. 

The three phases of data preparation start from data collection, from both external and 

internal sources, continue with data aggregation and analysis, and conclude with their 

sharing via platform. The data, processed or not, can be sold in two ways: through third-

party platforms or through an internal company platform, thus activating payment 

systems by subscription. A significant problem with data monetization lies in quantifying 

their value, giving them a price. In 2015, Gartner identified various methodologies to give 

value to its data: based on the intrinsic value, i.e. on the specific characteristics of the 

information; on the business value, by identifying the degree of effective use in the 

decision-making processes; on the value of the data performance, i.e. evaluating the 

incremental value the data could lead to; on the economic value, i.e. identifying the 

revenues and costs of the acquisition; and finally on the market value, using benchmarks 

in reference to other companies or assuming the willingness to pay of the potential 

customer. Certainly, an advantage of direct monetization of data is the flexible pricing 

method and the possibility of expanding customer relationships to new realities in 

networks, which could also be potential competitors.  

Industry 4.0 makes it possible to exploit the new technologies of analysis and storage of 

large amounts of data through the cloud to allow the exchange of information in a safe and 

efficient manner, consistent with the European regulation (GDPR) in relation to data 
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security. As for cloud computing technology, an efficient way to create a secure data 

exchange platform is through the so-called DaaS (Data as-a-Service). This is achieved by 

building an architecture that allows to sell data as a primary product, in real-time and on-

demand. The data is extracted from a centralized cloud and supplied to the user as a paid 

service, just like the SaaS system. The cloud structure, being very agile, is able to adapt to 

the different needs of the consumer, providing only the requested data. The business 

model for activating direct sales of data can differ in three categories. Though the 

contributory database the company receives data from contributing subjects, analyses 

them increasing their value and then makes them available free of charge to those same 

contributors, and eventually sells them to third parties. Through the data processing 

platform, the company analyses different external data providing standardized insights 

which are then sold to customers through APIs with customized content. Finally, the data 

creation platform aims at gathering data by offering a free service to its users, from which 

it is able to offer a payment service based on their needs. This is the case of Google: by 

offering a free search engine to the web surfers, Google can aggregate and analyse a huge 

amount of data which is then offered to the advertising companies that are paying to get 

visibility on the platform [40], [62], [133], [136], [137].  

 

Source: own elaboration 

 

As far as the B2B segment is concerned, data is collected by data contributors (suppliers), 

who undergo an aggregation process that leads to the creation of raw and direct data, 

which are sold to the same B2B customer segment, but in a differentiated way: free 
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exchange of data for contributors, and paid sale for third parties. This makes the company 

a data provider, which contributes to the dissemination of information and the 

development of an ecosystem. As for the B2C segment, the data comes from "customer-

suppliers", i.e. web surfers, who supply large amounts of data. This data is elaborated and 

aimed at a free B2C service for data collection via targeted advertising, which is re-entered 

in the re-elaboration process from which a personalized paid service is available. The 

company, thanks to this process, is able to foresee the demand of its customers and 

therefore to do market analysis. It is important to highlight how the data and the privacy 

of the customers are regulated by the GDPR and this can cause a limitation of the profit, 

given also by the cost of data collection [40], [69].  
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4.4 Platform business models 

 

Moore (1996) introduced the concept of business ecosystem as an economic community 

that co-produced goods and services through the exchange of resources and skills. These 

strategic alliances combine new ways of creating value and are able to generate sources 

of innovations that are naturally difficult to imitate, ensuring a competitive advantage that 

lasts over time. The platforms are in fact transforming people's lives more broadly than 

society, allowing them to move from a business model based on value chain and value 

system - in which producers and consumers are always distinct - to one based on a value 

(eco) system - in which producers and consumers can coincide -. For these reasons, 

platform business models are associated with the strategic dimension of ecosystem 

leadership. The emphasis shifts from optimizing the use of limited corporate resources to 

orchestrating the use of the ecosystem's unlimited resources, through the crowdsourcing 

of ideas from the outside. This ultimately leads to a shift from internal economies of scale 

to external or network economies as the value that the platform manages to create for 

each individual user depends on the total number of participants. 

 

4.4.1 New partnership network  

 

Industry 4.0 and its enabling technologies have made connectivity on a global scale 

possible, thus opening the company to new opportunities for gains and increased 

productivity. From the factory point of view, the introduction of CPPS has meant that the 

company opened up to new external collaborations, extending the value creation process 

beyond borders rather than relying on a single value chain. This has made it possible to 

transform the traditional relationship between a company and a supplier into a 

partnership within a virtual network, where collaborations vary based on the end user's 

demand. The point-to-point integration provided by the renewed connection capacity 

between the actors of the value chain has allowed the partners to be able to enter and exit 

the network with ease and flexibility. In increasingly competitive and complex markets, 

companies need to focus on core competences and, through the network, combine theirs 
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with those of other partners, in order to build win-win collaborations and offer added 

value to the end consumer.  

The ultimate goal of partnerships is therefore to create value for the consumer; to do this 

and at the same time pursue significant partnerships, a company must offer an attractive 

business model both to the consumer and to the partner. To meet customer needs, which 

are reflected in the emergence of customized additional services, a company must provide 

complementary resources from valuable partners. The search for complementary 

resources therefore initiates a process of inter-company voluntary cooperation. Value is 

exchanged between the company and its partners, enabling mutual benefits such as, on 

the one hand, the knowledge and acquisition of new skills, and on the other hand the 

retrieval of information on the consumer, marketing and communication opportunities. 

In fact, contrary to the traditional vision, building a network of suppliers is not only aimed 

at reducing production costs, but also and above all at acquiring complementary 

resources designed to bring greater satisfaction to the end customer. The resource-based 

view, which focuses on identifying strategic resources for competitive advantage, is at the 

basis of the companies' efforts to search for partners to co-create value with. The main 

advantages deriving from this can be: innovation, knowledge, reputation. The partners, 

therefore, no longer have a marginal role, rather they actively participate in creating value 

for the customer: they can do it directly or through multi-channel distribution. The 

essence of the concept of new partnership network is that if value is not created for the 

partners, value cannot be created for the consumers. 

The structure of the platform enables this business model as it makes communication 

between the parties extremely flexible. The three parts constituting a network are: nodes, 

ties and structure. The nodes are the actors that populate the network, the ties represent 

the interactions between them and the structure indicates the nature of the 

collaborations. The importance of the network derives from the fact that every economic 

action is subject to several factors, directly controllable or not, which influence it; the 

impact of these factors depends on the position they occupy. Understanding the dynamics 

of the network is therefore fundamental for reasoning about the relationships between 

the actors involved. Furthermore, the more heterogeneous actors are, the more they can 

implement innovative collaborations, with the dual aim of exploring new market 

opportunities or exploiting resources complementary to their business. To this end, a 
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company can carry out a push-type search for partners, negotiating collaborations with 

stakeholders who have already declared interest, or can look for pull-type collaborations, 

going beyond traditional market suppliers and including completely new partners. The 

role of existing players in the market is changing and, simultaneously, new players are 

emerging. The platform that supports the business model makes it possible to share 

resources, knowledge and risk with other agents, adopting an open approach to society 

and new ways of creating value [47], [52], [53], [67], [73], [103], [114], [117], [138]–[141]. 

 

Source: own elaboration 

 

This business model concentrates on a close long-term cooperation with suppliers, which 

for the company means new resources and facilitates cost and time savings. At the level 

of internal processes, partnerships involve a joint co-design of the value offer, also 

through the construction of an integrated logistics, which contributes to forming a very 

effective value network in terms of productivity and final value which is given to 

customers. In fact, these are even more willing to get involved in the network. Moreover, 

in the society it triggers an open innovation mechanism that allows the company to build 

solid relationships. Cooperation with suppliers, customer involvement and synergies with 

new actors at the ecosystem level involve the company in a system of win-win 

collaborations with consequent attractiveness of the business model -more value for 

suppliers, more value for customers, more attractive business model-. These win-win 

collaborations are realized for instance through the shop-in-shop, which makes it possible 

to acquire new partners and therefore foster constructive synergies within the company. 



113 
 

Another thread is the search for complementary resources with respect to the existing 

ones, which push the company itself to make a careful selection of suppliers from which 

it can generate more value. These resources also occupy a fundamental role in the 

construction of a reliable value network over time, where end-to-end integration is 

favoured [47], [52], [53], [73], [97], [103], [122].  

 

4.4.2 Smart innovation  

 

The business model that is identified with the name of smart innovation originates from 

Henry Chesbrough, who in 2003 introduced the term open innovation as the need to 

exploit decentralized and distributed knowledge in a participatory manner. With the 

advent of new technologies leading from the Fourth Industrial Revolution, the open 

innovation model becomes smart, allowing the company to share data from smart 

products with actors outside the traditional supplier-customer value chain. Giving value 

to inside-out flows but also outside-in of knowledge basically means being able to reduce 

R&D costs, accelerate the market entry of new products or services, increase the degree 

of differentiation with respect to competitors and create new sources of revenue. The 

outside-in knowledge flow allows the company to exploit external know-how and 

incorporate it into product or service innovation processes; instead, the inside-out 

knowledge flow allows the company to share ideas that are not used or of little relevance 

with respect to its business model. Smart innovation therefore allows companies to think 

of a new strategic approach that opens up to new cultural horizons, in order to 

accommodate external resources. Companies that have access to information from the 

market in which they operate bring an advantage both to themselves and to the company, 

which enjoys them as a beneficiary. Those who are able to modulate internal and external 

resources therefore create a new competitive model that differentiates them from other 

companies. 

Industry 4.0 technologies, especially the Industrial IoT, provide data sources from various 

decentralized locations, effectively building an information exchange ecosystem between 

the headquarters and its ramifications. This means that even now technologies favor this 

type of innovation, which can be grasped by the company as an opportunity to embrace 
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new forms of innovation from the outside, thus bypassing the complex product patenting 

procedures. All the smart manufacturing system is based on open source collaborative 

models: 3D printing allows to exchange models online, robots enable the communication 

of machines, and simulation allows remote collaboration. All of this fall within the 

promising scenario of the smart innovation business model, which increases the 

evolutionary capacity of technologies and offers the possibility of accelerating the 

business innovation cycle. Companies can create an innovation process jointly with other 

small businesses or startups, defining a network for the exchange of ideas and IT 

knowledge, creatively combining technology and the market. This is possible because 

digitalization is leading many realities to change their business model, opening new 

horizons to collaborative innovation and technological contamination of the sector. 

Thanks to smart innovation it is therefore possible to establish new standards for 

consumer expectations, but also to increase the quality and the degree of newness of 

products and services.  

Smart extended innovation needs companies that proactively seek out new ideas and 

attract them by performing as an operational hub. The new stimuli coming from the 

outside must be integrated so that they coexist with the processes in place within the 

company, to ensure that technologies can be exploited to their full potential. This is true 

both for high-tech sectors and low-tech sectors, as Industry 4.0 allows any industry to 

rethink their business model in a digital and more collaborative perspective. This causes, 

especially for manufacturing companies, a radical shift in vision, from an austere 

industrial mentality to an open and connected mentality [36], [48], [55], [64], [85], [106], 

[126], [128], [130], [142]. 
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Source: own elaboration 

 

The central point of this business model is the ability of a company to be able to integrate 

internal resources with external knowledge into a single collaborative platform. This 

network is no longer exclusive but open to all partners, allowing flexibility to collaborate 

and share information, succeeding on the one hand in designing a product more 

responsive to the user's needs and on the other by opening up new channels of 

communication and distribution of value. The goal of a company that pursues this 

business model is to maximize loyalty to the platform of which it is the owner, on the one 

hand offering tailor-made services to the end customer, on the other attracting expert 

partners and providing them with insights on the users of the platform. These insights 

and the possibility of accessing new resources through the platform offer completely new 

scenarios, and unexplored markets to be involved in the innovation process [14], [36], 

[48], [52], [105], [130]–[132], [142]. 
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4.4.3 Broker & technology platform  

 

Broker and technology platforms are two business models that exploit emerging 

technologies to facilitate interaction between the different participants in the platform, 

be they short- or long-term relationships. The benefit of Industry 4.0 is that it brings 

enormous potential for communication between the internal network of users within the 

company and the outside network. The platform therefore has the role of connecting 

supply and demand in a digital way. The platformization process that is emerging thanks 

to new technologies has the opportunity to change the structure of the traditional market, 

moving towards new systems to aggregate and redistribute value to the beneficiaries. In 

concrete terms, within a platform the data collected by the product or service offered by 

the user are used to generate complementary products or services, adding value to the 

user who supplied the data. What emerges are collaborative and innovative platforms, 

where companies can be closer to the customer and the customer can actively participate 

in the value creation system. In addition to customers there is another side of the 

platform, that is the service providers for the platform itself. All the activities and 

resources of the platform provider must be coordinated together with its suppliers, which 

are a key asset for measuring the attractiveness of a platform and its ability to last over 

time. 

A platform consists of a core part, the platform operator, which establishes the structure 

of the network and its rules, indicating a set of standards to be respected to ensure 

security in information exchange protocols; then, there is a more heterogeneous part, the 

periphery, which is formed by a dense network of suppliers or service developers, which 

do not necessarily interact with each other but are part of the same ecosystem; finally, 

there are end users who can access and enjoy the services of the platform by accessing a 

single digital channel. A platform is successful if it remains attractive to both end users 

and service providers: this is why it is called a two-sided market.  

Broker and technology platforms are two different types of structure, with two different 

purposes. The broker platform constitutes a digital marketplace for connecting supply 

and demand of products and services between third parties, guaranteeing high reliability 

in the distribution of these. The technology platform represents an exchange ecosystem 

based on open systems in which a focal company, called keystone, offers other small 
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companies, called niche players, their own technologies and tools so that they specialize 

in new products and markets. In fact, on the one hand the keystone company is looking 

for new players to be included in the platform, and on the other hand the niche players 

are looking for new systems to integrate technologies. They collaborate in the platform 

through interfaces and exchange resources that have the characteristic of being scalable 

and shareable with the network. The company at the center of the platform must be able 

to maintain a good level of competitiveness to ensure the quality standards of 

interactions; this is why the platforms are normally a less capital-intensive model, more 

scalable and long-lasting. As regards the decision-making level, the more the platform is 

open, the more decisions are taken by the periphery; the more the platform is closed, the 

more power is centralized towards the platform operator. This also manages to set 

different price levels for both end users and service providers, through license 

agreements [34], [40], [52], [73], [85], [132], [133]. 

 

Source: own elaboration 

 

In the platforms, the fundamental element is collaboration and interaction with all the 

ecosystem actors, from which enormous amounts of data are drawn which are then 

returned to the platform in the form of added value, through complementary and 

individualized products or services. The platform helps coordinating the resources 

needed for this purpose, maintaining transparency between the parties and therefore 

increasing the level of trust towards the platform itself. Suppliers are seen as a 

fundamental asset, as customers, who take active part in the value creation process and 

become data providers in turn. A key feature is the integration of external and internal 
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resources, which leads to removing barriers between suppliers and replacing competition 

with collaboration, not necessarily entering into a relationship with the company but 

maintaining an independent role. Thanks to the new technologies 4.0 the company 

integrates in a virtual way all the acquired knowledge through the network and it guides 

the demand, trying to satisfy it even before it expresses a need [44], [52], [67], [69], [77], 

[85], [92], [101], [122], [126], [128], [131]–[133]. 
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4.5 The strategic impact of Industry 4.0 
 

After analysing the twelve business models originating from the advances dictated by 

Industry 4.0, it is necessary to prepare a visual tool that helps to understand the 

relationships between operational benefits, their impact on value propositions, value 

disciplines and new business models 4.0. The matrix is the most effective tool for 

organizing the various elements as it allows for reasoning starting from several sides. The 

first column of the below-proposed matrix identifies the operational benefits deriving 

from Industry 4.0 technologies, categorized according to the building block of the 

business model. These have been crossed with the value proposals they impact, applying 

the transition from the operational level to the strategic level. Once the value proposition 

has been identified, we move to an upper floor where it is possible to associate these 

critical success factors to the value disciplines. These, which were explained in the first 

chapter, constitute the logical basis on which the 4.0 business models are based. 

This matrix, which summarizes all the research work carried out, is effective if applied to 

an enterprise to verify the consistency of investments in Industry 4.0 technologies or 

possibly as a tool to propose the adoption of new technologies. It will therefore be possible 

to verify how the company stands in the context of the Fourth Industrial Revolution, what 

technologies it is already using and what operational benefits it has or could unlock at an 

operative level. However, the matrix is also useful for making an analysis from two 

different points of view: bottom-up and top-down. The bottom-up analysis starts by 

highlighting the operational benefits that a company is interested in increasing, 

associated to their enabling technologies and to the appropriate value proposition that 

can reach the customer. This leads to an incremental change in the existing business 

model, enhancing efficiency, productivity and competitiveness. The top-down analysis 

instead starts from proposing to a company some business models that are totally 

different from the current one, triggering a discussion in terms of what will characterize 

the competitiveness in the future and trying to bring these business models back to 

innovative value proposals. This means offering an optimistic perspective of the future 

that leads to a radical change in the business model.  



120 
 



121 
 



122 
 

 

 

  



123 
 

Conclusions  

 

The objective of this work is to analyse in depth the advent of the Fourth Industrial 

Revolution and how the advancing technologies can be applied into a company’s business. 

The first chapter describes the theory of strategic innovation, the sources of innovation, 

and the frameworks necessary to conduct strategic analysis. The second chapter, also 

descriptive, descends into the explanation of the Fourth Industrial Revolution, defining its 

features and attempting to classify its underlying technologies according to some 

recognized frameworks. The chapter concludes by citing the main operational drivers of 

the new industrial revolution. The third chapter analyses each of the nine enabling 

technologies in detail, identifying the main advantages in terms of operational benefits for 

the company. The tables show more systematically the intersection between 

technologies, operational benefits, and operational drivers and how they are connected 

with each other. In the last chapter, the results just described are evaluated according to 

a strategic vision, presenting the new business models emerging from Industry 4.0 and 

proposing a final comprehensive matrix. 

The major effort was to adapt the new digital innovations with strategic innovation, or 

the innovation of the business model. From this it follows that digital technologies not 

only improve processes, but revolutionize the way a company creates, distributes and 

captures value. New business models driven by data can be born, which break down 

traditional barriers and open the door to new profit opportunities. The Fourth Industrial 

Revolution is seen by many as a technological innovation, but few perceive it as a strategic 

innovation. The key is knowing how to interpret the data and how to balance them with 

the customers, offering them the opportunity to actively participate in the company’s 

value creation process.  

It is precisely by taking care of relationships, both with customers and suppliers up to the 

society, that the company succeeds creating long-lasting and stable relationships. 

Companies therefore need relational and creative skills, and they must also be able to 

attract and create a new set of skills and cultivate talents which able to use the new digital 

technologies and an enormous amount of data. For this to be possible, companies must 

have the courage to change and abandon traditional models, encouraging involvement in 

an ecosystem in which new roles and new technologies interact.  
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From the results obtained from the matrix in chapter four and from the tables in chapter 

three, it follows that a new source of innovation arises: technology push innovation. This 

innovation can take two approaches as starting point: a bottom-up and a top-down 

approach. In the case of bottom-up technology push innovation, it is possible to start from 

an initial assessment of the company and focus on some specific operational benefits that 

the same company wants to enhance, in order to then identify which type of operational 

drivers are impacted the most and the related technologies of Industry 4.0. Alternatively, 

following the top-down technology push approach we could start from the operational 

drivers (e.g. decentralization, interoperability) or the technologies which the company is 

interested in implementing into its processes, and then identify the individual operational 

benefits, i.e. the main advantages that they could activate. This dual approach between 

technology and strategy is characterized by a high degree of reasoning flexibility, which 

implies being able to arrive at the same result starting from several different points. 

The true potential of innovation is captured when by exploiting new technological 

opportunities traditional business models are transformed into new paradigms 

characterized by innovative value propositions. Industry 4.0 is not only represented by 

its technologies; nevertheless, as shown by this work, it is a process at the base of which 

there is the convergence between different technologies. The implementation of these is 

not sufficient to capture the true potential of digital innovation; however, it is necessary 

to combine the benefits of technologies in a strategic way depending on the specific 

business, in order to create new business opportunities.  
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Appendix  
 

Research methodology 
 

The research methodology consists of a structured literature review, used to examine the 

literature and summarize the information contained and to deepen the data collected. The 

initial phase of structured literature review is represented by the definition of search 

engines, such as Scopus, Google Scholar and Business Source Complete. The bibliography 

was selected through a search by keywords, such as "Industry 4.0", "business model", 

"digital transformation". The research conducted is based on publications from the year 

2018, thus going to update the previous work carried out by Professor Carlo Bagnoli on 

Industry 4.0, showed that there is a growing interest in these issues. The papers were then 

added to the QDAS database (qualitative data analysis software) Nvivo and manually 

coded. The coding structure of Nvivo is shown below. After the coding phase the data were 

analysed through the query function that allows to cross the nodes. The procedure was 

validated by Professor Maurizio Massaro from Ca' Foscari University of Venice. 

Name Files Refer
ences 

A_ Tipo report 168 170 
A 01_ Società di 
consulenza 

36 36 

A 01.01_Report 30 30 
A 01.02_Slide 6 6 

A 02_Altro 68 70 
A 02.01_Report 
istituzionale 

18 18 

A 02.02_Altri 
report 

18 20 

A 02.03_Slide 32 32 
A 03_Paper scientifici 64 64 

B_ Business model 168 3704 
B 1_Produzione 114 1602 

B 1 01_Mass 
customization 

75 305 

B 1 02_Smart 
manufacturing 

99 981 

B 1 03_Gli Hub 
and Spoke  

24 68 

B 1 04_Generale 38 119 
B 1 05_Esempi 39 129 

B 2_ Consumo 66 298 

B 2 01_La 
monetizzazione 
diretta dei dati 

13 23 

B 1 
03_Licensin
g 

13 20 

B 2 02_La 
monetizzazione 
indiretta dei 
dati 

22 61 

B 2 
03_L'aumento 
delle 
funzionalità 
degli smart 
products 

40 107 

B 2 04_Generale 29 74 
B 2 05_Esempi 14 33 

B 3_Scambio 87 479 
B 3 01_Add-on 
hardware 

31 75 

B 3 02_Add-on 
software 

18 36 

B 3 03_La 
Servitization o 
Smart product 

48 128 
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B 3 04_Generale 39 177 
B 3 05_Esempi 25 63 

B 4_Distribuzione 91 684 
B 4 01_Open 
Innovation 

24 179 

B 4 02_La 
Customer 
Experience 
digitale e fisica 

41 106 

B 4 03_Le 
broker and 
technology 
platforms 

51 195 

B 4 04_Generale 29 76 
B 4 05_Esempi 27 86 
B 4 06_New 
partnership 
network 

19 42 

B 5 Altro 75 609 
B 6_Tema non 
presente 

28 32 

C_Tecnologie 168 7577 
C 01_Additive 
manufacturing 

61 671 

C 1.01_Risorse 30 83 
C 1.02_Processi 
interni 

38 154 

C 1.03_Processi 
esterni 

15 25 

C 1.04_Prodotti 32 78 
C 1.05_Clienti 18 37 
C 1.06_Fornitori 11 14 
C 1.07_Società 4 6 
C 1.08_Proposta 
di valore 

0 0 

C 
1.10_Descrizion
e 

35 141 

C 1.20_Impatto 
eco-fin 

16 46 

C 1.30_Esempi 22 87 
C 02_Advanced 
manufacturing 
solutions 

83 892 

C 2.01_Risorse 52 224 
C 2.02_Processi 
interni 

59 226 

C 2.03_Processi 
esterni 

9 22 

C 2.04_Prodotti 27 40 
C 2.05_Clienti 10 12 
C 2.06_Fornitori 7 9 
C 2.07_Società 4 14 

C 2.08_Proposta 
di valore 

0 0 

C 
2.10_Descrizion
e 

44 207 

C 2.20_Impatto 
eco-fin 

17 65 

C 2.30_Esempi 26 72 
C 03_Augmented 
reality 

52 211 

C 3.01_Risorse 34 63 
C 3.02_Processi 
interni 

32 61 

C 3.03_Processi 
esterni 

5 7 

C 3.04_Prodotti 8 9 
C 3.05_Clienti 3 3 
C 3.06_Fornitori 1 1 
C 3.07_Società 0 0 
C 3.08_Proposta 
di valore 

2 2 

C 
3.10_Descrizion
e 

27 39 

C 3.20_Impatto 
eco-fin 

2 3 

C 3.30_Esempi 16 23 
C 04_Cloud 
computing 

80 459 

C 4.01_Risorse 31 95 
C 4.02_Processi 
interni 

36 68 

C 4.03_Processi 
esterni 

6 10 

C 4.04_Prodotti 11 23 
C 4.05_Clienti 12 18 
C 4.06_Fornitori 12 34 
C 4.07_Società 3 19 
C 4.08_Proposta 
di valore 

4 5 

C 
4.10_Descrizion
e 

47 126 

C 4.20_Impatto 
eco-fin 

6 18 

C 4.30_Esempi 14 41 
C 05_Simulation 40 211 

C 5.01_Risorse 14 30 
C 5.02_Processi 
interni 

27 84 

C 5.03_Processi 
esterni 

7 8 
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C 5.04_Prodotti 8 12 
C 5.05_Clienti 4 7 
C 5.06_Fornitori 2 9 
C 5.07_Società 3 6 
C 5.08_Proposta 
di valore 

0 0 

C 
5.10_Descrizion
e 

15 33 

C 5.20_Impatto 
eco-fin 

6 9 

C 5.30_Esempi 9 13 
C 06_ IoT industriale 105 1546 

C 6.01_Risorse 70 304 
C 6.02_Processi 
interni 

77 355 

C 6.03_Processi 
esterni 

28 55 

C 6.04_Prodotti 52 135 
C 6.05_Clienti 28 70 
C 6.06_Fornitori 24 46 
C 6.07_Società 13 23 
C 6.08_Proposta 
di valore 

8 29 

C 
6.10_Descrizion
e 

71 313 

C 6.20_Impatto 
eco-fin 

20 69 

C 6.30_Esempi 36 145 
C 07_Big data & 
analytics 

111 1554 

C 7.01_Risorse 74 411 
C 7.02_Processi 
interni 

80 432 

C 7.03_Processi 
esterni 

28 42 

C 7.04_Prodotti 50 126 
C 7.05_Clienti 41 97 
C 7.06_Fornitori 28 46 
C 7.07_Società 12 19 
C 7.08_Proposta 
di valore 

12 23 

C 
7.10_Descrizion
e 

68 224 

C 7.20_Impatto 
eco-fin 

25 45 

C 7.30_Esempi 30 79 
C 08_Cyber Security 51 673 

C 8.01_Risorse 27 111 

C 8.02_Processi 
interni 

28 195 

C 8.03_Processi 
esterni 

3 3 

C 8.04_Prodotti 10 19 
C 8.05_Clienti 7 12 
C 8.06_Fornitori 8 17 
C 8.07_Società 7 30 
C 8.08_Proposta 
di valore 

1 1 

C 
8.10_Descrizion
e 

33 232 

C 8.20_Impatto 
eco-fin 

9 31 

C 8.30_Esempi 8 22 
C 09_ Integrazione 
sistemica orizzontale 
e verticale 

49 440 

C 9.01_Risorse 22 47 
C 9.02_Processi 
interni 

30 100 

C 9.03_Processi 
esterni 

16 28 

C 9.04_Prodotti 15 21 
C 9.05_Clienti 25 57 
C 9.06_Fornitori 23 60 
C 9.07_Società 10 19 
C 9.08_Proposta 
di valore 

6 8 

C 
9.10_Descrizion
e 

24 79 

C 9.20_Impatto 
eco-fin 

7 10 

C 9.30_Esempi 6 8 
C 10_Altro 105 896 
C 11_Tema non 
presente 

22 24 

D_Industry 4.0 (generale) 168 1489
3 

D 0 Capgemini 107 5829 
D 0.01 Value 
Chain (base) 

105 4129 

D 
1.01_Risors
e 

94 1376 

D 
1.02_Proce
ssi interni 

99 1709 

D 
1.03_Proce
ssi esterni 

75 350 
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D 
1.04_Prodo
tti 

91 694 

D 0.02 Value 
system (metà) 

88 1215 

D 
1.05_Clienti 

85 721 

D 
1.06_Fornit
ori 

74 494 

D 0.03 
Ecosystem 
(vertice) 

67 485 

D 
1.07_Societ
à 

67 485 

D 1.01_Risorse 113 1447 
D 1.02_Processi 
interni 

113 1740 

D 1.03_Processi 
esterni 

81 366 

D 1.04_Prodotti 107 748 
D 1.05_Clienti 104 769 

D 1.06_Fornitori 86 519 
D 1.07_Società 79 513 
D 1.08_Proposta di 
valore 

35 120 

D 1.10_Descrizione 68 367 
D 1.20_Impatto eco-
fin 

90 563 

D 1.30_Esempi 63 296 
D 1.40_Generale 102 1529 
D 1.50_Competitor 32 59 
D 1.60_Tema non 
presente 

26 28 

E_Roadmap (processo di 
consulenza) 

168 943 

E 01_Processo 9 34 
E 02_Descrizione 26 58 
E 03_Servizi di 
consulenza specifici 

1 1 

E 04_Esigenze dei 
clienti 

2 3 

E 05_Tema non 
presente 

137 847 

 

Definition of the building blocks of the matrix of strategic fit 
 

Below there is a table with the definitions of all the individual building blocks that make 

up the matrix of strategic fit. They are presented in order of size, from 1 to 14. 

D1 Financial 
economic 
strategies 

Productivity Strategy: Productivity 
improvements can occur in two ways. First, 
companies reduce costs by lowering direct and 
indirect expenses. Second, companies by 
utilizing their financial and physical assets more 
efficiently, reduce the working and fixed capital 
needed to support a given level of business.  

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston. 

 Growth strategy: Companies can generate 
profitable revenue growth by deeping 
relationship with existing customers. This 
enables them to sell more of their existing 
product or service, or additional product and 
services. Companies can also generate revenue 
growth by selling entirely new products or 
expanding revenues by selling to customers in 
entirely new segment.  

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston. 

D2 Generic 
strategies 

Cost leadership: A firm focused on cost 
leadership sets out to become the low-cost 
producer in its industry. The sources of cost 

Porter, M.E. (1985), 
Competitive Advantage: 
Creating and Sustaining 
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advantage are varied and depend on the 
structure of the industry. They may include the 
pursuit of economies of scale, proprietary 
technology, preferential access to raw 
materials, and other factors. If a firm can 
achieve and sustain 'overall cost leadership, 
then it will be an above average performer in its 
industry provided it can command prices at or 
near the industry average. 

Superior Performance, 
Free Press, New York. 
 
 

 Disruption: Disruption means to bring to a 
market a very different value proposition than 
had been available previously. Generally, it is 
enabled by disruptive technologies. Products 
based on disruptive technologies are typically 
cheaper, simpler, smaller, and, frequently, more 
convenient to use they generally promise lower 
margins, not greater profits. Disruptive 
products typically are first commercialized in 
emerging or insignificant markets. Leading 
firms’ most profitable customers generally don’t 
want, and indeed initially can’t use, products 
based on disruptive technologies. By and large, 
a disruptive technology is initially embraced by 
the least profitable customers in a market.  

Christensen C. M. (1997), 
The Innovator’s Dilemma: 
When New Technologies 
Cause Great Firms to Fail, 
Harvard Business Review 
Press., Boston. 
 

 Differentiation: A company can outperform 
rivals only if it can establish a difference that it 
can preserve. In order to pursue a 
differentiation strategy a company must: 

• Deliver greater value to customers or  
• Create comparable value at a lower cost,  
• or do both.  

Differentiation arises from both the choice of 
activities and how they are performed. A 
company ability to differentiate itself reflects 
the contribution of each value activity toward 
fulfilment of buyer needs. 

Porter, M.E. (1996), “What 
Is Strategy?", Harvard 
Business Review, Vol. 74 
No. 6, pp. 61–78. 
 
Porter, M.E. (1985), 
Competitive Advantage: 
Creating and Sustaining 
Superior Performance, 
Free Press, New York. 

 Domination: The long-term dominant position 
can be achieved through the specific 
performance attributes of the company’s 
products and services that describe how the 
performance of the new product or service 
dominates the performance of competitive. To 
remain dominant the company must continually 
strive to enhance the specific performance 
dimensions. A key success factor in becoming 
dominant is to exploit early mover advantages 
by signing up a critical mass of buyers and 
sellers faster than competitors establishing an 
industry standard. If the company does not 
continue to enhance its offering, a rival has the 
opportunity to offer a superior product or 
service whose ease and value of use is 
sufficiently better to overcome the users’ costs 
switching to the new product. 

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston. 
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 Lock-in: Lock- in arises when companies create 
high switching costs for their customers. In this 
situation, one or two companies will tend to be 
dominant, and they will create large barriers to 
entry for other exchange providers and high 
switching costs to its buyer and sellers. Lock-in 
strategies may not be feasible in all 
circumstances. Generally, opportunities for 
lock-in arise only at certain times and in certain 
segments of an industry. But companies should 
be alert to when such a strategy might be 
feasible since the rewards from a successful 
lock-in strategy can be enormous.  

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston. 

 

D3 Value 
disciplines 

Operational excellence: Operational excellence 
means providing customers with reliable 
products or services at competitive prices and 
delivered with minimal difficulty or 
inconvenience. Such an effort will be translated 
in “no frills” solutions and standardized 
products. 

• Products are competitive; 
• Distribution is easily managed. 

Treacy, M. and Wiersema, 
F. (1993), “Customer 
Intimacy and Other Value 
Discipline”, Harvard 
Business Review, Vol. 71 
No. 1. 

 Product leadership: Product leadership means 
offering customers leading-edge products and 
services that consistently enhance the 
customer’s use or application of the product, 
thereby making rivals’ goods obsolete. 
Companies that try to reach product leadership, 
want to fulfil customers’ needs through 
excellent performances and superior features. 

Treacy, M. and Wiersema, 
F. (1993), “Customer 
Intimacy and Other Value 
Discipline”, Harvard 
Business Review, Vol. 71 
No. 1. 

 Customer intimacy: Customer intimacy means 
segmenting and targeting markets precisely and 
then tailoring offering to match exactly the 
demands of those niches. Companies that excel 
in customer intimacy combine detailed 
customer knowledge with operational flexibility 
so they can respond quickly to almost any need, 
from customizing a product to fulfilling special 
requests. As a consequence, these companies 
engender tremendous customer loyalty. This set 
of activities requires a personalized solution for 
each customer. 

Treacy, M. and Wiersema, 
F. (1993), “Customer 
Intimacy and Other Value 
Discipline”, Harvard 
Business Review, Vol. 71 
No. 1. 

 Ecosystem Leadership: In a business ecosystem, 
companies coevolve capabilities around a new 
innovation: they work cooperatively and 
competitively to support new products, satisfy 
customer needs, and eventually incorporate the 
next round of innovations. While the center may 
shift over time, the role of the ecosystem leader 
is valued by the rest of the community. Such 
leadership enables all ecosystem members to 
invest toward a shared future in which they 
anticipate profiting together. A company should 
be viewed not as a member of a single industry 

Moore J. F. (1993), 
"Predators and Prey: A 
New Ecology of 
Competition", Harvard 
Business Review, Vol. 11, 
No. 1. 
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but as part of a business ecosystem that crosses 
a variety of industries. 

D4 Value 
proposition 
 
 

 

Price: The price can be defined as the total cost 
incurred by customer to acquire the company's 
product or service. Efficient operations enable 
companies to earn a margin on sales sufficient 
to recover costs and earn a return on invested 
capital while still offering customers attractive 
prices. Companies that strive to be low-cost 
producer and supplier would have an objective 
to be profitable at the lowest price point in the 
industry. A culture of continuous cost reduction 
would be relevant for companies competing on 
low total cost, especially with non-
differentiated products. 

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston.  

 Reliability: To compete on reliability it is 
necessary to establish a culture of quality and 
continuous improvement. Customers value 
rapid, reliable delivery of goods and services. 
Reliable delivery means delivering on time 
based on the customer’s expectation of the time 
window in which the delivery should occur. 

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston.  

 Accessibility, availability, rapidity: This value 
proposition concerns the time at which the 
functionality becomes available to customers. 
Offering excellent functionality but getting to 
the market several months or years after 
competitors will not be the basis for high 
margins. Companies that excel on this value 
proposition bring their products and services to 
the market faster than competitors. An 
objective for being first-to-market with new 
products and services is an important source of 
revenue and margin growth for product leaders.  

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston.  

 Quality:  A company’s that compete on quality 
should strive to give to its customers a zero 
defects experience with its products or services. 
This objective is straightforward. The ideal 
customer experience is a product that meets 
customer specifications and is sustainable for 
immediate use by the customer.  

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston.  

 Performance: This component represents the 
specific performance attributes of the 
company’s products and services. A company’s 
value proposition is focused on performance 
when the performance of the product or service 
dominates the competitive offerings. The 
company must describe and communicates the 
most important functionality aspects of newly 
introduced products and services. Moreover, it 
must continually strive to enhance it.  

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston.  

 Newness: Newness is strictly connected with 
innovation. Successful innovation drives 

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
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customer acquisition and growth, margin 
enhancement, and customer loyalty. Without 
innovation, a company’s value proposition can 
eventually be imitated, leading to competition 
solely on price for its now commoditized 
products and services. Companies create 
considerable competitive advantages when they 
have the capability to bring innovative 
products, well-matched to targeted customers’ 
needs and expectations, to the market fast and 
efficiently. Companies that strive to maintain 
product leadership should establish a culture of 
creativity and product innovation.  

Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston.  

 Involvement and sharing: Involvement and 
sharing means to build strong community 
partnerships supported the community 
involvement identified in the customer 
perspective. Brand image drove and would be 
driven by these objectives. Beyond their 
inherent value, integrity and fairness fulfil core 
customer expectations.  

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston.  

 Product range and customization: This 
dimension of the value proposition is related to 
the range of products, merchandise, and 
services offered to customers. Some companies 
want to be like supermarkets, offering 
customers a full range of products and services. 
Other companies, especially those who wish to 
offer their customers some of the lowest prices 
in their industries, recognize that they may not 
be able to offer every possible product or 
service and still execute in a superb way.  

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston.  

 Complementary goods, services and 
experiences: A value proposition based on 
complementary goods, services and experiences 
provides the supply of valuable products and 
services that to be used require the company's 
proprietary product or standard. The drivers 
for push complementary are the services and 
benefits offered by the company. An example 
could be the revenues earned from the 
complements from the use of the product and 
the company's main technology. A factor of 
retention is the size of the investment that 
customers have made in the product or 
technology owned by the company. The 
investment could include the training and skills 
of compliant employees in proprietary 
technology, as well as specific complementary 
investments in software, equipment and 
research and development. 

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston.  

 Life (Work) Style: This dimension concerns the 
employees and their role in the organization. 
The culture must encourage generating new 

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
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ideas and solutions for process improvement, 
and sharing these ideas with other workgroups 
in the organization. Employees must 
enthusiastically search for new process 
improving, customer-service ideas, wherever 
these ideas arise, inside or outside the 
organization.  

Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston.  

D5 Resources Tangible assets: We can distinguish between 
tangible and intangible assets. All assets and 
structures, whether tangible physical products 
or intangible, are the result of human action and 
depend ultimately on people for their continued 
existence. Tangible means include warehouses, 
vehicles, production facilities etc. Intellectual 
capital is an intangible asset. 

Sveiby, K.E. (1997), "The 
Intangible Assets Monitor", 
Journal of Human Resource 
Costing & Accounting, Vol. 
2 No. 1.  

 Structural Capital: The essence of structural 
capital is the knowledge embedded within the 
routines of an organization. Its scope lies 
internal to the firm but external to the human 
capital.  

Bontis N. (1998), 
"Intellectual capital: an 
exploratory study that 
develops measures and 
models", Management 
Decision, Vol. 36 Issue: 2. 

 Human Capital: Human capital has been defined 
as the combination of these four factors: 

• Genetic inheritance;  
• Education;  
• Experience;  
• attitudes about life and business.  

The essence of human capital is the sheer 
intelligence of the organizational member. The 
scope of human capital is limited to the 
knowledge node (i.e. internal to the mind of the 
employee).  

Bontis N. (1998), 
"Intellectual capital: an 
exploratory study that 
develops measures and 
models", Management 
Decision, Vol. 36 Issue: 2. 

 Relational capital: The essence of relational 
capital is knowledge embedded in relationships 
external to the firm. Its scope lies external to the 
firm and external to the human capital. The 
main themes of relational capital are:  

• Knowledge of marketing channels; 
• Customer relationships. 

Bontis N. (1998), 
"Intellectual capital: an 
exploratory study that 
develops measures and 
models", Management 
Decision, Vol. 36 Issue: 2. 

 Environmental capital: Environmental capital is 
a part of intellectual capital. Firms that manage 
environmental capital are more flexible and 
adaptable to new realities than their 
competitors, because the creation, transfer and 
application of knowledge allows them to offer 
the market products and services that are more 
environmentally friendly and therefore have a 
higher added-value component. The “gap” 
between the market value and book value of the 
assets is also known as environmental capital 
and will increase the value of the firm thanks to 
the intangible assets created by the 
management of knowledge related to the 
incorporation of the environment variable. 

Claver‐Cortés, E. López‐
Gamero, M. D. Molina‐
Azorín, J. F.  Zaragoza‐Sáez, 
P. D. C. (2007) "Intellectual 
and environmental 
capital", Journal of 
Intellectual Capital, Vol. 8 
Issue: 1.  
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D6 Suppliers Market: A company should turn to the market 
for items where the company plays a dominant 
market role and suppliers’ strength is rated 
medium or low. If the supply risk is slight, the 
company has a better chance of achieving a 
positive profit contribution through favourable 
pricing and contract agreements. Even so, it has 
to take care not to exploit the advantage so 
aggressively that it jeopardizes long-term 
supplier relationships or provokes 
counterreactions by insisting on rock-bottom 
prices in times of market discontinuity. 

Kraljic P. (1983), 
"Purchasing Must Become 
Supply Management", 
Harvard Business Review. 

 Supply management (integrated companies): 
Whenever a manufacturer must procure a 
volume of critical items competitively under 
complex conditions, supply management is 
relevant. The greater the uncertainty of supplier 
relationships, technological developments, 
and/or physical availability of those items, the 
more important supply management becomes. 
A company’s need for a supply strategy depends 
on two factors:  

• The strategic importance of purchasing 
in terms of the value added by product 
line, the percentage of raw materials in 
total costs and their impact on 
profitability, and so on; 

• The complexity of the supply market 
gauged by supply scarcity, pace of 
technology and/or materials 
substitution, entry barriers, logistics 
cost or complexity, and monopoly or 
oligopoly conditions. 

Kraljic P. (1983), 
"Purchasing Must Become 
Supply Management", 
Harvard Business Review. 

 Technological process interpreters: The 
technological process interpreters are those 
producers and suppliers of components and 
materials that cooperate with the company, 
succeeding in bringing out epiphanies of 
technology. Technology suppliers are a category 
of cultural interpreters in the technical world. 
New technologies, especially the real meanings 
quiescent in those technologies, often trigger 
design-driven innovations. 

Verganti, R. (2009), 
Design-driven innovation: 
changing the rules of 
competition by radically 
innovating what things 
mean, Harvard Business 
Press., Boston. 

 Technological product interpreters: These 
interpreters are those involved by the company 
in the development of pioneering projects. The 
technical innovations, the new products and 
services, actually change the world of things 
and, implicitly or explicitly, propose new 
meanings. In many sectors, innovators use 
products in special contexts outside the normal 
market flow, where they have greater freedom 
to explore new solutions. 

Verganti, R. (2009), 
Design-driven innovation: 
changing the rules of 
competition by radically 
innovating what things 
mean, Harvard Business 
Press., Boston. 
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 Cultural interpreters: These interpreters make 
the exploration of culture and meaning an 
explicit component of their core mission. They 
can be artists, cultural organizations, 
sociologists, anthropologists, marketers, and 
the media. 

• Cultural organizations, such as 
associations, foundations, and museums 
can promote novel visions and 
interpretations of meanings, which 
often contrast with dominant and 
institutionalized culture. And toward 
this end they perform research and 
experiments; 

• Consultants and researchers in the 
sociology and anthropology of 
consumption, in marketing, in branding, 
and in communication. With their 
expertise in observing and analysing 
society, culture, and markets, such 
interpreters can rapidly provide a 
picture of how people give meaning to 
things, and of emerging trends. 

Verganti, R. (2009), 
Design-driven innovation: 
changing the rules of 
competition by radically 
innovating what things 
mean, Harvard Business 
Press., Boston. 

 Technological connection interpreters: These 
interpreters are research and educational 
institutions, such as schools, universities, and 
public research organizations, that investigate 
the evolution of technologies and their impact 
on culture and society. People conduct such 
investigations not only in technical schools but 
also, and above all, in schools of design, which 
explicitly address the interactions between 
technology, languages, and meanings. Firms are 
eager to cooperate with design schools by 
challenging professors and students with 
innovative projects, promoting workshops, 
inviting young scholars for internships, and 
sharing labs and resources. 

Verganti, R. (2009), 
Design-driven innovation: 
changing the rules of 
competition by radically 
innovating what things 
mean, Harvard Business 
Press., Boston. 

 Ecosystemic actors: They are companies in 
other industries that address the same life 
context that a firm is targeting. Every company, 
in any context, is surrounded by these kinds of 
interpreters. They can be identified searching 
which other companies in other sectors are 
targeting the same people in the same life 
context and what types of other products or 
services these people use or could use. All these 
interpreters have some knowledge of the 
meanings and languages we are studying. And 
they would probably be eager to share it and 
understand our interpretations, since they face 
the same problems and have the same interests. 

Verganti, R. (2009), 
Design-driven innovation: 
changing the rules of 
competition by radically 
innovating what things 
mean, Harvard Business 
Press., Boston. 

D7 Processes Operations management processes: Operational 
processes are the processes aimed to produce 

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 



136 
 

and deliver goods and services to customers. 
While operational excellence alone is not the 
basis of a sustainable strategy, managing 
operations remains a priority for organizations. 
Operations management processes can 
encompass up to four important processes:  

• Develop and sustain supplier 
relationships;  

• Produce products and services; 
• Distribute and deliver products; 
• Services to customers, manage risks. 

Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston. 

 Product development processes: Product 
development processes are the processes 
finalized to get a sustaining competitive 
advantage through the continuous innovation to 
create new products, services and processes. 
Companies create considerable competitive 
advantage when they have the capability to 
bring innovative products, well-matched to 
targeted customers' needs and expectation, to 
the market fast and efficiently. Product 
innovation is a prerequisite for participation in 
some dynamics, technologically based 
industries, such as pharmaceuticals, 
semiconductors and telecommunications. 
Managing innovation includes four important 
processes: 

• Identify opportunities for new products 
and services;  

• Manage the research and development 
portfolio;  

• Design and develop the new products 
and services;  

• Bring the new products and services to 
market. 

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston. 

 Customers management processes: Customers 
management processes are the processes 
focused on transactions, promoting and selling 
the enterprise's products. Customers 
management processes must help the company 
acquire, sustain and grow long-term, profitable 
relationships with targeted customers. 
Customers management consists of four generic 
processes:  

• Select customers: identify customer 
segments attractive to the enterprise, 
craft the value proposition to appeal to 
these segments and create a brand 
image that attract customers in these 
segments to the company's products 
and services; 

• Acquire customers: communicate the 
message to the market, secure prospects 
and convert prospects to customers; 

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston. 
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• Retain customers: ensure quality, 
correct problems, and transform 
customers into highly satisfied raving 
fans; 

• Grow relationship with customers: Get 
to know customers, build relationship 
with them, and increase the company's 
share of target customers' purchasing 
activity. 

 Regulatory and social processes: Social 
processes are the processes finalized to earn 
the right to operate in the communities and 
countries in which the company produce and 
sell. At a minimum, to avoid shutdowns or 
expensive litigation, companies must comply 
with all these regulations on business practices. 
Many companies, however, seek to go beyond 
complying with the minimal standards 
established by regulations. They wish to 
perform better than the regulatory constraints, 
so that they develop a reputation as an 
employer of choice in every community in 
which they operate. Companies manage and 
report their regulatory and social performance 
along several dimensions:  

• Environmental;  
• Safety and health;  
• Employment practices;  
• Community investment.  

Kaplan, R.S. and Norton, 
D.P. (2004), Strategy Maps: 
Converting Intangible 
Assets into Tangible 
Outcomes, Harvard 
Business School Publishing 
Corporation, Boston. 

D8 
Distribution 

Extensive: Extensive distribution requires the 
use of multiple channels in order to increase the 
firm's penetration level and raise entry barriers. 
However, intra-brand competition and intra-
channel conflict may become major problems, 
leading to lowered levels of support in the 
firm's direct and indirect channels. The basic 
trade-off in the choice between fewer versus 
more channels appears to be market coverage 
versus intermediary investments and value 
added. Adding more channels may increase 
market coverage but may reduce intermediary 
incentive to invest and add value to the core 
product.  

Frazier, G. L. (1999), 
"Organizing and managing 
channels of distribution", 
Journal of the Academy of 
Marketing Science, Vol.27, 
No. 2. 

 Selective: When an highly selective distribution 
approach is taken, the intent is normally to 
provide territorial protection to intermediaries 
to promote their investments in the brand. By 
reducing intra-brand competition, inter-brand 
competition may be promoted. Furthermore, 
monitoring and enforcement efforts appear 
critical for firms using an exclusive or selective 
distribution approach, as unauthorized sales 
outside of assigned territories can cause 
considerable disruption 

Frazier, G. L. (1999), 
"Organizing and managing 
channels of distribution", 
Journal of the Academy of 
Marketing Science, Vol.27, 
No. 2. 



138 
 

 Exclusive: Exclusive distribution occurs when 
the exclusive right to sell the product in a 
certain area is given to a distributor. The use of 
exclusive representatives or agents guarantees 
producers sales channels with low fixed costs 
and risks. Furthermore, their control over these 
exclusive representatives is very high.  

Frazier, G. L. (1999), 
"Organizing and managing 
channels of distribution", 
Journal of the Academy of 
Marketing Science, Vol.27, 
No. 2.  

 Direct: Direct distribution occurs when the 
company distributes its products through 
directly controlled sales channels. Direct 
channels should be implemented when 
specialized investments are required to 
consummate transactions and performance 
ambiguity is high (Frazier, 1999, p.232). Such 
factors as the financial resources of the 
company, its core competencies, the importance 
of the product market in question to the firm, 
and customer characteristics (e.g., size, needs 
and preferences) are likely to affect reliance on 
direct or indirect channels.  

Frazier, G. L. (1999), 
"Organizing and managing 
channels of distribution", 
Journal of the Academy of 
Marketing Science, Vol.27, 
No. 2.  

D9 Product Commodity: True commodities are materials 
extracted from the natural world: animal, 
mineral, vegetable. After slaughtering, mining, 
or harvesting the commodity, companies 
generally process or refine it to yield certain 
characteristics and then store it in bulk before 
transporting it to market. By definition, 
commodities are fungible: they are what they 
are and therefore interchangeable. Because 
commodities cannot be differentiated, 
commodity traders sell them largely into 
nameless markets where a company purchases 
them for a price determined by supply and 
demand.  

Pine, B.J. and Gilmore, J.H. 
(1999), The experience 
economy, Harvard 
Business Review Press, 
Boston. 

 Goods: Goods are tangible items sold to largely 
anonymous customers who buy them off the 
shelf, from the lot, out of the catalogue, or on 
the Web. Because manufacturing processes 
actually convert the raw materials in making a 
variety of goods, leeway exists to set prices 
based on the costs of production as well as 
product differentiation.  

Pine, B.J. and Gilmore, J.H. 
(1999), The experience 
economy, Harvard 
Business Review Press, 
Boston. 

 Services: Services are intangible activities 
customized to the individual request of known 
clients. Service providers use goods to perform 
operations on a particular client (such as 
haircuts or eye exams) or on his property or 
possessions (such as lawn care or computer 
repair). Clients generally value the benefits of 
services more highly than the goods required to 
provide them. Services accomplish specific 
tasks clients want done but do not want to do 
themselves; goods merely supply the means.  

Pine, B.J. and Gilmore, J.H. 
(1999), The experience 
economy, Harvard 
Business Review Press, 
Boston. 
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 Experiences: Experience offerings occur 
whenever a company intentionally uses 
services as the stage and goods as props to 
engage an individual. Experiences have 
necessarily emerged to create new value. 
Whereas commodities are fungible, goods 
tangible, and services intangible, experiences 
are memorable.  

Pine, B.J. and Gilmore, J.H. 
(1999), The experience 
economy, Harvard 
Business Review Press, 
Boston.  

 Transformations: When you customize an 
experience, you automatically turn it into a 
transformation, which companies create on top 
of experiences just as they create experiences 
on top of services and so forth. A 
transformation is what the out-of-shape person, 
the emotionally troubled person, the young 
managers, the hospital patient, and the 
struggling company all really desire. By staging 
a series of experiences, companies are better 
able to achieve a lasting effect on the buyer than 
through an isolated event. It is the revisiting of a 
recurring theme, experienced through distinct 
and yet unified events, that transforms. As 
multiple experiences emerge and compete for 
guests, companies staging these events will 
begin to realize that any experience can become 
the basis for a new offering that elicits a 
transformation.  

Pine, B.J. and Gilmore, J.H. 
(1999), The experience 
economy, Harvard 
Business Review Press, 
Boston. 

D10 Market Mass market: A company focused on mass 
markets doesn't distinguish between different 
customer segments. The value propositions, 
distribution channels, and customer 
relationships all focus on one large group of 
customers with broadly similar needs and 
problems.  

Osterwalder, A. and 
Pigneur, Y. (2010), 
Business Model 
Generation, John Wiley & 
Sons, Inc., New Jersey. 

 Segmented (diversified, niche): Some 
companies distinguish between market 
segments with slightly different needs and 
problems. Companies targeting niche markets 
cater to specific, specialized customer segments. 
The value propositions, distribution channels, 
and customer relationships are all tailored to 
the specific requirements of a niche market. 
Such business models are often found in 
supplier-buyer relationships. For example, 
many car part manufacturers depend heavily on 
purchases from major automobile 
manufacturers.  

Osterwalder, A. and 
Pigneur, Y. (2010), 
Business Model 
Generation, John Wiley & 
Sons, Inc., New Jersey. 

 Tribe: The word "tribe" refers to the division of 
the market on the basis of almost archaic values 
such as a local sense of identification, religiosity, 
syncretism, group narcissism and so on. This 
term is borrowed from anthropology, which 
used it to characterize archaic societies, in 

Cova, B. and Cova, V. 
(2002) "Tribal marketing: 
The tribalisation of society 
and its impact on the 
conduct of marketing", 
European Journal of 
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which the social order was maintained without 
the existence of a central power.  

Marketing, Vol. 36 No. 5/6, 
pp. 595-620. 

 Long tail: Long tail strategy is about selling less 
of more. It means focusing on offering a large 
number of niche products, each of which sells 
relatively rarely. However, aggregate sales of 
niche items can be as profitable as the sales of a 
small number of bestsellers product. To be able 
to approach a large number of niches in a 
profitable way it is necessary to keep inventory 
costs low and have strong platforms to make 
niche content readily available to interested 
buyers. 

Osterwalder, A. and 
Pigneur, Y. (2010), 
Business Model 
Generation, John Wiley & 
Sons, Inc., New Jersey. 

D11 Clients Convenience, functionality, usability: they are 
directed to satisfy what Maslow, 1943, defines 
as physiological needs. Physiological drives or 
needs are isolable and are localizable 
somatically. They are relatively independent of 
each other, of other motivations and of the 
organism as a whole. In many cases, it is 
possible to demonstrate a localized, underlying 
somatic base for the drive. This is true less 
generally than has been thought (exceptions are 
fatigue, sleepiness, maternal responses) but it is 
still true in the classic instances of hunger, sex, 
and thirst.  

Maslow, A. H. (1943), "A 
Theory of Human 
Motivation", Psychological 
Review, Vol. 50, pp. 370-
396. 

 Security: This dimension includes companies 
that aim to satisfy the safety needs. They arise 
when physiological needs are relatively well 
gratified, there then emerges a new set of needs, 
which we may categorize roughly as the safety 
needs. The healthy, normal, fortunate adult in 
our culture is largely satisfied in his safety 
needs. The peaceful, smoothly running, 'good' 
society ordinarily makes its members feel safe 
enough from wild animals, extremes of 
temperature, criminals, assault and murder, 
tyranny, etc. 

Maslow, A. H. (1943), "A 
Theory of Human 
Motivation", Psychological 
Review, Vol. 50, pp. 370-
396. 

 Belonginess, esteem:  
Belonginess: If both the physiological and the 
safety needs are fairly well gratified, then there 
will emerge the love and affection and 
belongingness needs. The person will feel 
keenly, as never before, the absence of friends, 
or a sweetheart, or a wife, or children. He will 
hunger for affectionate relations with people in 
general, namely, for a place in his group, and he 
will strive with great intensity to achieve this 
goal. He will want to attain such a place more 
than anything else in the world and may even 
forget that once, when he was hungry, he 
sneered at love.  
Esteem: All people in our society (with a few 
pathological exceptions) have a need or desire 

Maslow, A. H. (1943), "A 
Theory of Human 
Motivation", Psychological 
Review, Vol. 50, pp. 370-
396. 



141 
 

for a stable, firmly based, (usually) high 
evaluation of themselves, for self-respect, or 
self-esteem, and for the esteem of others. By 
firmly based self-esteem, we mean that which is 
soundly based upon real capacity, achievement 
and respect from others. These needs may be 
classified into two subsidiary sets. These are, 
first, the desire for strength, for achievement, 
for adequacy, for confidence in the face of the 
world, and for independence and freedom. 
Secondly, we have what we may call the desire 
for reputation or prestige (defining it as respect 
or esteem from other people), recognition, 
attention, importance or appreciation.  

 Aesthetic and creativity: Creativity and 
aesthetic represent the need to go beyond self-
affirmation, which is mainly guided by the ego, 
in self-realization through far-reaching 
connections with the world in which we live. 
Creativity represents the courage to open up to 
the world and interact directly with it. True 
creativity is always accompanied by a keen 
sense of conversation and exchange with the 
world in general.  

Maslow, A. H. (2012), 
Toward a psychology of 
being, Start Publishing LLT, 
United States 

 Knowledge and understanding: It is a basic 
desire to know, to be aware of reality, to get the 
facts, to satisfy curiosity, or as Wertheimer 
phrases it, to see rather than to be blind. This 
need is difficult to satisfy because we know so 
little about the facts. Curiosity, exploration, 
desire for the facts, desire to know may 
certainly be observed easily enough.  

Maslow, A. H. (1943), "A 
Theory of Human 
Motivation", Psychological 
Review, Vol. 50, pp. 370-
396. 

 Self-realization need/ transcendence:  
Self-actualization need: It refers to the desire 
for self-fulfilment, namely, to the tendency for 
him to become actualized in what he is 
potentially. This tendency might be phrased as 
the desire to become more and more what one 
is, to become everything that one is capable of 
becoming. 
Transcendence: Transcendence refers to the 
very highest and most inclusive or holistic 
levels of human consciousness, behaving and 
relating, as ends rather than means, to oneself, 
to significant others, to human beings in 
general, to other species, to nature, and to the 
cosmos.  

Maslow, A. H. (1943), "A 
Theory of Human 
Motivation", Psychological 
Review, Vol. 50, pp. 370-
396. 
 
Maslow, A. H. (1971), The 
Farther Reaches of Human 
Nature, Penguin, New York. 

 Useful: The word “useful” is to be understood as 
used here in a linguistic or metaphorical sense. 
When we say that water is useful for putting out 
fire, the word “useful” is used in a non-scientific 
sense. Water thrown on the fire is the cause of 
its going out: this is the knowledge that serves 
for basis to the action, let us say, of firemen. 

Croce, B. (1922), Aesthetic 
as Science of Expression 
and General Linguistic, 
Macmillan, London. 
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There is a link, not of nature, but of simple 
succession, between the useful action of the 
person who extinguishes the conflagration, and 
this knowledge. The technique of the effects of 
the water is the theoretical activity which 
precedes; the action of him who extinguishes 
the fire is alone useful.  

 Beautiful: Beauty is the visible idea of 
perfection. It falls under the influence of the 
design topic. There is a multiplicity of beauties. 
Things are beautiful according to our ideas 
about them. So, every beautiful thing has its 
own kind. He adds to his observations in this 
sense: "Since the diamond is only perfect among 
stones, gold among metals and man among 
living creatures, so there is a distinction in each 
species, and little is perfect." Beauty is an 
intermediate arrangement, which contains a 
part of perfection and a part of the pleasant, and 
forms a tertium quid, which differs from the 
other two and deserves a special name.  

Croce, B. (1922), Aesthetic 
as Science of Expression 
and General Linguistic, 
Macmillan, London. 

 Right, Good: In order to resolve to perform an 
action, it is necessary to have judged: “this 
action is useful, this action is good.” A good 
action is an action that is willed. It will always 
be impossible to distil from the objective study 
of things a single drop of goodness. We do not 
desire things because we know them to be good 
or useful; but we know them to be good and 
useful, because we desire them. Practical action 
is preceded by knowledge, but not by practical 
knowledge, or better by the practical: to obtain 
this, it is first necessary to have practical action.  

Croce, B. (1922), Aesthetic 
as Science of Expression 
and General Linguistic, 
Macmillan, London. 

D12 Society Resetting operations to improve the social 
impact: For creating this kind of shared value is 
to identify all the societal needs that a 
company’s value chain inevitably affects and is 
affected. They are numerous societal issues, 
such as natural resource and water use, health 
and safety, working conditions, and equal 
treatment in the workplace. Opportunities to 
create shared value arise because societal 
problems can create economic costs in the 
firm’s value chain. Many so-called externalities 
actually inflict internal costs on the firm, even in 
the absence of regulation or resource taxes.  

Porter, M.E. and Kramer, 
M.R. (2011), Creating 
Shared Value, how to 
reinvent capitalism and 
unleash a wave of 
innovation and growth, 
Harvard Business Review, 
Vol. 8, No. 1-2. 

 Redesigning products and markets to meet the 
social needs: For a company, the starting point 
for creating this kind of shared value is to 
identify all the societal needs, benefits, and 
harms that are or could be embodied in the 
firm’s products. The opportunities are not 
static; they change constantly as technology 
evolves, economies develop, and societal 

Porter, M.E. and Kramer, 
M.R. (2011), Creating 
Shared Value, how to 
reinvent capitalism and 
unleash a wave of 
innovation and growth, 
Harvard Business Review, 
Vol. 8, No. 1-2. 
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priorities shift. An ongoing exploration of 
societal needs will lead companies to discover 
new opportunities for differentiation and 
repositioning in traditional markets, and to 
recognize the potential of new markets they 
previously overlooked. Meeting needs in 
underserved markets often requires redesigned 
products or different distribution methods. 
These requirements can trigger fundamental 
innovations that also have application in 
traditional markets.  

 Supporting local ecosystem development: The 
success of every company is affected by the 
supporting companies and infrastructure 
around it. It is the ecosystem. Productivity and 
innovation are strongly influenced by 
ecosystem or geographic concentrations of 
firms, related businesses, suppliers, service 
providers, and logistical infrastructure in a 
particular field. Ecosystem include not only 
businesses but institutions such as academic 
programs, trade associations, and standards 
organizations. They also draw on the broader 
public assets in the surrounding community, 
such as schools and universities, clean water, 
fair competition laws, quality standards, and 
market transparency. Clusters are prominent in 
all successful and growing regional economies 
and play a crucial role in driving productivity, 
innovation, and competitiveness. Firms create 
shared value by building ecosystems to improve 
company productivity while addressing gaps or 
failures in the framework conditions 
surrounding the ecosystem.  

Porter, M.E. and Kramer, 
M.R. (2011), Creating 
Shared Value, how to 
reinvent capitalism and 
unleash a wave of 
innovation and growth, 
Harvard Business Review, 
Vol. 8, No. 1-2. 

D13 Costs Costs for the volume produced: The volume-
based cost are costs that increase or decrease in 
relation to the amount of product produced or 
the quantity of service provided. Good examples 
of volume-based costs are direct materials cost 
and direct labour cost. These costs increase 
with each unit of the volume of output.  

Blocher, E. J. Stout, D. E. 
and Cokins, G. (2010), Cost 
Management a strategic 
emphasis, McGraw-
Hill/Irwin, New York. 

 Costs for production capacity: The costs for 
production capacity are fixed costs that provide 
capacity for operations. Good examples of 
production capacity costs are plant building and 
equipment.  

Blocher, E. J. Stout, D. E. 
and Cokins, G. (2010), Cost 
Management a strategic 
emphasis, McGraw-
Hill/Irwin, New York. 

 Costs for research and development (R&D): 
Research and development (R&D) costs are 
expenditures aimed at developing new products 
and processes, or at modifying existing 
products or processes. Examples of R&D costs 
include laboratory research aimed at discovery 
of new knowledge, searching for applications of 
new research findings or other knowledge, 

Hansen, D.R. Mowen, M.M. 
and Guan, L. (2008), Cost 
Management Accounting 
and Control, South-
Western Cengage Learning, 
Mason. 
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conceptual formulation and design of possible 
product or process alternatives, testing in 
search for or evaluation of product or process 
alternatives.  

 Costs for training and development: Training 
and development cost usually are included in 
the indirect labour costs. Indirect labour costs 
include also supervision, quality control, 
inspection, purchasing and receiving, materials 
handling, janitorial labour, downtime, training, 
and clean-up.  

Blocher, E. J. Stout, D. E. 
and Cokins, G. (2010), Cost 
Management a strategic 
emphasis, McGraw-
Hill/Irwin, New York. 
 

 Costs for marketing and communications: 
Those costs necessary to market and distribute 
a product or service are marketing (selling) 
costs. They are often referred to as order-
getting and order-filling costs. Examples of 
marketing costs include sales personnel salaries 
and commissions, advertising, warehousing, 
shipping, and customer service. The first two 
items are examples of order-getting costs; the 
last three are order-filling costs. 

Hansen, D.R. Mowen, M.M. 
and Guan, L. (2008), Cost 
Management Accounting 
and Control, South-
Western Cengage Learning, 
Mason. 

 Costs for relationship management: These costs 
are the cost required for the maintenance of 
relations between the company and the actors 
in its micro-environment such as: suppliers, 
market intermediaries, the public and of course 
customers as the most important actor. 
Towards customers the idea is first and 
foremost to create customer loyalty so that a 
stable, mutually profitable and long-term 
relationship is enhanced. 

Ravald, A. Grönroos, C. 
(1996) "The value concept 
and relationship 
marketing", European 
Journal of Marketing, Vol. 
30 Issue: 2. 

D14 Pricing Economy Pricing: Economy pricing occurs when 
a company set the price undercutting the prices 
of their competitors. Every company that 
succeeds in growing profitably with a low-price 
strategy must first create a business model that 
enables it to cut incremental costs below those 
of its competitors.  

Nagle, T.T. and Müller, G. 
(2018), The Strategy and 
Tactics of Pricing: A Guide 
to Growing More 
Profitably, Routledge, New 
York and London. 

 Penetration pricing: Penetration pricing 
involves setting a price low enough to attract 
and hold a large base of customers. Penetration 
prices are not necessarily cheap, but they are 
low relative to perceived value in the target 
segment. 

Nagle, T.T. and Müller, G. 
(2018), The Strategy and 
Tactics of Pricing: A Guide 
to Growing More 
Profitably, Routledge, New 
York and London. 

 Premium price: A company can obtain a 
premium price from its products or services 
when they are sold at a higher price than the 
reference value thanks to the extra benefits that 
these guarantees. The reference value is the 
estimate of the monetary value (Nagle and 
Müller, 2018, pp. 109-110). Premium product 
marketing experts will review premium prices 

Nagle, T.T. and Müller, G. 
(2018), The Strategy and 
Tactics of Pricing: A Guide 
to Growing More 
Profitably, Routledge, New 
York and London. 
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in a different context to reduce buyer price 
sensitivity.  

 Skim pricing: Skim pricing is designed to 
capture superior margins, even at the expense 
of large sales volume. By definition, skim prices 
are high in relation to what most buyers in a 
segment can be convinced to pay. Consequently, 
this strategy optimizes immediate profitability 
only when the profit from selling to relatively 
price-insensitive customers exceeds that from 
selling to a larger market at a lower price. In 
some instances, products might reap more 
profit in the long run by setting initial prices 
high and reducing them over time even if those 
high initial prices reduce immediate 
profitability. Sequential skimming, like the more 
sustainable variety of skimming, begins with a 
price that attracts the least price-sensitive 
buyers first. After the firm has “skimmed the 
cream” of buyers, however, that market is gone. 
Consequently, to maintain its sales, the firm 
must reduce its price enough to sell to the next-
most-lucrative segment. The firm continues this 
process until it has exhausted all segments with 
profitable volume potential. In theory, a firm 
could sequentially skim the market for a 
durable good or a one-time purchase by 
lowering its price in hundreds of small steps, 
thus charging every segment the maximum it 
would pay for the product. 

Nagle, T.T. and Müller, G. 
(2018), The Strategy and 
Tactics of Pricing: A Guide 
to Growing More 
Profitably, Routledge, New 
York and London. 

 Product bundle Pricing: Bundle pricing occurs 
when a seller segments the market by 
configuring different offers consisting of 
different packages of features and services for 
different segments. In bundle pricing, 
companies sell a package or a set of goods or 
services for lower prices than they would 
charge if they bought all of them separately. To 
create an effective aggregate offer structure, 
you must first determine what features and 
services the company must include in the 
packages. Savings for customers and companies 
derive from the fact that a single price for a set 
of features and services reduces transaction 
costs for customers and sellers. Finally, the 
research shows that people are less sensitive to 
the cost of value-added features and services 
when grouped together as a single expense. 

Nagle, T.T. and Müller, G. 
(2018), The Strategy and 
Tactics of Pricing: A Guide 
to Growing More 
Profitably, Routledge, New 
York and London. 
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