
  

 
Sustainability 2021, 13, 365. https://doi.org/10.3390/su13010365 www.mdpi.com/journal/sustainability 

Article 

Sustainable Process and Product Innovation in the Eyewear 
Sector: The Role of Industry 4.0 Enabling Technologies 
Federica Murmura 1,*, Laura Bravi 1 and Gilberto Santos 2 

1 Department of Economics, Society, Politics, University of Urbino Carlo Bo, Via Saffi 42, 61029 Urbino, Italy; 
laura.bravi@uniurb.it 

2 School of Design, Polyt. Institute Cavado Ave, Campos do IPCA, Rua do Aldão, 4750-810 Barcelos,  
Portugal; gsantos@ipca.pt 

* Correspondence: federica.murmura@uniurb.it 

Abstract: This paper aims to provide the reader with an organic view of the eyewear sector consid-
ering both market and quality aspects and evaluating the role of Industry 4.0 in process and product 
innovation for managing consumer health, analyzing a case study of a leading multinational com-
pany in the eyewear and ophthalmic lenses sector. The research has been developed with a qualita-
tive approach. The study is a conceptual development and it uses an exploratory interview to create 
a single case study. The case study was developed with the realization by the researcher of a semi-
structured interview. The selected interlocutor was the Innovation Manager of Alpha Optics. It has 
been decided to focus the attention on this figure, as it was responsible for the realization and intro-
duction into the company of Industry 4.0 enabling technologies for developing health innovations. 
From this case study it was possible to observe how the connection with the trends that influence 
the demand for eyeglasses is a driving factor for product innovation. Products increasingly adapted 
to the needs of young people and the use of digital devices seem to be the ones on which the greatest 
number of innovations are concentrated. 
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1. Introduction 
The constant technological innovations, their rapid diffusion and application in var-

ious fields are radically changing the global economic scenario. Scholars have long de-
bated (and still debate) the possibility of understanding these new changes as the result 
of the advent of a new industrial revolution, failing, however, to agree on the name of this 
revolution. Some theorists, in fact, argue that the digitalization of the manufacturing sys-
tem represents the third industrial revolution, others, on the other hand, claim that 
changes in manufacturing have gone further and that for speed and impact they represent 
a new revolution, contributing to the birth of a fourth industrial revolution [1]. National 
governments embraced this last perspective and have taken steps to launch special plans 
that could support the so-called Industry 4.0 [2]. This term indicates a process generated 
by technological transformations in the design, production and distribution of manufac-
turing systems and products, aimed at automated and interconnected industrial produc-
tion. In particular, it identifies an organization based on the digitization of all stages of 
production processes. From this definition it can be understood how the physiognomy of 
companies is changing considerably, gradually abandoning their Fordist character, and 
moving towards a new business configuration: that of a Smart Industry [3]. 

In a constantly evolving sector such as eyewear, Industry 4.0 has a significant impact 
on the innovation of machinery, for the production of the finished product or in those 
used in intermediate processes, and of products, with innovations on ophthalmic lenses 
and frames (both for prescription and for sunglasses) [4]. 
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When defining the eyewear market, one of the first difficulties lies in circumscribing 
its perimeter. Very often, in fact, by eyewear it means everything that has to do with the 
design, production and sale of optical frames and sunglasses. However, following this 
reasoning, it can be said that an equally important category such as that of ophthalmic 
lens manufacturers would be excluded from this definition. In fact, it is undisputed to 
argue that an optical frame, alone, cannot correct vision defects without lenses, just as 
sunglasses cannot protect from the sun’s rays without the appropriate filters. Extending 
the reflection to lens manufacturers also becomes necessary when the boundary between 
these two sectors becomes more blurred, as taught by the fusion of great giants of the 
market, of frames and ophthalmic lenses [5].  

The product innovations analyzed in the category of frames can be traced back to 
three main themes: the first, inherent to the growing interest of consumers, and therefore 
of companies, in ecological issues; the second, linked to the transposition of tailoring con-
cepts into eyewear, giving life to the manufacture of totally tailor-made eyewear; the third, 
concerning smart glasses, that is the tendency to make glasses an extension of the devices 
we use every day or to expand their application scope to other purposes beyond the cor-
rection and/or protection of eyesight [6]. The use of these hybrid devices between sun-
glasses or eyeglasses and smart accessories in certain business contexts (such as the con-
struction sector, the automotive sector, the transport sector, the utility industry, etc.) 
seems to be destined to grow: it is estimated that by 2025 the global smart glasses market 
will reach 20.1 million dollars with an annual growth rate of 16.2. The 79% of companies 
that have adopted wearable technology say it is a strategic factor for the future of their 
company [7]. As for the innovations in the sector of optical frames and sunglasses, there 
is also a high rate of innovation in the lens sector; among this is the creation of eco-friendly 
lenses emerges. They are called Bio Lens 2.0 and are 100% biodegradable lenses obtained 
from a modified polymer that drastically reduces biodegradation times. The Bio Lens 2.0 
can be used both in the creation of demo lenses, that is the non-graduated ones that ac-
company the optical frame in the phase of choice of the same and that therefore are the 
ones discarded most frequently, and sun lenses [8]. A first process innovation could be 
the one introduced by Kering in the management of its outbound logistics. The new big 
company in the luxury eyewear sector has introduced a recent highly automated system, 
with which it is possible to control every aspect of the supply chain. Furthermore, through 
the total centralization of stocks, Kering aims to reduce the stagnation of products, signif-
icantly reducing warehouse costs. To date, Kering can count on 5 million pieces stored, 
35,000 pieces handled per day and four daily shipments, a system that has made the com-
pany among the best in class in the distribution process [9]. Among the best in class can 
also be found Luxottica, with a distribution system serving both the company’s businesses 
(both wholesale and retail) and integrated internationally thanks to the use of a central-
ized production platform. The latter allows, in fact, the constant monitoring of the balance 
between sales and stock levels, also making use of the strategic positioning of its distribu-
tion centers to target markets [10–12]. Process innovations can also be considered those 
that can be found much further down the value chain; it is the process of fitting prescrip-
tion lenses into a pair of glasses. Both retailers and specialized laboratories today can 
count on the use of innovative machinery that allows the reduction in the number of steps 
involved in the process of shaping a lens (based on the shape of the wearer’s glasses) and 
its mounting on the frame. 

This paper aims to provide the reader with an organic view of the eyewear market 
considering both market and quality aspects in the eyewear sector, evaluating the role of 
Industry 4.0 in process and product innovation for managing consumer health, analyzing 
a case study of a leading multinational company in the eyewear and ophthalmic lenses 
sector, that for privacy reasons will be called Alpha Optics. Therefore, the research ques-
tion that the paper investigates is the following: 

RQ1: How the enabling technologies of Industry 4.0 can be used to introduce elements of 
quality and product and process innovation in the eyewear sector? 
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The paper is organized as follows: Section 2 defines the methodology used for the 
development of the case study, Section 3 presents the main results and discusses them 
and finally Section 4 draws the main conclusions. 

2. Theoretical Background 
Advances in communications technology, sensing devices and big data processing 

techniques have driven the expansion of the Internet of Things (IoT) into smart home ap-
plications, environmental monitoring, healthcare, inventory management, public secu-
rity, smart transport and smart logistics [13,14].  

It is common to use the term Industry 4.0 to refer to this new industrial revolution, 
which today is seen as the process of digitizing the manufacturing sector that, by renewing 
the value chain, changes the way of working but also the nature of organizations [15]. The 
level of innovation is such that today the synonym of Industry 4.0 is smart manufacturing, 
where the suffix “smart” becomes the common denominator of an integrated manage-
ment of information, associated with the use of digital technology [16]. 

Although there is no commonly accepted definition, Industry 4.0 is generally seen as 
a process that will culminate in a new conception of industry, from the development of 
new products and services, to research and innovation, to validation and production, with 
the lowest common denominator being a high degree of automation and interconnection 
[17]. 

What is more, in support of manufacturing enterprises, Industry 4.0 technologies 
have made production processes more efficient and less impactful [18,19]. Particularly, 
among these disruptive technologies, Additive Manufacturing (AM) better known as 3D 
printing, has attracted attention as a ‘game-changer’ for conventional manufacturing re-
garding opportunities for mass customization, local (distributed) production, no-waste 
printing process, spare part printing for repair and remanufacturing [20,21]. 

In addition, the new Industry 4.0 management and data collection tools, which are 
able to collect and timely process data, can facilitate companies in the evaluation of the 
sustainability practices introduced [22]. The implementation of Industry 4.0 technologies, 
other than generating numerous benefits for companies, requires them to transform their 
value proposition through a business model innovation process [18,23], that can be of a 
limited entity if the introduction of new technologies consists of incremental innovation, 
while in the case of radical innovations, the process can lead to a total reconfiguration of 
the company’s value proposition [24]. The change in business model that is taking place 
consists of considering the relationship between innovation and sustainability, defining 
sustainable and smart products (SSP), that is a new generation of smart products to 
achieve circular economy and sustainability. SSP is characterized by servitization, sustain-
ability objectives and environmental care [25,26]. In this context, it is increasingly im-
portant for organizations to adjust the innovation strategy for SSP development by imple-
menting a sustainable business model to reduce their environmental and social impacts 
[27]. One framework supporting this focus is the framework of dedicated innovation sys-
tems (DIS), that “explicitly go beyond technological innovation and economic growth and 
allow for paradigmatic change towards sustainability: They are “dedicated” to foster the 
joint search for transformative innovations. In other words, the proposed conception of 
DIS implies that the predominant focus of innovation systems on economic competitive-
ness needs to step back behind the global societies’ imperative of sustainability” [28,29]. 
In this context it is important to consider new roles of government in motivating open 
innovation dynamics from the perspective of system dynamics [30]. However, as stated 
by Lee et al. [31] it is important to point out that the waves of innovation that the new 
paradigm will bring entail the development, deployment, and exploitation of technolo-
gies, but their initiation and growth are strongly affected by the creative characteristics of 
organizations.  



Sustainability 2021, 13, 365 4 of 17 
 

The features just described are the basis for the design and development of innova-
tive systems in different application fields. In particular, in the ophthalmology and eye-
wear sector, the possibility of guaranteeing the originality and certification of each prod-
uct, considering also the need to guarantee a wide product variability, is of great im-
portance [5,14]. As stated by Sicari et al. [5] in this case, the eyewear field is the ideal can-
didate to become the smart object. Every year different brands put on the market products 
that have unique technical features and design aspects. From this it derives the importance 
of providing robust solutions for guaranteeing the originality and healthiness of the prod-
ucts in the eyewear sector since consumers must be sure that the products they buy do 
not harm their health. 

However, in the last ten years the eyewear sector has been very little taken into con-
sideration in the literature and it has been connected to the Industry 4.0 only with regard 
to the theme of augmented reality and smart glasses [14,32]. There are no works that study 
in depth how the sector itself is innovating its products and processes in a sustainable and 
competitive way thanks to the use of the enabling technologies of Industry 4.0. 

For this reason, this study aims to try to fill this gap, considering how and with what 
level of depth the enabling technologies of Industry 4.0 can be applied to this sector, to 
obtain relevant product and process innovations. To do this, it was decided to take into 
consideration the Alpha Optics case study, which allows to understand in depth how 
these technologies have been implemented in a company that achieved a good position in 
the market, where there were already many competitors thanks to innovations. 

3. Materials and Methods  
The research has been developed with a qualitative approach. The study is a concep-

tual development and it uses an exploratory interview to create a single case study of 
Alpha Optics. The company name is fictional, for privacy reasons. The case study allowed 
for examining in depth the role of Industry 4.0 technologies in product and process inno-
vations, considering among the identified enabling technologies, which and how many 
are used by a company active in the eyewear sector, what role they play in product and 
processes innovation and how they change the physiognomy of a company [33].  

The case study was developed with the realization by the researcher of a semi-struc-
tured interview. It was considered to be the methodology that best suited the needs of the 
research, as it allows the interviewer to decide, in relation to the progress of the interview, 
how to articulate the topics in order to obtain more useful information on the salient topics 
and insights where it was deemed appropriate [34]. The comparative advantages of case 
study methods include identifying new or omitted variables and hypotheses, examining 
intervening variables in individual cases to make inferences on which causal mechanisms 
may have been at work, developing historical explanations of particular cases, attaining 
high levels of construct validity, and using contingent generalizations to model complex 
relationships such as path dependency and multiple interactions effects. Particularly im-
portant is the ability to identify new hypotheses, which case studies can do through a 
combination of deduction and induction [35]. Most case study researchers have argued 
that single-case studies can provide tests that might strongly support or impugn theories 
[36]. Of course, qualitative studies have their own limitations [37], which has been also 
discussed in the conclusion section of this paper. Case study findings are usually contin-
gent and can be generalized beyond the type of case studied only under specified condi-
tions, such as when a case study shows that a variable is not a necessary condition or a 
sufficient condition for an outcome, or when a theory fails to fit a case that it appeared 
most likely to explain. Potential limitations of case studies, though not inherent in every 
one, include indeterminacy or the inability to exclude all but one explanation, lack of in-
dependence of cases, and the impossibility of perfectly controlling case comparisons 
[35,38]. 

The selected interlocutor was the Innovation Manager of Alpha Optics. It has been 
decided to focus on this company since it was found to be one of the companies most 
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committed to product innovation not only in its field of activity, ophthalmic lenses, but 
also in areas other than its business such as that of frames with the development of a pro-
ject that deeply exploited one of the enabling technologies of Industry 4.0, that is additive 
manufacturing. Moreover, it has been decided to focus the attention on the Innovation 
Manager of the company, as it was the figure responsible for the realization and introduc-
tion into the company of Industry 4.0 enabling technologies for developing health inno-
vations. The interview was carried out in September 2020. 

At the opening of the interview, consent was requested to start recording the same 
and the interviewee was provided with general information on the purpose and on the 
thematic areas covered during the interview (general questions about the company and 
the interviewee; general character on the concept of innovation in the company; questions 
on product innovations; questions on process innovations; general questions on total qual-
ity management issues). 

In addition, at the beginning and during the latter, appropriate terminological clari-
fications on the concepts of process and product innovation were provided to allow the 
interviewee to understand and better respond to the questions. 

4. Results and Discussion 
4.1. The International and Italian Eyewear Market  

The eyewear market is more complex than it appears. In fact, it is possible to segment 
the entire industry by product, thus obtaining four categories: prescription frames (with-
out lenses), sunglasses, ophthalmic lenses, contact lenses. With the sole exception of con-
tact lenses, not considered in this discussion, Table 1 shows the revenues (Million euros) 
and sales volumes (Million units) in the world for the three-year period 2017–2019. The 
compound annual growth rate (CAGR) for total revenues for the years 2017 to 2019 stood 
at 2.4%. 

Table 1. World revenues and sales volumes of the eyewear sector for the three-year period 2017–2019. 

 
Revenues (Million Euros) Volumes (Million Units) 

2017 2018 2019 Tot.  2017 2018 2019 Tot.  
Sunglasses 18.253 18.809 19.344 55.806 837.9 852.5 866.8 2557.2 

Optical frames 30.577 31.347 32.105 94.029 577.0 587.1 597.0 1761.1 
Lenses 46.282 47.313 48.313 141.908 684.2 693.9 703.5 2081.6 

Tot. 95.112 97.469 99.764  2.099,1 2.133,5 2.167,3  

The sunglasses segment recorded the greatest growth, with an annual growth rate of 
2.9% for the same years, although the lens segment led the total revenue for the three-year 
period for 49%. with 141,908 million euros. Revenues relating to lenses can be explained 
by the higher price per unit of the same compared to those of optical frames and sun-
glasses. In fact, in 2019, compared to 703.5 million units of lenses, 163.3 million less than 
the 866.8 units of sunglasses, ophthalmic lenses have a price per unit of 79.52 compared 
to 25.64 euros for a pair of sunglasses. Interesting data is that concerning the percentage 
of sales for online and offline channels: in 2019 88% of purchases were made offline com-
pared to 12% of those online. The numbers of the online channel, however, are destined 
to grow at the expense of offline channels, which will still retain their leadership. It is 
estimated that in 2023 the percentage of online purchases will be 21% compared to 79% of 
those made offline [39]. 

If the global market numbers seem to be registering constant growth, the same cannot 
be said for the Italian market. A study conducted by the National Association of Optical 
Goods Manufacturers (ANFAO) and Confindustria Moda [40] highlighted that 2018 was 
a difficult year for Italian eyewear. The domestic market, in fact, recorded a further con-
traction compared to 2017, closing 2018 with a decrease of 0.8% in the overall value. As 
shown in Table 2, the data relating to both prescription and sun frames show a contraction 
of the sell-in of 0.7% and 2.3%, respectively, with a total decrease of 1.7%. 
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Table 2. Italian market: sell-in and sell-out at 2018. 

 
Sell-in Sell-out 

Mln € % Var. to 2017 Mln € % Var. to 2017 
Sunglasses 353,69 −2,3 570 −4.9 

Optical frames 225,36 −0.7 539 −4.6 
Lenses 263,35 +1.4 1,307 +2.5 

Even the data relating to the sell-out, and therefore to consumption, recorded a con-
traction, closing 2018 with −0.7%. To cushion this figure are undoubtedly ophthalmic 
lenses, which recorded an increase of 2.5%, together with the competition, albeit marginal, 
of contact lenses (+0.4%). Ophthalmic lenses, in fact, represent 45.1% of the eyewear turn-
over. As for the points of sale on the national market, there is a supremacy of independent 
points of sale or that are part of large groups compared to chains: of 9310 points of sale 
scattered throughout the country, 91% are independent points of sale. On the other hand, 
the number of companies present on the national territory remained almost unchanged: 
867 in 2018, only four more than in 2017. Thanks to the contribution of the large multina-
tionals present in the industry, the numbers relating to employees in the sector recorded 
an increase of 2.3% compared to 2017. 

As regards import-export for Italy (Table 3), in 2018 there were no contractions even 
if the overall performance could be considered mediocre. In fact, exports of prescription 
frames, sunglasses and lenses have increased by 0.2% compared to the previous year, for 
a total of 3738 million euros. Driving the export numbers, once again, are ophthalmic 
lenses, with an increase of 8.4%, followed by sunglasses (+1.2%) and prescription frames 
(+0.4%). The geographic areas where it exports most are Europe (49.7%), America (32.3%) 
and Asia (16%) followed by Africa (1.5%) and Oceania (0.5%). In these last three continents 
there was a contraction in the export of optical frames and sunglasses of 2.2%, 16.2% and 
19%, respectively. America and Europe, on the other hand, recorded an increase of 2.2% 
and 2% driven, respectively, by good performances in North America and Mexico and by 
the increase in exports to the countries of Northern and Eastern Europe. 2018 ended with 
a total of 1270 million euros: 1.9% more than the previous year. 

Table 3. Italian eyewear market: main data. 

 
Revenue Production Domestic market Import Export 

Mln € % Var. to 
2017 

Mln € % Var. to 
2017 

Mln € % Var. to 
2017 

Mln € % Var. to 
2017 

Mln € % Var. to 
2017 

2018 5,095 0.7% 3,865 1.6% 987 −0.8% 1,270 1.9% 3,738 0.2% 

4.2. Alpha Optics and Its Innovative Health Profile in the Eyewear Sector 
One of the first issues addressed during the interview was the history, activities and 

functions of the Italian branch of Alpha Optics today. 
Alpha Optics, in fact, took its first steps as a commercial office in Milan, in 1982, 

whose functions consisted substantially of receiving and shipping orders to its customers. 
A first step towards today’s configuration of the branch was taken in 1989, the year in 
which a production laboratory was inaugurated in Cinisello Balsamo in which, starting 
from a semi-finished product, Alpha Optics was able to produce lenses and apply surface 
treatments to the lenses on the Italian territory. 

A further leap in the size of the company has taken place in the years between 1989 
and 1998 when, due to the increase in sales and distribution, Alpha Optics decides to 
equip itself with a new plant in Garbagnate. 

[...] a single site where to have all the departments together [...] built according 
to what were the optimal layouts for Alpha Optics “, which owned” [...] in the 
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world, a whole series of construction workshops with its own standard layout, 
optimized over time, based on experience and new technologies. 

Today Alpha Optics Italy serves the domestic and Maltese markets, with a turnover 
that in the last fiscal year exceeded 50 million euros. The current plant of the company can 
count, in addition to the main office in Garbagnate, on a further four branches (Rome, 
Bari, Palermo and Catania) that deal with the distribution and provision of services. The 
activities involved in the main office are: 
- activities related to the production process: production of lenses, treatments, eyewear 

assembly department and remote shaping department; 
- activities related to logistics: a single warehouse for semi-finished products for the 

production of lenses, a main warehouse with ready-made or semi-ready products, 
that is “a middle ground between the semi-finished product and a ready lens”; 

- marketing activities; 
- administrative activities; 
- sales administration activities; 
- customer service activities; 
- human resource management activities; 
- service activity: checking of return/return lenses 
- production management activities 

Of these activities, only three are replicated in the other branches throughout the 
country (customer service, warehouse, eyewear assembly). 

By transposing the activities listed by the Innovation Manager into Porter’s value 
chain, it can be seen how Alpha Optics seems to own all the primary and support activities 
of the Porter chain, with the exception of the research and development activities which, 
it can be deduced, are conducted in the parent company, with some small exceptions [41]. 
The representation of the primary and secondary processes and the phases involved in 
the production process of Alpha Optics eyewear are represented in Figure 1. Three macro 
phases that contribute to the development and production of eyewear can be identified, 
as also suggested by De Toni e Nassimbeni [42]: 
- creative phase: stylists and designers formalize the aesthetic content of the product, 

which varies in shapes and colors in line with seasonal fashion variations. 
- Design phase (technical): the product concept is converted into a project containing 

the technical specifications and production tools. 
- Production phase: after being tested, the tools necessary to create the new model are 

produced. 

 
Figure 1. Representation of business processes and points of contact between the value chain and product development 
activities. 
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Each macro phase, in addition to being strictly interconnected with the others, can be 
broken down into further steps. After appropriate market research, the creative phase be-
gins with the product concept, which formalizes the initial idea of the new model. The 
prototyping phase follows with the construction of a tangible model of the eyewear as it 
was conceived in the previous phase. The prototype allows the verification of the presence 
of any gaps between the conception and the actual reproducibility of the same: in fact, the 
technical specifications of the glasses are identified here as well as any difficulties encoun-
tered in production. At this point, everything necessary for the mass production of the 
prototype (product and tools) can be designed, which is broken down into its various 
components (rods, nose pads, bridges, terminals, hinges, screws, etc.) so as to be able to 
determine the specification techniques and the design of each. 

It is in this phase that the involvement of external suppliers is identified which, ac-
cording to their degree of involvement in the production process, can be divided into: 
suppliers of standard components; suppliers of co-designed components; and suppliers 
of parts entirely designed by the buyer. In this phase, the types and characteristics of the 
components to be manufactured are disclosed. Then the production costs will be esti-
mated and also the possible ways to rationalize the components identified in the previous 
phases. Between the design and production phases, sourcing decisions will be made, i.e., 
choosing which parts must be made externally and which suppliers, and choices relating 
to internal or external production. Parallel to the internal or external manufacturing of the 
components, it will be necessary to prepare an assembly phase, followed by finishing, 
packaging and shipping operations. 

The structure and current activities of the Italian branch are inevitably linked to the 
concept of innovation, which has played, and still plays, a fundamental role in Alpha Op-
tics’ strategy. In fact, as claimed by the Innovation Manager: 

[...] innovation has been the engine of Alpha Optics Italy’s growth, more than 
other branches abroad, because Alpha Optics among the large multinationals in 
the ophthalmic sector is the youngest on the Italian market “since in the 1980s” 
[…] There were already those who are our main competitors. Therefore, of the 
big companies, Alpha Optics was the last to approach the Italian market and the 
one that allowed it to grow a lot and to become, after all, the second company 
on the market [...] and to reach the results of our main competitors […] Was to 
innovate in the product and especially in the services. 

In general, innovation appears to be, especially for the vision care division, the one 
of which Alpha Optics Italy is part, a strategic factor that has made it possible to develop 
not only products increasingly customized to the needs of end consumers but also to op-
timize the production and distribution processes within the company as well as providing 
innovative services or implementing existing ones for the channel customers of Alpha 
Optics, the optical centers. 

This has favored not only the dimensional growth of the company but also filled the 
gap with competitors who have been present in the sector for some time and with very 
solid market shares. 

Based on this consideration, it can then be seen how the concept of innovation seems 
to be an innate characteristic of some companies: a pick that allows them to overcome the 
barriers to entry in a sector, an antibody that allows them to resist competition and pres-
sure from internal players and a highly differentiating factor: 

[…] When Alpha Optics started selling its products on the Italian market, it had 
no products […] without the anti-reflective treatment. It was something un-
thinkable in the 1980s when [...] the big problem of surface treatments was that 
of resistance, of seal. The Alpha Optics product had a much higher quality than 
its competitors. It was also the reason why there was no untreated lens for Alpha 
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Optics […]. Product innovation has been a great engine of development [...] be-
cause Alpha Optics has always had its own philosophy, even against the tide 
[...] with proposals that could have been little understood at that time. 

And again, when the natural predisposition for innovation is combined with the use 
of the most modern technologies, it will end up being ahead of the times: 

Speaking instead of services, the big innovation that brought Alpha Optics to 
Italy in the early 2000s [...] was to provide the remote shaping service which, in 
some way, is a principle from which the so-called Industry 4.0 is inspired. and 
that we introduced when there was no talk of Industry 4.0. In fact, through the 
joint use of software and hardware it was possible to dematerialize a process 
that, otherwise, took place manually within the optical center. [...] traditionally, 
the lens company produced the lenses and sent them to the optician [...] who in 
his assembly workshop went to shape them on the shape and size of the frame 
chosen by the end customer. [...] Alpha Optics has implemented an online or-
dering system thanks to software, where the optician can enter the type of 
lenses, the treatments, the prescription, all the characteristics that the lens must 
have, and a hardware, which we call a tracker, which detects the shape of the 
frame and sends it inside the data packet. Alpha Optics, in addition to produc-
ing the lens according to the characteristics that are requested, goes to shape the 
lens according to the final shape, without moving the frames. 

The early implementation of some of the Industry 4.0 technologies, in the case of Al-
pha Optics, has generated an innovation process that has led to a total reconfiguration of 
the company’s value proposition as suggested in literature [18,23,24]. 

This service, now offered by almost all companies in the sector, was implemented by 
Alpha Optics in all its parts: from the online ordering software, to the tracker up to the 
acquisition of numerically controlled industrial machines that allowed it 100% control 
over the size of the lens based on data provided by the optical center. 

Once the centrality of the concept of innovation in Alpha Optics was understood, it 
was possible to investigate how the innovation processes in the company start. As it has 
been from the semi-structured interview, Alpha Optics does not seem to have an inde-
pendent research and development division. It is possible to assert that the role of the 
Italian branch is to introduce into the market what is created by the parent company. 
Therefore, it seems to be as Cooke [43] describes modern companies, that there is geo-
graphical separation of management and innovation (including R&D) from production 
engineering and, finally, routine assembly. However, there is a certain freedom on the 
part of the branch to introduce innovative ideas such as, for example, with regard to eve-
rything related to colored lenses: 

[…] We are one of the leading countries for everything related to colored lenses, 
to the point where the Alpha Optics Italy colored lens collection is different from 
that […] of Alpha Optics colored lenses in other countries. To the point that some 
countries also introduce Alpha Optics Italian colors, which go beyond the nor-
mal range. 

Furthermore, there is a continuous exchange of information and ideas between mem-
bers belonging to different branches around the world with the creation of teams that 
jointly carry out projects on a global level [44]. 

These considerations allow the understanding of how the innovation processes are 
so often promoted and introduced by the parent company but that, at the same time, they 
can be the result of the activity of the branches, which introduce incremental or radical 
innovations, in order to be more compliant with the needs of the reference market. This is 
in line with the paradigm of open innovation within an Enterprise 2.0 context, which 
opens up the classical funnel to encompass flows of technology and ideas within and out-
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side the organization: the duration of creation, recognition and articulation of opportuni-
ties can be drastically shortened if ideas come not just from the R&D department [45]. 
Open innovation is defined as the use of purposive inflows and outflows of knowledge to 
accelerate internal innovation, and expand markets for external use of innovation, respec-
tively [46]. 

4.3. Product Innovation and Industry 4.0 in Alpha Optics  
Subsequently, the focus of the interview was shifted to product innovations. Among 

these, we find one of the latest innovations recently launched by Alpha Optics: 

It is an accommodative support lens that is not only addressed to the pre-pres-
byopic but […] to all the people who spend most of their time looking at close 
distances. A need that has been greatly emphasized in recent years with the use 
of all digital devices. 

The Innovation Manager also talked about a radical innovation not yet present in the 
Italian market and that Alpha Optics is preparing to launch in November 2020. This is 
another lens: 

[…] A novelty for ophthalmic lenses because it is a lens for the control of myopic 
progression. It is a lens that Alpha Optics has already introduced in Asian mar-
kets, where there is a greater need for this type of lens given the very high inci-
dence of myopia compared to Western countries. It is a lens that controls myopic 
progression with the aim of reducing its progression [...] but blocking it. It is a 
product that, indicatively, will be addressed to an age range between 6 and 18 
years. 

Looking at these two radical innovations, the connection with the trends that influ-
ence the demand for eyeglasses in consumers is clear; on the one hand, a product intended 
for a range of consumers who use digital devices continuously can be found; on the other, 
a product specifically designed to counter the progression of myopia in young subjects. It 
is no coincidence that this lens was launched in Asian countries, where the incidence of 
myopia reaches rates of 97%, and is about to land in Europe, in high-income countries 
where a positive correlation between high income groups and onset of juvenile myopia 
has been detected.  

Among the product innovations, the most interesting was the one introduced by an-
other project, which sees the direct involvement of one of the enabling technologies of 
Industry 4.0: additive manufacturing. This project represents not only an innovative way 
of conceiving the manufacture of eyeglasses, but also a product that, in some way, shifts 
the consolidated ritual purchase that sees the choice of the frame as the first step and the 
choice of the lens more suited to the same. It has been asked of the Innovation Manager 
to investigate the logic behind this project to understand the role of 3D printing: 

[...] all this comes from a thought, that is, Alpha Optics has been offering cus-
tomized lenses for years, and it means that the lenses are built taking into ac-
count personal parameters and in particular the parameters [...] of the specific 
frame on which lenses will be mounted. Alpha Optics wondered what could 
have been the next step to further improve the quality of vision […] and an an-
swer that was given was […] we need to have more control over the position of 
the lenses. […] Then we build the frame based on the position of the lens and 
based on the anatomical characteristics of the person […] we customize the size, 
we customize how the frame fits on the nose, fits on the ears […]. Right now the 
only technology that allows us to make each pair of glasses different from the 
others is 3D printing [...] additive manufacturing. 

Additionally, in this case the birth of this project can be interpreted as a way for Al-
pha Optics to grasp the ongoing trend of the demand for tailor-made eyewear. Unlike 
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other competitors, who seem to make use of artisanal methods for the manufacture of 
eyewear, however, an additive technology, named additive manufacturing, was chosen 
for the realization of these models deriving from the project, that is defined as “a process 
of joining materials to make objects from 3D model data, usually layer upon layer, as op-
posed to subtractive manufacturing methodologies” [1]. 

The use of this technology might lead Alpha Optics to consider opportunities for 
mass customization of its products, local (distributed) production, and no-waste printing 
process as suggested in literature [20,21], introducing elements of sustainability in its 
product innovation process and developing sustainable and smart products (SSP) [25,26]. 

However, for now it seems that for Alpha Optics the use of additive manufacturing 
seems to be instrumental only to the creation of the product resulting from this project. In 
fact, one could legitimately be led to imagine the collaboration with a leading company in 
3D printing in Europe, called for privacy reasons 3D Manufacturers as a way for Alpha 
Optics to approach a business that does not belong to it, such as that of optical frames, 
through a niche product and/or as a way to test or acquire knowledge on additive tech-
nology to subsequently start the internal management of the production of frames via 3D 
printing. However, these are hypotheses which do not seem to fall within the plans of 
Alpha Optics: 

Interviewer: “If we could look to the future of the project with additive manu-
facturing techniques […] could Alpha Optics think about acquiring knowledge 
of 3D machinery? […] To manage production internally? 
Innovation Manager: “Certainly from a technological point of view Alpha Op-
tics could do it. Also of skills, the point is that at this moment it is not on the 
agenda because it is a project that arises from a collaboration [...] between us and 
3D Manufacturers, it is a product of both” 

In the collaboration with 3D Manufacturers, the sharing of skills between the two 
companies and other parties involved in the project emerges: 

It is a sharing project between two companies which then dealt with each of its 
areas of expertise. 3D Manufacturers took care of [...] all the part related to 3D 
printing but also all the software design and development part and Alpha Op-
tics instead brought its expertise in the field of ophthalmic lenses, product cus-
tomization [...] but then, to have design skills and also ergonomics ones and eve-
rything needed for the eyewear product, we also made use of the collabora-
tion—at first—of a Belgian designer. 
Interviewer: “So, for Alpha Optics, this project is just a way to give extreme 
prominence to their products [...] or a way to look into a business that, let’s say, 
is naturally connected but in which Alpha Optics does not currently operate, 
namely that of frames?” 
Innovation Manager: “[...] the goal was another, to take a subsequent step for-
ward in the quality of vision for the consumer [...] and it seemed to us that this 
could be a way to achieve it. And it’s not so much tied to a desire to enter the 
world of frames.” 

From the words of the Alpha Optics Innovation Manger, it is clear that the use of 
additive manufacturing for this project represents the way to introduce “[...] a true inno-
vation because it is a product that did not exist on the market, that is the idea of an eyewear 
that was born on the visual needs and not on the aesthetic ones” and therefore a way to 
give greater prominence to the products already marketed by the company. 

From the interviewee’s knowledge it emerged that Alpha Optics uses five of the nine 
enabling technologies of Industry 4.0, as summarized in Table 4. 
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Table 4. The enabling technologies of Industry 4.0 used by Alpha Optics. 

Enabling Technology Description 

Advanced manufacturing solu-
tions 

considered as the use of interconnected and rapidly programmable collaborative ro-
bots, they have been used by Alpha Optics for several years (late 1990s) in the ro-

botization of lens construction and control processes. 

Additive manufacturing 

That is the use of 3D printers connected to digital development software, turned out 
to be a technology that Alpha Optics indirectly uses for the creation of a particular 

type of eyewear, relying on an external partner such as 3D Manufacturer who “already 
had expertise in “the area of production of frames with 3D printing […] but also of all the de-

sign and development of software” suitable for molding the frame. 
Augmented reality it is not exploited by the company 

Simulation 

That is, simulation between interconnected machines for the optimization of pro-
cesses, it is used in the company in the design and development of complex lenses, 
such as progressive lenses, in which “[...] the movement of the eyes is simulated to build 

the design of the lens in a way such that the areas where the vision is clearest are in the points 
where the eye goes frequently [...] the simulation of the eye movement allows us to [...] modify 
the design of the lens based on the ocular movement, therefore the simulation software we have 

been using it for many years ”. 

Horizontal/vertical integration 

That is, the integration along the value chain from supplier to consumer, is a funda-
mental part of Alpha Optics Italy division’s activity, which has been using “[...] soft-
ware [..] integrated and which contains all the data for managing the order in any part of the 

process which is perfectly integrated with the remote ordering system […] one of the […] 
strengths of Alpha Optics” 

Industrial internet it is not exploited by the company 

Cloud 
for the management of large amounts of data on open systems, it seems to be present 
above all for what concerns the management and reception of orders. In general, Al-

pha Optics’s systems “[...] work with a cloud computing concept”. 

Cyber security 
That is, the safety during the operations in the network and on open systems, is used 
in the company and is expressed also in limitations on use or access to certain infor-

mation for security reasons. 
Big data and analytics it is not exploited by the company 

Closely related to the issues of innovation and its use in Industry 4.0 are the implica-
tions that this type of business setting has on the human capital of the company. In fact, 
the setting of the production system of the smart industries, while not canceling the Ford-
ist structure of the latter, is integrated by new technologies, delimiting a new workspace 
in which the interaction between the physical and virtual world is essential. With Cyber-
Physical Production System there is not the disappearance of the human factor but there 
is a shift towards more conceptual roles and tasks, marking the transition from the tradi-
tional figure of the simple worker (blue collar), assigned to physical tasks, to that of a 
‘‘skilled worker”, (white collar) [1,47,48].  

This theory is also confirmed in the words of the Innovation Manager: 

[…] The employee has had to change their skills over time […]. We have cer-
tainly increased automation because [...] then it also brought benefits to the 
product [...]. So, people are used in a different way [...] an improvement change 
[...] in all areas, even in the office work part. 

4.4. Quality and Lean Organization in Alpha Optics  
The last issue addressed during the interview brought out two issues in particular: 

the adoption of methodologies typical of the so-called lean organization and the presence 
of system certifications in Alpha Optics. As for the first issue, it has been seen how the 
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lean management culture, despite being born in a sector, the automotive, that is far from 
that of a company operating in the eyewear sector, has also had an effect on Alpha Optics: 

Let’s start with the production part. In the local production of Alpha Optics Italy 
we apply some of the lean techniques: for example, continuous improvement, 
the 5s method, which is that of the standard organization of work, and then that 
linked to the maintenance of machinery and above all the involvement of peo-
ple. This is something that we have been implementing for a few years now: 
involving people to bring about improvements and that has given us positive 
results. […]. The lean organization has brought excellent results in the produc-
tion department and I must say that the production manager has told us about 
it over the years because it is something he is very proud of. It was a project that 
was wanted and that brought us excellent results both in terms of quality and 
efficiency but also a lot in the motivation of people, who are directly involved in 
the improvement process. 

As for the management systems certifications, Alpha Optics Italy division is ISO 
9001:2015 certified, for all that concerns the requirements for the development of a Quality 
Management Systems; ISO 14001:2015, for everything concerning Environmental Man-
agement Systems; and ISO 45001:2018 for Occupational Health and Safety Management 
Systems. With particular reference to ISO 9001:2015, the impact that this certification has 
had on the company, especially in its growth phase, should be noted: 

There is certainly a point on certifications. They involve the continuous updat-
ing of procedures—now I speak more of ISO 9001:2015 […]—which also leads 
you to optimize processes. The moment when you revise the system, it is a mo-
ment, in some way, also for discussion and thinking about how the activities are 
carried out. I remember that in the 90s when we made the first ISO certification 
it had a great impact because it brought us to a company that was growing a lot 
but that perhaps had little culture of leaving a trace of its processes. It made us 
face everything in a different way: the fact of having to describe a process has 
already led us to think about things that we didn’t care about before. 

5. Conclusions 
The qualitative analysis conducted through a semi-structured interview with the In-

novation Manager of Alpha Optics Italy division has the primary objective of understand-
ing the role of enabling technologies of Industry 4.0 in product and process innovation for 
developing health products in a company operating in the eyewear sector (in the broadest 
exception considered here). The research question that wanted to be discussed was: How 
can the enabling technologies of Industry 4.0 be used to introduce elements of quality and product 
and process innovation in the eyewear sector? 

The examined company achieved a good position on the market, where there were 
already many competitors thanks to innovations. This in the first instance allows us to 
emphasize how innovation can be considered as one of the most important contemporary 
sources of competitive advantage. 

From the study of the research results, it can be asserted that three fundamental 
pieces of evidence emerged.  

The first it is that Alpha Optics is using more than half of the enabling technologies 
of Industry 4.0, but also that these technologies were adopted in the company before they 
were defined as such and led back to the concept of the fourth industrial revolution. It can 
be argued that this could be attributable to three main factors. Among these there is an 
innate predisposition to innovation, as a consequence of a well-defined corporate culture, 
and an economic factor, characterized by a high capacity for investment in innovation due 
to the size of the company. To these two can be added the need, on the part of Alpha 
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Optics Italy division, to penetrate the Italian lens market which, in the 1980s, was popu-
lated by companies with a well-established position. The use of new technologies in the 
innovation of both processes and products has been for Alpha Optics, not only as the only 
means known by the company to compete but above all as a factor in accelerating the 
growth of the Italian branch, which, in a few years, has managed to fill the gap with the 
major giants in the sector. 

The second evidence provided by the interview concerns the difficulty of separating 
and clearly identifying the areas in which one or the other technology is used. Process and 
product innovation are closely connected and refer to each other, sometimes they are per-
fectly integrated as in the case of remote shaping. The construction and implementation 
of a machine capable of tracing the shape of the frame (product innovation) ends up hav-
ing an exponential impact on the lens ordering and eyewear assembly process.  

From this and other examples derives a third evidence: that of the increasing use of 
new technologies to enhance the services offered to the optical center. In this case, it is a 
trend that can be found both in the strategy of this multinational company and in other 
companies in the sector. Eyewear products, more than others, require the presence of a 
specialized figure, the optician, who intervenes in the purchasing process. Except for a 
few flagship stores of some brands, in Italy the game between different players is in the 
retailer. Implementing services to support the optician’s sales practices means making it, 
on the one hand, more independent (for example, the remote shaping service allows the 
optician not to have to process the lens himself at his own optical center, or to rely on 
specialized laboratories, and to be able to devote more time to sales activities) but, at the 
same time, makes him an ambassador of the provider of this service. 

Furthermore, in the first place, from the Alpha Optics case study it was possible to 
observe how the connection with the trends that influence the demand for eyeglasses is a 
driving factor for product innovation. Products increasingly adapted to the needs of 
young people and the use of digital devices seem to be the ones on which the greatest 
number of innovations are concentrated. 

Secondly, the interview highlighted some aspects relating to the impact that the in-
troduction of technologies has on human capital. In particular, it was confirmed that the 
growing interaction between the physical and the virtual world has led to the emergence, 
in Alpha Optics, of the so-called Cyber-Physical Production System, a phenomenon char-
acterized by a shift of the human factor towards more conceptual roles and tasks, which 
marks the transition from the traditional figure of the simple worker to the skilled worker. 

Considering these points emerging from Alpha Optics activities and the high use of 
Industry 4.0 enabling technologies, a starting point for improvement can be defined: the 
company could think of an even bigger change in its business model, considering in a 
more relevant way the relationship between innovation and sustainability, and adjusting 
the innovation strategy by implementing a sustainable business model to reduce their en-
vironmental impacts [27]. 

Through the qualitative survey carried out in this work, it was possible to closely 
observe the reality of a large multinational such as Alpha Optics. An in-depth study that 
would equally closely investigate the approach of Small and Medium size enterprises 
(SMEs) to innovation and the role it plays within the company would therefore be inter-
esting. Furthermore, it would be useful to examine the reasons that push SMEs to certify, 
given that, of course, the enormous differences in size and financial availability would 
certainly reveal market dynamics and behaviors that are profoundly different from those 
that emerged in this analysis. 

In conclusion, it can be affirmed that through qualitative research it has been possible 
to look more closely at the research questions and to approach an answer which, due to 
the mutability of the context, certainly cannot be defined as definitive. Innovation seems 
to respond to different logics than those used to “crystallize” the state of the art. 
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There is still an open debate not only regarding the understanding of which indus-
trial revolution we are experiencing but also on the definition of the intrinsic characteris-
tics of this revolution.  

Companies such as Alpha Optics that were probably already 4.0 when 4.0 was not 
yet named, can be defined as forerunners of a revolution which broke out only recently, 
due to the universality and intensity of use of these technologies. 

The main limitation of this study concerns the fact that a single case study has been 
taken as reference for this research, which has helped the researcher to go deep into the 
case analysis, bringing out interesting qualitative results, but it does not allow the results 
achieved to be generalized to the entire sector. For future research it could be interesting 
both to deepen the research on the impact of innovative solutions on the company’s mar-
ket results supplementing it with a panel of experts who will assess the conditions for 
implementing industry 4.0 solutions, presented in the case study, in the eyewear sector; 
and also consider to develop a quantitative analysis to understand the process and prod-
uct innovation strategies of a large number of companies belonging to the eyewear sector, 
and how Industry 4.0 enabling technologies are used to develop their innovative strate-
gies. 

Author Contributions: The work is the result of the fair collaboration of all the authors. F.M. and 
G.S. supervised the research process and was responsible of the literature analysis. L.B. collected 
and curated the data and defined the methodology. F.M. and L.B. discussed the conceptualization 
and the results interpretation and all three together drew the conclusions. All authors have read 
and agreed to the published version of the manuscript. 

Funding: This research received no external funding.  

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Conflicts of Interest: The authors declare no conflict of interest 

References 
1. Bravi, L.; Murmura, F. Industry 4.0. Additive Manifacturing as a New Digital Technology for Private and Business; Franco-Angeli: 

Milano, Italy, 2019; pp. 13–14. 
2. Liao, Y.; Deschamps, F.; Loures, E.D.F.R.; Ramos, L.F.P. Past, present and future of Industry 4.0-a systematic literature re-view 

and research agenda proposal. Int. J. Prod. Res. 2017, 55, 3609–3629. 
3. Büchi, G.; Cugno, M.; Castagnoli, R. Smart factory performance and Industry 4.0. Technol. Forecast. Soc. Chang. 2020, 150, 119790, 

doi:10.1016/j.techfore.2019.119790. 
4. Montalto, A.; Graziosi, S.; Bordegoni, M.; Di Landro, L.; Van Tooren, M.J.L. An approach to design reconfigurable manu-fac-

turing tools to manage product variability: The mass customisation of eyewear. J. Intell. Manuf. 2020, 31, 87–102. 
5. Sicari, S.; Rizzardi, A.; Coen-Porisini, A. Smart certification: Protecting the originality of the product in the eyewear sector. 

Internet Technol. Lett. 2020, 3, 154, doi:10.1002/itl2.154. 
6. Rauschnabel, P.A.; Hein, D.W.; He, J.; Ro, Y.K.; Rawashdeh, S.; Krulikowski, B. Fashion or technology? A fashnology per-spec-

tive on the perception and adoption of augmented reality smart glasses. i-com 2016, 15, 179–194. 
7. Herzog, N.V.; Buchmeister, B.; Beharic, A.; Gajsek, B. Visual and optometric issues with smart glasses in Industry 4.0 working 

environment. Adv. Prod. Eng. Manag. 2018, 13, 417–428, doi:10.14743/apem2018.4.300. 
8. Prakash, M.; Dhesingh, R.S. Nanoparticle modified drug loaded biodegradable polymeric contact lenses for sus-tainable ocular 

drug delivery. Curr. Drug Deliv. 2017, 14, 555–565. 
9. Donzé, P.Y. The birth of luxury big business: LVMH, Richemont and Kering. In Global Luxury; Palgrave: Singapore, 2018; pp. 

19–38. 
10. Bagdadli, S.; Camuffo, A. Luxottica: Changing Italian Labour Relations and HR Practices to Drive Sustainable Performance; Routledge: 

New York, NY, USA, 2012. 
11. Luxottica, Business Model. Available online: http://www.luxottica.com/it/chi-siamo/operiamo/modello-business (accessed on 

19 November 2020). 
12. Bravi, L.; Murmura, F.; Santos, G. Manufacturing labs: Where new digital technologies help improve life quality. Int. J. Qual. 

Res. 2018, 12, 957–974. 
13. Atzori, L.; Iera, A.; Morabito, G. Understanding the internet of things: Definition, potentials, and societal role of a fast evolving 

paradigm. Ad. Hoc. Netw. 2017, 56, 122–140, doi:10.1016/j.adhoc.2016.12.004. 



Sustainability 2021, 13, 365 16 of 17 
 

14. Wang, Y.H.; Hsieh, C.C. Explore technology innovation and intelligence for IoT (Internet of Things) based eyewear tech-nology. 
Technol. Forecast. Soc. Chang. 2018, 127, 281–290. 

15. Garcia-Muiña, F.E.; González-Sánchez, R.; Ferrari, A.M.; Settembre-Blundo, D. The paradigms of Industry 4.0 and circular econ-
omy as enabling drivers for the competitiveness of businesses and territories: The case of an Italian ceramic tiles manu-facturing 
company. Soc. Sci. 2018, 7, 255. 

16. Oesterreich, T.D.; Teuteberg, F. Understanding the implications of digitisation and automation in the context of Industry 4.0: A 
triangulation approach and elements of a research agenda for the construction industry. Comput. Ind. 2016, 83, 121–139, 
doi:10.1016/j.compind.2016.09.006. 

17. Zimmermann, T. Industry 4.0: Nothing is More Steady than Change. In Smart Grid Analytics for Sustainability and Urbanization; 
IGI Global: Germany, 2018; pp. 1–26. 

18. Müller, J.; Buliga, O.; Voigt, K. The role of absorptive capacity and innovation strategy in the design of industry 4.0 business 
Models-A comparison between SMEs and large enterprises. Eur. Manag. J. 2020, 10.1016/j.emj.2020.01.002. 

19. García-Muiña, F.E.; Medina-Salgado, M.S.; Ferrari, A.M.; Cucchi, M. Sustainability Transition in Industry 4.0 and Smart Manu-
facturing with the Triple-Layered Business Model Canvas. Sustainability 2020, 12, 2364, doi:10.3390/su12062364. 

20. Despeisse, M.; Baumers, M.; Brown, P.; Charnley, F.; Ford, S.J.; Garmulewicz, A.; Knowles, S.; Minshall, T.H.W.; Mortara, L.; 
Reed-Tsochas, F.P.; et al. Unlocking value for a circular economy through 3D printing: A research agenda. Technol. Forecast. Soc. 
Chang. 2017, 115, 75–84. 

21. Matsumoto, M.; Yang, S.; Martinsen, K.; Kainuma, Y. Trends and research challenges in remanufacturing. Int. J. Precis. Eng. 
Manuf. Green Technol. 2016, 3, 129–142, doi:10.1007/s40684-016-0016-4. 

22. Peukert, B.; Benecke, S.; Clavell, J.; Neugebauer, S.; Nissen, N.F.; Uhlmann, E.; Lang, K.-D.; Finkbeiner, M. Addressing Sus-
tainability and Flexibility in Manufacturing via Smart Modular Machine Tool Frames to Support Sustainable Value Creation. 
Procedia CIRP 2015, 29, 514–519. 

23. Parida, V.; Sjödin, D.; Reim, W. Reviewing Literature on Digitalization, Business Model Innovation, and Sustainable Indus-try: 
Past Achievements and Future Promises. Sustainability 2019, 11, 391. 

24. Ibarra, D.; Ganzarain, J.; Igartua, J.I. Business model innovation through Industry 4.0: A review. Procedia Manuf. 2018, 22, 4–10, 
doi:10.1016/j.promfg.2018.03.002. 

25. Miranda, J.; Perez-Rodríguez, R.; Borja, V.; Wright, P.; Molina, A.K. Sensing, smart and sustainable product development (S3 
product) reference framework. Int. J. Prod. Res. 2017, 57, 4391e4412. 

26. Yin, D.; Ming, X.; Zhang, X. Sustainable and smart product innovation ecosystem: An integrative status review and future 
perspectives. J. Clean. Prod. 2020, 274, 123005, doi:10.1016/j.jclepro.2020.123005. 

27. Evans, S.; Vladimirova, D.; Holgado, M.; Van Fossen, K.; Yang, M.; Silva, E.A.; Barlow, C.Y. Business Model Innovation for 
Sustainability: Towards a Unified Perspective for Creation of Sustainable Business Models. Bus. Strat. Environ. 2017, 26, 597–
608, doi:10.1002/bse.1939. 

28. Pyka, A. Dedicated innovation systems to support the transformation towards sustainability: Creating income opportunities 
and employment in the knowledge-based digital bioeconomy. J. Open Innov. Technol. Mark. Complex. 2017, 3, 1–18, 
doi:10.1186/s40852-017-0079-7. 

29. Pyka, A.; Bogner, K.; Urmetzer, S. Productivity slowdown, exhausted opportunities and the power of Human ingenui-ty—
Schumpeter meets georgescu-roegen. J. Open Innov. Technol. Mark. Complex. 2019, 5, 39. 

30. Yun, J.J.; Park, K.; Hahm, S.D.; Kim, D. Basic income with high open innovation dynamics: The way to the entre-preneurial state. 
J. Open Innov. Technol. Mark. Complex. 2019, 5, 41. 

31. Lee, M.; Yun, J.J.; Pyka, A.; Won, D.; Kodama, F.; Schiuma, G.; Park, H.; Jeon, J.; Park, K.; Jung, K.; et al. How to Respond to the 
Fourth Industrial Revolution, or the Second Information Technology Revolution? Dynamic New Combinations between Tech-
nology, Market, and Society through Open Innovation. J. Open Innov. Technol. Mark. Complex. 2018, 4, 21, 
doi:10.3390/joitmc4030021. 

32. Pierdicca, R.; Frontoni, E.; Pollini, R.; Trani, M.; Verdini, L. The use of augmented reality glasses for the application in industry 
4.0. In International Conference on Augmented Reality, Virtual Reality and Computer Graphics; Springer: Cham, Switzerland, 2017; 
pp. 389–401. 

33. Yin, R.K. Case Study Research: Design and Methods, 2nd ed.; Sage Publishing: Thousand Oaks, CA, USA, 1994. 
34. Kallio, H.; Pietilä, A.-M.; Johnson, M.; Kangasniemi, M. Systematic methodological review: Developing a framework for a qual-

itative semi-structured interview guide. J. Adv. Nurs. 2016, 72, 2954–2965, doi:10.1111/jan.13031. 
35. Bennett, A. Case study methods: Design, use, and comparative advantages. In Models, Numbers, and Cases: Methods for Studying 

International Relations; Sprinz, D.F., Nahmias-Wolinsky, Y., Eds.; The University of Michigan Press: Ann Arbor, MI, USA, 2004; 
pp. 19–55. 

36. Walton, R.E. Advantages and attributes of the case study. J. Appl. Behav. Sci. 1972, 8, 73–78. 
37. Ochieng, P.A. An analysis of the strengths and limitation of qualitative and quantitative research paradigms. Probl. Educ. 21st 

Century 2009, 13, 13. 
38. Hodkinson, P.; Hodkinson, H. The strengths and limitations of case study research. In Learning and Skills Development Agency 

Conference at Cambridge; University of Leeds: Leeds, UK, 2001; Volume 1, pp. 5–7. 
39. STATISTA, Value of the Global Eyewear Market from 2019 to 2027. Available online: https://www.statista.com/statis-

tics/300087/global-eyewear-market-value/ (accessed on 19 November 2020). 



Sustainability 2021, 13, 365 17 of 17 
 

40. Anfao, Eurom, Confindustria Moda. Eyewear Key Figures 2018. EUROM I General Assembly. 14 June 2019. Available online: 
https://anfao.it/pages/occhialeria (accessed on 19 November 2020). 

41. Porter, M.E. The value chain and competitive advantage. In Understanding Business Processes; Barnes, D., Ed.; Routledge: London, 
UK, 2001; pp. 50–66. 

42. De Toni, A.; Nassimbeni, G. Small and medium district enterprises and the new product development challenge. Int. J. Oper. 
Prod. Manag. 2003, 23, 678–697, doi:10.1108/01443570310476672. 

43. Cooke, P. World Turned Upside Down: Entrepreneurial Decline, Its Reluctant Myths and Troubling Realities. J. Open Innov. 
Technol. Mark. Complex. 2019, 5, 22, doi:10.3390/joitmc5020022. 

44. Santos, G.; Afonseca, J.; Lopes, N.; Félix, M.J.; Murmura, F. Critical success factors in the management of ideas as an essential 
component of innovation and business excellence. Int. J. Qual. Serv. Sci. 2018, 10, 214–232, doi:10.1108/ijqss-05-2017-0051. 

45. Chesbrough, H. Open Business Models: How to Thrive in the New Innovation Landscape; Harvard Business Press: Brighton, MA, 
USA, 2006. 

46. Rasiah, R. Building networks to harness innovation synergies: Towards an open systems approach to sustainable develop-ment. 
J. Open Innov. Technol. Mark. Complex. 2019, 5, 70. 

47. Wilkesmann, M.; Wilkesmann, U. Industry 4.0–organizing routines or innovations? VINE J. Inf. Knowl. Manag. Syst. 2018, 48, 
238–254. 

48. Santos, G.; Gomes, S.; Braga, V.; Braga, A.; Lima, V.; Teixeira, P.; Sá, J.C. Value creation through quality and innovation—A case 
study on Portugal. TQM J. 2019, 31, 928–947, doi:10.1108/tqm-12-2018-0223. 

 


