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Abstract:

Over the last few years, the Industry 4.0 concept (called the Fourth Industrial Revolution) has attracted atten-
tion among both academics and practitioners. Industry 4.0 is a very broad domain including production pro-
cesses, efficiency, data management, relationship with consumers, competitiveness, and much more. There-
fore, the aim of the paper is to present new factory archetypes. The manuscript uses a synthesis of literature
(scientific studies and industrial reports). Based on the results obtained, the archetypes of factories of Industry
4.0 are described. The presented manuscript contributes to the development of literature on the concept of
Industry 4.0. The results obtained from the analysis of the literature not only summarize the existing
knowledge about Smart Factories, but also indicate the directions of potential research.
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INTRODUCTION

Industry 4.0 was initiated in 2011 in Germany and has
been strongly promoted by the governments of
industrialized countries around the world, and leaders
in some industries have already implemented pilot
cybernetic production systems (production of
equipment: household appliances, cars, machinery and
equipment). The changes initiated in the 21st century
will take place over decades in enterprises, as the
creation of new cyber-production solutions will require
many investments [28].

The media and literature still dominate the perception
of Industry 4.0 in the aspect of technological changes
that should be implemented in manufacturing
companies, and yet this industrial revolution, its trends
and effects are visible in all macro and micro areas of
the market. The proposed technological changes,
which have gained strategic importance in the thinking
and actions of many market players, while penetrating
all links in the value chain and ways of their
connections, have changed the scope of competition
and the way in which consumer needs are met. At the
same time, there are dynamic and clear changes in the
needs and expectations of modern consumers [34].
One of the key reasons for the Fourth Industrial
Revolution called Industry 4.0 is the need to strengthen
the competitiveness of Western European economies,
which as a result of the progressing globalization
process and rising labor costs have seen a decline in

their share in global industrial production [23]. The
need to improve the competitiveness of local European
enterprises and reverse the dangerous trend of
relocating enterprises outside Europe, which today
results in a deepening decline in the industrialization
of European developed countries, prompted German
experts to develop a new industry concept that would
allow them to regain the status of industrialization
leader and control global production trends [44].

The Industry 4.0 concept includes areas that include
numerous technologies and associated paradigms. The
main elements that are closely related to the idea of
Industry 4.0 include: industrial internet of things,
production based on the cloud, intelligent factories,
cyber physical systems or social product development.
In this concept, the production process will continue to
be an orderly series of actions thanks to which the
customer (user) has the opportunity to obtain a
product. It must be designed and organized for set
purposes (which may change). It has a dynamic
character, which is conditioned by the volatility of
quantitative and qualitative characteristics, material,
energy and information subsidies. It should be used to
maximize corporate profit and customer satisfaction
[38, 41].

The ubiquitous digitization, development of the
Internet and the possibility of collecting and processing
huge amounts of data in real time cause that modern
enterprises have to increase their competition and
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introduce digitally supported manufacturing
technologies, such as Data Mining, Big Data Analytics
or ICT systems that enable communication in the
machine-machine and human system-machine in a
virtual environment of the entire supply chain.
According to Industry 4.0 describes the increasing
digitization and automation of the manufacturing
environment, as well as the creation of digital value
chains to enable communication between products,
their environment and business partners. Using of
advanced digitalization, the combination of Internet
technologies and intelligent objects (machines and
products) seems to result in a new fundamental
paradigm shift in industrial Production [29]. The vision
of future production contains modular and efficient
manufacturing systems in which products control the
systems. This means the use of intelligent mechatronic
products (machines, devices, robots, means of
transport, etc.) in the entire PLM (Product Life Cycle
Management) chain, starting from the creation of a
new product concept, virtual documentation, printing
3D models, laboratory tests, manufacturing product in
a virtual production environment and its testing,
production of a product in a real environment,
development of computer-aided production and
assembly documentation, logistics, product delivery to
the customer and its service up to product recycling
[15].

For the first time in the history of humanity,
technology, by connecting more and more numerous
industries with society, allows to influence the volume
and quality of production as well as the functionality of
products. Industry 4.0 introduces leading IT solutions
in all aspects of production, enabling the creation of
not only specific products ordered by customers but
also entire related value chains [35]. Thanks to the use
of advanced ICT technologies, it is possible to more
accurately adapt production to customer expectations
while maintaining low costs, high quality and
efficiency. New business models and technologies such
as artificial intelligence or additive manufacturing
accelerate industry  transformation  processes,
changing current business methods and market
structure [16, 17].

The idea of Industry 4.0 is creating sophisticated
enterprise  networks connected by intelligent
resources communicating via the Internet, using
known and already used technologies, including
Internet of Things (loT), Big Data, Cloud Computing,
etc. This means that modern enterprises, in order to
compete in the modern market must cooperate within
cyber-physical systems with other enterprises creating
the Cyber Industry networks (CIN) [43].

Thanks to the development of ICT networks, it is
possible to create a fully integrated system of
suppliers, producers and customers operating in open
virtual networks. According to this concept, ICT-based
solutions will be integrated with all subsystems,
production and logistics processes, system resources
and networks of suppliers, producers and customers

[33]. Therefore, newly designed ICT systems will
integrate entire supply chains, creating Cyber-Physical
Systems (CPS), which are open social engineering
systems. CPS systems should ensure the collection of
large amounts of data, their processing and impact on
physical processes throughout the enterprise network
by means of an unlimited number of network
connections at the same time with the negligible
participation of employees who perform only
supervisory functions [42].

In the situation of the development of the Industry 4.0
concept, each company is perceived as offering an
intelligent module for use in the entire logistics chain,
and the size of the enterprise ceases to be meaningful.
Meanwhile, the business model of a particular
enterprise takes on the significance of the technology
used, the level of highly qualified staff employed and
openness to unlimited communication using
increasingly common technologies, including cloud
computing, big data and Internet of Things [1, 27].
Industry 4.0 is a very actual topic, not sufficiently re-
searched and poorly recognized by researchers. In 2015,
searching the WoS, Scopus and Google Scholar data-
bases, there were only 51 scientific publications with
keyword ”“Industry 4.0”. There is still a huge research gap
in this area. However, more and more researchers see
the need to describe this topic.

The aim of the paper is to present new factory arche-
types. Based on the results, answers to research ques-
tions were obtained: 1: What will be the manufacturing
companies in the future? 2: What will be the archetypes
of factories in the era of the Fourth Industrial Revolu-
tion? 3: What will be the attributes of future factories,
called Smart Factories?

The paper is organized as follows: Introduction -
describes the concept of Industry 4.0. The following
part presents research methods. The next part of the
paper presents archetypes of Smart Factory. The final
part of the article put forward conclusions and
discussions.

RESEARCH METHOD

A literature review is an essential part of any research
work. The aim of this study was to obtain an overview of
archetypes Smart Factory. The manuscript uses a synthe-
sis of literature - scientific research and industrial re-
ports. To answer the questions posed in the manuscript,
a bibliometric analysis of publications contained in the
Web of Science, Scopus, Google Scholar and other pub-
licly available sources and industrial reports available on
the Internet was carried out. The obtained publications
were selected by searching their content for new arche-
types of factories, modern factories, Smart Factories in
the concept of Industry 4.0. Figure 1 shows the applied
literature synthesis [26]. With regard to Figure 1, the
review procedure consists of three stages, covering plan-
ning, searching with selection and analysis of the results
obtained. The procedure thus prepared was used in the
work.
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Fig. 1 Literature synthesis procedure

Considering the major objective of the paper, the litera-

ture research was justified. The research questions, pre-

sented in the Introduction, were used in the literature re-

search in order to define the selection criteria described.

The literature and industrial report was selected by the:

— First - various entries, e.g. "Industry 4.0", "Smart
Factories", "New Factory Archetypes", "Factory 4.0",
"Factory of the Future",

— Second - the same information was selected in
particular publications,

— Third - by establishing the basic source of information
in particular publications of the authors.

RESULTS

Based on the literature review, answers to research ques-

tions were obtained:

1. What will be the manufacturing companies in the fu-
ture?

2. What will be the archetypes of factories in the era of
the Fourth Industrial Revolution?

3. What will be the attributes of future factories, called
Smart Factories?

The archetype is the prototype of a character, motif,

pattern or event. In the case of a production plant in times

of digital change, archetypes refer to emerging new ideas
in which you can see certain patterns, models of factories

that differ in how they function [9, 10].

Archetypes will differ according to production volume

(low or high) and value sources, i.e. personalization or

competitive costs [32, 40]. There are four general

emerging categories of new generation factories that use
different levers of Industry 4.0 value, but with different
emphasis depending on the demand segment and the
needs to which they relate. Four types of future factories

can be distinguished [7, 14]:

1. Smart-automated and robotized plants, or Intelligent
automated and robotic factories,

2. Digital mass-individualization factories, otherwise
known as Customer-centric plants, i.e. customer-
focused factories,

3. E-plantsin a box, mobile modular factories, i.e. mobile
modular factories,

4. Handmade with digital touch, i.e. hand-made
production highly supported by digitization.

Intelligent automated and robotic factories

Intelligent automated and robotic factories responding to
the demand for mass products, specialize in the
implementation of very high production volumes at low
costs (lower than the competition), thanks to fully
automated and digitized processes [5, 18]. Production in
such a factory takes place on dedicated production lines,
having common modules for the packaging of goods (i.e.
activities involving the portioning and packaging of
products in containers, parcels, shipping sets or retail
sales) [11]. Such a model can be adopted, for example, by
food production plants, basing their business on
cooperation with discount chains, in which case cost
competitiveness is very important [3, 6].

The supply chain in such a factory will be comprehensively
integrated, i.e. it will be implemented in an end-to-end
system (a system created by combining all logistics
processes and the supply chain, starting from the
customer and going up the stream through production, up
to our supplier base, and flows are two-way). Such a
model will enable full transparency and optimization of
the digital thread, which will result in automated and
usually uninterrupted processes as well as efficient
material flows [22]. In addition, robots that already have
the potential for a significant increase in operational
efficiency will not only be characterized by higher
intelligence, but also greater cooperation and security.
Going further, improved collaboration between humans
and robots will enable operators to work more safely next
to the robots in the production hall. The plant will provide
a very high rate of productivity per machine, thanks to the
possibility of using predictive maintenance to reduce
unplanned downtime and optimize throughput in real
time [13].

Finished products from an intelligent automated factory
can hit the mass market, while semi-finished products can
be a raw material for individualized customer-oriented
factories or mobile modular factories [36].

An early example of the archetype of an intelligent
automated and robotic factory can be considered the
BMW i3 production plant because it has a high level of
integration and automation at production sites. The
robots do their work at every stage of production,
including in the body shop, print shop and assembly shop.
Real-time tracking and location of the unfinished product
is carried out using RFID technology .Operators have
mobile control tablets that are used to monitor and access
all necessary data. Finally, factory management is
centralized in one main building that acts as the "central
nervous system".

Digital mass-individualized factories

Digital mass-individualized factories focus on production
in the scope of large or medium volumes, however, unlike
the previous model, they enable full personalization of
their products, which makes the products highly
individualized. Such products are e.g. cars, clothes, shoes,
furniture, gates, decorative elements of the structure.
Production lines are prepared in terms of technology and
process for the implementation of short or very short
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series, the occurrence of frequent retooling and
personalization of products differing in color, additional
equipment, texture [25, 39]. Production sockets often
take the form of universal modules. Modularization of the
production system is based on machines that adapt to
various activities and are able to communicate with each
other via the Internet. Modular production sockets
increase the possibilities of individualization of
production. Allow to reduce machine changeover times
and increase product personalization so that it meets all
customer requirements and mass personalization trends.
In this case, the production sequence flow is controlled by
the product. This means that it is the product that
"decides" which sockets to use to leave the production
line in the shortest possible time [45].

Retail demand will evolve over time, driven by a strong
trend towards increasing product personalization. How
can you serve so many clients in called "Segment of One"
approach? A broad approach to marketing and customer
engagement with basic segmentation is no longer an
effective way to connect with the new generation of
consumers. Customer expectations have increased
significantly, which means that marketers need to
innovate, finding new ways to understand and encourage
their customers. "Segment of One" means a change in the
way customers segmentation. To be successful,
companies must perceive their customers as individuals
and not assign them to general demographic categories.
Basic segmentation no longer goes far enough because
customers have begun to expect a deeper connection with
their favorite brands [10]. Putting people first requires
marketing to use information collected on the basis of
historical customer data (e.g., their preferences, search
history on the manufacturer's website, etc.) in order to
deeply understand the complex nature of the consumer
and the clarity of where the brand should be present in
order to most gain value [2].

"Customer oriented plants" are likely to fill a gap in the
global, integrated supply chain that already benefits from
economies of scale and a personalized approach to
production and services. Customers will design their
products online. Product will be sent directly to the most
suitable factory after ordering. The extremely flexible
supply chain will produce in "Batch Size 1" mode (unit
production on an industrial scale) run in real time based
on customer orders, which will lead to very short lead
times. Supply of inputs and semi-finished products will be
based on demand-driven demand forecasts. The
machines will be designed to minimize the changeover
time to adapt to changes in demand, the size of the series
produced, specifications and other parameters. Despite
the flexibility, the plant will still have to provide very high
performance per machine [12].

An example of a modern company with mass
individualized factories is Adidas. The manufacturer's
website allows customers to design shoes in their own
style. Modification begins with the selection of the basic
footwear model, along with its type. Then the user of the
page chooses one of a wide range of colors, visual
decorations of the shoe (e.g. reflections, colored inserts,

inscriptions), type of material, type of sole and additional
accessories to order (overlays, laces) [19]. The whole
process of modifying the basic shoe model allows you to
create your dream configuration according to your own
taste, as expected by the customer, and to have a product
unavailable in the mass offer. This solution allows
customers (for an additional fee) to choose such product
variants that are missing in the offer of models predefined
by the designer.

Mobile modular factories

Mobile modular factories, i.e. mobile production plants,
can be moved from place to place. Mobility means being
able to flexibly build, run, package and move such a
factory. The reason for portability may be market trends,
access to raw material or industry standards [21]. The
problem is how can you deal with niche subscales and
distant markets, such as growing but very fragmented
African markets?

A mobile modular factory, otherwise known as "E-plant in
a box", reinforced by Industry 4.0 levers, such as 3D
printing, flexibility of production machines, is a low-
capitalization installation and can be quickly configured in
new locations at competitive costs. Typically, factories in
this archetype take on minimal size and small scale. The
plants are able to produce a certain amount of products in
any location in a short time, on the production hall or
directly next to it, for the duration of the order.

Factories can potentially be delivered in containers. In its
final version, the e-plant in a box can serve customers
passing by and stopping to design their own product, on
site, with the help of specialists. They could choose
structures and materials, use simulation tools, and then
come back to pick up their product at the plant. Therefore,
the plant will adapt very well to local trends due to the
proximity of customers and the local ecosystem, and
moreover, the time to market will also be reduced due to
the proximity of suppliers and customers. The plant can
only be automated to a small extent, but operators will
use Industry 4.0 technologies to make manufacturing
easier for them. For example, an exoskeleton, which uses
human-robot cooperation, could, for example, relieve
employees of heavy loads, as well as be a light and
relatively inexpensive tool. Another example of
technology facilitating work in mobile factories is a flexible
production system with robots operating in the "plug and
play" system, performing specific tasks in which the
participation of robots would give the greatest benefits.
3D printing can be used for the production of spare and
custom parts, thus reducing the needed inventory, while
reducing transport costs and bypassing the import tariffs
of raw materials or semi-finished products [4].

Customer analysis takes place thanks to the
comprehensive flow of information in the "end-to-end"
mode. Highly qualified central teams support process
improvement, design and maintenance. Finally, the
mobile production plant is integrated into the surrounding
ecosystem, e.g. it produces its own energy, so it doesn't
have to be in an industrial zone. It may be close to
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shopping centers and other areas convenient for
customers.

An example of such a mobile production plant may be mini
factories producing tools and components for the
implementation of large construction projects. They can
be located directly, in the vicinity or on the construction
site [10].

A more advanced factory was presented by Nestlé in
cooperation with Concept Consult Architects, it is a
modular dairy. The project of a new type of modular
factory created by the Swiss food manufacturer Nestlé can
be built in half the time of the traditional, up to 50% to
60% of the cost. Unique in terms of value chain, the
concept is based on the principles of Industry 4.0, it is fully
modular and decentralized. Standardized building
structure elements were proposed. Solar panels for water
heating and electricity generation, ready-made room
furnishings in the form of canteens, halls, etc.
Standardization enables standardization in the area of
design and construction of industrial plants in countries
that lack industrial infrastructure [9]. In these countries,
this concept will help the company quickly leave its
hallmark and create local jobs, bringing them closer to
customers and raw materials. The modular concept of the
factory has so far been developed to industrialize simple
processes such as repackaging and mixing dry goods (e.g.
bouillon cubes) instead of creating more complex
products [8].

Handmade production using digitization

The idea of manual production using digitization applies
to very high quality products created in unit quantities.
These can be goods located in a niche market segment
(e.g. aeronautics, military), but also luxury goods (e.g.
luxury cars). Factories employing craft production using
digitization employ top-class employees who, being
professionals, are able to combine manual work with
modern tools and technologies. Specialists processing
materials fulfill individual customer orders [31, 37]. The
use of the latest technologies in this type of factory allows
to increase work safety, elements of this technology can
replace the manual process at a certain stage of the
production process, in which a person is much less
effective than a robot or the performed activity may
endanger human health, an example may be a robotic
paint shop in factories automotive industry. Technology
support greatly facilitates the organization of work and
the circulation of information, and thus reduces
production time and allows you to maintain the highest
quality product to satisfy even the most demanding
customers [14, 20, 24].

DISCUSSIONS AND CONCLUSION

Based on research recognize each of the archetypes of a
modern factory has unique features. Each Smart Factory
should interact with the customer to a greater or lesser
extent, strive to exchange information and increase trust
in the company, enable simple ways of ordering the de-
sired product, which greatly facilitates the Internet of
Things. Other common issues that apply to every modern
factory archetype are:

— development of competences and training of manag-
ers, line employees and engineers,
— caring for operational perfection, continuous improve-
ment,
— development of digital networks and information flow
infrastructure,
— ensuring cyber security of the entire company by using
appropriate security policies and tools.
Industry 4.0 has become more and more important for in-
dustry in recent years. The implementation of modern
technology, techniques and management methodologies
specific to Industry 4.0 should cover the entire production
process as well as management processes. One can put
forward the thesis that only in such a case there will be a
sufficiently strong effect of complementarity and synergy,
necessary in the world of the fourth industrial revolution
for the transformation of the examined enterprise from its
current status to Smart Factory.
Industry 4.0 makes it possible to interlink all elements re-
lated to manufacturing processes. The main target is the
connection between the real physical world and the digital
factory — creating Smart Factory.
Summing up Intelligent Factories in the era of Industry 4.0,
it should be noted that it is difficult to predict now how
the concept of Industry 4.0 will develop and how it will
proceed. That's why the final kind of Smart Factories will
be known only in the future.
Formulating and adapting to changes is a long-term activ-
ity that requires a lot of material and financial expenses.
This increases the need for future research into the prob-
lems of creating Smart Factories, especially focused on
network forms of cooperation between customer-ori-
ented enterprises operating in the era of the Industry 4.0
concept.
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