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INTRODUCTION

The currently observed transformation of production is closely related to the
introduction of technologies and solutions that are part of the Industry 4.0
concept (Wang et al., 2017). It can be observed that the ongoing technological
changes in production are accompanied by a gradual evolution of consumption
patterns. This results in the coexistence of different production paradigms. A
trend toward the reorientation of enterprises towards the so-called mass
personalisation of production is noticeable (Dou et al., 2020). The mass
customisation of products is a manifestation of the implementation of the "Long
Tail* strategy. This strategy is proving to be so effective that it is being
incorporated into business strategies by more and more companies. Anderson
(2008) posits that this strategy is the future of business, while Fischer et al.
(2020) and Imgrund et al. (2017) highlight the importance of the improvement
potential inherent in this strategy.

Industry 4.0 is often used as a collective term for different digital technologies
(Szalavetz, 2019). Some researchers identify the digital transformation of
manufacturing with manufacturing cyber-physical systems (CPS) (Chen, 2017;
Monostori et al.,, 2016). It is widely believed that CPS represent a highly
advanced stage of gradual convergence between manufacturing technologies
and information and communication technologies (Chen, 2017; Tao et al.,
2017), enabling vertical and horizontal linkage (collaboration and information
sharing) (Szalavetz, 2019).

In the conceptual area of Industry 4.0, a number of interconnected digital
technologies are emerging, e.g. artificial intelligence, the Internet of Things
(IoT), Big Data, Cloud Computing and Blockchain, changing the supply chain
and remodelling industrial competition (Ardolino et al., 2018). Manufacturing
companies are increasingly using digital technologies to create a digitisation
strategy (Sklyar et al., 2019). Digitisation is increasingly becoming one of the
most important strategies for companies to survive and even thrive in an
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increasingly competitive environment (Ferreira et al., 2019). Furthermore, an
increasingly service-oriented economy is driving many manufacturers to adopt
a strategy, called servitisation, which can be understood as the process of
combining services with products to generate revenue streams from these
services by creating new value for customers (Zhou et al., 2021). Digital
technologies such as loT or data analytics are seen as enablers and drivers of
servitisation (Baines et al., 2020; Kohtamaki et al., 2020; Mosh et al. 2021).
Consequently, classic servitisation in combination with digital technologies is
emerging as a new field of interest (Suppatvech et al., 2019) and is commonly
referred to as digital servitisation (Vendrell-Herrero and Wilson, 2017). At the
same time, one can see a strand of literature that explores the interaction
between servitisation and digitisation (Baines et al., 2017). One group of studies
has highlighted the convergence of servitisation and digitisation, which is
considered a single strategy (Coreynen et al., 2020; Gebauer et al., 2020). A
second, different emerging group of studies considers servitisation and
digitisation as two independent strategies (Mosh et al., 2021). Researchers in
the second group examine the links between digitisation and servitisation
without treating them as a whole strategy. For example, digitisation has been
studied as a positive variable mediating the relationship between servitisation
and firm performance (Martin-Pefia et al., 2019). Adopting a strategy
characterised by 'mass personalisation' and customisation of products requires
greater emphasis on customer interaction and service. Customer expectations
are shifting from buying/consuming products to adopting sophisticated solutions
that solve contextual problems and create utility value. Instead of paying for
products, business customers increasingly want to receive only the value
inherent in product use, thus consuming it as a service (Cusumano et al., 2015;
Gebauer et al., 2020). The 'product-as-a-service' model implies a change in
approach not only to production, but also to the entire product design and life
cycle. This is because it emphasises continuous interaction with the customer
over a longer period, rather than a one-off sale and service during the warranty
period.

The changes outlined also extend to the printing industry. It is possible to see
an intensification of competition between strictly digital and traditional modes of
content delivery, most often in the form of printed materials. This aspect was
particularly highlighted by the COVID-19 pandemic. These constraints have
contributed to modifying the strategies of many companies in the printing
industry. Changes in technological and organisational solutions in the field of
printing, which provide an opportunity for effective product personalisation,
seem to be a very interesting issue for research.

The aim of the article is to analyse the state of the art technology in the field of
medium and large-volume printing and then to identify challenges for further
changes in the technology of printing of this type as well as technological and
organisational changes in the processes of preparation and realisation of
printing products.
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The article uses case studies of selected technologies offered by key technology
suppliers in this area and case studies of selected business entities —
manufacturers of printing products. The research approach adopted in this
article also takes conceptual work into account. The investigated area of
technological and organisational changes fits into the current of changes called
Industry 4.0.

OFFSET TECHNOLOGIES FOR HIGH-VOLUME PRINTING

In analogue printing techniques, the image carrier is the printing form.
Khadzhynova and Jakucewicz (2016) state that classic printing techniques
include relief printing (letterpress, flexography, letterset), offset, intaglio printing
(rotogravure, intaglio, pad printing) and screen printing. Due to its great
popularity and suitability for high-volume printing, this chapter focuses on offset
printing.

Offset printing is characterised by the fact that the printing and non-printing
elements are essentially in the same plane, and the image is transferred from
the printing plate to the print via an additional element, an intermediate cylinder,
which is covered with rubber. The printing form is mounted on a mould cylinder,
which is in constant contact with the ink and dampening system. Since the
printing areas of the mould are hydrophobic and the non-printing areas are
hydrophilic, the mould accepts ink only in the hydrophobic areas that have not
previously accepted the moistening solution. Table 1 presents the technological
and design features of two selected models of sheetfed offset presses offered
by HEIDELBERG and KOENIG & BAUER (KBA). Following the assumptions of
the case study method (Yin, 2018; Baxter and Jack, 2008), the most
representative, in this case widely used in the sector, technological solutions
were selected for analysis.

It should be emphasised that the Speedmaster XL 106 provides process support
through the implementation of artificial intelligence (Al) solutions. It has a built-
in function to preset print parameters and optimise sheet transport. The machine
manufacturer also claims a plate changeover time of less than one minute with
AutoPlate XL 3. The Intellistart 3 software defines all the steps necessary for a
job changeover completely without operator intervention, while Intelliguide
simulates the time-optimised process sequence live and also prompts for
manual steps. An interesting solution is the DriveTronic SPC used on the Rapida
106, which allows all forms of print to be changed simultaneously. At the highest
level of automation, the machine can change jobs ‘on the fly’: (Flying Job
Change) can be carried out practically without stopping the machine. The
CleanTronic roller washing unit enables automatic roller washing with an
optimised roller washing system and efficient collection of detergent from the ink
rollers.
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Table 1 Selected technical parameters of offset printing machines
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Source: Own study based on: (1) - https://www.heidelberg.com/global/en/products/offset_
printing/format_70_x_100/speedmaster_x|_106/technical_data____equipment_10, (2) -
https://www.koenig-bauer.com/en/products/sheetfed/sheetfed-offset/medium-format/rapida-
106/

STATE OF THE ART TECHNOLOGIES IN DIGITAL PRINTING

In digital printing techniques, the image carrier is the digital file. Kipphan (2001)
provides a general division of digital printing methods, namely
electrophotography, ionography, magnetography, spray printing, thermography
and photography. Due to its mature technology and popularity, this paper
focuses on the electrophotography method.

In digital processes, the photoconductive layer is exposed pixel by pixel using,
for example, a laser beam. The digital electrophotographic printing process
consists of several consecutive steps: loading of the photo-conductive layer,
exposure of the image, development, transfer of toner to the printed substrate,
and fixation of the print. The permanent print is obtained at the fixing stage due
to the action of heat. Most electrophotographic machines use the method of
toner fusing by heat and pressure.

There are many models of digital electrophotographic machines on the market
today. These machines differ in the way the latent image is obtained, the
development process and the transfer of the image to the substrate. There are
also differences in the designs of the main units of these machines. Table 2
presents the technological and design features of two selected contemporary
models of multicolour machines offered by XEROX and HP INDIGO.

On XEROX machines, the multi-colour image is collected by an intermediate
transfer belt and this image is transferred to the substrate in a single pass. A
different solution is found on HP INDIGO machines, which are built on the basis
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of one imaging section (one cylinder with a photoconductive layer and one
image exposure head) and seven developing sections. The unquestionable
advantage of HP INDIGO machines seems to be their high print quality,
comparable to that of offset machines. An interesting feature of HP INDIGO
machines is the Enhanced Productivity Mode (EPM) printing option — enabling
CMYK printing in CMY mode. According to the manufacturer, this does not
impair print quality, and because multicolour printing on the machine is carried
out on the basis of a single printing section (one cylinder with a photoconductive
layer), which significantly increases the printing speed.

Table 2 Selected technical parameters of electrophotographic machines
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Source: Own study based on: (1)-https://www.xerox.ca/en-ca/digital-printing/digital-
presses/xerox-igen5, (2)-https://www.hp.com/pl-pl/commercial-printers/indigo-
presses/30000.html

PRODUCT PROCESS IN OFFSET PRINTING

To determine how the product preparation process functions under the
conditions of currently typical offset printing presses, a case study research
study was conducted. A qualitative case study is a research approach that
explores the phenomenon under investigation using multiple data and multiple
sources (Baxter and Jack, 2008). The authors emphasise the crucial importance
of defining the investigative purpose that the researchers set for the study and
clearly establishing the boundaries for conducting the research (Baxter and
Jack, 2008, Yin, 2018). An SME company operating in the premium carton
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packaging market was selected for the study, and in the next section of the
article, a facility operating on a similar scale but operating in digital printing
technology. In both cases, the aim was to identify the course of the process of
creating a printing product from the first contact with the customer to the dispatch
of the finished product to the customer, paying attention to issues related to the
technologies used.

In the entity under analysis, several variants of the process of product
preparation and realisation take place, the most complex and time-consuming
of which is the variant including the complete design of the packaging for the
customer. In the studied case, of 250 consecutive orders from the selected
period, 40 were orders for completely new products, which constitutes 16%, 110
were orders including changes to the product ordered, 44% of the analysed
orders. The case of preparing a completely new product will be analysed later.
The facility uses offset machines similar to those described above.

Preparation of an offer for a customer includes, apart from commercial matters,
important elements from the point of view of preparing the production of a
product. At the stage of preparation and acceptance of the offer, the use of
appropriate materials, types of printing substrate and inks, layout in formats, and
the technological specification of the printing process are determined. The
development of a graphic design for packaging is another important task carried
out by the printing company. Recipients, the producers of various types of
products who order packaging, usually provide files with the graphic design of
the packaging, but they require appropriate processing and the work of
designers to bring them to a state that can be used in the printing process. A
number of orders require packaging graphics to be designed for the customer
according to instructions provided by the customer. The developed design is
printed in appropriate quality and sent by courier service for customer approval.
The detailed layout of the sheets is carried out using specialised software.
Various technological variables are detailed, such as the number of passes
through the printing machine, types of rollers, and others. Various materials and
components are completed, including those for processes outside the printing
process. Sheet metal for the printing machines and the polymers that will be
installed on the machine for a given order are then made.

Starting a given job on a printing machine requires the machine to be set up, i.e.
the preparation for the job is combined with activities related to the completion
of the previous order that was run on the machine. As soon as the machine is
ready for printing, the production job is started. In the case of some orders,
usually from new and particularly demanding customers, the print is accepted
by a representative from the customer who personally comes to the plant. Fig.
1 shows the process flow with the production realisation stage. The time taken
for the whole process, from placing the order by the customer to sending them
the finished product, is ten days.
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Fig. 1 Production preparation and implementation process in offset technology

PRODUCT PROCESS IN DIGITAL PRINTING

Offset technology has an established place in the printing sector, but it is
uncertain how long this will last. Digital technologies have been gaining ground
for some time and are increasingly used for small and even medium print runs.
In the Polish edition of the Yellow Pages, one of the largest databases of
economic entities, in the middle of 2021 there were almost 1,400 entities
registered in the country, which offer printing in digital technology. A detailed
search of the database reveals that printing entities offering digital printing often
also work with offset printing. Such entities have introduced digital printing
technology as a complementary solution to offset printing, enabling the
realisation of smaller production volumes. It can also be seen that digital printing
is being carried out by companies whose activities have grown out of graphic
design and advertising services.

The analysis of the process of preparation and realisation of the product was
carried out in an entity that realises digital printing with full online order
processing. Products offered in such a way are characterised by their
standardisation, i.e. a customer visiting a printing house's Internet shop can
choose from dozens of product variants, there are also detailed guides on how
to prepare his product graphically, there are detailed technical guidelines for
graphic files, there are mock-ups available for download and use. Therefore, the
first step of the process is to choose the right printing product in the shop, after
which it is necessary for customers themselves to prepare the graphics and
layout of the product.

The customer then uploads his files and determines the detailed parameters of
his product by selecting various variables from a menu. Having specified their
requirements in this way, the customer proceeds to place the order and pay.
After paying for the order, the prepared personnel of the printing house verify
the correctness and quality of the graphic design presented and if the files
provided by the customer ensure correct printing as specified in the order, the
order is sent to the production queue. In the case of digital printing, there is no
need. The lead time from placing the order to dispatching it to the customer is
two days.

If the result of verification of the submitted graphic files is negative, i.e. the
printing house specialist determines that it will not be possible to achieve the
expected product quality parameters on the basis of them, this information is
sent to the ordering party. Along with this, they are presented with an offer of
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changes in graphic files by the company along with the time limit in which the
specified changes will be introduced. The studied entity, as well as the majority
of entities in the country at the time of the research, provides a two-day or even
shorter time of completion of the product using digital printing technology.
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Fig. 2 Product preparation and realisation process in digital printing technology

Fig. 2 presents a schematic representation of the product preparation and
realisation process in the case of printing in digital technology. It should be noted
that this entity also carries out production in offset technologies, where with
standardised products and fully online service it ensures lead times similar to
those in digital technologies.

DISCUSSION

It can now be said that the quality of digital prints is equal to that of offset prints.
The productivity of digital printing machines is also increasing and is
approaching that of conventional machines. The use of digital printing
techniques is growing and penetrating such industrial areas as packaging,
decorative and functional printing. According to Khadzhynova and Jakucewicz
(2016), the most important advantages of digital printing include the relatively
low cost of a print proof, almost independent of the amount of print run, the ability
to print variable data and to print low print runs along with the easy renewal of
print runs without incurring large costs. Digital printing also reduces the use of
chemicals and generates less waste (DPM, 2020), making its negative
environmental impact much lower than analogue printing.

Digital packaging printing may be more expensive on a per unit basis, but it can
also offer savings when considering the entire lifecycle of the packaging (Time,
2017). In this regard, manufacturers can accept a higher packaging cost if it
translates into a faster time to market, which undoubtedly represents a business
advantage. According to the forecast (Smithers, 2019), digital printing will
grow as it allows cost-effective production of a greater variety of prints tailored
to the recipient, and in essence, the content of these can be tailored much closer
to the end user. Furthermore, the share of digital printing in the overall market
is increasing in value terms from 17.4% in 2019 to a projected 2024 21.1%
(Smithers, 2019). Data from the report (FESPA, 2018) suggests that print as a
customer-centric industry will be transformed as companies encounter a
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continuous trend towards mass personalisation. The report (FESPA, 2018) also
found that 72% of users surveyed report an increasing demand for fast
turnaround, 61% see increasing demand for short runs, and 59% see increasing
expectations for on-time delivery.

The challenges faced by manufacturers of new device solutions are mainly due
to the known disadvantages of digital printing (Khadzhynova and Jakucewicz,
2016), which include lower resistance of the print to external factors,
technological limitations in the selection of print material and a narrower
spectrum of available materials.

Juxtaposing the two identified processes of preparing and producing a printed
product, three observations should be considered key. Firstly, the process
based on the digital printing technology and Internet customer service, which
goes hand in hand with it, requires the customer to carry out the whole process
of preparing the product on their own, the producer provides quite extensive
information support and gives quantitative requirements as to particular
parameters, but it is the customer who must carry out the whole preparation on
their own, which in the traditional process based on offset printing is not an
expected task. In the case of the digital printing process, there is also the
possibility to carry out the product preparation, but this option is not shown at
the level of the online shop in the facility surveyed.

A characteristic feature of the process based on digital printing and electronic
handling is the high standardisation of products. In the traditional approach,
technical details, and as is well known, a print product is characterised by a
multitude of possible variants, are specified in individual discussions between
the print provider's sales consultant and the customer. Standardisation, i.e. the
detailed specification of product variants, allows detailed guidelines to be linked
to them for the preparation of the product for customers and, at the same time,
facilitates the rapid start-up of the printing process, including material
preparation.

The third key feature that differentiates the two processes is the turnaround
times. There is a clear advantage of the digital process. At the same time, a
detailed assessment of the course of processes, including the values of
technological times in both variants/technologies, allows us to conclude that the
large difference in lead times, amounting to as much as eight days between the
two cases, has its source not in the technology of production of products itself,
but in the organisation of the process of customer service and other
organisational processes in both analysed entities. One of the factors enabling
the digital process to meet the two-day lead time is the standardisation
mentioned above.

One of the most important directions of changes in the customer service
process, which will certainly be implemented in the near future by entities
operating in a similar way as the second of the studied cases, is the use of tools
based on Al, which will provide support to customers in the self-preparation of
products, allowing, among other things, intelligent prompts and their own
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"machine" proposals for the design of printing products. Al solutions will make it
possible to learn from the experiences of individual orders and then to
intelligently guide customers through the preparation process and assist them
with or relieve them from many detailed tasks.

CONCLUSIONS

In the case study part of the organisation, a case operating in the traditional
formula and a case that uses not only digital printing technologies but also online
customer service were deliberately selected. The directions of technological
change indicate that the second case study sets the direction of upcoming
changes in this sector of the economy.

Online service, the successive application of Al and Big Data are very likely to
change the way customers are served and the production processes
themselves in the printing sector. It will be important for manufacturers of digital
printing equipment to overcome further challenges, such as increasing the range
of printable substrates. The challenge of increasing the range of substrates is
quite apparent in electrophotographic printing. The problem is the specific
process of transferring the toner image to the substrate and the fusing
processes, which impose limitations on the substrates used. In light of this
analysis, liquid toner technology and digital spray printing seem promising.
Digital printing makes it possible to carry out a print order in a very short time, in
fact immediately after receiving an order. It should be emphasised that this fits
in perfectly with the trend towards mass personalisation of products, especially
with the use of web-based print-on-demand solutions. In turn, business
customers can take advantage of personalisation and the print-on-demand
model when ordering, for example, business cards and high-quality marketing
materials. Research shows that this type of technology will dominate the printing
sector in the near future as the cost of digital printing decreases in medium and
large runs.
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Abstract: It is commonly believed that the current economic state of many countries
is at the stage of the fourth industrial revolution. The changes resulting from this
revolution are affecting all sectors of the economy, including the printing sector. The
aim of this article is to analyse the state of the art technology in sheetfed printing and
then to identify the challenges for further changes in the technology of this type of
printing as well as technological and organisational changes in the processes of
preparation and realisation of printing products. The article uses case studies of
selected technologies offered by key technology suppliers in this area and case
studies of selected business entities — manufacturers of printing products. The
research approach adopted in this article also takes conceptual work into account. It
was found that the observed changes in the printing industry are consistent with the
assumptions of the Industry 4.0 concept in the aspect of the digitisation and mass
personalisation of products, which leads to the thesis that in the future personalised
digital printing ordered through self-service will play a dominant role.

Keywords: Industry 4.0, servitization, mass-customization, printing industry



