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Short abstract

Circular Economy evolution that takes place, affects all aspects in societies and production, leading to a new 
view for activities in production, supply chain and consumption of goods. Within the Printing Industry and in 
particular the packaging printing, the current evolution includes not only the technological progress in produc-
tion, but also the application of advanced concepts and systems in business models, management and work-
flows. The most prominent advances include the implementation of various elements ranging from continuous 
improvement and lean philosophies, to Industry 4.0 elements and the continuous improvement philosophy 
based in Lean manufacturing principles. One challenging issue for the Printing Industry, is the continuous 
transformation, based on the previously mentioned concepts. No matter the name used − digital transforma-
tion, digitization or digitalization, transformation is to be traced at all levels, namely at operation and business, 
management, technology and production. In addition to Industry 4.0, Lean philosophies and digital transforma-
tion, Circular Economy is considered as one more concept to be integrated one or the other way, in the already 
complex business environment of the Printing Industry. The present study investigates the current and future 
print-media landscape and under the scope of the integration of Circular Economy concepts in the business 
and operation of the printing companies. The question posed is whether and to which extend new or updated 
business models are required in order to facilitate this integration. As a result, the current status of the Printing 
Industry is to implement Circular Economy concepts, to the extent of the industry operational framework. One 
interesting aspect revealed, is the effort to implement these concepts, towards the “before” and the “after” in 
print production, which is not a part of the core printing business. Finally, the present study suggests an initial 
framework for the establishment of dynamic and flexible business models for the Printing Industry, where cur-
rent and future innovations could be implemented.

Keywords: printing industry, circular economy, sustainability, business models, industry 4.0, 
digital transformation

1. Introduction

Circular Economy is nowadays the key word summarizing environmental protection, energy efficiency and 
sustainability. No matter the challenges created by recent global negative issues (such as COVID-19 and the 
pandemic, the war in Ukraine, energy and raw materials prices and shortages), Circular Economy is here 
to stay. 
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Circular Economy evolution that takes place, affects all aspects in societies and production, leading to a 
more generic view of all activities in production, supply chain and consumption of goods. Further, Circular 
Economy creates a disrupting environment, where, new ways of doing business might be required.

The Printing Industry and in particular the packaging printing sector, is advancing rapidly and continu-
ously. The principal evolution topics for printing and finishing include not only the technological advanc-
es but also advanced systems in management and production, quality control and workflows. The most 
prominent developments are (among others), the application of various Industry 4.0 elements and the 
continuous improvement philosophy based in Lean manufacturing principles. Such developments require 
a “holistic”, transformation in business organization, where digitization, digitalization and the so-called 
“digital transformation” constitute important parts. It is necessary that all the above-mentioned separate 
pieces of the “puzzle” need to be brought together under “one roof” in the transformation process of the 
Printing Industry. Therefore, the question posed is: Which can this “roof” be?

This paper aims in investigating the printing business and the required (continuous and dynamic) trans-
formation challenged further by the Circular Economy evolution and its application in the industry and 
society. The objective of the study is to investigate the how, towards which direction and to what extend the 
already happening transformation, is further challenged by Circular Economy characteristics. 

The study focuses on business models currently operating in the Printing Industry, their evolution and 
characteristics and the implications caused by the various elements mentioned previously (Industry 4.0, 
digitalization, and Lean philosophies). Business models are explored since they are considered as the “roof” 
under which, every implementation of new concepts can be feasible and facilitated. Circular Economy con-
cepts are considered as an additional parameter that needs to be implemented effectively in the print 
business and operation. Therefore, business models are investigated in an effort to define the effective 
adaptation of Circular Economy concepts in the printing industrial setting and the appropriateness of the 
business model structure for this purpose.

1.1 Methodology

The approach for writing this paper is based on the investigation and the combination of elements consid-
ered important for the current and future print-media business and industry.

It is a step-by step investigation of the theoretical framework for printing business, following a logical se-
quence of arguments. Among these, one could define whether there is a future in print business, and if new 
technologies and other concepts are applied (such as Industry 4.0 and digital transformation). 

Securing with evidence that this is the case, then the study investigates further the facilitators for doing 
business more effectively. These facilitators are the business models that are to be applied in the Printing 
Industry. 

Following this step-by-step approach, additional or new concepts, such as Circular Economy are investigat-
ed. Finally, the theoretical background provided by this part of the study, is summarized as a suggestion of 
an initial business model structure (framework) where new concepts such as the one of Circular Economy 
can be affectively implemented in Printing Industry and its operation, business and production.

Based on this methodological analysis, the present study begins with the Circular Economy concept and its 
importance for the business of today and tomorrow, in Chapter two, which is addressing the origins and 
the characteristics of the Circular Economy. In Chapter 3, evidence is provided revealing that, no matter the 
evolution of the digital world, print is here to stay, in particular in books and packaging. The third chapter 
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deals with the disrupting developments which are challenging the printing and packaging industries and 
in particular COVID-19 and the lockdowns. 

The fourth chapter refers to the latest trends regarding the technological developments and mainly those 
originating from the Industry 4.0 and digital transformation topics, whereas chapter five is addressing the 
latest trends in business models and their application in the Printing Industry. 

Finally, in chapter six, the key findings are summarized, suggesting some structures of business models 
for the Printing Industry, and their evolution towards the implementation of Circular Economy concepts. 

2. Circular economy 

A lot of discussion takes place nowadays, on Circular Economy, therefore it is rather difficult to find out 
evidence which will be both credible and suitable for a specific industry domain, such as the one of print-
ing and packaging production. In this part of the study effort will be given to clarify some principal issues 
concerning Circular Economy, towards its implementation in the Printing Industry.

2.1 Circular Economy context and definitions

At a document published by the European Parliament (2015) it is argued that unlike the traditional lin-
ear economic model based on a “take-make-consume-throw away” pattern, a Circular Economy is based 
on sharing, leasing, reuse, repair, refurbishment and recycling, in an (almost) closed loop, where prod-
ucts and the materials they contain are highly valued. In practice, it implies reducing waste to minimum. 
(Bourguignon, 2016)

Further, regarding the role of design science in Circular Economy, it is stated that Circular Economy is in-
creasingly seen as a key approach to operationalising goals and supporting the transition to a sustainable 
society by enhancing competitiveness and economic growth. Creating a Circular Economy requires fun-
damental changes throughout the value chain, from innovation, product design and production processes 
all the way to end of life, new business models and consumption patterns. (Pigosso and McAloone, 2017)

Circular Economy is opposed to the so-called Linear Economy model. The main difference between Linear 
and Circular Economy is presented in Figures 1 and 2 as follows (Kholod, 2019).

Figure 1: Linear Economy (Kholod, 2019)

The Circular Economy, in contrast, has the opposite aim: to radically limit the extraction of raw materials 
and the production of waste. It does this by recovering and reusing as many of the products and materials 
as possible. The Circular Economy is a “make/remake − use/reuse” economy.
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Figure 2: Circular Economy (Kholod, 2019)

Another way to describe Circular Economy is the term “Closed Loop Economy”. Whether the term is Closed-
loop economy, Circular Economy, Closed-loop supply chain, or Closed-loop system – it’s all essentially de-
scribing the same thing. A Closed-loop economy is an economic model in which no waste is generated; 
everything is shared, repaired, reused, or recycled. What would traditionally be considered “waste” is in-
stead turned into a valuable resource for the creation of something new.

As such, a Closed-loop economy is essentially the result of multiple companies operating on a closed-loop 
supply chain. This requires an intelligent reimagining of how products (and packaging) are designed, man-
ufactured, sold, refurbished, and recycled. (Quincy Recycle, 2020). The elements of the Closed-loop econ-
omy are illustrated in Figure 3.

Figure 3: Elements of a Closed-loop economy (Closed loop, 2022)

Finally, in the study “On biodegradable Plastics” (Selke, 2015), it is mentioned that each possible waste man-
agement namely improper disposal (litter), landfill, incineration, composting, recycling and reuse is not in 
any way compatible with the use of biodegradable plastics. Packaging systems based on biodegradable 
plastics are not automatically more sustainable than those based on non-biodegradable plastics. This con-
clusion is supported strongly by the general agreement that the whole package-product system must also 
be considered sustainable. If this package system fails to provide adequate protection for the goods it con-
tains it is not really sustainable at all, as in this case both package and product will be wasted. (Selke, 2015)
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This argument is further enhanced if a clear distinction between Linear economy, Re-use economy and 
Circular Economy is made. As it is stated in a Fujifilm white paper, “the EU’s Circular Economy Action Plan3 
outlines a strategy to transform Europe’s economy into a sustainably driven, fully Circular Economy by 
2050. To achieve this goal, we must take action at all levels of society and set clear milestones. The first goal 
is ambitious but not unattainable: a 50 % reduction in the consumption of primary raw materials (mineral, 
fossil and metals) by 2030” (Fujifilm, 2022). In Figure 4, the distinction among Linear, Re-use and Circular 
Economy is illustrated.

Figure 4: Linear economy, Re-use economy and Circular Economy (Fujifilm, 2022)

2.2 Sustainability and circular economy 

According to Morales, et al. (2021), Circular Economy and sustainability are interrelated, without being 
exchangeable. While sustainability tries to reconcile the management of productive resources with their 
increasing consumption, Circular Economy aims to make the productive process more efficient, reducing, 
reusing and recycling the results of the productive process as much as possible. 

A similar mindset is placed by Kuehn (2022). She defines sustainability as a principle of action according to 
which the conservation of resources is aimed at by means of natural regeneration to further satisfy needs. 
Comparing sustainability with Circular Economy she argues that “Circular Economy describes the process 
of optimal use of resources, optimal use of energy and, above all, the processing and reusability of used 
resources”.

In addition, as it is pointed out by Morales, et al. (2021) sustainability is understood as the “dynamic equi-
librium between the allocation of resources in the production process and consumers’ behaviour patterns”, 
whereas Circular Economy is understood as the “regenerative system that promotes the minimization of 
waste generation by closing and extending loops, and improving eco-efficiency technologies, while main-
taining its value in the economy for as long as possible”. 

As Kuehn (2022) states further, “sustainability is becoming more important across all sectors, including 
the print industry. Niche producers are already successful with a sustainable business model, but this has 
not yet reached the masses. Even though products are increasingly adapting to sustainability, the incentive 
for companies is probably not yet great enough to incur additional costs. This will only change when ways 
are identified in Europe and globally and incentives are offered so that large companies voluntarily commit 
to finding intelligent and sustainable solutions”.
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2.3 Sustainability, and circular economy in the printing industry

What is applied for industry and society in general, concerns the printing and Packaging Industry. Effort 
is given by many, to specify the elements of Circular Economy and sustainability concepts for the Printing 
Industry. In this context, Sun Chemical categorizes three main product sustainability initiatives:

• The raw materials used and the manufacturing processes 
• The function of Sun Chemical products and the environmental impact of this function and
• The end-of-life of Sun Chemical products and how they interact with recycling processes − to assist 

Sun Chemical customers in making products easier to recycle and promoting the development of cir-
cular economies. (Sun Chemical, 2020)

Intergraf (2022), defines four print product and site relevant parameters for Circular Economy. Based on 
Intergraf Recommendations on CO2 emissions calculation in the Printing Industry, these are:

• Materials 
• Transport 
• Printing 
• Distribution 

The Intergraf Recommendations represent a neutral and credible approach as they cover the 3 scopes of 
the Greenhouse Gas Protocol. Scope 1 covers all direct emissions, scope 2 covers the indirect emissions re-
lated to energy consumption and scope 3 covers all other indirect emissions from the supply chain. Scope 
3 is a key element for the carbon footprint calculation in the Printing Industry as over 70 % belong to it, 
with the production of substrate being the main element. The Intergraf Recommendations have received 
international recognition with their inclusion in the ISO 16759:2013 standard (International Organization 
for Standardization, 2013) on the quantification and communication for calculating the carbon footprint of 
print media products. In figure 5, the four product and site relevant parameters for Circular Economy are 
analysed. (Intergraf, 2022)

 

Figure 5: The four product and site relevant parameters for Circular Economy (Intergraf, 2022)
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In regard with the involvement of the organizations of the printing industry, there are some initiatives that 
are operating. Among them, it is worthwhile to mention the Sustainable Green Printing Partnership (SGP) 
(Sgppartnership, 2022). According to the main message, the Sustainable Green Printing Partnership is a 
community of printing and packaging manufacturers, global brands suppliers, and supporting organiza-
tions working together to drive sustainability and meet the demands of today’s customers. Their objective 
is to “make up the industry’s leading supply chain certification authority and to set standards, advocate 
best practices and promote innovation toward a more accountable, sustainable supply chain”. Moreover, 
as it is stated by SGP, “SGP certification is a multi-attribute endorsement created specifically for graphic 
communications facilities to be recognized by brands worldwide. To achieve certified SGP Facility status, 
companies must meet or exceed strict sustainability criteria in their manufacturing process, facility, prod-
uct and social areas. Certification is offered to printers in the United States and Canada, as well as suppliers 
to the printing industry” (Sgppartnership, 2022). 

A far more complete structure of Circular Economy elements in the Printing Industry, presented by Two 
Sides Australia (2022), emphasizes the complexity of Graphic Communications Supply Chain, which is “dis-
tinct from other sectorial or single issue corporate responsibility initiatives because it aims to promote re-
sponsible and sustainable business practices across every step of the AUS Graphic Communications Supply 
Chain, no matter how large or small the business”. (Two Sides Australia, 2022). In Figure 6, this complexity 
is illustrated.

Figure 6: Graphic Communications Supply Chain (Two Sides Australia, 2022)

3. Disrupting developments and challenges 

Prior to the investigation to the actual research fields, it is important to examine the current development 
of the Printing Industry and the issues occurred by the disruptions. Such issues are the print production for 
various segments (newspapers, books, packaging), the COVID-19 pandemic and the lockdowns, the energy 
and raw material prices as well as the war in Ukraine. The crisis plaguing the global economy from the late 
2000s (2008−2009) to the present in conjunction with the COVID-19 pandemic has created an economic 
environment that cannot be described as easy for economic activity. (Gamprellis, et al., 2021)
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3.1 The printing industry by (some) numbers

What can be considered as a fact is the expansion of digital communication and in particular the use of 
internet, social media, the enormous expanding of mobile devices, apps, and the web. However, the char-
acteristics and in particular the nature of printed substrates combined with advanced technologies, such 
as finishing technologies reveal the strength of printing world and enhance the added value for a better 
communication. Haptic communication for example, is the principal driver for this enhancement (Politis, 
2018). Also, despite the digital transformation, printed newspapers and magazines will continue to be a 
basic business segment for publishing companies in order to maintain a strong media brand across all 
channels. (Scherzer cited in Muller Martini, 2018)

Regarding print production, it is generally accepted that in recent years the Printing Industry has shrunk 
over the past few decades. The global print market is shrinking in volume but growing in value over the 
period 2014−2024. Output measured in billions of A4 prints (or equivalents) was 49 973 in 2014 and 
forecast to decline very slightly to 49 654 by 2024. In value terms, print output grows from a total of USD 
767.4 billion in 2014 to USD 862.7 billion in 2024 – a Compound Annual Growth Rate (CAGR) of +1.18 % 
(Smithers, 2021). However, this contraction, although significant in some sectors of the Printing Industry, 
such as newspaper publishing, is non-existent in others, such as packaging, digital printing, screen print-
ing, book production and label printing. (Gamprellis, et al., 2021) 

Books are a quite interesting and influential segment in printing business. Some years ago, some have pre-
dicted that printed books would be dramatically limited and replaced by digital devices for reading. Hence, 
recent data prοvide evidence of a completely opposite picture, on reading books. According to several 
studies (PrintMonthly, BookMap Study − the Economist, Statista and Kurtz in Muller Martini in Panorama 
magazine 2019), printed book production is constantly increasing, reaching 122 USD billion sales in 2017. 
In the USA the number of hard and soft-cover books rose to a total of 695 million copies and sales of USD 
10.3 billion in 2018 compared to 591 million copies in 2012. The same image appears for book sales in the 
UK and in Europe (Panorama, 2019).

In addition, according to Tsigonias (2018), and Adroit Market Research (2021) shows that the printed 
book production will be constantly increasing at least until 2028 (Figure 7).
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Figure 7: Global Book Market (2018-2028) (Politis, 2022; Adroit Market Research, 2021)

This can be compared with the e-books in market growth of USD 6.93 billion from 2020 to 2025, at a 7 % 
CAGR (Maida, 2022; Technavio, 2022). As it is stated in Maida (2021) and Technavio (2022), the e-book 

Advances in Printing and Media Technology, Vol. XLVIII(VIII) – Session 3A, 32–56



40

market is fragmented and the vendors are deploying growth strategies such as mergers and acquisitions 
and collaborating with schools and educational institutions to compete in the market. Finally, compared to 
printed books, e-books possess a percentage of 6−7 % in France and Germany (Panorama, 2019).

3.2 Printing industry and the COVID-19 pandemic 

The global economic environment still remains in a challenging position due to the COVID-19 pandemic 
and it was perfectly reasonable and expected that the Printing Industry would be influenced like any other 
activity. (Gamprellis, et al., 2021: Whattheythink, 2020)

As Byström (2020) points out, during the COVID-19 pandemic crisis, there was a dramatic growth in on-
line shopping that drove ten years of e-commerce growth in an eight-week period. Today, 38 % of UK con-
sumers are now buying online at least once a week − in the US it is 26 %, Benelux 22 %, Australia 21 %, 
Germany 20 % and Sweden 20 %. (Byström, 2020) 

Furthermore, during the COVID-19 pandemic, states and local municipalities are practicing extreme cau-
tion to avoid the spread of the corona virus. Healthcare products, such as syringes, vials, and cartridges, 
are required on a large scale amidst this pandemic to fulfill the increasing global demand (Wood, 2020a). 
Τhere will be an increase in the demand for packaging printing solutions for food & beverage and pharma-
ceutical applications, during COVID-19 pandemic. (MarketsandMarkets, 2021)

These facts created a huge consumption growth that led to a growth of the packaging Printing Industry. 
The global packaging market size during the COVID-19 pandemic is projected to grow from USD 909.2 bil-
lion in 2019 to USD 1 012.6 billion by 2021 (Wood, 2020b).

According to Wassermann (2020), during the lockdown (due to COVID-19 pandemic), losses were still at 
−66.8 %. Since the stores reopened, however, the figures have turned significantly positive. During the ini-
tial restrictions, revenues then collapsed by more than half in some cases and were not yet able to recover 
fully in the post-lockdown phase (Wassermann, 2020).

Table 1: The estimated annual growth of the sectors of the Printing Industry (Gamprellis, et al., 2021)

Printing Industry 
Sectors

2020 2025 Estimated Annual Growth 
(%)

Press – Newspapers 
(millions)

157.57 149.15 −1.00

Publications – Books 
(billions)

117.07 122.44 +0.90

Commercial Prints 
(billions)

409.40 460.28 +2.24

Packaging Printing 
(billions)

352.10 433.40 +4.20

Labels Printing 
(billions)

42.70 51.89 +4.00

Security Printing 
(billions)

29.50 36.00 +4.10

As Gamprellis points out most of the Printing Industry segments will be expected to show an annual growth 
in the years coming (Table 1) despite the COVID 19 pandemic. The estimated annual growth for some of 
these Printing Industry segments will be higher than other, but in the end only the Press – Newspapers 
segment is expected to decrease (Figure 8) (Gamprellis, et al., 2021)
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Figure 8: The estimated annual growth of the sectors of the Printing Industry 2020−2025 (Gamprellis, et al., 2021)

It seems that up to today, statements and predictions on the “decreasing” of print do not seem to be a real-
ity. The printing field and the related sectors show a rather stable condition in terms of turnover and pro-
duction, at least in Europe and North America, whereas in other continents, such as Asia, print is booming. 
(Politis, 2018)

3.3 Energy crisis and cost of materials 

As mentioned in the previous section, the impact from the COVID-19 pandemic on the global economy is 
very significant. The Printing Industry, although initially was hit hard, could have overcome the difficulties 
caused by the COVID-19 pandemic if it had not presented a huge new economic challenge, which is nothing 
more than a rapid energy crisis which increases the cost of materials used by the Printing Industry.

From 2008 to 2021 the price of energy on the world market shows a slightly upward trend. This upward 
trend in energy price during these 14 years is also recorded by Eurostat (2021) (Figure 9). 

Figure 9: Development of electricity prices for non-household consumers, EU27, 2008−2021 (Eurostat, 2021)

Energy prices are expected to continue increasing, especially in 2022. The increase in energy price is accel-
erating significantly due to difficult geopolitical conditions, mainly in Europe (Russian invasion in Ukraine).

Advances in Printing and Media Technology, Vol. XLVIII(VIII) – Session 3A, 32–56



42

For delivery in March 2022, the gas price goes up 40 %, to about € 125 per megawatt-hour (MWh). The 
price for the supply of electricity is also rising some 40 %, to € 300 per MWh (taxes included) (The Brussels 
Times, 2022). Meanwhile, natural gas prices in the U.S. are approximately 60 % higher than a year ago. 
(McHugh, 2022). This increase of energy prices seems to be very high, as it is a reflection of very depressed 
energy prices in 2020 and 2021 due to the COVID-19 pandemic. If someone compares a longer historical 
period (2008−2021) average to the 2022 energy prices (March 2022) in order to soften the anomaly of 
the COVID-19 pandemic, he will find out that electricity prices for household consumers in the EU since 
the first half of 2008, (without taxes, i.e. the energy, supply and network), increased slightly faster than 
the overall inflation rate (HICP) until the second half of 2013 when it was € 133.8 per MWh. From 2014 to 
2019, it remained relatively stable. In the second half of 2021, the highest ever price observed in the collec-
tion is recorded (Eurostat, 2020; 2021)

The European association representing the paper industry (CEPI) points out that the paper industry is an 
energy-intensive industry and, for that reason, current energy prices are a concern. The EU Commission’s 
Green Deal and the carbon net-neutrality 2050 target, which is supported by CEPI, will lead to higher ener-
gy prices and carbon costs. The war in Ukraine and the related sanctions will add to this trend and further 
increase energy prices, which have reached very high levels already today (Packaging Europe, 2022).

Locally, energy prices and availability might be further impacted by the fact that some regions in the EU 
are highly dependent on the supply of Russian natural gas. To compensate for this, access to clean and af-
fordable energy should be one of the EU’s top priorities. The paper industry expects concrete and prompt 
support measures from the EU and national authorities (Packaging Europe, 2022)

Furthermore, Russia exports more or less the same amount to the EU every year (mostly kraftliner, news-
print and uncoated wood free). If we assume trade restrictions will result in the elimination of paper and 
board coming from Russia, the EU could suffer short-term paper shortages in some segments – particu-
larly kraftliner. Russia usually sends some 180 000−200 000 tones of kraftliner to Europe each year. (Mata 
Lopez, 2022)

4. Evolution in the printing industry in technology and automation

4.1. Digital transformation, digitization and digitalization

Digital technologies play today a quite significant role in the media and graphic arts domain. However, 
digital transformation, digitalization or digitization have various interpretations and different meanings. 
The terms “digital transformation”, “digitization” or “digitalization” are often confused and in many cases, 
they are used as they have had the same meaning. Hence there are differences in their conceptual context 
which need to be mentioned. 

As Irving (2021), argues a lot of people have been talking about digital transformation (again). It sounds 
pretty cool and sophisticated. And it is. But what many of them were actually discussing was digitization 
(or digitisation, for those in the UK). 

Irving provides an explanation regarding the term of digital transformation, stating that digital transforma-
tion is less about technology and more about people. The ability to adapt to an even more digital future de-
pends on developing the next generation of skills, closing the gap between talent supply and demand, and 
future-proofing human capitals’ potential. Therefore, digital transformation is a state of mind and a way 
of working and it is about learning and knowledge transfer. As such it is a holistic approach. (Irving, 2021)
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In addition, as it is stated by Irving (2021), “Digital transformation is the process of using digital technol-
ogies to create new − or modify existing − business processes, culture, and customer experiences to meet 
changing business and market requirements. This reimagining of business in the digital age is digital trans-
formation. As such, digital transformation begins and ends with how you think about, and engage with, 
customers. And as we move from paper to spreadsheets to smart applications for managing our business, 
we have the chance to reimagine how we do business − how we engage our customers − with digital tech-
nology on our side”. (Irving, 2021)

Furthermore, according to Saleforce (2022), “digitization is most often mistaken for transformation. 
Digitization is the process of taking an existing process and digitizing, however this is not transformational. 
Therefore, digitization is an essential stepping stone to start digital transformation. In addition, there is a 
difference between digitization and digitalization; Digitization means to convert something into a digital 
format, and usually refers to encoding of data and documents whereas Digitalization means to convert 
business processes over to use digital technologies.”

A more concrete distinction is presented by Thisisthelatest.news (2022). According to Thisisthelatest.
news, digitization focuses on converting analogue information into digital formats. This is an important 
part of digital transformation. It is the process of transferring information from analogue to a digital for-
mat that can be accessed through computer systems and mobile devices. It can also be applied in business 
settings. In contrast, digitalization focuses more on processes and business models. It is the conversion of 
physical things to digital formats. Finally, digital transformation is more a holistic strategy in transforming 
the totality of doing business with digital tools and elements (such as Industry 4.0 settings and technolo-
gies), enabling organizations and businesses to adapt to changing market conditions and reimagine busi-
ness processes and be more responsive to market changes and better serve their customers. 

The interrelation of these three terms is presented in Figure 10.
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As we navigate through the digital age, several terms have emerged. Most of the time, these
terms are used interchangeably. An example is digitalization vs digitization, and even digital
transformation, which, while used interchangeably, are entirely different.

Primarily, these terms refer to different ways of responding to and adopting new technology.  It is
therefore crucial, that you, as a business, understand the differences when it comes to
digitalization vs digitization.

Below are definitions and examples, allowing you to understand how these can contribute
towards your digital transformation strategy.

On this page:

Digitization vs Digitalization vs Digital Transformation
What is Digitization?
What is Digitalization?
Understanding Digital Transformation
Are you ready to digitally enable your business?

Digitization vs Digitalization vs Digital Transformation
Before we look at each of the terms individually, and their associated benefits, its important to
understand how they relate to one another.

You can think of these terms as referring to different stages on the road towards digitally enabling
your business.

Often, you will find the terms, digitization, digitalization, and digital transformation used
interchangeably.  However, it is not a case of merely comparing digitalization vs digitization.

When it comes to assessing digitization vs digitalization vs digital transformation, depending on
your business’ current level of digital enablement, you will find that each has a different outcome,
providing varying benefits to your business.

While digitalization is about applying technology to existing business processes and workflows,
digital transformation means reorientating those processes in a new, digital way.

Consequently, digital transformation is far broader, with digitalization and digitization forming
crucial components for any digital transformation initiative.

···

···

What is Digitization?
Digitization is the conversion of analogue data into digital form. It refers to taking information and
encoding so that it can be processed, stored and transmitted electronically.

If you have ever converted your documents into electronic files, old photos into digital pictures or
cassette tapes to MP3 files, you have involved yourself in digitization.

Advancement in technology has pushed us into the digital age, allowing us to capture photos with
our smartphones, send messages from our laptops and find information on the internet.
Digitization aims to make communication more efficient and faster.

Examples of Digitization

There are several examples of digitization. One of the most common examples is the conversion
of handwritten or typed text into a digital format. Another example is changing bank statements
sent via mail into a computer application.

Digitization is also seen when storing patient records of a hospital in computers instead of
physical folders.

Digitization enables to create business value and efficiency, by converting analogue information
into digital data, helping lay the foundation for a business to leverage that data.

Some other examples of digitization are:

Converting your signature to an electronic format for signing documents online
Scanning paper document into a digital document, such as PDF
Converting from analog media such as VHS to digital formats such as CD, DVD or Blu-Ray
discs

Most businesses have already adopted digitization and seen significant benefits in encoding their
information to a digital format.

How has digitization benefited businesses?

Digitization has been fundamental in changing the way in which organizations conduct their
operations.

Driving cost-efficiencies and increasing productivity, digitization has enabled businesses to move
away from manual and analog tasks and activities, significantly reducing the time, cost and
storage of those activities and their outcomes.

What is Digitalization?
Digitalization is leveraging technology to transform existing business models. Digitalization
creates value by improving existing processes and business models to increase revenue and
decrease costs.

Gartner echoes this, with their IT glossary defining digitalization as “the use of digital
technologies to change a business model and provide new revenue and value-producing
opportunities”.

While digitization is the conversion of analog to digital, digitalization uses digital data in a
meaningful way through technology.  Consequently, we can safely state that digitalization cannot
happen without digitization.

Examples of Digitalization

Digitalization relies on digitization to improve business processes, making the data work for you.
Digitalization converts processes to be more efficient, productive, and profitable.

Some other examples of digitization are:

Using cloud computing to store and distribute documents
Creating automated workflows, such as order fulfilment (for example, a business may have
a website where once the customer places an order, a shipping label is created, the
customer is invoiced, and the warehouse prepares the shipping)
Centralizing customer data, such as contact information and product history, from several
sources, which can support the business when diagnosing faults, identifying trends, and
cross-selling products and services

Similar to digitization, many companies are likely to have already been exposed to digitalization. 
Many businesses already have one or more digitalized processes or workflows whether that be
order fulfilment from an e-commerce site or customer history held in a CRM database.

How digitalization benefits business?

Small to mid-sized organizations leveraging digitalization can benefit since it helps increase the
efficiency of operations while providing lower operating costs.

Digitalization has primarily been driven by cloud services, which offer a decrease in capital costs,
whilst improving efficiency in parallel.

Such services offer the ability to access data easily, manage workflow and consolidate
applications. Such facilities were previously limited to larger organizations that could afford the
capital outlay for inhouse IT teams and hardware.

A large portion of consumers today are savvy digital users. Companies with a digital presence
gain an edge at appealing to the audience.

Digitalization helps generate insights into customer behaviours. These insights and trends allow
the effectiveness of promotional campaigns to be measured and to drive improvements to
products and new revenue sources.

Digitalization vs digitization may mean different things and affect businesses differently. However,
both are vital strategies in this modern age.

···

Understanding Digital Transformation
Closely tied to digitization and digitalization, the definition of digital transformation has evolved
with the emergence of more and more digital technologies.

Digital transformation refers to the strategic aim of creating a digital business.  As part of digital
transformation, an organization will leverage all of the opportunities provided by digital
technologies to change the overall approach of the business to create adaptability, and
significantly improve performance and presence.

It’s important to note that the path to digital transformation is not linear, i.e. from digitization to
digitalization, and then digital transformation.

When undertaking a digital transformation initiative, many organizations will experience
digitalization projects borne out of digital transformation, potentially leading to digitizing business
information.

See also: The benefits of digital transformation

Companies, particularly SMBs, opt for digital transformation to better orient themselves to
customers requirements, and needs.

Digital transformation allows businesses to understand their customers better and leverage more
ways of interacting with them.  By leveraging digital technologies in such a way, businesses can
sell new products and services, and reach new audiences whilst achieving greater integration
across several workflows and processes.

Digital transformation includes all aspects of a company, regardless of their industry or level of
digitalization.

···

···

Are you ready to digitally enable your business?
Digitization vs digitalization vs digital transformation? Central to these terms is the basic
understanding that to remain competitive, businesses must adapt and evolve to take advantage
of digital technologies.

Digitization encodes information, and digitalization improves processes and workflows. At the
same time, digital transformation creates a digitally enabled business by using new or disruptive
technologies such as artificial intelligence, IoT, robotic process automation (RPA), and so forth.

 DIGITIZATION DIGITALIZATION
DIGITAL
TRANSFORMATION

Goal Encoding information Information processing Leveraging knowledge

Objective Convert from analog to
digital format

Automate existing
business and
operational processes

Change organizational
culture to deliver new
services, products and new
levels of customer
engagement

Activity
Convert paper documents,
analog media, microfilms
to digital format

Creation of end-to-end
digital work processes

Integration of multiple
processes and workstreams
to digitally enable the
organization

Tools
Computers and
conversion/encoding
equipment

IT Sytems and
applications

New and disruptive
technologies, i.e. Robotic
Processing Automation
(RPA), Artificial Intelligence
(AI), etc.

Challenges Volume (Material) Cost (Financial) Resistance to change
(Human resource)

Example Scanning paper-based
registration forms

End-to-end electronic
registration process

Entirely electronic, from
registration to individually
tailored content delivery

 

As digital technology develops, it’s crucial for all businesses, particular SMBs, to be understand
how their businesses are impacted by these technologies, and how to stay ahead of the
competition by appropriately leveraging digitization, digitalization and digital transformation.

Also Read
Digital Transformation for SMEs – The ultimate guide
How technology can drive small business transformation
5 Digital transformation mistakes businesses must avoid

···
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Figure 10: Digitization Vs Digitalization Vs Digital Transformation (Thisisthelatest.news, 2022)

Based on previous data, Digital transformation can be defined as a holistic development strategy. As it is 
argued by ionology.com (2022), “Digital transformation describes how an organization must evolve in the 
age of digital disruption; continually changing, innovating and reinventing rather than simply enhancing 
or supporting the traditional methods of its industry”. Ionology organization, suggests five crucial steps for 
the development of a digital transformation strategy as presented in Figure 11.
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Figure 11: Five steps for a digital transformation strategy according to ionology.com (Irving, 2021)

The analogy of all three terms to the printing business and industry can be structured at the following 
example: 

• Digitization: Inventory of printed jobs from paper to a digital file
• Digitalization: Automation of print management with the application of an MIS and use of digital data
• Digital Transformation: Integration of management, production workflows and business models in 

digitized platform(s) following a specified strategy.

Such classification provides evidence to clarify strategies for the printing business with the application of 
advanced technologies and Industry 4.0 is the most prominent step towards a new era for printing in the 
digital domain. 

4.2 Industry 4.0 in the printing industry

Industry 4.0 is described as the 4th industrial revolution. Industrial revolution is an old term, used princi-
pally to classify the various steps of evolution in industrial operations and processes. However, the concept 
of Industry 4.0 appears as a global trend regarding the evolution in industrial manufacturing in the years 
to come. As such, it seems as a necessity for all industrial and manufacturing sectors to take under consid-
eration the evolution that this concept brings. Hence, the term consists of several elements, which need to 
be carefully addressed and analyzed. This analysis should lead to the determination of potential benefits 
for manufacturing operations and processes in various sectors. (Drexler, 2016)

As it concerns the graphic/media, printing and packaging industries, the generic Industry 4.0 trend is ap-
plied with the combination of certain elements that fit better to the nature of processes and operations in 
the industry. As such, vendors, scientists and manufacturers are taking position within Industry 4.0 which 
is interpreted as Print 4.0, Finishing 4.0, Packaging 4.0 and Paper 4.0 (Politis, 2017).

A clear message from the investigation in the Printing Industry sector is that not all Industry 4.0 elements 
are applicable at all sectors. The investigation for the graphic arts and related industries (printing, packag-
ing, paper and finishing) show that generic elements of Industry 4.0 are adapted into specific applications 
in a more concrete manner by the industry. (Politis, 2017, 2018)

According to Blogdrupa (2021a) quite recently, system integration and workflow automation were a top 
priority for printers and manufacturers. The truth is that in the Printing Industry there are a lot of repeat-
able tasks and processes, even though each job ticket is unique, and each printing job might be complete-
ly different than the previous or the next one. To keep the cost price as low as possible, many software 
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solutions offer automated workflows with the use of JDF files. The advantages of these include “increased 
production efficiency as well as profitability, raising the output, an increase of volume of shorter run work 
and avoiding bottlenecks”. (Blogdrupa, 2021a)

Hence, Industry 4.0 is not only about automation of processes, use of robotics and big data. It’s also about 
the use of cloud computing in all kinds of industries. And Printing Industry is not an exception of this rule. 
Newest technologies and developments include web2print, online file checking, color management and 
more print cloud solutions. These solutions aim of developing comprehensive AI based software solutions 
that aid printers in becoming more efficient, profitable and automated. Other focus on eliminating the bur-
den on IT teams, reduce operating costs and accelerate digital transformation. (Blogdrupa, 2021b)

The current trend is the moving from many different aspects to as much as possible integrated systems, 
like ERP and MIS functionality with collaboration tools, web-to-print, cloud services and so on. The more 
the integrated systems, the less time is needed on the user’s side. Following this, IoT devices and sensors 
make available for organizations to have access to greater insights from new analytics capabilities, which 
enables them to make faster, more knowledgeable business choices connected to their print ecosystem.

Cloud can also be used as a central service platform for remote maintenance and other remote services. 
This way, efficient and comprehensive support for machine operations, productivity improvements and 
troubleshooting can be provided and the whole print management of a printing company can move nowa-
days to cloud. (Blogdrupa, 2021b)

4.3 Robotics

A significant trend is the application of artificial intelligence and robotics into manual jobs. Although the 
news often puts humanoid robots and artificial intelligence (AI) in the spotlight, there’s no shortage of 
exciting innovations in industrial robotics. From medicine and agriculture to production and printing, ro-
botics plays a vital role in various industries, helping businesses become more efficient and cost effective.

Figure 12: Annual installation of industrial robots (IFR, 2021)
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Although robots have been used in industry since the 1960s in manufacturing, new technological capac-
ities have made them versatile. New technologies like drones, collaborative robots with sensors and the 
incorporation of artificial intelligence and automation have opened the doors for robotics. As robotics and 
automation technology develop, we expect to see increased innovative uses applied to various industries 
(Figure 12). From medical robotics to automation in transport, we can expect to see the automation and 
robotics sector expand and grow. In fact, the World Robotics 2021 Industrial Robots report shows a record 
of 3 000 000 industrial robots now operate in factories around the world. (IFR, 2021)

In printing business, there is an increased use of robotic functions to improve precision and productivity 
and reduce time, while the use of automation and artificial intelligence help to coordinate and optimize 
production and operation (Heidelberg, 2022). Furthermore, according to Frey and Osborn (2013), print 
finishing and bindery operatives have a 95 % probability of a robot doing their job, ranked as 618 most 
likely out of 702 occupations. It is certainly feasible that manual loading and unloading operations could 
be replaced, and in many cases automatic palletization has replaced manual labor while robotic hoists are 
commonplace in loading logs of printed sections into gatherers for binding.

Relevant robots in the Printing Industry (Frey and Osborn, 2013)
• Collaborative robots
• Loading and unloading of machine
• Service and communication robots
• Transport and logistics
• Transport and service 

The application of Industry 4.0 elements within a Circular Economy is a matter of high importance. An 
example on the relation of Circular Economy with industry 4.0 in an industrial setting, is presented in 
Figure 13.

Figure 13: Convergence of Circular Economy with industry 4.0 in an industrial setting (UNIDO, 2017)
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5. Print-media business models − advances and evolution 

5.1 Business models − definitions and classifications

What is a business model? An answer is not easy to be given, since business models constitute purely 
conceptual frameworks. In other words, everyone can interpret the term by his/her own and unique way. 
Searching in the literature provided efforts by numerous scientists, in an attempt to define business models. 
For example, a look through Harvard Business Review - HBR’s archives shows that “business thinkers use 
the concept of a “business model” in many different ways, potentially skewing the definition” (Ovans, 2015). 

As it can be derived from Ovans (2015), the meaning of the term, can be described as an interplay of vari-
ous concepts and opinions by many, such as “business strategy”, “assumptions about what a company gets 
paid for” or “better business model into an existing market is the definition of a disruptive innovation”. 

Regarding the definition, it is argued that the business model concept is a particularly helpful unit of stra-
tegic analysis tailored to today’s competitive business environment. It helps executives as well as entre-
preneurs increase their capacity to manage continuous change and constantly adapt to rapidly changing 
business environments by injecting new ideas into their business model. Hence, there is often a lack of a 
more precise and shared understanding of what a business model is. Yet, such a common understanding is 
required if we want to have high quality discussions of one’s business model and make important business 
model decisions.

A more concrete definition has been provided by Osterwalder (2005). According to Osterwalder “A business 
model is nothing other than a representation of how an organization makes (or intends to make) money”. 
This definition is further implemented as follows: “A business model is a conceptual tool that contains a 
set of elements and their relationships and allows expressing the business logic of a specific firm. It is a 
description of the value a company offers to one or several segments of customers and of the architecture 
of the firm and its network of partners for creating, marketing, and delivering this value and relationship 
capital, to generate profitable and sustainable revenue streams”. (Osterwalder, Pigneur and Tucci, 2005)

According to e=mc3 (n.d.), “if managers want to overcome past barriers and experiment with alternative 
business models, they must construct maps of business models, to clarify the processes underlying them, 
which then allows them to become a source of experiments considering alternate combinations of the 
processes. One example of a mapping approach comes from Alex Osterwalder who, following his disser-
tation at Lausanne, has consulted, and spoken widely on business models and business model innovation 
(Osterwalder, 2005). His empirical focus utilizes a 9-point decomposition that characterizes a business 
model, namely the Business Model Canvas − BMC. The nine key elements, comprising the basis for any 
business model, can be viewed in Figure 14.

Figure 14: Osterwalders’ Business Model Canvas – BMC (e=mc3, n.d.) 
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The Business Model Canvas, can be considered as the basis for the conceptualization of the rather vague ter. 
According to e=mc3 (n.d.), “although, like other models it is a simplified description and representation of a 
complex real world object, it describes the original in a way that we understand its essence without having 
to deal with all its characteristics and complexities. In the same line of thought we can define a business 
model as a simplified description of how a company does business and makes money without having to 
go into the complex details of all its strategy, processes, units, rules, hierarchies, workflows, and systems”.

What is essential and highly innovative from the work of Osterwalder, as it regards the context of business 
models, is the introduction of “blocks” or “pillars” or “elements” in the form of a canvas, which immediately 
changes the process of conceptualizing a model of a business, or any other type of organization public or 
private, profit or non-profit. The canvas just happens to fit perfectly with the principles of the Lean Startup 
process, especially the emphasis it lays on experimentation, hypothesis testing, and systematic learning. 
(Fielt, 2014; e=mc3, n.d.)

Regarding business models classification, Elearnmarkets (2022), suggest a different approach in defining 
and classifying business models; “Every business or companies makes a plan for generating profit. They 
create a model for identifying products and services to sell, the market they want to target and also take 
into account anticipated expenses. This is known as business models. Even if the business is already es-
tablished or even if it is a new business, plan needs to be made. Businesses need to regularly update their 
plans and strategy as they need to take into accounts the challenges and trends for the future models. 
(Elearnmarkets, 2022)

Elearnmarkets classify four types of business models as follows:
• Business to Business Model � B2B
• Business to Consumer Model – B2C
• Subscription based Business Model
• On Demand Business Model (Elearnmarkets, 2022) 

Regarding conceptualization of business models, Fielt (2014), suggests that “a business model describes 
the value logic of an organization in terms of how it creates and captures customer value and can be con-
cisely represented by an interrelated set of elements that address the customer, value proposition, organi-
zational architecture and economics dimensions”. Field (2014) suggests further the following conceptual-
ization of business models based on his analysis of business model definitions, elements, and archetypes 
and constructed by the following 5 main fields:

• explicitly including the customer value concept in the business model definition and focussing on 
value creation

• presenting the core dimensions that business model elements need to cover
• arguing for flexibility by adapting and extending business model elements to cater for different pur-

poses and contexts (e.g. technology, innovation, strategy) 
• stressing a more systematic approach to business model archetypes by using business model ele-

ments for their description, and
• suggesting to use business model archetype research for the empirical exploration and testing of busi-

ness model elements and their relationships. 

5.2 Business models in the printing industry

As it is stated by Bohan (2017), printing companies today have to navigate the requirements of shorter 
run lengths, faster turnaround times and increasing costs, all while facing relatively stable print prices and 
higher consumables prices. With all of these challenges, it’s virtually impossible to maintain, yet alone in-
crease, profitability without making changes to current business model or operations. According to Bohan, 
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the key to profitability and the solution to current challenges may be no further than workflow. An ad-
vanced workflow, should consider whether or not it drives positive impact on six key areas of printing 
business:

• Enhancing Customer Interaction
• Reducing Touchpoints
• Driving Productivity and Uptime
• Reducing Waste and Inventory
• Optimizing Consistency and Repeatability
• Providing Business Intelligence

Furthermore, as it is stated by Bondy, Peterson and Webb (2015), numerous management methods are 
deeply ingrained in the Printing Industry. Unfortunately, many no longer apply in the current market and 
environment. The development of “UnSquaring The Wheel”, introduced the concept of a generic overview 
of the print management and workflow, designed to create a new and durable competitive advantage for 
graphic communications firms (printing companies). The approach, examines the entire business, not just 
one department at the expense of others. There is no one aspect of a company that can be changed and 
by itself create a sustainable advantage without this generic approach. (Bondy, Peterson and Webb, 2015)

Another concept under the name “Digital Supply Chain − New ideas for more efficient procurement of 
pharmaceutical packaging” has been introduced by Faller Packaging (2020). According to Faller Packaging 
white paper, “The digitized supply chain turns an order-driven process into a data-driven one that contin-
uously monitors and optimizes itself. The basis for this is the fullest possible exchange of relevant informa-
tion between pharmaceutical and packaging manufacturers. Analysis and segmentation of this item-relat-
ed data makes it possible to select the best possible supply chain strategy for each product and to derive 
recommendations for action to improve specific process steps along the entire value creation chain”. 

More over, according to Salwin, et al. (2020), in the light of intensifying competition, growing customer 
needs and requirements, and bigger awareness of environmental impact, entrepreneurs are looking for 
new ways to improve and develop their operations. Therefore, seeking new business models seems ex-
tremely important as they may improve customer satisfaction and experience with the way products are 
offered to them and, at the same time, bring a number of benefits to entrepreneurs. Product-Service System 
(PSS) is a combination of products and services to meet specific customer needs and a concept that allows 
companies to build a competitive edge and supports sustainable development. The created PSS model 
provides the printing house with tools in the form of services that will eliminate production problems, im-
prove production efficiency, minimize the adverse impact of printing production on the environment and 
affect the extension of the machine life cycle. (Salwin, et al., 2020)

In addition, Couckuyt (2019) in his analysis on the Printing Industry trends from the Graphics Canada 2019 
trade show in Toronto suggested seven trends impacting the business models in the Printing Industry as 
the “impactful trends percolating into the business world in general and into the Printing Industry more 
specifically of those key trends that’ll remake our (printing) business over the next five years”. The trends 
are presented below: 

• Accelerated Convergence of Technology and Business Verticals
• Increasing Consolidation Levels
• Increased Automation
• Shorter Run Lengths and Faster Turnaround Times
• Shift of Skill Set Requirements
• Increased Level of Machine Learning and Artificial Intelligence (AI)
• Management Sophistication
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Couckuyt argues further that “in the last decades, the print industry has gone through accelerated tech-
nological changes that have fundamentally changed the conventional business model. The digitization of 
production processes has shifted the pendulum from Graphic Arts to Graphic Science and it is now very 
common for the printing model to be expanded by adding upstream and downstream services. Upstream, 
printers are adding web-to-print, design, and data management services. Downstream, printers are adding 
kitting, fulfillment, and distribution services. Couckuyt concludes his analysis by stating that “The print in-
dustry has grown into a complex, sophisticated business. Successfully managing such a diverse and sophis-
ticated business model requires highly skilled teams. Navigating the challenges created by rapid technolo-
gy changes, increasing environmental demands and a shift in human resources requirements will continue 
to put pressure on the management skills within the industry”. (Couckuyt, 2019)

Finally, Roos (2016), claims that printing industries all over the world have to find new successful strate-
gies and business models. The reason for the necessary changes is based on the ongoing shift from analog 
to digital production technologies and media products, bringing about new business opportunities on the 
supply side in combination with changes in the media use on the demand side. The task for printers is to 
understand which technologies, processes and markets fit best to implement successful business. 

Roos (2016) suggests the following direction for consideration as it regards business models in the Printing 
Industry: 

• New successful business models are individual, not limited to new technologies.
• There is an increasing field of printing technology applications outside media.
• IT – Innovations are the strategic key for most of the new business models.
• Profit is often related to the control of larger parts of the value chain.
• The work force in the printing industries needs new IT – skills for designing processes, skills for global 

operations and management skills – such as Lean Printing. 

6. Discussion and conclusions: from the theoretical to the conceptual framework 
 for implementing circular economy in printing industry business models 

Trying to transform various theoretical and mostly generic frameworks into specific conceptual structures 
in a particular industrial setting such as the Printing Industry is a rather challenging task. Such study as the 
one in the present paper is by default a difficult task. 

In the paper effort has been given in order to investigate the various concepts that affect printing business 
and the way that their application influences the business strategies and creates new requirements for 
business models.

Therefore, a step-by step procedure has been selected for presenting data and evidence on the topic of the 
characteristics of business models by the application of Circular Economy concepts. Given the limitations 
of space and time, the present study has been based on a step-by-step procedure. This methodological 
procedure revealed that printing business is alive and it is evolving not only in traditional fields such as 
book and packaging despite the digital environment in communication, but it is also expanding into new 
segments such as industrial and functional printing.

Research conducted, provided evidence that the Printing Industry is already rapidly transforming, with 
the implementation of various elements ranging from continuous improvement and lean philosophies, 
to industry 4.0 and the so-called digital transformation at all levels, namely at operation and business, 
management, technology and production. The current roadmap of the industry is to implement new / 
advanced business models.
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Furthermore, the study concluded that indeed Circular Economy is nowadays the key word summarizing 
environmental protection, energy efficiency and sustainability. No matter the challenges created by recent 
global negative issues, Circular Economy is here to stay. The study revealed further that the effective imple-
mentation of innovative concepts such as those of Circular Economy in the printing and Packaging Industry, 
can reach a certain degree of implementation that concerns the print production itself. Cooperation with 
suppliers (the “before”) and end-customers (the “after”), is a prerequisite for an effective implementation 
of a Circular Economy structure in printing business and production.

Further, the study provided evidence that such business strategies, should be based on the further and 
dynamic evolution of business models, suitable to accept and enhance the production under the Circular 
Economy setting. The study revealed that the current evolution of other concepts such as continuous im-
provement, Industry 4.0 and digitalization / digital transformation, should be considered as parts of a ho-
listic transformation of the printing business and operation. Circular Economy should be considered as an 
additional parameter in the already complex business environment of the printing, finishing and packag-
ing production industries.

One of the difficulties / obstacles is that, by its nature, Circular Economy needs to be applied from the 
beginning to the end of a product life-cycle. As a result, it is much more difficult to be implemented in an 
advanced business model in the Printing Industry in its full dimension. Quite obviously, the reason is that 
print production is an intermediate part in the life-cycle of a printed matter. And it is true that it was much 
easier to manage, adapt and implement recycling and energy efficiency policies in the printing and finish-
ing processes. 

What Couckuyt (2019) stated in his analysis with his “Upstream and Downstream” structures, can be the 
way towards Circular Economy integration in the Printing Industry and the transformation of its business 
models. Circular Economy integration demands efforts from the industry, towards the “before” and the 
“after” in addition to the core print production. 

In other words, companies need to consider materials used in production such as printing substrates, inks 
and glues and the printed matter after its production in the printing, finishing and packaging production 
steps, in a totally new mindset, within the Circular Economy structure. Cooperation with suppliers (the 
“before”) and end-customers (the “after”), is a prerequisite for an effective implementation of a Circular 
Economy structure in printing business. Here ideas should be derived by Two Sides Australia (2022) and 
the diagram, illustrated in Figure 6. 

This mindset provides a roadmap from the theoretical to the conceptual framework for business models 
on the improvement of business operations. One critical aspect is the possibility of incorporating any new 
concept that may arise in the future.

Moreover, it is obvious that innovative trends will continue to influence the industry. Such trends can be 
summarized as follows:

• The Printing Industry is evolving further despite the evolution of the digital world.
• Digitization, digitalization and digital transformation are applied throughout the design, management 

and production settings of the industry. 
• Digitalization is applied in many ways, and the key-issue nowadays is the efficient digital transforma-

tion, as a part of the holistic business transformation.
• New technologies and philosophies (such as Industry 4.0 and continuous improvement) are present 

in the holistic transformation of the printing business.
• Circular Economy and sustainability are definitely key-parameters in present and future evolution of 

the Printing Industry.
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• Business models applied, require a constant restructuring in order to coop with new / additional con-
cepts that need to be integrated in printing business.

As a result, the present study suggests that new/advanced, dynamic and flexible business models are cer-
tainly required for the printing, finishing and packaging industries. A first attempt to describe the parame-
ters regarding the characteristics of an appropriate business model for the Printing Industry where future 
innovations and concepts could be implemented, is presented in Table 2.

Table 2: A suggested multilevel framework for an advanced business model in the Printing Industry

Characteristics of business models development for the Printing Industry 
in relation with the integration of new concepts such as Circular Economy

Procedure System / field to be explored, customized and applied

Operation, leadership, strategy, Lean Manufacturing / Continuous Improvement 

Technology, design, management, 
workflow, production

Digitalization / Digital Transformation 
pplication of Specific Industry 4.0 elements

Customer, Product, Supplier, Materials, 
Consumer, End-user

Life Cycle and Characteristics of Printed products

Circular Economy Resources, Energy efficiency, Sustainability, Recycling, 
Waste management

People and the Human Capital 
Development

Enhancement of Knowledge with Education and Training, 
Improvement of Competences and Skills 
A timeless – ongoing procedure

Given the elements presented in Table 2, it is fully understood that there is a particularly high degree of 
complexity. This occurs because the various fields need to interact smoothly in order to achieve an efficient 
business operation at all levels and activities. 

This framework is by far not complete. Intensive further research is required in an effort to bring all the 
pieces of the puzzle together − such as continuous improvement, industry 4.0, digital transformation and 
Circular Economy. Additional parameters need to be considered, such as the various segments of the in-
dustry − namely commercial or packaging printing, and paper, carton and flexible printing production. 
Different specific production segments in the printing companies require a high degree of customization at 
all fields mentioned in the framework. Last but not least, the it is of high consideration the people and the 
human capital that should be capable to work in such complex environments. it is suggested that further 
research should focus in transforming the concepts applied in the Printing Industry with specific elements 
of advanced business models.

As a final comment, this framework can be considered as a starting point only for printing companies that 
they want to transform their business and operation with new tools and integrate new concepts such as 
Circular Economy in their business models.
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