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Abstract. As we are on the road to the next generation of the business
organizations: Industry 5.0, we need to understand how the digitalization is
connected to the requirements of the circular economy. Although we could
find a statistical evidence for such strong relations, the digitalization is much
more requisition for the business success as the circular economy is a
business intention. Thus, there is not significant reason-react dependence
between these two business processes. And the paper aims to find out the
exact dependence between them. Thus, the paper not just present the main
foundations of the digitalization and circularity of economics (in Ist
paragraph) but develop a research instrument (in 2nd paragraph) for analysis
the exact correlation between ""industrial policy"" - ""Industry 5.0 digital
instruments ~ development"" - Policy for Circular Economy
development. The main results are focused on the preferred policy
instruments that force up the development of circular economy based on the
business intention to digitalization and Industry 5.0 application.

1 Introduction

The general reports on the sustainable development and green economy impact show that the
World become worse and worse place to live besides the overall policy is to reduce it. Just
for example, the WEF [1] calculates the earth overshot days and it determinates that we need
1.75 Earths to continue living on the same way. Additionally, the most developed countries
need more than 3.0 Earths (e.g. USA — 5.1; Germany — 3.0; Japan — 2.9 and etc.) as the BRICS
countries need less (e.g. China — 2.4; Brazil — 1.6; India — 0.8 and etc.). Despite the Green
Deal policies, the higher technology developed countries looks like less climate change
oriented one (e.g. the EU has to become energy neutral since 2050 but it needs much more
resources to do that).

Accordingly, the main question is how digitalization and Industry 5.0 future will react to
the circularity of the economy and its main indices. As the numerous of papers discuss, there
is a strong linkage as the digitalization leads to more circularity based on better resource
efficiency, better energy efficiency and further CO2 footprint reduction. But, where are the
limits of this interrelation?
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1.1 “Circular economy” future

Undoubtedly, “circular economy” (CE) become a "new normality” in business. As the concept
has been promoted firstly by Kenneth Boulding [2] and then developed recently by Ellen
MacArthur Foundation [3-4] and a Circular economy action plan as a part of EU Green deal
strategy [5].

Following the already accepted definitions, the circular economy is explained as a
production system for generation and utilization of existing resources that could be based on
sharing assets, repairing and reusing. In this way products and materials are delivered with
expanding lifecycle. Accordingly, two definitions have to be given [6]:

e “A circular economy describes an economic system that is based on business models
which replace the ‘end-of-life’ concept with reducing, alternatively reusing, recycling and
recovering materials in production/distribution and consumption processes” [7];

e “[CE] an industrial system that is restorative or regenerative by intention and design”
(3, 8]

1. CE is a business model, a concept of business processes’ organization, that implies a
different approach to the materials/resource usage. Accordingly, the CE is based on the same
business approach as the “rejected” Linear economy (LE) model is. Looking the business
economics basics [9] the main reason to exist certain business is profit and financial
sustainability as Devenport, Taylor, Fayol and others have been stated for the basics of
contemporary business organization [10-12]. Thus, we could mark a great risk for the future
of CE as it has to be profitable in order to exist.

2. The CE end-of-life approach explain the business intention. Thus, the CE model will
be accepted and implemented if the business (resp. business organizations, and mostly their
management) receive much more benefits from it than the LE model. As following the
behavioral theory, the companies have to do something if it beneficiary for them.
Additionally, most of the business behavioral theories focus on the societal element of the
behavior [13] and more precisely — on the concept of “followers”. Thus, business intention
will become into-action if expectance of the other businesses to have intention to become
into-action (resp. it’s is similar to innovation acceptance model; on-topic research publication
and etc.)

So, the business behavior basics rise some suspicious about the opportunities by targeted
policy to reduce decoupling between human (resp. business) impact on the ecological
systems and business intention to (profitable) growth (Fig.1)
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Fig. 1 Long term sustainability of production and consumption patterns
Source: [14-15]

The given constrains are found by Heshmati [16] based on [17-18] that summarized slow
policy effect on CE instruments because of higher costs and less benefits for business
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accepting CE principles, incl. new hi-tech technology innovations. Some reasonable effects
could be found by analysing European practices:

e Firstly, as the Circular economy action plan [5] stated, the circularity of the business
will be based into-action activities for: assessing options for further promoting circularity in
industrial processes; supporting the sustainable and circular bio-based sector; promoting the
use of digital technologies for tracking, tracing and mapping of resources; promoting the
uptake of green technologies; and fostering circular industrial collaboration among
SMEs.

e But, secondly, the European Innovation Council (EIC) through Business Acceleration
Services supports innovative projects and companies getting access to market, and some of
the major questions are about: entrepreneurial success; opportunity for venture capitals; and
go-2-market opportunities. And, nothing about: resource effectiveness; reuse or re-think, as
main pillars of the CE (the last activities to —action the CE intention, see above point).
According to [19] the CE incentives are used to encourage business actors to intent or to act
as the societal change needs engagement and education incentives. Additionally, [20]
discovered that there is inability of contemporary business to implement a CE’ principles
using an entrepreneurial model where resources and profit are the primary considerations

Nevertheless, the CE is based on some business actions, known as Rs. The core CE
concept includes 3R: reduce, reuse, recycle; 6R: 3R+ recover, redesign, remanufacture; and
9R: 6R+ refuse, rethink, repurpose. Following latest innovation intents, the Industry 4.0/5.0
technologies integrating different digital resources to helping business to reduce waste and
to increase resource efficiency by decoupling with regional resource inequalities.
Additionally, newest (digital) technologies help business for adopting green practices as
reducing process’ consumption of natural resources such as water and energy [21].
Understanding the R’s concept is set in the core of digital transformation as Industry 4.0 /
Industry 5.0 directly impact over business processes that focus on the main pillars of CE.

1.2 Business digitalization

The new technologies are undisputable element of the CE as they are appointed directly in
the EC Action plan to CE [5]. As [22] noticed, the linkage between physical material flows
with digital flows is more useful than the recycling way of CE. Additionally, the Industry
4.0/Industry 5.0 instruments give the opportunities for real materials flow optimization. Thus,
growing  digital  “business-2-business”  or  “business-2-customers-2-business”
interconnections could be allowing faster data transfer on materials flow at negligible
marginal costs. Furthermore, digitalization facilitates CE networking and allows them to
share materials flows for decoupling regional raw-materials’ inequalities [23]

The main instruments that give the CE-digitalization interconnection are summarized by
[24] (Table 1.)

Table 1. Impact of digital tools in the circular economy

Instruments Contribution to the circular economy
Big data . permits processing and interpreting large volumes of process or/and
customers’ data
. enables materials and assets sharing
Internet of things » connects different devices that gather and exchange data performing
MoT/ efficient business processes, incl. automated manufacturing or smart

waste management.
» Establishes and extends existing networks and CE supply chains
+ Increases “B2B” and “B2C” communication that allows optimizing
production and physical warehouses’ processes




SHS Web of Conferences 176, 02002 (2023) https://doi.org/10.1051/shsconf/202317602002
BRD2023

Instruments Contribution to the circular economy
Artificial » reduces materials waste as allows machines to perform human-like
intelligence /Al/ routine cognitive working functions
Block-chains » facilitates transactions and interactions within the raw-materials’ supply

chain through decentralised and immutable data exchange
» allows establishment a CE-networks

Cloud computing o offers services of computing resources sharing over the Internet
Online platforms » enables innovative forms of sharing data for smart management of
/applications production, consumption, collaboration and assets sharing between
businesses or clients
Machine * prepares materials’ flows forecasts with a high degree of accuracy as
learning reduces the human bias in testing and prototyping on new products
Computer Vision » allows autonomous visual comprehension based on images or sequence
of images

The overall effect of digital technologies to CE is found by researchers [21, 25 —29] They
prove the strong relations in the next:

e Industry 4.0 has an impact on CE through minimizing industrial waste, promoting
remanufacturing, and making optimal use of natural resources. The recycling strategy
benefits from most of such digitalization;

e Environmental, economic, and operational success are made possible by CE practices.
In particular, prolonging product lifespans depends on data analysis to match product supply
with needs. IoT can help achieve this goal by gathering and disseminating data among users,
technicians, service providers, and potential used-car purchasers.

o Business leaders assume responsibility for societal, environmental, and financial
benefits by implementing CE practices. The most often used digital functions that have a
direct influence on increased process efficiency and decreased material and energy waste are
digitalization of monitoring, optimization, and auto-controlling production processes.

o Industry 4.0 increases the level of cooperation and coordination between different
stakeholders as utilizing sustainable development may help businesses build solid
relationships with their clients and the communities, acquire a competitive edge, and establish
fresh revenue sources.

e In order to achieve sustainable economic and social growth, Industry 4.0's new
technologies and innovations have supported knowledge- and information-based business
models: digital tweens. Based on them, these business models force producers to increase
their attention to potential environmental effects, to improve the quality of their product
designs, and to consider how they may contribute to sustainable development by giving them
a digital perspective of real life as: virtual prototyping; virtual reality or augmented reality
assembly and disassembly manufacturing and etc.

e One of the main constrains of is that undoubtedly Industry 4.0 directly impact CE
adoption in manufacturing beside Industrial companies with the latest information systems
at their disposal, innovative technologies in the production process, intelligent processing of
data and etc.

In summary, there are found different interrelations between digitalization and CE
application in different sectors and countries. Nevertheless, the linkage between them is
based on the introduction of “artificial production systems” that more focused on business
profitability by “changing the game” competition with stakeholders and their networks.
Hence, digital technologies speed up B2B and B2C communication out of the humans
constrains that basically increase resource efficiency and reduce waste.

2 Research methodology and results
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Following [15, 30] there are several methodologies and Key Project Indicators systems to
measure the effect of CE. Accordingly, the most common used are KPI’s of: UNEP, UNDP,
EC /Eurostat/ and EMAF.

As we have accepted the EC definition for CE, the main elements of EC KPI set for CE
/and the database is available mainly for the EU member states/ are listed next (Table 2):

Table 2. CE KPI set of Eurostat

Indicator set Characteristic KPIs
Material consumption
Material footprint tonnes per capita
Resource productivity index 2000 = 100
Waste generation
Production Total waste generation per capita kg per capita 2 sub-
and Generation of waste excluding major mineral wastes per GDP unit groups, 8
consumption kg per thousand euro, chain linked volumes (2010) KPI
Generation of municipal waste per capita kg per capita
Food waste kg per capita
Generation of packaging waste per capita kg per capita
Generation of plastic packaging waste per capita kg per capita
Overall recycling rates
Recycling rate of municipal waste percentage
Recycling rate of all waste excluding major mineral waste
Waste percentage 2 sub-
. . groups, 5
management | Recycling rates for specific waste streams KPI
Recycling rate of overall packaging percentage
Recycling rate of plastic packaging percentage
Recycling rate of WEEE separately collected percentage
Contribution of recycled materials to raw materials demand
Circular material use rate percentage

End-of-live recycling input rates (EOL-RIR), aluminium

2 sub-
Secondary percentage rouns. 5
raw materials | Trade in recyclable raw materials & Kgl’
Imports from non-EU countries thousand tonnes
Exports to non-EU countries thousand tonnes
Intra EU trade thousand tonnes
Private Investments  percentage of gross domestic product (GDP)
at current prices
Competitiven | Persons employed percentage of total employment 2 sub-
ess and Gross value added percentage of gross domestic product (GDP) at | groups, 4
innovation current prices KPI
Innovation
Patents related to waste management and recycling number
Global sustainability from circular economy
Global Consump_tlop footprint . o Index 2010=1 QO 2 sub-
o GHG emissions from production activities kg per capita
sustainability o . groups, 4
- Resilience from circular economy
resilience S KPI
Material import dependency percentage
EU self-sufficiency for raw materials, aluminium percentage

Source: [31]

Focusing on the core CE concept: 3R and following [30, 32-34] in adopting circular
economy approaches, we test the effects on CE based on: Recover — Recycle — Reuse model.
¢ Production and consumption KPI/Recover/: The CE waste and eco-efficiency (code:
cei_pc031): The indicator measures the waste collected by or on behalf of municipal
authorities and disposed of through the waste management system. It consists to a large extent



SHS Web of Conferences 176, 02002 (2023) https://doi.org/10.1051/shsconf/202317602002
BRD2023

of waste generated by households, though similar wastes from sources such as commerce,
offices and public institutions may be included.

o Waste management KPI / Recycle:/ The CE Recycle index (code: cei wmO11): The
indicator measures the share of recycled municipal waste in the total municipal waste
generation. Recycling includes material recycling, composting and anaerobic digestion. The
ratio is expressed in percent (%) as both terms are measured in the same unit, namely tonnes.

e Secondary raw material KPI /Reuse/: The CE recyclable waste trade (code:
cei_srm020): measures the quantities of selected waste categories and by-products that are
shipped between the EU Members States (intra-EU) and across the EU borders (extra-EU).
The indicator includes the following variables:

o Intra EU trade of recyclable raw materials (measured as the Imports from EU countries)
o Imports from non-EU countries and exports to non-EU countries of recyclable raw
materials (as regards extra-EU trade).

Testing the CE-digitalization relation is based on the Bulgarian national projects for
Technological Development and Innovation Program as for the period 2014 — 2020 are
applied 415 national projects for 164.8 mln. euro.

Following [24] 2models of dependency are construct: model before digital projects and
model with digital projects (Fig.2.)

Loghree
LegPree
\

Oentiem LogRAM v

Fig. 2. Linear regression relationship between Change in output (Prod) and change in waste collection
(GenMuW), recycling rate (RRMunW) and trade in recycled materials (RecMatUse)
Source: Eurostat and own calculations based on methodology in [24, 34]

The specific differences are observed in the following Table 3.

Table 3 Coefficients of (linear) dependence between CE variables

Coefficients 2008-2020 Coefficients 2008-2013 glh;“,’,j:
]
Unstandard. Standard. ¢ Si Unstandard. Standard. ¢ Si
Coeff. Coeff. & Coeff. Coeff. &
Model Std Std
B Error Beta B Error Beta
1 I LogMatFoot 0,851 | 0,262 0,700 3,247 | 0,008 0,371 0,434 0,308 0,856 | 0,421 129%
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2 | LogGenMunW 0.867 0,187 -0,814 4,640 0,001 | -0,648 | 0,150 -0,852 4311 0,004 349
3 LogWGen 0.590 0,276 -0,691 2.140 0,085 | -0,292 | 0,346 -0,437 0.842 0,461 102%
4 | LogRRMunW 0,640 | 0,120 0,849 5,336 | 0,000 0,478 | 0,189 0,691 2,532 | 0,039 34%
5 | LogRecMatUse | 0,639 | 0,143 0,803 4,463 | 0,001 0,450 | 0,177 0,693 2,541 | 0,039 42%

Source: [31]

The data (Figure 2 and Table 3) confirm the Hypothesis that introduction of resource
efficient digital technologies increases the impact of generated waste on manufactured
products by 34%. The same relative share (34%) is observed to have a positive impact on the
extent of waste recycling for increased production. All of this had a positive effect, with a
42% increase in trade in recycled materials and an increase in production.

3 Conclusions and next steps

As we confirm the positive impact of Industry 4.0/5.0 and digitalization to the CE, the effects
are not significant enough. The main reasons are set as constrains in defining the Circular
economy. Thus, there are 3 types of policy instruments that could be performed.

3.1 Smart Circular economy

Accepting the state of [26] there is a knowledge gap on the precise internal resources and
competencies needed to utilize data and analytics that have an influence on a company's
performance and methods based in established management. Thus, they found a need of

Smart CE (Fig 3.).
2
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Resource optimization
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Fig. 3 Smart circular economy framework
Source: [35]

So, business to-action intention become bigger if the governmental policy instruments
cover not just data flow processes but smart data analysis as well. Additionally, most of the
financed digital projects in Bulgaria cover just data flow and data collection: and this could
be explanation for the slow CE growth. The shift from LE to CE will become faster if the
project includes data analysis elements.

3.2 Circular economy training

Accepting [13] and revising the entrepreneurial characteristics [36-37], there is need to set
field of circular entrepreneurial competencies [38]:

o Ideas and opportunities: CE concept should be a part of entrepreneurial understanding.
Thus, the smart CE entrepreneurs should have competencies for:
o Rethinking: orientation to sharing assets that makes products more intensive in use.

7
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o Coping with waste (Refuse): orientation to refuse project ideas that generate waste.

e Resources: CE concept should be placed as intention to resources:
o Reuse: entrepreneurial ideation is based on second used products that are discarded from
another business.
o Repurpose: mobilising entrepreneurial resources to change the original usage of
discarded products.

o Into-action: Cooperation and networking intention: express willingness for co-working
and co-creation with other stakeholders.

3.3 Circular economy Training

And, at last but not least, encouraging circular economy policy making using digital
technologies and the data they generate. Besides playing a crucial role in circular business
models, digital innovation and the uptake of digital solutions may also help improving
circular economy policy making. In order to transpose this link into practice, governments
should consider exploring data-driven approaches to their foresight capacities in order to
better anticipate environmental and societal trends and needs, and as such to increase
efficiencies and better target circular economy policy making.

For example, establishment appropriate CE framework shall be based on adding a huge
expansion in data transfer and data analysis, incl.:

o Proposing a stress tests for companies/projects funded by the EU Cohesion Fund under
National Recovery and Sustainability Plans and as a prerequisite for participating in project
competition.

¢ Introduce CE target criteria for project financing and improve pre- and post-project
stress test values.

e Development a national Plan for CE training campaign for SMEs focused on
establishing engagements to the transition to a circular economy.

¢ Introducing a digital platform / national registry of companies related to the circular
economy/and their best practices/.

In conclusion, the shift from LE to CE is not doubtful with support of new Industry 4.0/5.0
digital technologies. But, impact of digitalization to CE will be greater and faster if there is
intention-oriented support as: training to CE competencies; public register for best CE
practices /to do in-action the followers of SMEs/ and etc.

The publication contains the results of a study financed with funds from a targeted subsidy for the
UNWE Research Fund under contract No. NID NI 4/2022/A “Entry of Bulgarian enterprises into the
knowledge economy — modern aspects and challenges”.
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