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Introduction

The first part of the work (Nowicka, 2023)
focused on defining the meaning of the concept of 
a digital supply chain and defining its properties
that are a potential starting point for responding to
the needs of the Circular Economy (CE). An
approach indicating the possibility of implementing
the closed-loop concept was distinguished, with
particular emphasis on the role of Artificial
Intelligence (AI) in the built platform understood
as a digital supply chain. The use of an ecosystem of
diverse digital technologies (including AI) enables

the introduction of dynamics in the created business
models. These technologies, on the other hand, can
support building dynamic capabilities of a strategic
enterprise (Nowicka, 2019) and be used to achieve
goals related to its sustainable development.

Bearing in mind the previously indicated
stimulants for the development of the digital
economy and the dissemination of the use of digital
technologies in management, it was assumed that
the purpose of this work is to identify the
possibilities of achieving environmental optimiza-
tion due to the use of digital technologies and the
concept of digital supply chains in the conditions

Dr hab. Katarzyna Nowicka, prof. SGH 
SGH Warsaw School of Economics (Poland)
ORCID: 0000-0001-7830-7457
e-mail: knowicka@sgh.waw.pl

Digital supply chains and the
development of the circular economy
(part 2) 
Cyfrowe łańcuchy dostaw a rozwój gospodarki o obiegu zamkniętym
(cz. 2)

Streszczenie

Obecnie jednym z największych wyzwań dla nowoczesnych
podmiotów gospodarczych jest wprowadzanie rozwiązań
i ocen optymalizacji środowiskowej w łańcuchu dostaw
(zmniejszanie zasobochłonności gospodarki) oraz poszuki-
wanie rozwiązań bezodpadowych. Wyzwania te budowane
są w odniesieniu do celów i zakresu gospodarki o obiegu za-
mkniętym, co sprzyja wdrażaniu rozwiązań ukierunkowa-
nych na zrównoważony rozwój. Celem artykułu jest identy-
fikacja możliwości osiągnięcia optymalizacji środowiskowej
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Abstract 

Nowadays one of the biggest challenge for modern business
entities is the introduction of solutions and assessments of
environmental optimization in the supply chain (reducing
the resource-intensiveness of the economy) and the search
for waste-free solutions (facing the issues of losing the status
of waste, by-products or accompanying products). These
challenges are built in relation to the goals and scope of the
Circular Economy (CE), which is conducive to the
implementation of solutions aimed at sustainable
development. The aim of this paper is to identify the
possibilities of achieving environmental optimization due to
the use of digital technologies and the concept of digital
supply chains in the conditions shaped by the CE. The
adopted research question is: "To what extent can digital
supply chains affect the development of CE?"
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shaped by the CE. The adopted research question
is: To what extent can digital supply chains affect
the development of CE?

Thus, in the second key area of the work, the
focus was on the conditions shaping CE business
models. The essence of achieving the adopted goal
of this work is the possibility of confronting the pro-
ecological potential of digital supply chains with the
assumptions of the CE. As a result, various models
of digital circular supply chains (Digital Circular
Supply Chain) are created, affecting the natural
environment in a diverse way, and therefore
constituting an interesting solution for promoting
the development of CE in the cognitive and
application perspective.

The work assumes that the micro approach
stimulates the development of the macro concept
by expanding and placing the main emphasis on the
role of digital technologies (and platforms built on
its foundations) as a key stimulant of the CE. The
work is conceptual. In the research procedure, the
research problem was first formulated, the research
question was asked and the research goal was
adopted. At a later stage, a literature review was
carried out (the focus was on the latest scientific
articles, but also industry reports and other sources
supporting finding the answer to the research
question), they were analysed in terms of the
assumed research objective and conclusions were
made. In the research procedure, in addition to the
implementation of the adopted goal, some research
gaps and areas worth further scientific exploration
were also identified. Thus, the work can be 
a starting point for further in-depth research on the
role of digital technologies in improving the
sustainable development of the economy. Detailed
conclusions and recommendations are included in
the summary of the work.

Conditions for shaping business
models in circular economy

"The principles, assumptions and models of the
CE today shape the goals and directions of activities
of the European Commission, countries, regions
and cities. They are an impulse and encouragement
to introduce this type of strategy in manufacturing
and service companies" (Kulczycka, 2020, p. 40). As
noted in the introduction to the work, environ-
mental optimization in the supply chain, reducing
the resource-intensiveness of the economy and the
search for solutions that do not create waste, is 
a special challenge for business entities today.
When looking for answers to these calls, it is worth
identifying the range of factors shaping the way of
functioning according to the CE principles. 

CE determines the building or reconfiguration of
business models aimed at extending the product life
cycle by enabling the transition from the declining
phase to the (next) development phase. In this way,
cycles are closed in which used products are new
resources subject to further processing (marketing
and technological) in order to minimize the level of
waste generation subject to disposal. Naturally, the
key role here is played by raw materials and
components used to produce a given product, the
characteristics of which enable, to a greater or
lesser extent, the activation of the cycle closure loop
at various stages of the distribution of goods or
force the construction of a new flow model of "new"
products. The point of reference is therefore the
product design stage, within which the product life
cycle or product life cycles following the original
one are defined. As in the case of IKEA, where
designing the value proposition is determined by
limiting unit logistics costs (products are to fit into
flat boxes so that as many of them as possible fit in
the means of transport and on the shelves in the
store), so in this case the value proposition – in
addition to meeting customer expectations – it is to
meet a number of other assumptions. These
assumptions result from the previously indicated
maximally extended product life cycle.

In the CE, cycles are closed at various levels and
concern both the sphere related to the
characteristics of the product itself and the way of
managing the flows of these products. In Figure 1,
these are indicated as biological cycles (involving
streams of renewable materials) and technical
cycles (based on the management of stocks of 
non-renewable materials, where use replaces
consumption by recovering and restoring most 
of the technical materials) (Fundacja Ellen
MacArthur, 2015, p. 7).

Both cycles indicated in Figure 1 are in a mutual
relationship, within which the characteristics of the
product determine the choice (or organization) of
the method and stage of closing the flow cycle. In
CE, value is created through (Fundacja Ellen
MacArthur, 2015, p. 8):

the strength of the internal loop, assuming that
the tighter the loop, the better the strategy, as the
value obtained in this way is higher than in the
case of recycling materials;
the power of extended circulation aimed at
increasing the number of consecutive cycles
and/or the duration of each cycle for the product
(e.g. reusing the product several times or
extending its life cycle);
strength of cascading use related to diver-
sification of reuse along the value chain;
the power of clean input materials to ex-
tend product life and increase material
productivity.



The implementation of the principles, assump-
tions and building CE business models should 
be consistent with other important strategic
documents at the level of the UN and the European
Union (EU), especially in the context of the
implementation of the commitments made. This
applies above all (Kulczycka (Ed.), 2020, pp. 11–12):

Agenda 2030 (Agenda 2030), i.e. monitoring
progress in the implementation of sustainable
development goals. The Agenda is voluntary and
is not anchored in financial instruments, but it
sets a global model for sustainable development.
The European Green Deal, which is a signpost of
the EU's climate and energy policy, indicating
the need to mobilize the industry, e.g. for the
transformation of the economy towards a CE.
The main assumptions of the European Green
Deal are presented in Figure 2.
European Green Deal is an important source of

knowledge supporting the shaping of the rules of
conduct of companies on the market aimed at
limiting the negative external effects of running 
a business. Membership in the EU means that the

European Green Deal will apply to all Polish
entrepreneurs. For this reason, when planning their
further operation, enterprises should take into
account such aspects as:

designing environmentally friendly products
(Ecodesign), taking into account the reduction of
plastic and the use of recycled materials,
waste prevention (including packaging waste),
extended producer responsibility,
emphasis on decarbonisation and certificates
demonstrating CO2 removal,
reporting non-financial data,
green public procurement.
In addition, the principles of CE today shape the

structure of the main strategic documents of the
state, which can be included (Kulczycka (Ed.), 2020,
pp. 11–12):

Strategy for Responsible Development adopted
in February 2017, the main objective of which is
to create conditions for increasing the income of
Polish residents, while increasing cohesion in the
social, economic, environmental and territorial
dimensions.
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Figure 1
Circular economy – biological and technical flows

Source: Fundacja Ellen MacArthur, 2015, s. 7. 



A productivity strategy, the main goal of which is
a progressive increase in productivity in the
conditions of a climate-neutral, circular and
data-driven economy.
National Environmental Policy 2030 –
development strategy in the field of environment
and water management – focused on
development opportunities in non-urbanized
areas.
National Plan for Energy and Climate for
2021–2030, which sets the following climate and
energy goals for 2030: 21–23% share of
renewable energy sources (RES) in total gross
energy consumption, increase in energy
efficiency by 23%, reduction to 56–60% of the
share of coal in electricity production.
The regulations themselves can be a strong

incentive to initiate pro-ecological activities in the
company and its supply chains and to verify the
implemented strategy. For this purpose, it is worth
considering the previously indicated potential of
digital technologies that meet not only the
improvement of competitiveness in the economic
area, but also support pro-ecological activities (on
which the factors shaping CE focus) and pro-social
activities.

Impact of digital supply chains 
on the development of circular
economy – opportunities 
and challenges 

CE is an increasingly clear background and
reference point for creating new business models,
conditioning the rules of their functioning.
Sustainable business models built in it, i.e. pursuing
economic, pro-ecological and pro-social goals at the
same time, force a broadening of the perspective of
understanding business management and a change
of approach in several dimensions. These include
the need to change perspectives in the following
approaches (Breuer et al., 2018, pp. 256–286):

from consumers to stakeholders,
from profit to diversified values,
from a single solution (business model) to 
a network perspective,
from focus on organization to systemic thinking.
While the awareness of this "enlarged

perspective" is not a new level of competition, the
ability to maximize the benefits of opportunities
emerging in the environment against available and
used resources can still be a challenge. 
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Figure 2
European Green Deal

Source: European Commission, 2019.



Firstly, however, it is worth noting that today it is
not enterprises, but supply chains that compete.
This assumption includes several characteristics
that determine the concept of the supply chain
understood as an "extended enterprise". These
include, for example, managing relations with
various stakeholders, a systemic approach,
competing in demand networks. Thus, thinking in
terms of supply chain management alone gives 
a certain advantage on the modern market. This
thinking should be followed by actions allowing for
the achievement of priority annuities (also in the
context of offering differentiated value). Among
some of them, it is worth highlighting the use of
dynamic capabilities (with the support of digital
technologies) that enable the continuous flexibility
of the business model (supply chain) to be
maintained, allowing not only to maintain business
continuity, but also to be proactive towards the
expectations and potential needs of consumers and
other stakeholders. Another activity worth paying
attention to is the diversification of business models
(also supporting the possibility of differentiating
the value proposition), or rather the correct
diagnosis of flows carried out within the network in
which the enterprise operates and their
development giving the opportunity to achieve the
greatest economic benefits. 

It is worth noting that the issues of organizing
flows and creating value within the CE de facto
affect the company's strategy (Nowicka (Ed.),
2022a, 2022b). It determines the selection of
components used for the production of a given
good, i.e. the structure of suppliers who will co-
create the value proposition that determines the
possibility of their further processing, i.e. the
structure of the supply chain on the distribution
side. These, only partially indicated, simple
dependencies emphasize the key issue of the need
to implement a systemic approach in managing the
company and its supply chains. Thus, the adoption
of a strategy based on the concept of a closed circuit
is connected with the need to revise all elements of
the business model, as well as the need to diagnose
the availability of new resources and the conditions
of functioning in the new economic environment.
We are talking here not only about meeting the
conditions of sustainable development, but also
about designing supply chain business models
subordinated to the need to close cycles
(Sustainability by Design). This is a differentiator
from other strategies, e.g. focused on innovation or
low costs, in which the essential elements of the
business model, sources of supply or distribution
methods in most cases do not have to undergo
significant changes, or even no changes at all.
Moreover, the concept is proactive rather than

reactive. It is connected with the need to take into
account the characteristics of the product (mainly
natural – biological) in the design of its flows
enabling the closing of cycles at various levels of the
supply chain.

At the same time, the possibility of maximizing
the extension of the product life cycle results from
its adequate design in the context of the selection of
components characterized by the possibility of their
further use within the same value proposition or its
new form – also in the context of increasing the
scope of functionality – of the same product (value
creation). However, this is not a sufficient
condition. The second key aspect giving competitive
advantages within the strategy based on the concept
of circularity is the ability to design models of flows
of this value proposition in the paths that close the
loops at various stages of the entire supply chain
(value delivery). It should be emphasized that both
indicated areas are interdependent and only in the
case of a systemic approach to designing the entire
business model, one can talk about the possibility of
maximizing the benefits (value capturing) resulting
from the adoption of the closed-loop strategy.

A systemic approach and the adoption of 
a closed-loop strategy can be implemented with the
support of technological solutions in the form of 
a platform used to shape competitive supply chain
business models. Because the platform, as indicated
earlier – defined by the European Commission as
an "enterprise" (Komisja Europejska, 2015) –
thanks to the use of modern technologies, mainly
cloud tools (Nowicka, 2016, pp. 69–88), provides 
a whole set of ready-made solutions offering an
opportunity to quickly develop multi-channel and
complementarity of distribution channels, their
circularity and cooperation with the consumer and
other stakeholders of enterprises cooperating
within the network.

Another, more technologically advanced solution
is to build a supply chain business model fully based
on digital technologies, which is the digital supply
chain, which, by the way, can also be understood as
a platform. Each of these supply chain business
models is the result of a combination of the use of
the platform (and thus digital technologies
underlying the building of the company's dynamic
capacity structure) and can be dedicated to building
sustainable solutions based on the assumptions of
the CE while being able to develop and multiply its
positive effects in macro terms.

In addition, it is worth noting that the closed loop
of information and product flow in the supply chain
can be one of the components in building a digital
supply chain. In such a solution, AI can become 
a plane and a stimulant of these flows, playing 
a planning and executive role, co-deciding on the
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rhythm and scope of individual flows in the cycle of
closing their loops. The described model was based
on the results of a survey conducted among over
1,600 supply chain managers in 33 countries on 
a global scale in the period from October 2019 to
January 2020 by PwC, and its components include
(Geissbauer et al., 2020, p. 12):
1. Closed-loop integrated planning and execution:

end-to-end planning from customers to sub-
suppliers, covering short and long-term time
horizons and integrating financial and volume
plans, continuous balancing of supply and
demand, direct connection to executive activities,
collaborative workflows and automated decision
making thanks to advanced analytics.

2. Transparency and sustainable development of
the supply chain: multi-level data flow and their
constant connection between links in the entire
supply chain, ensuring full insight into the
implemented processes, flows of goods, access to
customer and financial information. A fully
transparent and sustainable supply chain enables
the reuse of materials, the extension of the life
cycle of finished products and services, and the
integration of suppliers and other stakeholders.

3. Intelligent logistics flows: multimodal inbound
and outbound transportation, automated
warehouses, efficient Transport Management
Systems (TMS) and Warehouse Management
Systems (WMS), optimized external distribution
costs, multichannel and omnichannel order
management.

4. Dynamic segmentation of the supply chain to
differentiate the value proposition and its
targeting within the network to different
customers and other stakeholder groups. This is
possible thanks to the flexibility and adaptability
based on the properties of digital technologies.
The supply chains built are easy to reconfigure
also as part of the flows that close the cycles,
depending on the current market conditions and
the specificity of the product (i.e. the biological
and technical cycle).

5. AI-based supply chain management. The use of
fully connected data networks by AI in the supply
chain to improve the quality of demand
forecasting (also thanks to its detection).
Identification of behaviours and various events
during the execution of flows using machine
learning in the supply chain allows you to build
autonomous business models that optimize
decisions aimed at achieving strategic goals.
The supply chain model based on an AI-supported

platform along with its key components is shown in
Figure 3.

The issues of progressive technological devel-
opment and the entire digital economy strongly
shaping modern business models are focused mainly

on economic benefits. Competing with the use of
technology shortens the time of process execution,
eliminates unnecessary inter-mediaries, or gives
access to new resources in real time on a global
scale. Only those properties that directly affect
transaction costs cannot be omitted by modern
business managers. At the same time, the use (and
building) of platforms, which are an integral
element of the concept of digital supply chains, can
be an attractive solution for companies
implementing sustainable development strategies
through the demonstrated properties. This situation
also applies to business management in CE.
Building a business model of the CE supply chain
with the use of digital technologies makes it possible
to dynamically connect various stakeholder groups
and focus activities on diversifying the value
proposition offered while respecting the natural
environment. This is primarily a consequence of
access to information enabling the management of
goods flows in partner networks, as well as the
ability to make strategic choices regarding the
sources of supply, both in terms of the core of the
supplied goods and all supplies indirectly related to
it. In addition, the use of technology in supply chain
management multiplies product reuse opportu-
nities (e.g. by offering new functionality or
converting to digital form) and extends the product
life cycle. The platform supporting the imple-
mentation of the supply chain management
objective, which is the basis for building a digital
supply chain, also has a systemic approach inscribed
in its architecture, enabling the simultaneous
management of de facto several supply chain models
(and closing several cycles at different levels), giving
a chance to reconfigure them in real time. It is also 
a strong incentive to build a risk management strategy
in the management of a circular digital supply chain.

An undoubted challenge, however, is the need to
assume that the construction of such a supply chain
model (as well as any other model that meets the
requirements of CE) should be carried out in the
rigor of limiting the negative external effects of
running a business, i.e. levelling the formation of
external costs. The relatively difficult measurement
of the impact of running a business on people and
institutions that are not stakeholders of the
company (including the supply chains managed by
them) seems to be an important tool defining
sustainable development, and therefore the
legitimacy of implementing circular business
models and the entire CE. Another important
aspect, also not being the main point of reference
for this work, is the competence of supply chain
managers in the selection of adequate technologies,
or rather their ecosystem, enabling the company to
maximize the benefits of their properties in relation
to business needs.
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Summary

The main stimulant of the development of the
digital economy – digital technologies – is an
interesting tool enabling the development of
business models supporting the implementation of
the sustainable development strategy. One of the
important solutions in this area is the Internet
platform model, which is increasingly used in
various industries on a global scale. This
dissemination is dictated mainly by economic
considerations influenced by the characteristics of
digital technologies. However, digital supply chains
based on the platform and additionally using AI
technologies in their ecosystems are also able to
support the implementation of pro-environmental
goals – the main point of reference for the

development of CE. Circular digital supply chains
implement a systemic approach, taking into account
the perspective of many stakeholder groups,
enabling differentiation of values in the network in
which they operate. The possibility of closing the
cycles of the flow of goods simultaneously at various
levels intensifies the key forces that determine the
essence of the CE concept. A necessary condition
here is, of course, the adoption of an adequate
company strategy that assigns all activities –
including the way of implementing flows in the
supply chain and its other constructs – to the
implementation of sustainable development goals
in accordance with the principles of CE.

The assumption of the work was its conceptual
nature, however, it is possible to indicate several
aspects with application features, as well as planes
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Figure 3
Digital supply chain based on AI

Source: Geissbauer et al., 2020, p. 13. 



that may be a starting point for further research.
First of all, by running a business using digital
technologies (taking care of the interoperability of
the implemented solutions), entrepreneurs gain
basically unlimited potential to create or
reconfigure business models that implement
various strategies and strategic goals. In the
situation of supply chain management with the use
of such resources, the dynamics of adapting to
changes in the closer and further environment may
concern international business models or global
supply chains. As a result, the risk is limited (e.g.
related to lost opportunities or freezing capital in
resources, keeping "ready" for potential events, e.g.
a sharp increase in demand). This fact alone is an

important premise for the implementation of
technology in supply chain processes. The ability to
reconfigure flows with the use of technology also
gives an opportunity to change the model faster in
the case of transition to the implementation of the
CE strategy. 

Undoubtedly, the need to develop research on
the external costs of doing business using the
closed-loop digital supply chain model remains an
important issue. At the same time, it would be
important to determine these costs not only in
relation to the flows carried out in this model, but
also the external costs created by the supply chains
of digital technologies, which are a strategic
resource of circular digital supply chains.
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