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Abstract

twins and artificial intelligence.

The challenges for the manufacturing industry to make their entire manufacturing processes sustainable under the keywords decarbonization
and circular economy are enormous. All components and systems must undergo re-design processes. These are lengthy, place high demands on
the use of other and new previously unknown materials, as well as their processing and recycling possibilities. These processes are on the one
hand time-consuming and cost-driving. One approach is being discussed that shows the possibility of shortening these processes by using digital

At the same time, such an opportunity is a challenge for both strategic and operational management. Growing complexity and the resulting higher
coordination effort also challenge project management, which must address these opportunities. These positions are presented and discussed
here. Ultimately, it is not a question of whether but when the process changes described here will be implemented in industrial manufacturing
processes. Operational management must also prepare for this. The core question is: How to design and manage planetary future of man?

Keywords: Re-Design; Re-Manufacturing; Digital Twins powered by Al; Challenges for Project Management of the Future

Circular Economy: A Challenge for The Global
Economy

Decarbonizing production processes and introducinga circular
economy is a global challenge for the manufacturing industry for
sustainable development. Industry-specific differences must be
overcome. A circular economy can be defined as an economy that
aims to keep materials and energy at their highest value for as
long as possible [1].

According to Korhonen et.al. [2], circular economy is the use of
cyclical material flows, renewable energy sources and cascading
energy flows. It contributes to all three dimensions of sustainable
development and limits the throughput flow to a level that nature
can tolerate and utilizes ecosystem cycles in economic cycles by
respecting their natural reproduction rates. This presents the
manufacturing industry with a complex challenge: all components,
systems and ongoing production processes must undergo a
complete redesign to close material cycles, extend product
lifecycles and enable material recycling. For example, the number
of components in a passenger car has increased from the original

7,000 individual parts to 30,000 within forty years. For modern
commercial airplanes, this is up to 2,000,000 [1] components.

These challenges are like trying to make a carpet fly. The
previous take-make-waste approach and what [ call green
wonderland are not effective here. The methodological concepts
for strategic and operational management are not yet sufficiently
developed to enable a holistic approach. Proposals are under
discussion, but experience from implementations and their effects
on project management are still pending [3].

According to available data, only 13% of all raw materials
used in production processes in the Federal Republic of Germany
will be secondary raw materials in 2024 [4]. Worldwide, circular
processes are reported for just over 7% (www.circularity-gap.
world/2023). However, awareness of a circular economy is clearly
growing [5].

Kirchherr et.al. [6] described four main obstacles to the
implementation of the circular economy in 2018: in addition to the
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obvious lack of available data, there is a shortage of the necessary
capital. Further obstacles exist at the legislative level and there are
also question marks over the behavior of buyers and consumers.

These obstacles interact with each other, which can lead to
chain reactions, as shown in Figure 1. The challenge of introducing

a circular economy for strategic and operational management can
be summarized in one sentence as follows: How to design and
manage the planetary future of man? [3]. Answers to this question
must be found in the fields of poverty reduction, war prevention
and avoidance of environmental destruction and resource

exploitation.
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Figure 1: Key CE barriers and their interactions (Kirchherr et.al. 2028).
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This raises the question of how innovation management and
project management can be designed to provide sufficient support
for these changes.

Management Systems for The Circular Economy - an
Unresolved Issue

A change in human behavior is a prerequisite for a turnaround
[7]. Thinking further, this means a complete redesign of all
components and systems in products such as cars, airplanes, etc.
to largely recycle materials and thus contribute to the recycling of
raw materials and the avoidance of waste [8]. All components of a
product must undergo a redesign during the ongoing process - a
very ambitious task with a high degree of difficulty and complexity.

As outlined above, the industry’s readiness for production
and manufacturing processes has so far been rather rudimentary.
Studies have shown a rather pronounced tendency not to
address these issues strategically and operationally [9, 10]. Older

statements showed that, on the one hand, knowledge and skills are
not or not sufficiently available [11]. On the other hand, there is a
deficit in management methods for both strategic and operational
management [3, 12].

Management consultants McKinsey estimates the market
potential for a circular economy in consumer goods alone at €650
billion per year in the medium term. The Federation of German
Industries, together with the consulting firm Deloitte, assumes an
increase of €12 billion per year in gross value added and an effect
0f 120,000 jobs by 2030 [4].

Production in the sense of a circular economy can be defined
as a concept in which the idea of several product life cycles
together with energy and material savings and value creation
while avoiding waste are integrated components in product design
and development strategies [13]. Approaches such as Product as
a Service, as practiced by ABB with its robotics division [14], or
Production as a Service are initial approaches here [15].

How to cite this article: Glitscher W. Circular Economy - Superpower for Redesign of Components and Systems using Digital Twins powered by Al and
its impact on Project Management. Ann Soc Sci Manage Stud. 2025; 12(1): 555829. DOI:10.19080/ASM.2025.12.555829



Annals of Social Sciences & Management Studies

An EU directive [16] describes a framework for waste
prevention, with waste reduction defined as the primary goal.
Remanufacturing only takes second place here.

A Smart Circular Economy Framework was described as a
process model based on the 10Rs (Refuse, Rethink, Reduce, Reuse,
Repair, Refurbish, Remanufacture, Recycle, Recover) [17]. The
implementation of these strategies and similar approaches was
described by the authors that the use of digital twins is critical as
enabler to leverage significant sustainable potential.

The question being discussed here in perspective relates to the
possibility of how digital twins can be used for re-design processes
and their continuation in components that can be subjected to re-
manufacturing for individual and multiple components in systems
to manage them in cycles. This not only raises questions about the
future design of components, but also about the materials to be
used, their extraction, durability, environmental compatibility, etc.
Such new developments will have a profound impact on strategic
and operational managers and their methodical approach to the
in organizations. Digital Twins technologies have already been
discussed and described in general [18, 19] and e.g. for aerospace
engineering [20] Digital Twins, which are in the first stages of
development and introduction. In the construction sector for
building materials, initial approaches are also being discussed
[21].

New materials can enable fundamental breakthroughs in
technological applications. For example, the development of

inorganic crystals for batteries has been hampered by expensive
trail-and-error approaches. Merchant et.al. [20] published in
November 2023 the possibility of using Al to generate new
structures for chemicals that can be used as components for new
materials, in this case for layered materials and solid electrolytes.
In materials research, machine learning and other computer-
aided processes are used to discover new materials. Research
here ranges from corrosion-resistant aircraft components and
better batteries to new drugs and catalysts. The problem is that
the number of possible materials is infinite [22].

This raises the question of whether the use of digital twins
powered by Al systems for the redesign of components, as required
for circular processes in production, can be supported. In this
context, it can be assumed that the complexity of handling these
processes operationally is of a magnitude for which the previous
operational management processes and thus project management
are not mapped. As a result, project management can take on a
completely different dimension for which we are not prepared.
This is put up for discussion here.

Digital Twins Powered by AI as a Paradigm Shift in
The Circular Economy?

A general description for Digital Twin is as follows: “The Digital
Twin (DT) is a key technology with features such as interactive
feedback between cyberspace and physical space, data acquisition,
error prediction, and iterative optimization for decision making,
and has become a focus of research in smart manufacturing” [23].
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Figure 2: Digital twin applications in industry from the perspective of product life cycle and store floor life cycle (credits: 20).
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Digital twins are now available as product, technology,
machine and equipment twins, as well as process twins [24].
The value of this technology has been recognized in research,
business and other interested organizations, including healthcare,
agriculture, urban science, aviation and planetary systems [20].
Applications in the store floor life cycle in conjunction with the
product life cycle have already been described (see Figure 2).

Digital twins can be used throughout the entire life cycle of
both the product and the production facility and form a link in the
manufacturing process. The main task of digital twins is to help
with the design and implementation of products and production
facilities and to ensure performance.

Several processes, such as logistics and control processes, can
be simulated in a virtual environment to support management
and improve the efficiency of the process [20]. These elements
can be given instructions within the manufacturing systems,
creating a closed loop between the virtual and physical space.
Dynamic planning in manufacturing was realized by analyzing
processing time, employee skill level, cost, energy consumption
and other data. This effectively reduced planning deviation and
improved the efficiency and quality of planning execution. In the
operation and maintenance or use and recycling phases, sensor
data provides the status of machines, production lines, factories
or other objects. By combining historical data, field data and twin
models, a more accurate prediction can be made. Maintenance
planning and remote maintenance can also be realized.

In cases where DT is used to support remanufacturing, the
complexity of the remanufacturing process can be reduced
with the help of DT. As this remanufacturing process includes
various obstacles such as different quality of recovered parts,
remanufacturing by different organizations, lack of information
transfer between the manufacturers and the remanufacturers,
the complexity of the logistic network, etc. These obstacles can be
addressed by the newer technologies such as Digital Twins and
Artificial Intelligence [24].

Digital Twins can increase the level of intelligence, which can
lead to more faithful models. The physical data and knowledge of
the processes can be fully utilized and a deep fusion between the
physical and virtual spaces can be connected through interactions.
A model of the digital twin could consist of these four levels:
System Models, Geometric Models, Process Models and Simulation
Models [25].

Furthermore, the concept of combining discrete event
simulations and agent-based modeling agent-based modeling
paradigms to obtain hybrid simulations for a data-driven digital
twin emulator. This can support design decisions and virtual
commissioning [24]. Meanwhile, the development of the use of
digital twins in production engineering through digital twin-based
manufacturing systems (DTMS) has progressed to the point where

ithas been upgraded to a smart manufacturing system (SMS). This
concept enables “fully integrated, collaborative and responsive
operations that respond in real time to changing demands and
conditions in the factory, supply network and customer needs
through data-driven understanding, reasoning, planning and
execution of all aspects of manufacturing processes enabled by the
prior use of advanced sensors, modeling, simulation and analytics
technologies” [26].

It is undisputed that remanufacturing is an effective method
of recycling resources for sustainable production and a circular
economy. In product lifecycle management (PLM), however,
little importance has been attached to it to date. Implementation
problems of a remanufacturing strategy such as the inability
to effectively reduce uncertainties, the lack of management
to track remanufacturing processes over multiple lifecycles
of products and/or components, and the lack of intelligent
application of technologies over an entire lifecycle that focuses
on remanufacturing for multiple lifecycles, among others. As
suggested by Wang etal. [28], a predictive remanufacturing
process driven by big data with a digital twin as an integration
capability of smart base technology can create a new PLM
paradigm.

In conclusion, it can be postulated that by combining digital
twins of entire systems with Al systems, it is possible to determine
which components can be redesigned and which materials can be
used to enable re-manufacturing. The focus here is on accelerating
this entire process and planning it as an iterative process over a
time axis.

Outlook: Impact on Project Management

The statement that project management is subject to change
and adaptation with technological progress is banal. On the issue
of sustainable developments, including the circular economy, the
IPMA (International Project Management Association) presented
the ICB 4.0 Reference Guide for Sustainability at the World
Congress in Capetown in November 2024 (https://bookshop.
ipma.world/standards/project-management/ipma/standards/
sustainable-guide-for-project-management#). The consequences
of this for organizations are currently being discussed.

The project life cycle is the focus of project management.
The extension of the consideration towards shaping the future
must also consider the product life cycle [29,30]. Concepts and
methods for sustainable developments in the sense of circularity,
such as those formulated by Braungart as the cradle-to-cradle
principle in 2014, are not yet sufficiently in focus or do not meet
the complexity of the issues or provide no or only insufficient
guidance for management. The developments in industrial design
and manufacturing processes discussed here are likely to pose
new challenges for project management and therefore also for
strategic management in companies.
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Figure 3: Barriers and drivers for digital twins in the production sector [30].
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New ideas are needed both for the design of project
management processes and for the provision of appropriate
organizational prerequisites to accomplish these tasks when
the concept of digital twins is integrated with Al systems for
re-design and in the associated material development and
manufacturing processes and managed in cycles. These new ideas
will probably have to be combined and expanded in a previously
unknown way. This is not just about technological change, but
also about the overall human consequences of this change [31].
It is a transition from previous linear management and thought
processes to thinking in cycles, which is not only expected to be
highly accelerated using Al-powered DT systems but will also
raise the complexity of management and all those involved to
new dimensions. Our current world of strategic and operational
management is not prepared for this.

As shown in figure 3, taken from the work of Hina et.al.
[32], gives an impression of the need to develop a multi-layered
management system. If we focus exclusively on the upper part
of the diagram, the barriers that a circular economy must deal
with are pointed out. These are divided into external and internal
barriers. If we focus on the internal barriers, the seven positions
mentioned there indicate the need for action and coordination
that would arise if the procedures envisaged here are created for
Al-powered digital twins. It is to be expected that the pressure
to make decisions and therefore the need for communication
between all stakeholders will take on new dimensions. In my
view, there is a great need for research into the development
of appropriate management systems to cope with these tasks
(Figure 3).

In my view, this underlines the need for action regarding the
further development of project management methods. Methods
such as Cross-Company Collaboration Project Management
(C3PM), which have been known for some time and have proven
themselves in the automotive industry, for example, and which
reach into the deeper structures of suppliers, could provide
approaches here. It is also to be expected that R&D activities will
also have to be integrated into management by partners.

Product development and manufacturing from the perspective
of a circular economy is a top management task. The supervisory
bodies of companies are required to plan, decide and monitor
accordingly. Thisisan organizational change and notjustaredesign
of existing business processes. All business areas - existing and
future - must understand sustainability and thus circularity as the
most important pillar of the company. These must be in line with
the strategic goals [33].

In the author’s view, the developments described require a
completely different approach from both strategic and operational
management. Uncertainties and risks will increase. This must be
dealt with, as must an increase in complexity and the increased
involvement of external partners. Project management can then
no longer be seen solely as a method for delivering project results

without going into more detail about the content, results and
procedures. Project management becomes a design principle for
the future, both for product developments, product enhancements
and customer behavior and their management. The way strategic
management thinks and acts must also be aligned in such a way
that the focus is no longer on quarterly and annual results, nor
on delivering project results on time and within budget, schedule
and content. Strategic and operational managers are moving from
being finite-minded leaders who focus on short-term success to
infinite-minded leaders who take long-term developments into
account. A management system is required that can admit open
questions in the longer term, providing solutions and dealing with
uncertainty and risk. The portfolio in Figure 4 shows a comparison
of the differences for management between the first and second
narrative compared to the third narrative.

There are many questions and few answers that go beyond
initial approaches. What is needed is a simple and clear generic
methodological approach that encompasses both strategic
and operational management and incorporates sustainability
in all its facets. This approach requires interdisciplinarity
and an accumulation of available knowledge and skills. Initial
descriptions have already been presented for discussion, but
further developments are necessary [3].

The changes in production equipment and production
methods discussed here, using Digital Twins powered by Al,
will influence strategic and operational management. Innovative
management methods are necessary to make this change happen.
Organizations must create the conditions to make this possible.
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