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Adopting the circular economy concept is of paramount Keywords:
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significance for sustainable development, societal metamorphosis, value chains,
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and alleviating pressures on natural systems. This paradigm shift
transcends linear consumption models, championing a resource-
efficient system where conservation, renewal, and judicious
resource use prevail. Integral to this transformation are value
chains, pivotal in reshaping production methods, prolonging
product longevity, and advocating reuse and recycling. A
cornerstone tool in translating circular economy principles into
action is Life Cycle Analysis (LCA). LCA meticulously evaluates
products' holistic environmental, social, and economic
ramifications, — pinpointing areas for enhancement and
empowering informed decisions towards sustainability. A
profound grasp of the circular economy coupled with
instrumental tools such as LCA facilitates the sustainable
stewardship of resources, an imperative for harmonizing human

advancement with environmental preservation in times ahead.
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1 Circular economy

The idea of a circular economy was shaped by two key factors. The first relates to
the flow of materials through the economy, while the second concerns the
consideration of economic conditions that could lead to such a flow. Both aspects
of this thinking originated in the 1960s and 1970s, when various environmental
movements began to emerge with the goal of preserving the environment (Ekind et
al., 2020). The current concept of the circular economy is not new, as its early
foundations began to take shape in the early 1980s. One of the key milestones in the
development of the circular economy was a report prepared by the Club of Rome
in 1973. It is an international organization of experts, policymakers, and scientists
focused on analysing global challenges such as economic growth, environmental
impacts, and sustainable development. In the mentioned report, titled The Limits to
Growth, members of the Club presented the results of simulations that warned of
both the unsustainability of existing economic systems and the limitations of natural
resources (Meadows et al., 1973). Their findings sparked further discussions on the

necessity of transitioning to more sustainable economic models.
1.1 Beginnings of the Circular Economy

The first serious approach to the conceptualization of the circular economy was
undertaken by Walter Stahel and Genevieve Reday-Mulvey (1981), who aimed to
address the then-ongoing crisis of high oil prices and unemployment in Europe.
Their approach was based on job creation through extending the lifespan and
refurbishment of products, as well as replacing the use of primary resources with
recycled materials. The result of their vision of such a "looped" economy was the
tirst visual representation of the circular economy, in which they summarized its
impact on job creation, economic competitiveness, resource savings, and the

prevention of additional waste generation.

The concept of a circular economy was first put forward by the environmental
economists Pearce and Turner in 1989. In their book The Economics of Natural
Resources and the Environment, they emphasized that the traditional open economy
developed without an inherent tendency toward recycling, which was reflected in the
treatment of the environment as a dumping ground for waste. Pearce and Turner
(1989) made a distinction between the (circular) natural system and the (linear)
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economic system, drawing on the contribution of Kenneth E. Boulding in his work
The Economics of the Coming Spaceship Earth (1960).

Node 1: extending product lifetime instead additional product

(cost advantage extending product lifetime) Loop 1: multiple product use,
— | PRODUCTION product repair, product servicing,
and continuous upgrading
RESOURCES BASIC RESOURCES @ n WASTE

&P

Loop 2: recycling materials and
Node 2: virgin materials vs. recycling materials combining them with virgin
(cost advantage of virgin materials) materials

Figure 1: Conceptualization of the circular economy
Source: Stahel & Reday-Mulvey (1981)

Linear economy (,take, make, waste”)

/ . — Materials ~—————  Production ————

Consumption

\ —_ Recycling —_—
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Figure 2: Conceptualization of the circular economy
Soutrce: Pearce & Turner (1989)
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In this essay, Boulding highlighted the importance of the laws of thermodynamics,
particularly the concept of limited resources and energy. He emphasized the need to
shift from the linear "cowboy economy", characterized mainly by unlimited resource
consumption, to a "spaceship economy" in which the Earth functions as a closed
system with finite amounts of resources. Boulding emphasized, as Pearce and Turner
further developed in their model, that the economy and the environment are not
linear and mutually separate entities, but are interconnected in a circular loop, where
all resources must enter flows that can be reused. In such a system, which forms the
basis of today's concept of the circular economy, each resource becomes an input

for another.

After the sudden emergence of the circular economy, the idea somewhat faded for
twenty years, as in the 1990s there was little research or publications on the topic
(Ekins et al., 2020). The moment that sparked further research and work was the
publication by McDonough and Braungart in the book Cradle to Cradle: Rematking the
Way We Make Things. The concept of cradle-to-cradle design views the production
processes of natural “biological metabolism™ as models for developing a 'technical
metabolism' for industrial materials. All products can be designed for continuous
reprocessing and reuse as biological or technical nutrients in processes (McDonough
and Braungart, 2002).

Then, in 2010, Ellen MacArthur and her organization, the Ellen MacArthur
Foundation, emerged. This is the most authoritative global network on the topic of
the circular economy, which has brought awareness of the circular economy to a
broader public level. While the circular economy had been mostly a topic of scientific
discussions for decades, Ellen MacArthur succeeded in bringing it closer to
policymakers and businesses. As a result, the circular economy became an important
topic on a global level. The accelerated development of the circular economy was
also supported by the changing attitude of companies, where corporate social
responsibility now goes beyond ecological practices and has become more of a rule
than an exception. The result of their efforts was also the conceptualization of the
so-called "butterfly diagram" of the circular economy, where both sides of the

diagram are important for the environment.

The right side of the diagram represents the technical cycle, closing the resource
loops enabled by circular strategies such as reuse, refurbishment, and recycling, while

the left side of the diagram illustrates the biological cycle, with loops and cascades
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that ensure the sustainable management of biological resources, creating renewable
flows and stocks. The ultimate goal of the circular economy economic model is to
minimize the extraction of raw materials and the generation of waste as much as
possible. In December 2015, the European Commission adopted and presented an
ambitious new package for the circular economy, aimed at promoting Europe's
transition to a circular economy that would strengthen global competitiveness,
encourage sustainable economic growth, and create new jobs. This new package will
help European businesses and consumers transition to a circular economy, where

resources are used in a more sustainable way.

The proposed measures will contribute to "closing the loop" of product life cycles
through higher rates of recycling and reuse, bringing benefits for both the
environment and the economy. The plan was to promote the maximum value and
use of raw materials, products, and waste, while generating energy savings and
reducing greenhouse gas emissions. The proposals put forward by the European
Commission cover the entire life cycle, from production and consumption to waste
management and the market for secondary raw materials. The European
Commission has financially supported this transition with funds from the ESIF, 650
million EUR from the Horizon 2020 program (the EU program for research and
innovation), 5.5 billion EUR from structural funds for waste management, and

investments in the circular economy at the national level.

This circular economy package sent a clear signal to economic actors that the EU is
using all available tools to transform its economy, opening the way for new business
opportunities and enhancing competitiveness. The broad measures highlighted by
the European Commission go beyond a narrow focus on the product utilization rate
and encompass the entire life cycle, emphasizing the European Commission's clear
ambition to transform the EU economy and achieve results. Due to the incentives
introduced by the European Commission, it is expected that increasingly innovative
and efficient methods of production and consumption will emerge. The circular
economy has the potential to create numerous jobs in Europe, while preserving
valuable and increasingly scarce resources, reducing environmental impacts, and
adding new value to products (European Commission, 2015). Furthermore, the
European Commission prepared an updated Action Plan for the Circular Economy

and presented it in early 2020, along with the European Green Deal in 2019.
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21 Definitions of the circular economy

The circular economy is a rapidly developing field. In line with its development,
various definitions of the circular economy are emerging, among which it is
important to mention the definition provided by the Ellen MacArthur Foundation:
"The circular economy is an industrial system that is designed to be restorative or
regenerative by intention and design." The concept of "end-of-life" is replaced with
restoration, shifting towards the use of renewable energy sources, eliminating the
use of toxic chemicals that hinder reuse, and striving to eliminate waste through the

superior design of materials, products, and systems, within which new circular

business models are also developed (EMF, 2013: 7).

Table 1: Overview of the development of circular economy definitions

Authors

Content

Ghisellini et al.
(20106)

Summary of 155 articles on
the circular economy

Main findings

The circular economy requires a systemic
approach, where all stakeholders (policy,
public, and industry) must be involved.

Policy should promote sustainable

production and consumption.

Lieder and
2 Rashid (2016)

Comparing the concept of
circular economy and
sustainability

The development of a circular economy
and sustainability requires systems that
include both the environment, material
resources and economic contribution for
all stakeholders.

Blomsma and

Summary of literature on

The circular economy serves as a catalyst
for the formulation of policies and
strategies for waste management and

3 the circular economy in the .
Brennan (2017) cconomy resource  management, with  the
manufacturing industry L
development of technologies in the field
of industrial ecology being crucial.
The need for an interdisciplinary
Sauvé et al Explanation of the origin approach in the conceptualization of the
u . . . .
4 2016) of the circular economy circular  economy. The issue of
concept establishing a unified concept that would
be practically feasible in the real world.
Circular economy as a tool for
. implementing sustainable development
Comparing the concept of plementing sust pment,
. . developing strategies (9R), and managing
Murray et al. the circular economy with o
5 . . resources. The main issue related to the
(2017) environmental sciences and o .
) current limitations of the concept and its
sustainable development o . .
contribution to the public, not just
industry.
Comparing the concept of | Although sustainability and circular
6 Geissdoerfer et | circular economy and economy are gaining traction in

al. (2017)

sustainable business
enterprise

academia, industry, and politics, there is
no clear connection between the two
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St. Authors Content Main findings
concepts that would enable integration in
the real world.

The circular economy is implemented by
companies for financial, social, and
environmental benefits. A
comprehensive approach needs to be
established to enable effective
implementation at all levels (businesses,
cities).
The need for a systemic approach is
crucial for the effective implementation
. Overview of 114 of the circular economy. There is often
Kirchher et al. .. . . d .
8 2017) definitions of the circular an  excessive focgs on  economic
economy prosperity and environmental quality,
while social justice (the social aspect of
sustainability) is largely neglected.
The circular economy is a tool that
enables the introduction of sustainability
Kovacic The positioning of the into existing production and service
9 Lukman et al. circular economy in processes in businesses and societal
(20106) sustainable development environments, primarily through
comprehensive systemic approaches and
global policies.

Lewandowski Conceptualization of a
(20106) circular business model

Soutce: Kovaéi¢-Lukman et al. (2016)

From the images in section 1.1, it is evident that recycling (circulation) was a key
element in the conceptualization of the circular economy from its very inception.
Over time, however, the number of "R's" has increased. For example, the Japanese
government's "3R" initiative (reduce, reuse, recycle) was launched in 2004.
Furthermore, the European Commission introduced the "4R" concept (reduce,
reuse, recycle, recover) in the Waste Framework Directive of 2008 — reduce, reuse,

recycle, and recovery.

After reviewing 114 existing definitions at the time of their publication, Kirchherr et
al. (2017) proposed an updated definition, stating: “’A circular economy describes an
economic system that is based on business models which replace the concept of the
end-of-life with reducing, alternatively reusing, recycling, and recovering materials in
production/distribution and consumption processes. These processes operate at the
micro level (products, companies, consumers), meso level (eco-industrial parks), and
macro level (city, region, nation, and beyond), with the aim of achieving sustainable
development, which implies creating environmental quality, economic prosperity,
and social equity, to the benefit of current and future generations” (Kirchherr et al.,
2017, 224-225).
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If we once again focus on both definitions—those by the Ellen MacArthur
Foundation (EMF) and Kirchherr et al.—we can observe that the EMF definition is
broadly formulated and uses terminology aligned with ecological and symbiotic
ideas, which formed the foundation of the circular economy concept in its early
development (Ekins et al., 2020). It is important to note that it does not mention

recycling.

The definition by Kirchherr et al. (2017), on the other hand, defines the circular
economy as an economic system (rather than merely an industrial system, as in the
EMF definition) and mentions four out of the nine R-strategies. The definition
includes two key components: — 1) the idea of levels, and 2) the connection to
sustainable development, both of which are discussed further below. The latter is
presented as the ultimate goal of the circular economy (Kirchherr et al., 2017). The
latter is presented as the goal of the circular economy (Kirchherr et al., 2017). Ekins
et al. (2020) argue that the definition by Kirchherr et al. (2017) is utopian, as no
known economy has yet succeeded in “simultaneously creating environmental
quality, economic prosperity, and social equity for the benefit of current and future
generations,” although they believe this should indeed be a goal for global society.
Ekins et al. (2020) also identify a common shortcoming in both definitions: the
absence of policy. Finally, the definition by Kirchherr et al. (2017) also identifies two
factors: business models (which also appear in the EMF definition) and “responsible
consumers”. Furthermore, Ekins et al. (2020), in connection with this definition,
refer to these as enabling factors—business models and responsible consumers—while

pointing out that the main point of contention among enabling factors is policy.

The OECD adopted a definition that focuses on the characteristics of the circular
economy (McCarthy et al., 2018), identifying its key features as: increased repair and
refurbishment of products, enhanced material recycling, more robust and durable
products, greater remanufacturing, reuse and repair, improved material productivity,
better resource utilization, and changed consumer behavior. The anticipated effects
of these features are listed as: reduced demand for new goods (and virgin materials),
substitution of secondary raw materials in production, an expanded secondary
sector, more durable and repairable products, and a growing sharing and service
economy (McCarthy et al., 2018).
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2 Circular economy policies, strategies and directives

As explained by Ekins et al. (2020), public policy intervention in environmental
policy, sustainable development, and the circular economy can be defined and
categorized in various ways, depending on the purpose and interests of the classifier.
One approach is to group interventions according to how they operate, particularly
by using three broad categories that are well established in environmental policy

literature and regulation:

—  setting requirements or prohibitions;
— changing economic incentives and
— providing information to actors in the economy or society, on the basis of which

they can make informed decisions.

These categories align and aim to address classic market failures, and they represent
an important, though insufficient, set of tools for promoting radical innovations and
transformations. Another approach is categorizing by sectors or stages of the value
chain (or circularity strategies) that the political initiative seeks to address (or
encourage), as shown in figure (4). However, such an approach can be cumbersome,
as many interventions affect various sectors or elements of the value chain (Ekins et
al., 2020). In 2015, the EMF published a document titled "Circular Economy Policy
Makers' Guide," aimed at supporting "policy makers who have committed to
transitioning to a circular economy in designing strategies to accelerate this process"
(EMF, 2015: 39). Although the document is primarily intended for national policy
makers, the authors emphasize that this tool is useful for policy makers at all levels,
from municipal to supranational. The guide includes six categories of policy
interventions (as shown in Figure 5). This categorization reflects the three categories
aimed at addressing classic market failures, but it is complemented by categories of
interventions that seek to further encourage and support innovations and bring them

to the market.
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Circular .. . .
] | e iy b ey e Sy f
ceonomy R the same function with a radically different product.
Smarter produet
use and R1 Rethink Make product use more intensive (e.g., by sharing product).
Increase manufacture
circularity - Increase efficiency in product manufacture or use by consuming
fewer natural resources and materials.
> R3 Reuse Reuse by another consumer of discarded produet which is still in
R.“Ia: Hl.ghe' good condition and fulfils its original function.
circularity = - - - - :
lower Rd Repair Repair and maintenance of defective product so it can be used with

its original function.
Extend lifespan of
product and its RS Refurbish Restore and old product and bring it up to date.

parts

Ré6 Use parts of discarded product in a new product with the same

Remanufacture  function.

R7 Repurpose Use discarded product or its parts in a new product with a different
function.

. Process m.stennls to obtain the same (high grade) or lower (low

Useful application grade) quality.
of materials . X X )
Linear R9 Recover Incineration of material with energy recovery.
economy A 4 A 4 A 4

Figure 3: Circular economy strategies
Source: Potting et al. (2017)

[EXAMPLES

Integration of circular economy/systems thinking into school and
EDUCATION,

university curricula.
INFORMATION & =
AWARENESS Public communication and information campaigns.

Public-private partnership with businesses at national, regional and city
level.

Encouragement of voluntary industry collaboration platforms,
encouraging value-chain and cross-sectoral initiatives and information
sharing.

R&D programmes in the fields of, for example, material sciences and
biosystems.

Fii ial support to b
105 Il 2t fe 0 L) 4 § capital, financial guarantees.

Technical support, advisory, training and demonstration of best practices
to business.

for example direct subsidies, provisions of

Public procurement.

Public investment in infrastructure.

Government (sector) strategy and associated targets on resource
productivity and circular economy.

Product regulations, including design, extended warranties and product
passports.

‘Waste regulations, including collection and treatment standards and
targets, the definition of waste, extended producer responsibility and take-
back systems.

Industry, consumer, competition and trade regulations, for example on
food safety.

Accounting, reporting and financial r
natural capital and resources, and the fiduciary duty of investors.

ing for

VAT or excise duty reductions for circular products and services.

Tax shift from labour to resources.

i

Figure 4: European Commission policy guidelines on the circular economy
Soutrce: Evropska komisija (2015)
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The establishment of a circular economy is a complex, multifaceted challenge that
must be addressed with appropriate mixes of policies. There is no one-size-fits-all
political direction, but basic policy interventions, in order to be effective, must be
consistent in their implementation (both within and across governance levels),
aligned with their objectives, and sufficiently credible to build trust among
stakeholders in the economy (Wilts & O'Brien, 2019). Key to this is learning and
disseminating lessons from past experiences, such as the OECD guidelines on
resource efficiency policy (OECD, 2016a). However, in an increasingly
interconnected global economy, establishing circularity at the required scale and level
will involve substantial international cooperation in data and knowledge sharing,
investments, and political alignment. Specifically, Geng et al. (2019) propose five
ptiority measures to facilitate the "globalization" of the circular economy: (1)
establish a global database to capture links between resource use; 2) create a global
platform for knowledge exchange on the circular economy; (3) establish
international alliances to promote large-scale experiments; (4) develop international
standards for measuring performance, reporting, and accounting for key products;
and (5) develop approaches for enforcing regulations, resolving disputes, and
implementing sanctions. They suggest that these efforts should be coordinated to

form an international agreement on sustainable resource management.

In line with the development of the circular economy, in 2015 the European
Commission adopted its first Circular Economy Action Plan. It included measures
to promote FEurope's transition to a circular economy, enhance global
competitiveness, foster sustainable economic growth, and create new jobs. The
Action Plan outlined specific and ambitious measures covering the entire lifecycle:
from production and consumption to waste management and the secondary raw
materials market, as well as the revised waste legislative proposal (European
Commission, 2015). It included 5 key action areas for the circular economy that
needed to be restructured: production (product design, manufacturing processes),
consumption, waste management, secondary resources, and supporting systems
(innovation, investments, and monitoring). In line with these areas, priority sectors
were established, which the European Commission specifically targeted, primarily to
ensure the consideration of interactions across the entire value chain (European
Commission, 2015). These were: plastic materials, food waste, critical raw materials,

the construction sector, and biomaterials.
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The original Action Plan was followed by the second Circular Economy Action Plan
(2020), which is a key element of the European Green Deal. The European
Commission anticipates that the EU's transition to a circular economy will reduce
pressure on natural resources and create sustainable growth and jobs. It also sees the
circular economy as a prerequisite for achieving the EU's climate neutrality goal by
2050 and halting biodiversity loss. The new action plan announces initiatives across
the entire product life cycle (European Commission, 2021a). In line with the action
plan, a framework policy for sustainable products was established, aimed at
increasing incentives for manufacturers to transform the current linear system into
a circular one, thereby reducing the environmental impact throughout the entire
product life cycle (European Commission, 2020). In accordance with the provisions,
the European Commission focused primarily on three specific goals: The goals
included: designing sustainable products, empowering consumers and public buyers,
and promoting circularity in manufacturing processes. Since the greatest impact of
a product occurs during the manufacturing process, a significant portion of these
provisions is directed at manufacturers within the value chains of key products, such
as: electronics and ICT, batteries and vehicles, packaging, plastics, textiles,
construction and buildings, as well as food, water, and nutrients (European
Commission, 2020).

Recently, there has been a strong emphasis on integrating logistics and value chains
into the circular economy itself. This primarily refers to reverse and green logistics.
The goal of green logistics is to ensure that logistics processes are carried out
correctly, while minimizing their negative impact on the natural environment as
much as possible. Green logistics is a multi-level concept that includes both "green"
logistics activities and social activities that support green logistics management,
standardization, and reverse logistics as its subsystem (Zheng & Zhang, 2010). From
the definitions of green logistics, it is clear that this concept not only serves to
conserve natural resources but also ensures a connection between natural resources
and products, as well as between products and consumers. It represents a tool for
closing the loop in the circular economy system. Key activities of green logistics in
implementing the circular economy concept include: green packaging, green
transportation, storage, and material flows (Seroka-Stolka & Ociepa-Kubicka, 2019).
Understanding the principles of circular economy is the first step toward

understanding why it is necessary and how it is implemented in practice.
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3 Life cycle analysis and LCT

To understand life cycle analysis, one must first comprehend what the life cycle
actually represents and how it is considered within this context. LCT, or "Life Cycle
Thinking" is an approach that seeks to define possible improvements for products
and services in terms of reduced environmental impacts and lower resource use
throughout all stages of the life cycle. LCT begins with raw material extraction, is
maintained during production and distribution, use and/or consumption, and ends
with the reuse and recycling of materials, energy recovery, and final disposal (Mazzi,

2020).

In this context, LCT aims to prevent burden shifting. In a generalized sense, this
refers to reducing impacts at one stage of the life cycle in a geographical region or a
specific impact category without increasing the burden elsewhere. If we return to
the chapter on circular economy, a simplified example could be the production of a
product where we replace energy from a thermal power plant with solar energy.
Although we have reduced the burden of energy, we have increased the burden of
waste solar panels, as well as the burden of their production, theoretically resulting
in a reduction ot increase within the product's production line. In this sense, LCT
has a much broader perspective, as it needs to consider not only environmental
impacts but also raw materials, materials, value chains, product use, and ultimately

the effects of disposal, reuse, or recycling (Mazzi, 2020).

LCT largely relies on the theory of systems thinking, which is a methodology where
the main lever is primarily a holistic approach. Value chains should not be viewed as
isolated systems but rather as a collection of individual systems, with the main focus
being on the interconnections and interdependencies between them. In the context
of systems thinking and, consequently, LCT, the key points are the connections and
interactions within the system and the external environment surrounding the system,
and we consider it as a whole rather than as individual units or subsystems (Kim,

1999). In practical terms, this primarily means focusing on:

— interrelations, meaning the search for context and connections within the system

ot between individual components and the external environment;
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— perspectives, where we recognize that each actor within and outside the system
has their own unique view and opinion about the current state of the system or
the situation;

— boundary setting, where we must be aware of the optimal boundaries of a
system, its limitations and weights, by which we will evaluate and adjust the
boundaries, and ultimately, what improvements or corrections within the system

are advisable and will further enhance it.

The introduction of LCT into the circular economy offers a great opportunity for
the transition from a linear to a circular system. Although there is much discussion
about the implementation of circularity, it should be noted that the theoretical
perspective alone does not provide sufficient evidence of the practicality of the
circular economy. Authors thus support the introduction of the circular economy,
while also emphasizing the need to measure and monitor its practical
implementation in the economy, to ensure statistical evidence of improvements. In
this regard, there is a strong emphasis on incorporating LCT into the circular
economy itself, as it would provide a platform or tools to conduct both preliminary
and subsequent analyses of circular activities and also gain insights into potential
improvements as well as possible deterioration of the current state. This systematic
approach is key to enabling further improvements (Gheewala & Silalertruksa, 2020).
For this purpose, tools have been conceptually designed, among which the most
well-known is "Life Cycle Analysis" (LCA).

3.1 Life Cycle Assessment (LCA)

LCA (Life Cycle Assessment) is the original and fundamental model upon which
other similar models and concepts, including comprehensive LCM, have been
developed and implemented. Iyyanki & Manickam (2017) define LCA as a technique
for assessing the environmental aspects of a product throughout its entire life cycle,
while Cowie et al. (2019) define LCA as a framework for assessing the environmental
impacts of product systems and making decisions. Algren et al. (2021) understand
LCA as a systematic, standardized approach to quantifying the potential
environmental impacts of products or processes, from the extraction of primary raw
materials to the end of the life cycle. By using LCA, organizations can gain insights
into the entire life cycle of their products or processes and make more informed

decisions to achieve sustainability goals. In doing so, they can contribute to reducing



R. Kovacié Lukman, K. Bralez: Circular Economy and Valne Chains (Life Cycle Analysis) 111

negative impacts on the environment and society and improve their sustainability

practices.

In general, LCA includes four key stages based on the ISO standard 14040, which
are as follows (Iyyanki & Manickam, 2017):

— defining boundaries, where we need to be aware of what the optimal boundaries
of a system are, what the limitations and weights are, by which we will assess
and adjust the boundaries, and ultimately, what improvements or adjustments
within the system are meaningful and will further enhance the system;

—  the first step is defining the goals and scope of the study, where we specify which
stages of the product’s life cycle we will include in the assessment and what the
final results will be used for. This step also includes defining the criteria for
system comparison and specific timeframes.

— the second step is the inventory analysis, which allows us to understand the mass
and energy flows of the product system and its interactions with the
environment, such as the consumption of primary raw materials and emissions.
Key processes, secondary energy sources, and material flows are described in
detail at this stage, which serves as the basis for further analysis;

—  the third step summarizes the details from the inventory analysis and uses them
to assess the environmental impacts. The results of indicators from all impact
categories are described in detail at this stage, where the significance of each
impact category is assessed through normalization and the assignment of
weights;

— the fourth step demands the synthesis of all the aforementioned steps and
includes the explanation of the life cycle, along with a critical review of the data
and preparation of the presentation of results;

— by using LCA, organizations can gain insights into the entire life cycle of their
products or processes and make more informed decisions to achieve
sustainability goals. This helps reduce negative impacts on the environment and

society, and improve their sustainable practices.
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3.2 Implementing LCT/LCA in practice

By considering life cycle perspectives, organizations, governments, and society can
develop products, offer services, and implement strategies, policies, and initiatives
to promote the "green economy." Understanding the life cycle and expanding
horizons based on the principles of this approach opens up extensive opportunities
to reduce impacts on the economy, environment, and society, allowing decision-
makers to make more informed choices. The use of the life cycle approach enables
the selection of strategies that proactively foresee and prevent the transfer of
environmental issues from one stage or phase of the life cycle to another stage or
phase, to other impact categories, society, and the global level, including other
countries and regions worldwide. Similar to the sustainability approach, this method
also contributes to the protection and preservation of the environment for future
generations (LLCI, 2012).

Figure 5: Schematic representation of LCT implementation in practice
Source: LCI (2022)

As mentioned, LCT represents the theoretical aspect of systems thinking or the
approach to sustainable circular economy, while LCM provides practical tools,
methodologies, and systems that enable the execution of measurements, analyses,
and the feasibility of implementing sustainable and consequently circular activities

within a selected system or product. In line with this, the LCI organization has
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developed a schematic approach for implementing LCT in practice, along with
extensive documentation that describes all the steps, procedures, and methodologies

for successful execution.

LCT largely follows the methodology provided for the implementation of other
LCA analyses. The presented scheme shows only the key reference points for
execution, while the actual methodology for conducting LCA analyses is much more
extensive, and it is recommended that it is read thoroughly before beginning the
analysis. As mentioned numerous times in the previous subsections, LCA analyses
are only meaningful if they are correctly conducted, with data collected systematically
and comprehensively reviewed and verified, and the analysis conducted according
to pre-qualified methods and methodologies provided by organizations in the field
of LCA techniques (LCI, 2012).

The integration of LCT and the circular economy enables a holistic approach to
achieving sustainable development. The circular economy represents a new type of
economic concept, which is gradually being introduced in certain sectors of the
economy and is already being implemented in practice. On the other hand, LCT is
an approach that guides us toward sustainable thinking in the current economy and
is more theoretical in nature, as it is not yet as widely implemented in practice. The
key connection between both concepts is that the circular economy introduces
concrete and practical changes, while LCT allows us to verify and assess the
effectiveness of the implementation of circular practices. By using LCT, we can
evaluate how successfully we have implemented circular practices and assess their
impact on the product or service lifecycle. LCT enables us to examine the current
state and identify areas where it would be most meaningful to introduce circular

approaches to achieve more sustainable outcomes (LCANZ, 2020).

By combining the circular economy and LCT, we can make progress toward a
sustainable society. The circular economy introduces practical changes based on
sustainability principles, while LCT enables a comprehensive analysis and
assessment of the effectiveness of these changes. By combining knowledge of the
lifecycle and sustainable development, we can achieve a holistic approach to creating
a more sustainable future. This enables better planning, more thoughtful decisions,
and more efficient use of resources, which is crucial for creating a more sustainable

and responsible society. This ensures that products, services, and strategies are
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directed toward sustainable development and contribute to the protection of our

planet and the well-being of all.
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