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Abstract:

The concept of Circular Economy has evolved from a linear model of production and consumption to
a regenerative system with an emphasis on reutilization, repair, and recycling. ""Circular Economy 2.0"
reflects a new phase in which systemic transformation is enabled by digital innovation, data analytics,
and product-as-a-service models. In this paper, the authors perform an analysis on Circular Economy
2.0 using sector-level evidence in the fashion, electronics, and construction industries between 2018 and
2024 and a product-level MCI case for smartphones. Utilizing secondary data obtained from verified
international institutions and regression analysis, this study has shown quantifiable progress in
resource efficiency and waste reduction, hence highlighting challenges and opportunities toward scaling
up Circular Economy 2.0 in global markets.

Keywords: Circular Economy, Sustainability, Material Circularity Indicator, Business Models,
Regenerative Systems.

1. INTRODUCTION

The increasing decline of natural resources and mounting environmental degradation uniformly precipitated
a worldwide transition from the linear model, "take-make-dispose”, to a regenerative, circular economy.
Circular Economy 2.0 builds on the foundational principles of waste minimization but integrates digital tools
like artificial intelligence, block chain, and the Internet of Things to optimize supply chains and product life
cycles.

A critical driver for this is that resource consumption, if business continues as usual, is set to double by 2050.
According to UNEP, 2023, governments and corporations increasingly view the circular strategies not just as
environmental imperatives but also as imperatives for innovation and competitiveness.

It aims to review the progress in sector-specific adoptions of CE, quantify recent circularity trends, and
provide an MCI example for product-level performance.

Key aspects of the Circular Economy Action Plan 2.0
»  Product lifecycle: The focus of the plan encompasses the full lifecycle of products; from design through
to disposal, maintaining materials and products in active use for as long as possible.
«  Sustainable Product Policy: Under a new framework, sustainable products will be the norm, with new
requirements for the sustainability of key products such as electronics, textiles, and plastics.
«  Consumer Empowerment: Empower the consumer with more rights and information to assist them in
making sustainable choices.
«  Waste reduction: it includes policy priorities to reduce waste, and retain materials in the economy of the
EU for as long as possible through reuse, repair, and high-quality recycling.
Sector-specific initiatives: The plan outlines new initiatives for sectors such as
Electronics: Product life extension and enhancement in waste collection.
TEXTILES: Improving competitiveness and increasing reutilization.
Construction: Promoting circularity principles for buildings.
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0 Plastics: Introduction of binding requirements for recycled content; addressing microplastics

2. LITERATURE REVIEW

Kalmykova et al. (2018):

Explained the concept of the Circular Economy as a way to decouple economic growth from resource
depletion, focusing on waste minimization and closed-loop production systems.

Ellen MacArthur Foundation (2019):

Developed the Material Circularity Indicator (MCI) to measure how effectively materials are cycled through
production and recovery stages.

Circle Economy (2020):

Introduced the Circularity Gap Index (CGI) to assess the percentage of materials reused globally, helping
track progress toward circularity.

Lacy and Rutgvist (2020):

Highlighted how digital tools like Al and predictive maintenance improve resource efficiency and extend
product lifespans in circular systems.

Murray et al. (2021):

Discussed Circular Economy 2.0, showing how 10T, Al, and blockchain enhance traceability, transparency,
and decision-making in circular operations.

Wang et al. (2021):

Focused on the electronics sector, emphasizing modular design and take-back programs that support efficient
material recovery.

Ellen MacArthur Foundation (2022):

Examined digital platforms in the fashion industry that enable resale, rental, and recycling to reduce textile
waste.

Bocken et al. (2022):

Identified gaps in CE measurement due to lack of standard methods and data, calling for inclusion of digital
and social aspects.

Deloitte (2023):

Explored digital tools in the construction industry that aid design-for-disassembly and promote material reuse.
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3. METHODOLOGY

3.1 Data Sources

The data from 2018 to 2024 were sourced from the Ellen MacArthur Foundation, OECD, UNEP, and sectoral
sustainability reports. Indicators used to measure progress include recycling rates (%), resource productivity-
USD GDP per kg material use, and waste-to-landfill-kg per capita.
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3.2 Analytical Tools and Formulas
(a) Material Circularity Indicator (MCI):
MCI=1-V+W2xMMCI = 1 - \frac {V + W} {2 \\times M} MCIl=1-2xMV+W

Where:

* M = mass of virgin materials used,

* V = mass of unrecoverable waste,

* W = waste generated from production.

An MCI of 1 indicates a fully circular product; 0 indicates linear production.

b) Regression Model:

A simple linear regression evaluates the relation between circularity indicators Y and time X:
Yt=0+pXt+etY_t=\alpha + \beta X _t + \varepsilon_tYt=a+pXt+st

where B represents the annual change in circular performance.

4. SECTOR-LEVEL ANALYSIS (2018-2024)
Table 1: Indicators of circularity, 2018-2024

i : Global

Fashion . Construction

Year Recycling Rate | Slectronics Material Resource
(%) Take-Back (%) Recovery (%) Productivity

(USD/kg)

2018 23 16 45 2.14

2019 27 18 48 51

2020 31 21 51 2.27

2021 35 24 54 > 37

2022 39 27 57 2.39

2023 42 30 59 2.45

202 45 33 61 2552

Interpretation:
Steady increases across sectors attest to the adoption of reuse, recycling, and recovery practices. Linear
regression analysis provides an indication of statistically significant progress across the board, B> 0, p <0.05.

Figure 1: Trends in Recycling, Recovery, and Global Resource Productivity (2018-2024)
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Source: Compiled from journal data (Kalmykova et al., 2018, OECD Circular Economy Reports, 2024; UNEP Global Resource Qutlook, 2025), analyzed using Microsoft Excel 2024 and IBM 5PSS Statistics v29.
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5. PRODUCT-LEVEL ANALYSIS:
Smartphone Material Circularity Indicator Example
Assumptions:

Net weight of device: 200 g

Recycled material input = 30%

Recoverable components = 85%

Waste produced in manufacturing = 10 ¢

Calculation
RFEET — 1, —SL i L 1O)
2 >< 200
4 150
2 >< 200
— 150
- > < 200
__ 1 0.375
— 0.625

Interpretation: An MCI value of 0.625 indicates that there is a moderate level of circularity in the
smartphone. Increased input of recycled material by 50% and reduced production waste to 5 g would improve
the Material Circularity Indicator to approximately 0.725, reflecting a more circular and resource-efficient
product design.

Table 2 — Smartphone MCI Scenario Comparison

Scenario IRecycled Input (%)|Waste (g)][MCI Score|
Base Case 130 10 0.625 |
\Improved DesignHSO HS HO.725 \
Step-by-Step Calculation
1. Compute virgin material input:
Virgin Input=Wx(1-Ri) =200x (1-0.30) =140g
2. Add production waste:
140+10=150
3. Apply the MCI formula:
MCT — 1 — (Virgin Input + Production Waste)
2x W

MCI=1 15'ﬁ—l 0.375 = 0.625
- _40(] - "t 2 . A

Interpretation

The Material Circularity Indicator (MCI) for the smartphone is 0.625, indicating a moderate level of
circularity.

This means that while some materials are recycled and recoverable, the product still relies significantly on
virgin resources.
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Effect of Design Improvements on Smartphone MCI
1.0

0.725

Material Circularity Indicator (MCI)

©
o

Base Case Improved Design

Source: Author’s calculations using MCI framework (Ellen MacArthur Foundation, 2023).

6. DISCUSSION

These findings indicate real gains in material circularity in various global sectors, largely driven by more
demanding environmental regulations, higher consumer awareness, and digitalization of production and
monitoring systems. Similarly, in the fashion sector, progress has emerged through resale activities and the
development of sustainable materials, while in the electronics sector, progress is evident in modular product
design and improved take-back. The construction sector remains the leader in the large-scale recovery and
reuse of materials.

The case analysis of a smartphone case further demonstrates that even gradual design changes, such as
increased recycled content and minimal production waste, can significantly improve MCI values. This
reinforces the usefulness of a quantitative metric such as MCI for guiding corporate strategies on sustainability
and assessing the performance of circular design.

However, there are still considerable differences between developed and developing economies due to
insufficient recycling infrastructure, inconsistent data collection, and poorly developed reverse logistics
systems. In addition, for system-wide circularity in the future, business models will have to be built on
transparency, digital traceability, and lifecycle accountability through shared information platforms and
reporting mechanisms.

7. CONCLUSION

Transitioning to Circular Economy 2.0 calls for a paradigm shift away from traditional waste management
and toward a focus on value regeneration, design innovation, and resource optimization. The sectoral and
product-level analyses in this study demonstrate how the inclusion of measurable indicators-in particular, the
MClI-can offer firms and policymakers with an objective basis on which to track performance relevant to
circularity and identify areas for improvement.

While there is promising progress across sectors in the period 2018-2024, the realization of Circular Economy
2.0 will require harmonization of global standards, cross sectoral collaboration, and sustained investment in
circular design, technological innovation, and digital infrastructure. Embedding these principles into business
and value-chain practice will be crucial for closing material loops and fostering a truly regenerative and
sustainable global economy.
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