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Abstract

The exponential growth in Waste Electrical and Electronic Equipment (WEEE)
represents one of the most pressing environmental challenges of the modern
era. This study analyzes historical trends in WEEE generation and treatment
from 2010 to 2022, employing linear regression models to forecast future
scenarios up to 2040. Findings reveal a consistent increase in WEEE
generation, projected to exceed 100 million tons annually by 2040, with only
marginal improvements in recycling rates. The analysis highlights a widening
gap between discarded and treated WEEE, underscoring the need for
enhanced recycling infrastructure, technological innovation, and policy
enforcement. The study validates its models through comparative projections,
demonstrating their reliability. The research emphasizes the urgency of
aligning WEEE management with sustainability to address environmental
risks.
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1. Introduction

Modern society has undergone multiple stages of progress, evolving
continuously to address human needs (Veenhoven, 2010). Over the years,
advancements in technology have facilitated the development of complex
social and economic systems that not only fulfill these needs but also enhance
overall quality of life (Javaid et al., 2024). Technological innovation has
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driven rapid global development, reshaping industries, improving communication networks, and
revolutionizing transportation systems (Rashid & Kausik, 2024). These innovations have
significantly transformed human lifestyles, fostering unparalleled economic growth and societal
progress. However, the unprecedented pace of technological advancement has also led to critical
challenges, particularly in the management of waste electrical and electronic equipment (WEEE).
Manufacturers, motivated by competitive market dynamics, often implement practices such as
planned obsolescence, resulting in shortened lifespans of electronic devices (Lanux, 2023). This
trend has significantly increased the generation of WEEE (Bressanelli et al,, 2020). Improper
management of WEEE not only contributes to resource depletion but also introduces hazardous
substances into ecosystems, posing significant risks to both environmental and public health
(Pekarkova et al.,, 2021). Addressing these issues requires aligning WEEE management with
broader sustainability goals, particularly within the framework of the circular economy
(Lundberg Jiménez et al., 2024). By emphasizing practices such as extending product lifecycles,
enhancing recycling efficiency, and promoting resource recovery, the circular economy offers a
pathway to mitigate the environmental burden of electronic waste (Georgiadis & Besiou, 2010).
Despite ongoing efforts to implement these principles in some regions, gaps persist in global

recycling infrastructure, consumer participation (Carvalho et al,

2025).

Moreover,

inconsistencies in global reporting and data availability present challenges for accurately
assessing the effectiveness of WEEE management systems. Addressing these issues requires
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urgent alignment with global sustainability goals, including those agenda for sustainable
development (United Nations, 2018). Integrating WEEE management into a circular economy
framework, which emphasizes resource recovery, lifecycle extension, and waste minimization, is
a crucial step toward achieving these goals (Parajuly et al., 2020). Despite ongoing efforts, gaps
remain in global recycling infrastructure, consumer awareness, and policy enforcement,
necessitating a data-driven approach to inform decision-making and enhance sustainability
outcomes (Sanchez-Garcia et al., 2024). This study aims to provide new projections on e-waste
generation and treatment trends for the coming decade, offering updated values that reflect the
latest data and developments in the field. By analyzing these projections within the context of
sustainability, this research seeks to serve as a foundational reference for further studies in WEEE
management research agenda.

2. Literature review

The Waste Electrical and Electronic Equipment (WEEE) is one of the most pressing
environmental challenges of the modern era. Parajuly & Wenzel (2017) define WEEE as discarded
devices no longer intended for reuse, representing a rapidly growing waste stream. Its
components often contain substances such as lead, mercury, cadmium, and arsenic, posing severe
risks to human health and ecosystems if improperly managed (Zuo et al., 2020). To ensure clarity
and consistency, it is important to define the key terms frequently referenced in the context of
Waste Electrical and Electronic Equipment (WEEE) management: Recycle WEEE are electronic
devices and equipment that have undergone formal processes for the recovery of valuable
components and safe disposal of hazardous materials (Ardente et al., 2014). Recycling typically
involves collecting, dismantling, sorting, and processing activities carried out in compliance with
regulatory standards to minimize environmental and health risks (Chu et al., 2024). Discarded
WEEE are electronic devices and equipment no longer in use or intended for reuse that have been
disposed of by their owners (Liu et al., 2023). Examples include outdated smartphones, broken
appliances, or obsolete computers (Jain et al., 2023). Discarded WEEE becomes part of the waste
stream requiring proper management to prevent environmental harm and recover valuable
materials (Andersen et al., 2020). Unmanaged WEEE are discarded electronic devices that have
not undergone proper recycling processes. This includes devices improperly handled, often
resulting in environmental pollution and the loss of recoverable materials (Pekarkova et al.,
2021).

Improper management of WEEE exacerbates environmental degradation, releasing pollutants
into terrestrial, aquatic, and atmospheric ecosystems and contributing to climate change
(Pekarkova et al, 2021). This issue has been identified as a critical challenge for achieving
sustainability (Pan et al., 2022). Despite these challenges, WEEE also presents an opportunity as
a secondary source of critical materials. WEEE contains precious and strategic metals, such as
gold, silver, platinum, and copper, essential for various industries (Marra et al., 2018; Golev &
Corder, 2017). The initial records on WEEE generation estimated a global production of 41.8
million tons in 2014, with 84.44% (35.3 million tons) unmanaged (Baldé et al., 2015). These
figures underscore the magnitude of the problem and the lack of adequate management
mechanisms at the time. Despite limited global awareness of the issue, countries with high WEEE
generation rates, such as China and India, began implementing targeted legislation to mitigate its
impact and establish stricter control measures, marking a pivotal moment in WEEE management.
By 2016, global WEEE generation had risen to 44.7 million tons, with 80.08% (35.8 million tons)
unmanaged. While this reflected a marginal improvement of 4% equivalent to an additional
500,000 tons correctly managed progress remained insufficient (Baldé et al., 2017). Subsequent
reports documented even more alarming trends. By 2019, WEEE generation had riched to 53.6
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million tons annually, an increase of 8.9 million tons over three years (Forti et al., 2020). Despite
international efforts, only 17.36% (9.3 million tons) of this waste was recycled, leaving 82.64%
(44.3 million tons) unmanaged. The most recent data for 2022 revealed a historic high of 62
million tons of WEEE generated annually (Fig. 2.1). Alarmingly, 76.7% (47.7 million tons)
unmanaged, reflecting a setback in treating progress achieved in previous years (Baldé et al,,
2024).
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Figure 2.1 Historical Growth of WEEE (2010-2022)

Own elaboration based on (Baldé et al. 2015; Baldé et al. 2017; Forti et al. 2020; Baldé et al.
2024)

These trends highlight a growing disparity between the increasing demand for electronic devices
and the global capacity to manage the resulting waste. This underscores the urgent need for more
ambitious and effective measures to address the challenge. Proper WEEE management presents
significant economic opportunities by generating value across various sectors (Table 2.1). This
dual benefit improves environmental outcomes while fostering economic growth through
sustainable recycling practices.

Table 2.1 Potential Economic and Value Contributions in WEEE Management

Value creation Contributions with references

process

Employability =  WEEE management generates jobs, supporting local economies and social inclusion (Pini
etal. 2019; McMahon et al. 2021).

Recycling =  Valuable materials like metals and plastics, along with recyclable components of

electronic devices, drive economic viability (Mahmoudi et al., 2019).
= Recovering valuable materials gains economic significance with increased WEEE
management (Cucchiella et al,, 2015).
Reuse =  Functional WEEE offers potential for reuse, reducing waste (Parajuly & Wenzel, 2017).
=  Modular designs and optimize recycling, reuse, and lifespan extension of devices
(Regenfelder et al., 2016).
Repair =  Advances in repair and recycling methods enhance resource recovery (Deng et al.,, 2021).
=  Standardized databases optimize global repair efficiency (Peir¢ et al., 2020).
Recommissioning =  Recommissioning functional decommissioned items maximizes value across their
lifecycle (Tsanakas et al., 2020)
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The efficient management of waste electrical and electronic equipment not only benefits the
environment but also presents significant economic opportunities. It fosters job creation and
drives advancements in recycling, reuse, and repair processes, all while adhering to the principles
of the circular economy (Pan et al., 2022).

3. Research Methods

This study adopts a quantitative approach, leveraging historical data on global Waste Electrical
and Electronic Equipment (WEEE) generation from 2010 to 2022. The methodology involved
three primary stages: data collection, data processing, and model validation. In the data collection
phase, information was gathered from global WEEE reports and credible secondary sources to
ensure a comprehensive dataset for analysis. During the data processing stage, linear regression
models were applied to project WEEE generation trends for the period 2022-2040. Finally, the
model validation process involved comparing the projections with estimates from various
academic sources to ensure the reliability and accuracy of the results.

3.1. Data collection

Table 3.1 provides a summary of the evolution of WEEE management and recycling in the global
market. Although not all reports provide annual data, reliable information was compiled from
diverse sources.

Table 3.1 Historical Trends of WEEE (2010-2022, in Million Tons)

Year EE Place in Discarded Unmanaged Recycled Recycled WEEE Unmanaged
Market WEEE WEEE WEEE WEEE
2010 62 34 26 8 23.53% 76.47%
2011 63 36 27.8 8.2 22.78% 77.22%
2012 64 38 29.9 8.1 21.32% 78.68%
2013 66 40 31.5 8.5 21.25% 78.75%
2014 68 41.8 35.3 6.5 15.55% 84.45%
2015 70 43 33 10 23.26% 76.74%
2016 82 447 35.8 8.9 19.91% 80.09%
2017 85 48 37.8 10.2 21.25% 78.75%
2018 89 51 40.5 10.5 20.59% 79.41%
2019 82 53.6 443 9.3 17.35% 82.65%
2020 83 58 47 11 18.97% 81.03%
2021 86 60 48 12 20.00% 80.00%
2022 96 62 48.36 13.64 22.00% 78.00%

Own elaboration based on (Baldé et al. 2015; Baldé et al. 2017; Forti et al. 2020; Baldé et al. 2024)

3.2. Data processing

The primary goal of the analysis was to examine and predict trends in Waste Electrical and
Electronic Equipment (WEEE) management over time. To achieve this, a linear regression model
was selected due to its ability to establish clear relationships between dependent variables, such
as treated WEEE, and independent variables like electronic device consumption and recycle
capacity growth (Montgomery et al., 2012). Linear regression is particularly suitable for this
scenario because it provides an optimistic outlook based on existing trends. Allows for projecting
these trends in a straightforward manner, assuming consistent progress. This method assumes
that the historical patterns observed in the data will continue, making it an ideal choice for
forecasting future WEEE management, defined asY = a + bX ... (1).
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Predicted value of the dependent variable (Y). Independent variable (X), a is the Y-intercept. And
b slope of the regression line. The coefficients a (1) and b (2) were determined using the following
NYXY-3XYY Y-bYX

ﬁ -(2), a=E22E ()

The regression model was applied to various parameters of WEEE management, yielding the
equations and determination coefficients (R*) summarized in Table 3.2. The R? value represents
the proportion of variance in the dependent variable explained by the model. A value closer to 1
indicates a better fit, suggesting that the model reliably predicts future trends (Gao, 2024).

formulas: b =

Table 3.2 Regression Models and Coefficients of Determination for WEEE

Parameter Equation R?

EE Place in Market y=2.7473x - 5461.8 0.8721
Discarded WEEE y =2.3747x - 4740.5 0.9833
Recycled WEEE y=0.4123x - 821.61 0.7106

Among the models, the discarded WEEE model shows the highest R* value (0.9833), indicating
the strongest fit and highest reliability in predicting discarded waste trends. The recycled WEEE
model, while having a lower R? value (0.7106), still provides a reasonable estimate of the
expected treatment capacity in future years. By using this approach, we can gain insights into the
long-term patterns of WEEE generation and treatment. The strong fit of the discarded WEEE
model suggests that, assuming consistent improvements in treatment and recycling capabilities,
the model can reliably forecast the future trajectory of WEEE management. This provides a
framework for understanding the trends and support the development of effective, data-driven
management strategies to address this growing challenge.

3.3. Model validation

To validate the accuracy and reliability of the linear regression model, projections from this study
were compared with predictions from other studies. The results of this comparison are presented
in Table 3.3, highlighting the consistency and any discrepancies between the model's projections
and those reported by external authors.

Table 3.3 Comparative Projections of WEEE by Various Authors

Year Model prediction Other authors projections
2025 68.2 Mt 65.3 Mt (Shittu et al., 2021)
2027 73.02 Mt 69.2 Mt (Forti et al., 2020)
2030 80.14 Mt 82 Mt (Baldé et al., 2024)

The observed differences between the projections are primarily the result of variations in data
sources, methodologies, and the inclusion of updated information. Variations in underlying data,
such as differences in the base years used for analysis or regional adjustments, can lead to minor
discrepancies. Some studies may rely on data from regions with higher WEEE generation rates or
apply alternative methodologies for estimating waste production. This study incorporates more
recent data and trends, including the latest figures on global WEEE generation. Additionally, the
choice of modeling techniques can influence projections. While this study employed linear
regression to estimate steady, linear growth trends, other studies may have used alternative
models, such as exponential growth or scenario-based forecasts, leading to differences in results.
Despite these discrepancies, the projections from this study align closely with those reported in
external sources. This consistency reinforces the reliability of the model and supports its use as a
valuable tool for understanding WEEE trends. Furthermore, the updated data and methodology
enhance the precision of the projections, highlighting the growing need for effective and
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sustainable WEEE management strategies in response to the increasing volumes of electronic
waste.

4. Results and Discussion

The analysis reveals critical trends in Waste Electrical and Electronic Equipment (WEEE)
management, highlighting the application of regression models to evaluate and project future
scenarios. For WEEE placed in the market, the regression equation y = 2.7473x - 5461, with a
coefficient of determination (R?) of 0.8721, explains 87.21% of the variability. This indicates a
strong model fit and suggests that WEEE placed in the market increases by an average of 2.7473
million tons annually. Similarly, the model for discarded WEEE is defined by the equation y =
2.3747x - 4740.5, with a R? value of 0.9833, explaining 98.33% of the variability. This model is
the most accurate, projecting an annual growth of 2.3747 million tons of discarded WEEE. For
recycled WEEE, the equation y = 0.4123x - 821.61 has a moderate R? value of 0.7106, indicating
71.06% of the variability is explained. Recycled WEEE shows a slower annual capability growth
of 0.4123 million tons, reflecting significant gaps compared to the amount of discarded WEEE.
Projections from 2022 to 2040 provide further insight into these trends, emphasizing the
widening disparity between discarded and recycled WEEE. For example, by 2032, projections
indicate that approximately 120 million tons of new electrical and electronic equipment will enter
the market annually, while 84.8 million tons of WEEE will be discarded. Alarmingly, only 16.8
million tons of the discarded WEEE are projected to receive adequate treatment (Fig.4.1).
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Figure 4.1 Projected Trends in WEEE Management (2022-2032)

Detailed projections for the years 2022 to 2040, as summarized in Table 4.1, illustrate a
consistent increase in EEE placed in the market, discarded WEEE, and treated WEEE. For
instance, EE placed in the market is expected to rise from 96 million tons in 2022 to 142.69 million
tons in 2040. During the same period, discarded WEEE is projected to grow from 62 million tons
to 103.89 million tons, while treated WEEE increases only marginally from 13.64 million tons to
19.48 million tons.
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Table 4.1 Projected Trends in WEEE Management (2022-2040, in Million Tons)

Year EE place in market Discarded WEEE Recycled WEEE
2022 96.00 62.00 13.64
2023 95.99 63.52 12.47
2024 98.74 65.89 12.89
2025 101.48 68.27 13.30
2026 104.23 70.64 13.71
2027 106.98 73.02 14.12
2028 109.72 75.39 14.53
2029 112.47 77.77 14.95
2030 115.22 80.14 15.36
2031 117.97 82.52 15.77
2032 120.71 84.89 16.18
2033 123.46 87.27 16.60
2034 126.21 89.64 17.01
2035 128.96 92.01 17.42
2036 131.70 94.39 17.83
2037 134.45 96.76 18.25
2038 137.20 99.14 18.66
2039 139.94 101.51 19.07
2040 142.69 103.89 19.48

This growing disparity between discarded and recycled WEEE highlights critical environmental
and policy challenges. Despite the optimistic growth trends demonstrated by the linear
regression models, the slow improvement in treatment rates raises concerns about the
sustainability of current practices. Addressing these issues will require a multifaceted approach,
including policy reforms, technological innovation, and expanded recycling capacities. The results
emphasize the importance of proactive measures to bridge the gap between discarded and
recycled WEEE. Without significant intervention, the environmental risks associated with
unmanaged e-waste will continue to escalate.

5. Conclusion

This study underscores the critical importance of addressing the growing challenges associated
with Waste Electrical and Electronic Equipment (WEEE) management. By employing linear
regression models, we identified key trends in WEEE generation and treatment, offering a
quantitative basis for projecting future scenarios. The findings reveal a consistent increase in the
placement of new electronic equipment in the market, paralleled by a substantial rise in discarded
WEEE. However, the comparatively slower growth in recycled WEEE highlights a significant gap
in current management practices. The high determination coefficients of the regression models
validate their reliability, particularly for projecting discarded WEEE, which achieved an
exceptional 98.33% variability explanation. These projections indicate that by 2040, discarded
WEEE will exceed 100 million tons annually, with treatment rates failing to keep pace. This
disparity emphasizes the urgent need for targeted interventions, advancements in recycling
technologies, and the expansion of treatment capacities. The results presented in this research
contribute to the growing body of knowledge on WEEE management and highlight the pressing
need for sustainable solutions. By bridging the gap between projections and actionable strategies,
stakeholders can foster a more efficient and environmentally responsible approach to e-waste
management, ensuring a balanced interplay between economic growth and environmental
preservation.
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5.1 Applications

The projections and models developed in this study serve as an initial step for future research in
the field of Waste Electrical and Electronic Equipment (WEEE) management. Given that current
projections have reached their limits due to outdated data, this work paves the way for new
investigations that will build on these initial findings. By reassessing and updating key
parameters, future research can refine these models to incorporate new variables, such as
technological advancements in recycling methods and changing consumption patterns. This
study sets the stage for continuous exploration and adaptation, ensuring that future research will
continue to address the challenges of WEEE management in a rapidly changing world.

5.2 Limitations and Future Research Directions

This study has certain limitations. Firstly, the models assume linear growth patterns, which may
oversimplify the complexities of WEEE dynamics, especially in the context of emerging recycling
technologies and policies. Further research is needed to enhance the accuracy and robustness of
the models. This could involve incorporating non-linear models or machine learning algorithms
to better capture complex patterns and trends. Additionally, more granular data from diverse
geographical regions and a broader range of electronic devices would contribute to refining the
projections and improving their global applicability. Future studies should also explore the socio-
economic factors that influence WEEE generation and disposal behaviors, as well as the
technological advancements in recycling processes that may impact future treatment rates.
Furthermore, while this study focuses on the quantitative aspects of WEEE management, future
research could investigate the qualitative factors, such as the effectiveness of public awareness
campaigns, the role of policy incentives, and the societal impact of electronic waste. Finally, as the
environmental impact of WEEE continues to grow, it is crucial to investigate the potential long-
term ecological consequences of current waste management practices and explore innovative
solutions for circular economy models in the electronics sector.
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