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Introduction to the problem

The global e-waste crisis has reached critical levels, with
over 50 million metric tons generated annually—a number
projected to double by 2050. Shockingly, less than 20% of
this e-waste is formally recycled, leaving millions of tons of
hazardous waste to pollute the environment. Improper
disposal releases toxic substances like lead, mercury, and
cadmium, which contaminate soil, water, and air, posing
severe health risks to both humans and wildlife. These toxins
can cause neurological damage, organ failure, and long-term
ecosystem degradation.

In addition to its environmental impact, e-waste represents a
significant economic loss. Valuable materials, such as gold,
silver, and rare earth elements, worth over $57 billion
annually, are discarded due to ineffective recycling methods.
This crisis demands an innovative, accessible solution that
leverages modern technology to address inefficiencies in e-
waste management and reduce its far-reaching impacts.




Introduction to the problem

E-waste, comprising discarded electronic devices such as smartphones, batteries, laptops, chargers, and small
appliances, is a rapidly growing waste stream. In 2016 alone, 44.7 million metric tons of e-waste were
generated globally, with an annual growth rate of 3-4%. Many of these devices contain valuable materials such
as gold, silver, copper, aluminum, and rare earth elements, all of which can be recycled and reused in
manufacturing new products. For instance, a single smartphone can vyield up to 30 milligrams of gold and 0.7
kilograms of copper, both critical resources for the electronics industry. Despite this potential, millions of
devices are discarded improperly each year, ending up in landfills or being incinerated, which not only wastes
valuable materials but also releases harmful substances into the environment.

Improper disposal of e-waste is particularly problematic because it introduces toxic chemicals like arsenic,
mercury, cadmium, and brominated flame retardants into ecosystems, leading to significant health risks and
long-term environmental damage. I[tems like batteries, which are often discarded with general waste, can leak
hazardous chemicals into soil and water sources. Similarly, small electronics such as chargers and headphones
are frequently treated as disposable, even though they contain recyclable materials like copper and plastic.
These behaviors reflect a lack of awareness about proper recycling methods and the infrastructure to facilitate
responsible disposal.



@
2010

Global e-waste generation
reached 33.8 million metric
tons, driven by rapid
technological advancements.
Recycling efforts were limited,
with only 10% of e-waste
being formally recycled
globally.

Most e-waste ended up in
landfills or informal recycling
centers, causing significant
environmental hazards.

@

2015

e E-waste surged to 44.7 million

metric tons, growing at a rate
of 3-4% annually.

The concept of urban mining
gained traction, emphasizing
the recovery of valuable
metals like gold and copper
from e-waste.

Awareness campaigns led to
initial policies in Europe and
Asia targeting e-waste
Mmanagement.

@
2020

e Global e-waste exceeded 53.6

million metric tons, with less
than 20% formally recycled.
Advancements in Al-powered
recycling technologies began,
improving sorting efficiency in
industrial recycling facilities.
The COVID-19 pandemic
fueled a surge in disposable
electronics, further
exacerbating the e-waste
problem.

@
2025

e Estimated e-waste generation:

Evolution of E-Waste and Recycling
Practices: A Global Perspective

74 million metric tons
annually.

Deployment of smart e-waste
solutions in urban areas, such
as Al-powered bins for
improved recycling rates.

A shift in consumer behavior
towards repair and reuse
practices, driven by eco-
incentive programs and global
sustainability goals.



Introduction to the solution

Our proposed solution, an Al-powered smart e-waste bin
system, redefines the approach to managing electronic waste
by addressing barriers in recycling and repair accessibility.
Designed specifically for small electronics—Ilike phones,
chargers, batteries, and accessories—this system goes
beyond disposal to tackle the root of the e-waste problem:
the “use-and-dispose” culture. It shifts focus toward
sustainable habits by encouraging repair, reuse, and
responsible recycling, all integrated into one seamless
process.

The bin operates at the intersection of accessibility,
convenience, and technological innovation. Strategically
placed in high-traffic urban areas—such as shopping malls,
electronics stores, university campuses, and office complexes
—it provides users with a practical, visible, and user-friendly
solution. By intercepting individuals at key decision points,
such as during upgrades or purchases, the bin fosters
immediate, actionable opportunities to make environmentally
conscious choices.




How 1t Works

Users place an electronic item into the designated screening area of the bin. A camera and lightweight object-
recognition system powered by a pre-trained Al model analyze the item’s size, shape, and visible features to
identify it. The Al system, trained on a database of common e-waste profiles, classifies the item and suggests a
tailored course of action.

1.For Repairable ltems:

o |f an item, such as a phone with visible cracks, is detected, the bin highlights nearby repair options on its
display. It offers users incentives like discounts or reward points, redeemable through a connected app, to
encourage repair over disposal. These repair suggestions directly counteract the disposable mindset and
promote a circular economy.

2.For Non-Repairable or Hazardous Items:

o |If the item requires recycling, such as a battery or damaged charger, the bin’s Al automatically identifies
the appropriate compartment and opens it using motion-sensitive lids. This system eliminates the need for
manual sorting and ensures the segregation of hazardous materials to prevent contamination.

3.User Engagement:

o To enhance engagement, the bin integrates with a connected app. Users sync their devices by scanning a
QR code on the bin, logging their disposal activity. The app tracks their environmental contributions, such
as the amount of e-waste recycled or repaired, and provides monthly impact summaries. These insights
reinforce sustainable behaviors and allow users to set measurable goals.



Al-Driven Precision and Recommendations

The Al system, leveraging tools such as MobileNet or TensorFlow Lite, ensures fast and
accurate item classification without the need for complex hardware. The system also
assesses basic item conditions—Ilike cracks or discoloration—providing specific guidance on
repair or recycling. This streamlined, intuitive process transforms e-waste disposal into an
accessible and informed decision-making experience. Studies indicate that Al technologies,
particularly Convolutional Neural Networks (CNNs), are highly effective in classifying objects
based on visual data. This capability can be applied to e-waste to automate and optimize
sorting processes, accurately identifying items for recycling or repair. By reducing reliance
on manual labor and minimizing human exposure to toxic substances, Al-based systems can
create safer, more efficient recycling workflows.

Scalability and Long-Term Impact

Designed for urban communities with high volumes of e-waste, the bin is both modular and
scalable. By targeting strategic locations, it integrates seamlessly into the daily routines of
users, ensuring widespread adoption. Its incentives—Ilike repair discounts and eco-friendly
product vouchers—encourage behavioral shifts that extend beyond the immediate act of
disposal, fostering long-term sustainable habits.

By combining cutting-edge Al with practical user features, our solution delivers a unique,
actionable, and scalable approach to solving the global e-waste challenge. It represents not just
a tool for disposal but a catalyst for cultural and environmental change.



Hypothesis

Our hypothesis is that an Al-powered e-waste bin system, combined with an incentive-driven
app and repair-focused guidance, can significantly reduce electronic waste generation by
encouraging long-term product use and shifting away from the “use-and-dispose” culture. This
solution addresses the challenge by fostering behavioral change with rewards for responsible
disposal, and providing easy access to repair and maintenance services through location
guidance and a point system which may increase the ability to repair electronics.
Additionally, by tracking disposal patterns and user engagement, the app can reinforce
sustainable behaviors, allowing users to visualize their environmental impact and set personal
goals. The system’s end-to-end approach supports a circular business model where brands
benefit from take-back programs and product refurbishing, integrating profitable yet
sustainable practices. This hypothesis aims to validate that a targeted, community-based e-
waste solution can drive a measurable cultural shift toward long-term product use and
responsible disposal.



Methods

To develop our solution, we relied on a research-driven and user-focused approach aimed at
understanding the key barriers to responsible e-waste disposal. We began by conducting an in-
depth analysis of existing e-waste management practices and technologies, identifying
inefficiencies such as limited accessibility, lack of repair options, and inadequate incentives for
sustainable disposal behaviors.
A core part of our process was gathering insights through surveys with over 100 participants
from diverse demographics, including students, office workers, and urban residents. These
surveys explored key gquestions such as:

e How do users currently dispose of small electronics like chargers, batteries, and

accessories?
e What factors prevent users from engaging in responsible disposal or repair practices?
e What features or incentives would motivate users to adopt more sustainable habits?



Results

Our survey and research process provided significant insights into the current challenges of e-
waste disposal and the potential for a user-friendly, Al-powered smart e-waste bin system to
address them. Here are the key findings from our data collection:

1.Disposal Habits:

o 85% of participants admitted to discarding small electronics, such as chargers, batteries,
and phone accessories, in general waste bins.

o Many cited a lack of accessible recycling facilities or clear disposal options as the primary
reason for improper disposal.

2.Awareness of Repair and Recycling:

o /0% of respondents expressed interest in repairing broken electronics but reported that
barriers such as high costs, inconvenience, and difficulty finding trusted repair services
prevent them from pursuing this option.

o Participants noted that they were unaware of nearby recycling or repair facilities,
highlighting the need for better information and guidance.

3.Motivating Factors:

o 90% of participants agreed that incentives, such as discounts for repairs or eco-friendly
rewards, would motivate them to recycle or repair their e-waste responsibly.

o Participants also indicated that visual and guided instructions (e.g., through a screen on
the bin or an app) would make them more likely to engage with the system.



Impacts

Environmental Impact

e By increasing the proper disposal and recycling of e-waste, the system helps reduce the
amount of hazardous materials like lead, mercury, and cadmium entering landfills,
minimizing soil and water contamination.

e Enhanced sorting accuracy ensures the recovery of valuable materials, such as gold, copper,
and aluminum, reducing the need for environmentally damaging mining practices.

e ENncouraging repair over disposal extends the lifecycle of electronic devices, leading to
reduced manufacturing emissions and resource consumption.

Social Impact

e Health and Safety: Reducing informal e-waste handling decreases the exposure of workers
to harmful toxins, creating safer waste management practices.

e Accessibility to Repairs: By guiding users to affordable and convenient repair options, the
system supports the growth of local repair industries, creating job opportunities and
reducing the economic burden of frequent replacements.

e Awareness and Education: The system’s educational features, such as on-screen prompts
and the connected app, increase public awareness of e-waste’s environmental
conseqguences, fostering a more informed and responsible society.



Impacts

Behavioral Impact

e Shift in Habits: The incentive-driven approach encourages users to adopt sustainable
behaviors, such as prioritizing repair over disposal and responsibly recycling electronic
items.

e Engagement and Accountability: The connected app’s tracking and reward system creates a
measurable link between individual actions and their environmental impact, reinforcing long-
term changes in user behavior.

e Convenience-Driven Participation: Strategically placing the bins in high-traffic urban areas
ensures greater participation, making responsible e-waste management an accessible part of
daily life.

Broader Reach

e By focusing on scalability, the system can be deployed in a variety of settings, including
shopping malls, office complexes, and campuses, reaching millions of users globally.

e |ts integration with repair shops, recycling facilities, and local governments creates a
collaborative ecosystem for sustainable waste management, amplifying its impact on e-
waste reduction efforts.



