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Enhancing Plastic Waste Classification with Al for Sustainability.
Introduction
The global waste problem has been worsening in recent years, mainly because of rapid urban growth and the expansion of
industrial activities. In Saudi Arabia, for example, the country produces nearly fifteen million tons of solid waste every year
[22]. A large share of this waste is plastic, and when it is not handled properly it pollutes the soil, affects groundwater quality,
and damages marine life [21]. In Jeddah, the largest landfill site receives more than 5,000 tons of waste daily, putting nearby
communities at risk of pollution and health issues [16]. The recycling rate in Saudi Arabia is still below 5% [17], which is far less
than global averages, and this is largely due to limited infrastructure, weak public awareness, and reliance on manual sorting.
The continuous accumulation of plastic waste creates serious risks for both the environment and human health. Microplastics
have already been detected in drinking water, food chains, and even human blood, which raises strong concerns about long-
term health effects [23]. On top of that, poor management of plastics contributes to greenhouse gas emissions and adds to the
challenges of climate change [24].
Governments and international organizations have responded with various policies to limit plastic consumption and encourage
recycling. The European Union, for instance, introduced strict rules to reduce single-use plastics and set measurable targets for
change [25]. In Saudi Arabia, several initiatives under Vision 2030 have been launched to promote a circular economy and build
sustainable waste management systems [26].
In recent years, Artificial Intelligence (Al) has started to play an important role in environmental applications, including waste
management. Within this field, machine learning and especially deep learning methods such as Convolutional Neural Networks
(CNNs) have shown strong performance in image classification tasks [27][28]. This makes them a suitable choice for identifying
and sorting different kinds of plastic waste.
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