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Transforming E-Waste: Tackling Trash Through Technology 

 
Your phone holds the world at your fingertips—but once discarded, it 

becomes a threat. Millions of abandoned devices contaminate our planet, silently 

affecting over 18 million children’s cognitive development and putting about 12.9 

million pregnant mothers at risk (World Health Organization [WHO], 2024). This 

growing problem is known as electronic waste or e-waste. E-waste refers to 

discarded electronics like smartphones, computers, and televisions, containing 

many harmful substances such as lead, mercury, and cadmium—chemicals that 

pose significant health risks and pollute the environment. The e-waste crisis began 

in the mid-1970s (Siddique & Siddique, 2019) and worsened in the 1990s as 

personal devices like computers and mobile phones became widespread (Forti et 

al., 2018). E-waste is now the fastest-growing global waste stream, with 62 million 

tons generated in 2022, and projections indicate it will reach 82 million tons by 

2030 (Sandhu, 2025). Despite ongoing efforts, conventional approaches—such as 

recycling policies, shredding, dismantling, and incineration—remain largely 

ineffective, resulting in a low recycling rate of just 22.3% (WHO, 2024). Innovative 

strategies—such as biodegradable electronics, bioleaching, and modular 
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design—offer more sustainable and efficient methods for addressing the e-waste 

crisis. 

Biodegradable electronics can significantly reduce e-waste by replacing 
 
non-degradable materials with components that naturally break down. Traditional 

electronics often contain plastics and heavy metals that remain in landfills for 

many years, causing long-term environmental harm. In contrast, biodegradable 

components decompose safely, reducing the volume of toxic waste and lessening 

pressure on recycling systems. For instance, researchers at the Swiss Federal 

Laboratories for Materials Science and Technology (Empa) have developed a 

water-activated battery made entirely of paper and eco-friendly materials, which 

naturally decomposes and eliminates the need for hazardous chemical disposal 

(Blaustein, 2022). Similarly, the Dresden University of Technology has introduced 

“leaftronics,” which are electronic circuits made from natural leaf structures 

coated with biodegradable polymers; these also break down over time, helping to 

reduce the environmental impact of electronic waste (Nair et al., 2024). Since 

batteries and circuits are essential parts of most electronic devices, innovations 

like these have the potential to significantly lower the overall amount of e-waste 

produced. Therefore, incorporating biodegradable materials into electronic devices 
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is a sustainable strategy that helps reduce e-waste while promoting environmental 

protection and long-term sustainability. 

Similar to biodegradable electronics, bioleaching technology offers an 

efficient and eco-friendly solution for minimizing e-waste by recovering valuable 

metals from discarded electronic devices. Bioleaching is a mining technique that 

uses microorganisms to extract metals such as copper, gold, and rare earth 

elements from e-waste. Traditional methods, such as smelting, release harmful 

pollutants and achieve relatively low recovery rates, whereas bioleaching stands 

out for its high recycling efficiency and minimal environmental impact. For 

example, a study by Rendón-Castrillón et al. (2024) demonstrated that a two-step 

fungal bioleaching process recovered up to 100% of copper from printed circuit 

boards, a critical component in nearly all electronic devices. This process increases 

metal recovery efficiency and results in a higher recycling rate compared to 

traditional methods. Moreover, Farnaud, a professor at Coventry University and 

founder of The Bioleaching Group, emphasizes the economic benefits of the 

technology, stating that “apart from investment in infrastructure, growing the 

bacteria is extremely cheap” (ADISA Certification, 2020), making it scalable for 

industrial applications. This scalability highlights the potential for significant 
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reductions in e-waste when the process is implemented on a larger scale. 

Consequently, bioleaching stands out as a cost-effective and environmentally 

responsible solution for managing e-waste on a global scale. 

Unlike bioleaching technology, modular electronic design—focused on 

reuse—offers an effective approach to reducing e-waste by extending the lifecycle 

of electronic products through easy repair and upgradeability. Many modern 

devices are built with non-removable batteries and tightly sealed components, 

which complicate repairs and encourage early replacement. Modular design 

counters this trend by enabling users to replace or upgrade specific parts—such as 

processors, batteries, or displays—without discarding the entire device. For 

instance, Xerox, through the adoption of modular design in its printers and 

photocopiers in 2023, produced over 1.7 million toner cartridges using recovered 

cartridges, achieving an average reuse rate of 90%. This resulted in a twofold 

increase in remanufacturing savings compared to non-modular designs (Lai et al., 

2024). Furthermore, Roskladka et al. (2025) assert that designing products with 

repairability in mind aligns with circular economy principles and significantly 

mitigates planned obsolescence. These findings underscore the potential of 

modularity to substantially reduce waste generation and empower consumers to 



 
 

6 
 

participate in sustainable technology use. For this reason, adopting modular design 

in electronic manufacturing is a sustainable, long-term strategy for mitigating 

e-waste and advancing a circular economy. 

 
The escalating e-waste crisis demands more than conventional recycling 

methods—it requires innovative, sustainable solutions that address both 

environmental and health concerns. Strategies like biodegradable electronics, 

bioleaching, and modular design offer effective pathways to reduce toxic waste, 

recover valuable resources, and extend the life of electronic products. Each 

method not only improves upon traditional approaches but also supports a shift 

toward a circular economy. These technologies demonstrate how e-waste can be 

transformed from a growing environmental threat into an opportunity for 

sustainable innovation. As millions of devices continue to be discarded each year, it 

is essential to rethink how electronics are designed, used, and disposed of. 

Consequently, devices that connect individuals to the world today should not 

become the burdens of tomorrow. 
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