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Abstract. As the issue of e-waste continues to grow alongside the expansion of technology, the 

solutions required to counteract the problem need to keep up and adapt as well. However, the 

present solutions implemented lack advanced development and are unable to remedy the growing 

issue. Through this paper, we focused on four different solutions: extended life of smartphones, 

increased e-waste recycling centers, increased accessibility to electronic repairs, and finally, 

increased efficiency of e-waste recycling centers. Honing in on cost and benefit analysis and data 

analysis, we deducted that increasing efficiency of e-waste recycling centers was the best 

solution to focus on. Not only does this solution increase the amount of e-waste that can be 

processed and reduce overall pollution in our landfills, the resources that can be extracted as well 

can help reduce even more waste that is produced by technology companies in new electronic 

production. 
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1.  Introduction 

Electronic wastes (or e-wastes) are the electrical devices that could be potentially hazardous and require 

specific disposal methods. E-waste can range from old cables to phones, refrigerators, cars, and much 

much more. Each device potentially contains toxic components like mercury, lead, and cadmium, which 

can leak and destroy the environment if disposed of improperly [1]. As technological demands are on 

the rise, so have the piles of e-waste, and consequently the environmental impacts of such devices. 

 For the past decade or so, global e-waste has increased at a constant rate of 2 million metric tons 

each year [2]. Of the current 56.7 million metric tons of e-waste in the world—around 50 pounds of e-

waste per person —only 17.4% of it is actually thrown into recycling centres and disposed of properly 

[3]. In the US, around 300-400 million devices are thrown away, with only around 20% actually recycled 

[4]. Around 100 million devices are stowed in drawers and other forgotten areas of a home, taking up 

space and energy [5]. People hoarding their devices do not use them, but keep them either due to 

sentimental value or just uncertainty of how to dispose of them. The build up of such waste in both 

homes and landfills has caused detrimental health impacts on humans, animals, and the globe itself. 

Throughout the years, global e-waste has steadily increased to become a huge, impending problem, as 

shown in Figure 1. 
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Figure 1. Global E-waste over the years [6]. 

Toxic chemicals that leak out from these devices when compressed in landfills can cause air, soil, 

and water contamination that infiltrates our lungs, digestive systems, and our environment [7]. E-waste 

itself releases thousands of harmful toxins and metals into the environment. However, not all e-waste is 

found alone, and most of the time, chemicals from multiple e-waste sources combine and magnify, 

causing over pollution of waste and toxicity. There are few set toxicity levels each chemical released 

has, and when combined, the possibilities are endless. E-waste pollution has led to increases in lung, 

liver, neural, and endocrine diseases, especially among those who handle them directly [8]. 

Home appliances, laptops, and smartphones are currently the leading sources of e-waste [9]. With 

each new model of phone and laptops, companies pile on more devices, leaving more and more—not 

fully used—devices to pile up in landfills. The cycle starts when past models of phones and computers 

are all out of date and left alone, either in landfills or home drawers, and as each new model (which 

requires new resources to be extracted too) comes out, another model is thrown away, forever building 

on itself. This cycle leaves piles and piles of discarded electronics to decompose but at the risk of leaking 

toxic chemicals and metals at the expense of the earth. Each year, with growing amounts of updates to 

smartphones, the amount of waste continues to grow as well. Since cell phones contain more 

concentrated amounts of toxic metals and the hardware is overall more difficult to deconstruct, disposing 

of them is especially hard. The growing industry, on top of a much smaller recycling industry, has led 

to great environmental deficits that we can only hope to repair. 

Currently, there is no one solution that is universally accepted and implemented when disposing of 

e-waste. While each method has its pros and cons, there is still much more work that needs to be done 

to all the potential solutions to create the best way to treat e-waste. This paper aims to examine the most 

effective and beneficial solution to quickly deplete the growing e-waste issue, and use data and analysis 

to back up our decision. 

2.  Methodology 

This work considered many processes when calculating the different solutions to e-waste. The main 

process was calculating the cost and benefit of each solution. By analyzing the costs and benefits, we 

took into consideration the economic, social, cultural, and environmental impacts each solution could 

have. The more specifics required to identify the pros and cons of each solution are expanded on below. 

For the extended life, the study investigates the consequences of upping lifetimes, or more 

specifically the amount of waste that could be reduced in the face of longer life expectancies. While 

there were significant decreases in the amount of waste produced, there would be low benefits when 

trying to actually implement the solution. In other words, the benefits of increasing a smartphone’s 

lifetime would help reduce waste only if people implemented using their smartphones for extended 

lifetime. 

For easier accessibility to recycling centers or having more recycling centers, the current recycling 

situation in Santa Clara County and the actual processing of e-waste were examined. The costs and 
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benefits were assumed since there is no data to guarantee that increasing recycling centers can decrease 

the amount of e-waste being thrown away instead of being reused or recycled. 

For more accessibility to electronic repairs, we explored the potential pros (specifically the reduction 

of e-waste being produced) but because of a lack of data, could not further expand on the cons of the 

solution. We also could not assess the universal cost of repairs and in return, the benefits as much as we 

would have liked. 

For increasing the efficiency of recycling centers, we dived deep into the current issue with our 

recycling centers and how inefficient they are and then calculated the cost that it currently costs the US 

to send e-waste across the globe. It’s an estimated $1.7 billion to send and process e-waste, and that’s 

not even everything. On top of this, we calculated the impacts of e-waste processing both economically 

and socially for people in other countries and how the industry impacted them. The current e-waste life 

cycle is modeled below in Figure 2. 

 

Figure 2. E-waste life cycle in the U.S. [10]. 

3.  Solutions 

There are many different solutions that people suggest could help combat the growing e-waste issue. 

Ranging from small scale adjustments in our daily lives to adjusting industrial infrastructure, all these 

potential solutions have their pros and cons. 

Extended life is a widely supported idea that may potentially decrease the amount of e-waste 

produced. Focusing on a production level reform, this solution attacks the wasteful and short lived life 

spans of smartphones in hopes of reducing the amount of waste produced. If we extend the life of a 

smartphone from just 3 years to 4 years, it’s estimated that the amount of e-waste produced would be 

reduced by 25% [11]. However, as of right now, most phones aren’t being used for their 3 year lifespan 

and actually average a 1.5 year life [12]. Additionally, most phones are hoarded inside homes instead of 

being thrown away properly or recycled, producing even more waste than predicted [13]. After 

calculating the 25% reduction in e-waste, the results of the solution are shown below in Figure 3. 

Proceedings of the 4th International Conference on Materials Chemistry and Environmental Engineering
DOI: 10.54254/2755-2721/56/20240610

47



 

Figure 3. Projected e-waste after extended life [14]. 

More recycling centers/accessibility/easier methods to trade in is another popular supported idea. 

However, in Santa Clara County alone, only 16 of the 84 recycling centers actually accept e-waste and 

dispose of it in a relatively safe state [15]. Since it is against California law to throw away e-waste in 

recycling bins at home, collecting e-waste requires more energy [16]. For the benefit of recycling centers, 

reducing spending on collecting e-waste and providing the resources to fully recycle e-waste is the most 

profitable and efficient option. Because of this, the total amount of e-waste recycling centers is just that 

much lower. Even with the plethora of recycling centers that are all spread out evenly, the recycling rate 

is so low that increasing more centers doesn’t seem like they would help. Additionally, most e-waste 

that is disposed of is actually sent out to different countries to be dismantled instead. 

A less widespread solution is increasing accessibility to electronic repairs. Most phones can live up 

to their estimated 3 years warranty with proper care, but since phones are treated with various methods, 

constant repair is recommended. However most people either don’t trust repair centers, don’t know 

about them, or think they’re too expensive and because of this, most phones cannot reach their 

recommended 3 year warranty. Every year, 50 million of the 95 million broken phones in the US are 

taken in to be repaired with damages ranging from minor cracks to major breaks [17]. 

Another popular solution is the reformation of more efficient recycling centers. Of the 16 recycling 

centers here in Santa Clara, not even one publicly states that they completely deconstruct the phone and 

all its parts (including the motherboard and battery). It’s estimated that for every million smartphones 

recycled, 35,274 lb of copper, 772 lb of silver, 75 lb of gold, and 33 lb of palladium could be saved [18]. 

These materials could then be reprocessed and sent back to large companies to make newer products. If 

all e-waste was fully recycled, the amount of gold, silver, and platinum alone would generate another 

$12 billion in raw materials alone (not including profits if used to make new devices) [14]. The 130 

million phones that are thrown away yearly, if properly cleaned and deconstructed, can produce enough 

electricity to power 24,000 homes annually [19]. The projected amount of e-waste after adjusting the 

current recycling system is calculated and shown below in Figure 4. 

 

Figure 4. Projected e-waste after revamped recycling centers [20]. 
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4.  Results/Analysis 

From all the previous contemplation, the prevailing solution to e-waste seems to be increasing the 

efficiency of recycling centers. Not only does it remove more e-waste from landfills, but it also returns 

valuable materials back into the industry. In comparison, increasing recycling centers and accessibility 

helps reduce waste, but doesn’t return as much to the environment or industry. 

As of right now, many companies follow a systematic cycle (Figure 2). 

After electronics are used and disposed of, they are transported to different disposal facilities. These 

facilities can include national and international areas, all of which disassemble and treat e-waste 

differently. These facilities typically use human labor to do the disassembling, and these e-waste parts 

are cleaned and prepped for selling. Facilities that sell these newly recycled parts send them to 

companies (which tend to be companies making phones and other electronics) who then create new 

electronics and sell them to another industrial company. These industrial companies are the companies 

that sell their electronic items to consumers. Because of this cycle, the two main points of interference 

end up being before electronics turn into e-waste or after the e-waste is produced. When controlling the 

amount of e-waste being produced, the extended lifetime and more accessible repairs do prevent an 

amount of e-waste that is produced, but it doesn’t target the issue as much as the other option. Focusing 

more on the end of life, or treating e-waste itself, is much more promising, especially if the efficiency 

of recycling centers is increased. 

The best way to reduce e-waste now, is to focus on increasing efficiency of recycling centers. While 

each solution can produce less e-waste or conserve energy, the most efficient solution—if done right—

is evolving electronic recycling centers. Based on the current data, increasing the efficiency of recycling 

centers has a great benefit in stopping the amount of e-waste that can be produced. This in itself proves 

that this solution is a stronger contender to help absolve the e-waste issue than other solutions described 

above. Additionally, the cost to ship 32.6 meters cubed e-waste to other countries (like China) is $277, 

give or take the space and weight. With an annual generation of 11.9 million tons (USA), and an average 

container holding around 1.9 tons worth of waste, the minimum amount of containers needed is 6.2 

million [21]. That means it would cost $1.7 billion to just send away all the e-waste we generate [22]. 

To send away our e-waste to outside countries to process, the amount of money required is extremely 

expensive. Because of this, improving the efficiency of our recycling centers (in the USA) would benefit 

the country the most. 

5.  Conclusion 

When looking at all the different solutions and their costs and benefits, we had to take into consideration 

the economic, social, and of course, environmental impacts. Through the data we collected, we have 

concluded that adding more solutions to up the efficiency of recycling centers is the best option to reduce 

the amount of e-waste being put into the environment. We did lack data on electronic repairs and suggest 

others to look more into just how beneficial electronic repairs may be for the e-waste issue. 

Some of the key limitations we faced throughout our research consisted of a lack of available and 

quantifiable data. This included a lack of annual summaries involving electronic repair efficiency, 

inconsistent reports of imported and exported waste, and discrepancies with required energy and 

resources. All of these factors limited the overall success of determining the absolute best solution in a 

quantitative manner. 

It was interesting to observe the discrepancies amongst the recorded data depending on the company 

and its country of origin. In the future, calculating the differences and ensuring the trustworthiness of 

certain sources would increase the quantifiability of the solution and help implement the solution into 

society. Another way to truly assess the possibility of implementing our solution would be to survey the 

general public and see what we could possibly do to see the most drastic benefit to our planet. Asking 

consumers about the likelihood of them donating e-waste, decluttering, and refraining from buying the 

latest technology to prevent more e-waste from being produced. 

Overall, protecting the earth and maintaining a sustainable and liveable planet is key. In response to 

the growing e-waste issue, we searched for potential solutions. Through cost and benefit analysis, 
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transportation calculations, and analyzing many potential solutions, we came to a conclusion that 

increasing the efficiency of current e-waste recycling centers would reduce the most amount of e-waste 

pollution on our planet in the least amount of time. 
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