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Introduction  

Waste management and organization, to many people, may seem like an inconsequential 

inconvenience. However, current waste management practices fail to separate organic from inorganic 

materials before disposal, causing up to 90% of organic waste to decompose anaerobically in landfills [1]. 

During this process, bacteria produce harmful greenhouse gases, accounting for 14% of all methane 

emissions in the United States [1]. Additionally, the slow decomposition rate reduces landfill capacity by 

keeping space occupied longer than necessary.   

Entities like the New York City Department of Sanitation have been making attempts to address 

this problem by diverting organic waste from landfills and converting it to compost. However, of 1.2 

million tons of organic waste collected in 2024, only 9.9% of the diverted waste could be used as 

compost, as shown in Table 1 [2]. Despite recent mandates on sorting compostable waste, current organic 

capture rates remain underwhelming at 7.2%, necessitating a new method of separating organic material 

from general waste [3].  

 

 

 

 

 

 

 

 

 

Improving sorting methods would alleviate the logistical burden placed on sanitation 

departments, lessen the negative impacts of human activity on the environment, and promote more 

efficient resource use. The organic material isolated could then be reused by facilities to create biogas or 

fertilizer, benefiting farmers and local parks. Landfills would experience a decrease in organic waste, 

reducing methane emissions and freeing up land space for other revenue-generating activities. By 

exploring complete and ongoing studies that address this issue in parallel with biological systems that 

demonstrate efficient sorting behavior, this research will advance efforts in designing an efficient system 

to isolate organic waste. It will also consider the ethical implications of developing these technologies and 

suggest ways to lessen these burdens.  

Table 1: NYC Department of Sanitation’s definition of organics, as well as data depicting how much organic 

waste was disposed of and collected by DSNY, in tons. Only 9.9% of the total organic waste collected 

(1,261,519.590) was used for composting. [2] 



   

 

  2 

 

Human-Made Solution 

There are two main categories of human innovations to address the issue of organic waste 

contaminating landfill waste: management and prevention. Each of these categories focuses on a different 

stage of the waste cycle and faces unique challenges.  

Through a management approach, the need 

for sorting inorganic and organic waste is eliminated 

entirely. One of the most effective solutions is landfill 

gas capture. During this process, methane produced 

through anaerobic decomposition is collected and 

converted into energy instead of being released into 

the air [1]. A series of wells and a vacuum system are 

employed to collect gas. The gas is then purified and 

treated, depending on what it will be used for, a few 

examples of which can be seen in Figure 1 [1]. While 

the use of landfill gas in boilers, furnaces, or kilns 

require minimal treatment, the conversion for use as a 

natural gas source or other forms of energy requires 

more work [4].    

Another solution devised to manage the 

emissions from landfills is using bio-filters as landfill 

covers. Landfill covers refer to materials that are used 

as a protective barrier over buried waste to prevent 

methane and odor from entering the atmosphere. Biofilters typically consist of porous material and 

organic material. These materials work to oxidize landfill gases and mitigate their effects.  

Though managerial approaches have seen some success in mitigating the effects of excess 

methane from the mixing of organic and inorganic waste, it is still extremely difficult to keep methane 

levels in landfills manageable because of the large number of organics in landfill waste. Therefore, 

solutions that aim to manage current emissions are not effective in the long term. 

Preventative solutions, on the other hand, reduce organic material entering landfills by aiming to 

achieve a higher percentage of collected compost. New York City has attempted to increase its 

composting output through various regulations. In 2013, restaurants were required to separate food waste 

from other waste. This policy was recently extended to households in April 2025, with a $300 fine for not 

placing food and yard waste into a separate bin for collection [5]. Although these regulations have 

increased the output of organic materials for composting, as mentioned earlier, the capture rate for 

compost is still very low: less than 5% of total organics in curbside waste was collected in 2024 and will 

likely not exceed 10% after the most recent policy [6]. Evidently, current policy and relying on 

individuals to manually sort organics and inorganics has proven to not be a viable solution.  

Besides policy, recent studies have already been conducted concerning automated sorting of 

waste. For example, a study in 2022 by a group of contributors resulted in successful training of an 

algorithm that sorts recyclables into groups based on visual recognition from images of the trash [7]. The 

algorithm had an accuracy of 91.7% but faced difficulty in the expenses needed to implement their design 

on a larger scale and compare it to other methods. However, the use of algorithms to categorize waste 

may be expanded upon and implemented in future solutions.  

Figure 1: Diagram showing the collection, treatment, and 

possible uses of gases collected through landfill gas capture 

systems. [1] 
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This waste sorting problem has persisted among humans since 3000 B.C, and no definitive 

solution has yet been found [8]. However, humans aren’t the only ones sorting waste; many animals sort 

and manage waste as part of their ecosystems. 

Solutions in Nature - Biology 

While the separation of waste is rarely as large an issue among animals compared to humanity, 

the animal kingdom still offers valuable insights into efficient resource management. Many animals 

engage in “sorting” through within their diets, both when selecting food and during the process of 

digestion. The first form of sorting occurs through physical means through distinguishing edible from 

nonedible materials in their environment. 

Among all animals, birds demonstrate particularly refined methods of sorting when searching for 

food. All birds have olfactory bulbs, which is a neural structure that serves as the initial processing center 

for smell signals [9]. These bulbs play a significant role in finding food and are regarded as a measure of 

the acuity of birds. The larger the olfactory bulb, the more sensitive the sense of smell, which correlates to 

the accuracy of birds when it comes to “sorting” food. 

For example, the scavenger turkey vulture, which has a 

large olfactory bulb and wide nostrils, has an especially keen 

sense of smell and sight. Compared to black vultures, their 

olfactory bulbs are four times larger, as shown in Figure 2, and 

have twice as many mitral cells, which connect the sensory 

information from olfactory receptors to the rest of the brain [10]. 

With significant olfactory bulbs, turkey vultures can search for 

food by detecting faint scents, such as ethyl mercaptan, of carrion 

from a far distance, even if the carrion is hidden [10]. This allows 

them to quickly find small carcasses that might be overlooked by 

other scavengers, especially in difficult terrains such as dense 

forests.   

Similarly, burying beetles are also scavengers that use 

chemical smells to sort carrion out from inorganic materials. 

Their antennas contain the main part of their olfactory receptors, 

which allow them to detect chemicals from decaying animals, 

sulfur compounds, from distances as far as 3.2 miles [11], [12].  

They also have auxiliary olfactory receptors, which are secondary 

sensory structures in addition to the main olfactory organs, on 

their palpi, which is a sensory organ located near the mouth [13]. 

These auxiliary olfactory receptors help burying beetles to 

enhance their short-range perception when finding carcasses.  

Considering the approach of scavengers when hunting for food, scent-based detection can be 

utilized to identify organic materials from inorganic materials. Like how a vulture picks out the scent of 

ethyl mercaptan to locate its food in a dense forest, carbon dioxide sensors could be used to detect 

decomposing organic material from an environment of 20 pounds of densely packed trash. Additionally, 

there could be multiple sensors that detect different chemicals from decomposition at different ranges, 

like how burying beetles have two “separate” sensory structures. This would increase the sorting 

accuracy, providing more efficient results. 

On the other hand, “sorting” in nature can also be observed through chemical means: digestion. 

Many animals’ diets normally include some form of easily digestible material (meats, plants, 

detritus) which is connected to or mixed in with indigestible material (bone, shells, husks, sediment). This 

problem is most prevalent among animals that directly consume indigestible material, such as predatory 

Figure 2: A comparison between a black 

vulture and turkey vulture’s olfactory bulbs 

(OB) and optic lobes (TeO). (a) is a photo of 

the black vulture’s brain, and (b) is a photo of 

the turkey vulture’s brain. As shown, the 

olfactory bulb of turkey vulture is visibly 

larger than the black vulture’s. [10] 
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animals which eat prey whole or deposit feeding detritovores which consume sediment to filter food out 

of. These species have evolved in a variety of ways to separate what can be used for food and what 

cannot, both outside and inside their own digestive systems.  

Notably, birds have evolved to have a two-chamber 

stomach system consisting of the proventriculus (the true 

stomach) and ventriculus (the gizzard), as shown in Figure 3 

[14], [15]. The ventriculus, unlike a “true stomach,” is 

primarily used for mechanical digestion or the preparation of 

food in birds. Birds with grain-based diets use the ventriculus 

to grind grain into easily digestible forms via muscle 

contractions, while birds of prey use the ventriculus to store 

and compress the remaining indigestible material from their 

food (which is later regurgitated as a pellet) [14], [16].  

Owls are an important order to focus on due to their 

relatively weak stomach acid and tendency to swallow their 

prey whole [15]. Owls digest food by first releasing acid in 

the proventriculus, then moving the food into the ventriculus 

so that the surrounding muscles can separate the partially 

dissolved edible material from harder indigestible material 

[15]. Many bird species pass food between the ventriculus to 

the proventriculus and back to introduce gastric acid and 

enzymes multiple times, until the digestible food is passed to the duodenum while holding onto the intact 

indigestible material using the muscles in the ventriculus [15], [16]. This process, despite the minimal 

absorption of the food in the stomach, allows for the accurate, gentle, and effective separation of 

digestible material into the intestines and the indigestible material into a regurgitated pellet.  

The means by which owls and other birds separate digestible and indigestible material, which are 

primarily through mechanical separation techniques or mild chemical treatment, are relatively simple. 

These systems can be replicated artificially through motors and weak acids. While utilizing this process 

would not require knowledge regarding what is and is not organic, greatly reducing the data processing 

and expensive computational hardware needed to develop and implement it, one complication of 

reproducing a stomach system would be finding a way to use and dispose of chemicals such as mild acids. 

Detritivores are provide an example of sorting during the digestive process. Sea cucumbers gather 

food by using tentacles around the mouth to collect and ingest small amounts of the surrounding sand 

[17]. Their diet primarily consists of small fragments of organic matter (such as small arthropods, plant 

matter, fungi, or bacteria) around or buried in the sediment [17], [18].To get the digestible matter from the 

sediment, sea cucumbers use a wide array of digestive enzymes to break down the complex proteins and 

fats so that they can be absorbed by villi lining the stomach [18], [19]. While the full digestive process 

cannot be easily translated into artificial methods, it is notable that it is made more efficient by reducing 

the size of the sand consumed [19]. Due to the chemical processes necessary to implement several 

proposed solutions, it is worth exploring whether processing waste into smaller and less complex particles 

carry over the same benefits to macroscopic filtration or chemical pretreatment as it does to sea cucumber 

digestion. 

In summary, the pursuit of food and need for efficient digestion has led to nature developing 

useful processes which we can take inspiration from. Whether it is the ability for vultures and burying 

beetles to detect food with high accuracy and precision, the motions of bird stomachs to grind and 

separate their food during digestion, or simply the efficiency of sea cucumber intestines when digesting 

Figure 3: A diagram of the digestive system of an 

Owl. Highlighted in blue is the proventriculus, the 

stomach chamber responsible for releasing Gastric 

enzymes. Highlighted in yellow is the Ventriculus, 

the muscle-bound stomach chamber responsible 

for storing food Provided by Alan Sieradzki. [15] 
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smaller grains of food and sand, artificial methods of separation can be developed from them such as 

sensors, rolling motors, chemical treatment, or maceration. Nonetheless, there are concerns to address 

regarding the safety of these systems, and the resources they may use. 

Ethical Considerations 

While nature provides efficient models for waste management, 

applying these principles at any scale raises important ethical questions. 

One key area for consideration is balancing tradeoffs in economic, 

social, and environmental impacts. In limited prototypes, these costs are 

minimal, consisting only of materials, labor, and modest energy use. 

However, citywide implementation would require substantial investment 

in infrastructure, processing facilities, and operational expenses. These 

initial expenses could be offset by the potential profit of sorting out 

organic material from landfills. In 2017, there were about 1 million tons 

of organic material wasted, which could have been worth approximately 

$12.5 million if processed into compost, or $22.5 million if converted to 

energy through biogas production [20].  

Yet, the economic gains from waste processing facilities are 

often unevenly distributed. One study found that waste processing 

facilities are disproportionately located in neighborhoods established as 

low-income and communities of color [21]. On the surface, this seems 

like an advantage due to the creation of new jobs. However, these facilities often cause businesses to 

avoid locating in these areas, which significantly decreases the availability of job opportunities and 

requires residents to travel outside of their community for necessities [22].  As community health declines 

and property values nose-dive, the area eventually goes through gentrification, and the existing 

populations are displaced. This promotes a cycle of long-term inequality and limits upward mobility.  

In addition to socioeconomic factors, it is important to design solutions that do not create 

additional environmental problems. One key point is the system’s resource management. Efficient use of 

energy, water, and raw materials is essential to ensuring that the environmental benefits of waste 

separation outweigh the costs of operation. This involves both the costs of separating the material, as well 

as the resources involved in transporting and processing the separate materials. The system also needs to 

be built in a way that components and by-products remain stable over time to prevent additional waste 

streams, such as electronic waste or hazardous residues when materials degrade [23].   

Beyond socioeconomic and environmental considerations, it is critical to consider the unintended 

consequences from implementing waste management systems. One concern is that widespread reliance on 

automated waste separation could reduce public motivation to sort waste responsibly. This is supported by 

research on human interaction with an “imperfect” automation system, showing how users adjusted their 

reliance to it based on how many errors it made (over-relying when the system was missing things, under-

relying on when the system had false alarms) [24]. This suggests that if automated waste separation 

systems are imperfect, people may either become too dependent on it or fail to trust it, reducing the 

effectiveness of sorting. Sorting incorrectly also has environmental implications, as non-organic materials 

mixed into compost introduce toxins and render compost unusable for agricultural use [25]. Furthermore, 

the deployment of automated waste systems may cause an unequal distribution of benefits. For instance, 

the systems may be exploited by corporations for profit, or by authorities as a tool to regulate industries 

rather than serving the public good [26].  

Figure 4: Simple flow diagram showing the 

potential profit from diverting organic waste 

from landfills. [20] 

 

 

Figure 4: Simple flow diagram depicting the 

potential profit from diverting 1 million tons 

of organic waste 
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 Underlying many of these challenges are biases that need to be kept in mind when developing and 

implementing these large-scale sorting mechanisms. One critical bias is that automation of sorting is 

required, as it overlooks community efforts such as informal recycling networks. In South Korea, these 

“junk shops” became integrated with the national waste-processing infrastructure, reducing solid waste 

flows and boosting recycling rates across the country [27]. Finally, stakeholder bias plays a significant 

role in how these systems function, regardless of their theoretical effectiveness. The location, funding, 

and long-term management of these solutions are influenced by the differences in priorities between 

governments, corporations, and communities. Altogether, effective waste management is not only a 

technical challenge, but a social and moral one. Prioritizing equity and accountability at all stages of 

implementation, from design to building, is important to developing lasting, sustainable solutions. 

Conclusion 

Landfill gas emissions are a critical environmental issue that current solutions fail to solve 

effectively. One approach that is being taken to address this issue is diverting organic waste through 

household or community composting collection programs, as they are the main contributors to excessive 

methane production in landfills. However, results are limited due to residents’ lack of awareness or care of 

these programs. Other emerging approaches such as gas capture systems, biofilter covers, and automated 

sorting mechanisms show promise but are limited by high implementation costs and inefficiencies due to 

their early stages of development. Moreover, beyond technical challenges, any viable solution needs to 

balance ethical considerations like disproportionate burdens on low-income communities and promoting 

technologies in a way that doesn’t negatively affect public motivation for sorting responsibly. 

Fortunately, nature provides many inspirations for waste organization and management systems 

in the way animals search for and digest food. Scavengers like turkey vultures and burying beetles, for 

example, can detect organic material within dense amounts of waste. This behavior could be replicated 

with a variety of sensors and used to direct a mechanical sorting mechanism, such as a piston or grabber 

system. Another source of inspiration can be found in birds of prey, which separate indigestible parts of 

their food with organized muscle contractions in their stomach. This can be replicated using motors and 

rollers, which allows for simple sorting mechanisms. These mechanisms can be made more efficient by 

shredding waste into smaller pieces, drawing from the way feeders increase their digestive efficiency 

when eating smaller grains of sand. 

The next steps in this project involve translating these biological insights into functional artificial 

systems and/or integrating them into current solutions. The use of sensors, simple passive sorting systems, 

or new preprocessing methods, which may optimize current systems, all present interesting and feasible 

routes that can be explored when thinking about and prototyping solutions to this problem. However, 

certain methods, such as chemical treatment inspired by animal stomachs, require caution due to the 

potential environmental impacts. As the problem of sorting organic waste is meaningful due to its 

environmental impacts (landfill methane emissions), ignoring the environmental impact of the solution is 

not only ethically questionable but counterproductive. Overall, waste management is often an overlooked 

but significant problem. By using the food gathering behaviors of various animals, mechanical, chemical, 

and computational elements to a potential solution can be further explored, all in hopes of creating a safe, 

effective, and ethical solution. 
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