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Abstract:  While the majority of Americans support recycling, only 30% of 

recyclable solid waste is ultimately recycled in the United States, with the 

rest being sent to landfills or incineration facilities which have 

exceptionally damaging environmental effects. Every year, $11.4 billion 

worth of common materials (paper, glass, plastics, aluminum, etc.) is 

thrown away instead of being recycled. People do not recycle as much in 

part due to a lack of knowledge when it comes to best practices and, most 

importantly, a lack of convenient solutions that automate and facilitate the 

process, especially outside of the home. Although manufacturers and 

regulators have increasingly pushed for recyclable and compostable 

packaging materials and there is reasonable technology available at most 

processing facilities, a significant obstruction in the recycling cycle occurs 

at the small-scale sorting and separation stage where fast-food chains have 

a disproportionately high negative impact. This paper discusses the new 

design of an Environmental Disposable Intelligent Trash Hub (EDITH), an 

autonomous robotic waste sorting system aimed to facilitate small-scale 

sorting on the spot, making it more accurate, efficient, and less time-

consuming. A conceptual design of EDITH is presented consisting of 

components, diagrams, parts, cost analysis, programming algorithm, and 

instructions on how to build and operate the invention. The results 

suggest that implementing a system like EDITH at fast-food restaurants 

would increase recycling rates and as a result reduce the amount of trash 

that ends up in landfills. 
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_____________________________________________ 
 

1. Introduction 

 

Recycling can significantly reduce the harmful 

environmental effects of waste materials that would 

otherwise be sent to landfills or incinerated. By 

reducing the amount of material sent to landfills 

where it pollutes the environment, recycling helps 

conserve natural resources by reducing raw material 

input. Waste that is not recycled properly will either 

end up in a landfill where it harms the environment, 

incinerated affecting greenhouse gas emissions or in 

the ocean decomposing into microplastic and other 

microscopic perennial pollutants. 

 

Increased garbage in landfills has a negative 

impact on the environment by polluting water and 

soil. Carbon Dioxide and Methane, both detrimental 

to the ozone layer, are produced as the garbage 

decomposes. Furthermore, land that is currently 

used for landfills could be repurposed for plants 

instead. Incineration, on the other hand, adds 

harmful pollutants to the air while also requiring 

high capital and a constant fuel source. As for ocean 

water pollution, the approximate 13 million tons of 

plastic in the ocean routinely kill and harm ocean life 

through toxic chemicals, ingestion, entanglement, 

etc.  

 

As far as the economic cost, “Every year in the 

United States, the paper, aluminum, glass, plastics 

and other recyclable materials that are thrown away 

would be worth $11.4 billion if it were recycled 

instead” (Lehner 2016). Waste and lack of recycling 

not only hurt the environment but also are a great 

source of inefficiency and untapped value. More 

recycling can create jobs through the development 

of new technologies such as the one presented in this 

paper, reduce material costs and ultimately 

eliminate the need for countless unwanted landfills. 

 

Recycling can have a big positive impact. 

However, only 9% of the world’s plastic is currently 

recycled (Geyer et al., 2017). Not enough is being 

done to promote and facilitate recycling, and many 

recycling efforts are known to be inefficient or 

misplaced. What’s more, a significant percentage of 

the waste that is sorted for recycling is misplaced. 

According to Waste Management, 25% of items 

placed in a recycling container aren’t recyclable. This 

is commonly referred to as the contamination rate, 

or the proportion of trash that is mixed in with items 

that can be recycled. A higher contamination rate 

increases the cost to process truly recyclable items. 

These pieces of trash that are mixed may also 

contaminate recyclable items, thereby converting 

them to landfills. A high contamination rate also 

increases the load placed on recycling centers, 

slowing down the process as a whole, and creating a 

negative chain effect. 

 

According to the Natural Resources Defense 

Council, the United States has one of the lowest 

overall recycling rates of any developed nation due 

to its poor recycling infrastructure and lack of 

recyclable single-use products. Unlike other nations, 

the United States does not mandate food companies 

to pay for the packaging collection.  Fast-food 

restaurants stand out as some of the worst offenders 

with many of them not recycling at all. Only 29% of 

packaging material waste in the fast-food industry is 

recycled (Aarnio & Hämäläinen 2008). Packaging is 

a large market for plastics, very often as one-use 

then discard. Fast Food restaurants are major 

culprits for large amounts of plastic ending up in the 

wrong places. 

 

The effects of these suboptimal sorting and 

recycling rates have real and sizable effects given 

how incinerators and landfills contribute far higher 

levels of gas emission than recycling procedures. 

This ultimately leads to an unnecessary level of 

depletion of natural resources and a surge of 

emissions which directly affects human health and 

threatens the well-being of future generations. By 

focusing on small-scale sorting through restaurants, 

recycling can be more efficient and accurate so that 

higher volumes of waste a whole can be processed.
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Other inventions besides the one presented in 

this paper involve the use of gravity or a conveyor 

to separate multiple items. Some inventions use 

filtration for basic sorting (Wang & Yang, 2021). 

These systems and machines are often prone to 

errors. For example, conveyor belts sometimes rely 

on manual labor, which is not guaranteed to 

properly sort all items. They also may not use newer 

technology such as image recognition to distinguish 

between various items and many aren’t consumer-

friendly, make disruptive noises, and do not show 

the inner workings of the machine (Zuo, Peng & 

Yang, 2018). E-DITH’s objective is to address the 

need for a fully autonomous solution for small-scale 

sorting on the spot at fast-food restaurants. In 

particular, two inventions were analyzed when 

developing EDITH conceptual proposal: first, a 

software-only solution presented in an academic 

paper published by IEEE titled “Comparing deep 

learning and support vector machines for 

autonomous waste sorting” which compares two 

learning algorithms and proposes a machine 

learning model exclusively based on images of 

waste (Sakr et al., 2016). Second, a primary hardware 

solution by researchers from Saudi Arabia and 

Mexico titled “Design and development of an 

autonomous trash sorting system” which relies on 

electrical and magnetic properties, air fans, and light 

sensors to distinguish between materials 

(Elfasakhany, Arrieta, Ramirez & Rodriguez, 2015). 

Both solutions identify the need for prompt 

separation of waste in order to prevent its 

contamination but they take different approaches to 

solve the problem. EDITH aims to utilize the best of 

both machine learning and machine vision as well as 

the effective use of other sensors and mechanical 

devices put together in a consumer-facing friendly 

form factor for large-scale impact. 

 

2. Methodology 

 

This robotic waste sorting system facilitates 

sorting and separation at a widespread small scale 

by automating the trash separation process on the 

spot, making it more accurate, efficient, and less 

time-consuming. By making the process smart and  

effortless, this solution can directly increase 

recycling and sorting rates, reducing the amount of 

waste that ends up in landfills. Users would only 

have to place their waste in one spot rather than 

several bins, removing friction and frustrations. The 

entire sorting process is automated and enabled by 

a combination of mechanical systems, sensors, and 

high-tech cameras working in harmony to separate 

waste. The separation pattern is programmable with 

the default compost, recycle, and landfill categories. 

Although people may have good intentions when it 

comes to recycling, they may not know what not to 

recycle. This invention solves this problem by being 

customizable and programmable on what can or 

cannot be classified as recyclable material. 

Additionally, the machine also relieves pressure 

from sorting facilities, as most waste would already 

be properly sorted before arrival.  

 

2.1 Components 
 

10. Housing 

12. view glass 

14. service 

hatchers 

16. hatch sensors 

18. castors 

20. waste bins 

22. liquid 

collection 

tank 

24. level sensors 

26. user interface 

 

 

28. display 

30. speaker 

32. feeder  

34. tray 

compartment 

36. sink  

38. conveyor belt 

40. conveyor belt 

motors 

42. motion sensor 

44. camera 

 

 

 

46. robotic arm 

48. arm base 

50. arm motor 

52. arm segments 

54. claw 

56. suction cup 

attachment 

58. electrical and 

computer 

60. attachment 

motor 

2.2 Diagram with components 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: EDITH’S side and front views
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Figure 2: EDITH’S section views taken along lines 3 and 4 on figure 1 above 

Figure 3: EDITH’S detailed view of arm, claw, and suction cup 
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2.3 EDITH’S part list with function and cost analysis 

Table 1: EDITH’s parts and their purpose 

       Part Purpose 

Aluminum base To serve as the main platform of the machine 

Enclosure To house the machine with a panoramic view glass 

Three pairs of castor wheels To move around the whole apparatus 

Two hinge doors To serve as door hinges 

Two Hatch Sensors To serve as sensors for doors 

Three removable waste bins To house recyclable materials, compost biodegradable materials, 

and landfill waste materials 

A liquid collection tank To collect any liquids so that their containers can be put into the 

machine 

Four level sensors  

  

To detect when any of the bins/tanks are full and need to be taken 

out 

Central user interface For external display on an LED screen 

External display 

Enclosure 

Feeder 

 

Tray collection compartment 

Sink-type pit 

 

Central conveyor belt 

Two DC motors 

Motion sensor 

Vision sensor 

Central robotic arm with an 

aluminum base 

DC motor 

Three U-shaped aluminum 

segments 

Claw for the robotic arm 

Gripper 

Suction cup 

2 DC motors 

Central electrical 

components 

Central computer 

To inform customers about the machine 

Enclose external display/audio speakers 

To receive recyclable items, compost biodegradable items, and 

waste disposal items 

Part of the feeder 

 

To allow for users to dump liquid waste and channel it to the 

liquid tank 

To move along the recycle items 

To power the conveyor belt 

To detect motion of the conveyor belt 

To provide an image of the whole conveyor belt 

To move around items to their respective sorted positions 

 

To power the robotic arm 

The body of the robotic arm 

 

To allow the arm to pick up items 

To allow the arm to pick up items 

To allow the arm to pick up items 

To power the gripper and suction cup 

To provide power for the machine 

To coordinate operation and movement 
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Table 2: Cost analysis 

Item Cost per unit Cost 

DC Motor x 5  $25.20 $126 

Castor 

Wheels x 6  

$5 $30 

Door Hinges 

x 2  

$12.61 $25.22 

Waste 

bin/tank x 4  

$18.72 $74.88 

Level Sensor 

x 4 

$9.09 $36.36 

Camera x 1 $175.49 $175.49 

Display x  1  $56.39 $56.39 

Speakers x 1 $29.88 $29.88 

Aluminum 

Sheets x 5 

$62.67 $313.35 

Window x 2 $49.99 $99.98 

Robotic Arm 

x 1 

$3795.95 $3795.95 

Raspberry Pi  $35 $35 

 

2.4 Further explanations: How components work together 

After a user has dumped their waste into the feeder 

of the machine, a motion sensor will activate the 

conveyor belt. The waste would enter the body of 

the machine and land on the conveyor belt at which 

point the vision sensor and the robotic arm would 

begin working together with the help of machine 

vision software to identify the type of waste as well 

as the best picking angle and surface while 

determining whether to use the suction cup head of 

the arm or the gripper. Any single-use containers or 

other types of waste marked with QR codes would 

be scanned and processed at this stage. Recyclable 

and compostable waste would be autonomously 

sorted and deposited into their respective bins. Any 

leftover waste would then be taken to the end of the 

conveyor belt and fall into the landfill bin located at 

the end of the station. Level sensors determine how 

full each bin and liquid collection tank are and notify 

workers when to empty the bins. The bins will be 

padded with acoustic foam, and the machine will 

have an attractive exterior made of transparent 

material that allows users to see the inner workings. 

A silent operation and an aesthetic design will help 

integrate the machine into any type of commercial 

setting. While the sorting process takes place, the 

screen on the enclosure of the machine will display 

relevant information about the sorting process and 

its benefits for the planet as well as any other 

information specific to a particular restaurant or 

establishment. 

 

2.5 Using the invention 

To use the Robotic Waste Sorting System, a user 

would simply dump their waste into the machine’s 

main opening, much like disposing of waste at any 

trash can inside most establishments. In case the 

user wants to dispose of any liquids, she would pour 

them into the sink. The machine then would proceed 

to separate the waste autonomously. At some point, 

the stainless-steel bins inside of the machine as well 

as the liquid collection tank would fill up and notify 

an associate who would then be required to empty 

them by accessing the main compartment to the 

inside of the machine through a hatch. 

 

This machine can potentially be used in different 

types of settings. For example, in hospitals or other 

types of medical facilities sort and separate 

biohazardous waste such as used syringes, masks, 

and other types of waste. In this case, most changes 

would be made through software by retraining the 

object recognition models and their respective bins. 

A smaller version of the machine could also be 

adapted for domestic use by streamlining the 

operation and getting rid of optional components 

such as the display and speakers.  

 

This system uses image recognition, machine 

learning, and QR codes, to sort the waste into four 

main categories/bins: liquid disposal, compost, 

recycling, and general trash. The user first brings 

their waste to the feeder, where the LED display will 

let them know when to put their waste into the 

feeder. If the user has any liquids that they need to 

dispose of, then they can do so via the adjacent sink. 

The waste goes into the machine, via a conveyor belt, 

and then will be grouped in one of the three catego-

https://casterconnection.com/caster/6-x-13-16-swivel-grip-ring-stem-caster
https://casterconnection.com/caster/6-x-13-16-swivel-grip-ring-stem-caster
https://www.grainger.com/product/25HE04?ef_id=CjwKCAiAnO2MBhApEiwA8q0HYXIjnAe74TeZ1XbS58RvWwIenIDWmsl_EsEoiSbnuI31pcBn6NtpsxoCrVUQAvD_BwE:G:s&s_kwcid=AL!2966!3!264955915892!!!g!439969404635!&gucid=N:N:PS:Paid:GGL:CSM-2295:4P7A1P:20501231&gclsrc=ds
https://www.perigold.com/Hardware-Resources--Plastic-8.75-Gallon-Open-Pull-OutUnder-Counter-Trash-Can-CAN35-L500-K~HWSC1702.html?refid=GX257485600970-HWSC1702_24310065&device=c&ptid=387970822680&targetid=pla-387970822680&ireid=31605921&PiID%5B%5D=24310065
https://www.perigold.com/Hardware-Resources--Plastic-8.75-Gallon-Open-Pull-OutUnder-Counter-Trash-Can-CAN35-L500-K~HWSC1702.html?refid=GX257485600970-HWSC1702_24310065&device=c&ptid=387970822680&targetid=pla-387970822680&ireid=31605921&PiID%5B%5D=24310065
https://www.amazon.com/HC-SR04-Ultrasonic-Distance-Measuring-MEGA2560/dp/B088BT8CDW/ref=asc_df_B088BT8CDW/?tag=hyprod-20&linkCode=df0&hvadid=533439785942&hvpos=&hvnetw=g&hvrand=4629100620153230864&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9032048&hvtargid=pla-1434560118174&psc=1
https://www.amazon.com/HC-SR04-Ultrasonic-Distance-Measuring-MEGA2560/dp/B088BT8CDW/ref=asc_df_B088BT8CDW/?tag=hyprod-20&linkCode=df0&hvadid=533439785942&hvpos=&hvnetw=g&hvrand=4629100620153230864&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9032048&hvtargid=pla-1434560118174&psc=1
https://www.walmart.com/ip/Nikon-KeyMission-170-4K-Action-Camera-with-Built-in-Wi-Fi-Bluetooth/112355007?wmlspartner=wlpa&selectedSellerId=5568&&adid=22222222227054420796&wl0=&wl1=g&wl2=c&wl3=537147858711&wl4=pla-1395211203756&wl5=9032048&wl6=&wl7=&wl8=&wl9=pla&wl10=113841433&wl11=online&wl12=112355007&veh=sem&gclsrc=ds
https://www.walmart.com/ip/Aibecy-5-Inch-HD-Capacitive-Touchscreen-Display-800-480-Resolution-Small-Portable-Monitor-with-USB-HD-Interface-Compatib/644034714?wmlspartner=wlpa&selectedSellerId=18988&&adid=22222222227453455592&wl0=&wl1=g&wl2=c&wl3=528666930624&wl4=pla-1329303017959&wl5=9032048&wl6=&wl7=&wl8=&wl9=pla&wl10=125210027&wl11=online&wl12=644034714&veh=sem&gclsrc=ds
https://www.walmart.com/ip/Harman-Jbl-Go-2-Black-Speaker/697223517?wmlspartner=wlpa&selectedSellerId=0&wl13=1554&&adid=22222222227321388971&wl0=&wl1=g&wl2=c&wl3=537177579333&wl4=pla-843379686424&wl5=9032048&wl6=&wl7=&wl8=&wl9=pla&wl10=8175035&wl11=local&wl12=697223517&veh=sem&gclsrc=ds
https://www.onlinemetals.com/en/buy/aluminum-sheet-plate
https://www.onlinemetals.com/en/buy/aluminum-sheet-plate
https://www.amazon.com/Clear-Acrylic-Plexiglass-Sheet-Transparent/dp/B07ZJMMJTG/ref=sr_1_11?crid=1ZZ0YK64NOVH5&keywords=acrylic%2Bsheet&qid=1638847114&s=industrial&sprefix=acry%2Cindustrial%2C220&sr=1-11&th=1
https://www.trossenrobotics.com/viperx-250-robot-arm.aspx
https://www.trossenrobotics.com/viperx-250-robot-arm.aspx
https://www.raspberrypi.com/products/raspberry-pi-3-model-a-plus/
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ries mentioned above. Then the  robotic arm will 

determine the best way to pick up the waste, which 

will be further discussed in the paper. After picking 

up a piece of waste the claw will dispose of the waste 

in its container. After doing this for both compost 

and recycling, the conveyor belt will automatically 

dispose of the general trash, in its corresponding bin 

at the end of the conveyor belt. The system will 

automatically notify the restaurant staff when the 

trash bags in the bins should be replaced through the 

level sensors placed in each of the bins. The creators 

are also exploring training the machine to separate 

biohazards and contain them. 

 

2.6 Building the invention 

Assemble the conveyor belt separately consisting of 

two main shafts and motors as well as the actual belt. 

Attach the assembled conveyor belt to the 

aluminum base panel with four metal legs, and place 

the bins and liquid collection tank on the aluminum 

base which will already be indented for the bins to 

be perfectly aligned. Separately, the robotic arm 

consisting of five to seven degrees of freedom is 

assembled and attached to the top part of the 

housing of the machine along with the vision and 

motion sensors. Install electrical components, 

central CPU, and wires. Place and secure housing on 

top of the base and install transparent panels, wire 

electrical components, and install the user interface 

screen, speaker, and other aesthetic details to 

enhance the appearance of the machine.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Result and Discussions 

a. Promotes recycling for consumers 

Individuals are likely to be lazier when 

“confronted” with multiple bins to 

manually separate their waste into. By 

having only one collection for waste (+liquid 

collection), individuals are incentivized to 

choose this method over the former. As a 

bonus, they can also watch the process 

through the glass. As EDITH is designed to 

be a front-facing solution so on top of 

automated waste sorting, users can learn 

about the sorting process as well as the 

machine’s technology. This is facilitated 

through a largely transparent body that 

reveals the inner workings serving as an 

incentive for more people to use it as well as 

making the sorting process more interesting 

and exciting. 

 

b. Properly sorts recycling 

According to The Harris Poll, around 2 in 5 

Americans fail to correctly sort their waste. 

Although they’re attempting to help the 

environment, their actions might turn 

counterproductive by inadvertently 

increasing the load for recycling centers. 

This machine would help solve that before 

the waste actually hits the centers.  

Figure 4: EDITH’S proposed program algorithm 
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c. Small-scale recycling 

This robotic waste sorting system facilitates 

sorting and separation at a widespread 

small-scale by automating the trash 

separation process on the spot, making it 

more accurate, efficient, and less time-

consuming. One of the largest issues 

surrounding recycling isn’t lack of interest; 

instead, it’s the lack of knowledge as well as 

convenient solutions. Keeping up with the 

compost bin, recycling bin, and trash bin 

ultimately may be too much effort for the 

average person. These drawbacks 

contribute to the fact that only 

approximately 30% of recyclable waste is 

actually recycled. The effects of these sub-

optimal sorting and recycling rates have real 

and sizable effects given how incinerators 

and landfills contribute far higher levels of 

gas emission than recycling procedures. 

Though large-scale recycling centers take up 

the majority of the burden, they can’t be 

expected to handle all of the slack. By 

enforcing and encouraging small-scale 

recycling through the use of E-DITH in 

restaurants and more, we can slowly 

increase the amount of waste recycled and 

make the system more efficient. 

 

d. Front-facing educational/ entertaining 

approach  

Due to the machine’s clear panels, the user 

can see the entire process, making it 

especially entertaining to watch: an extra 

incentive for those who otherwise may not 

recycle. As stated above, many do not know 

how to properly recycle, and viewing 

EDITH’s sorting will educate them on 

different items. 

 

e. Reduces the amount of trash that ends up in 

landfills  

Often with waste, people may not care 

about sorting and resort to simply dumping 

it in the trash. This unsorted waste that had 

the possibility of being recycled will now 

most likely end up in a landfill, adding to 

the environmental harm they bring. More 

waste ending up in landfills negatively 

affects the environment through pollution 

of water and soil. The waste also 

decomposes into Carbon Dioxide and 

Methane, both harmful gasses to the ozone 

layer. The land that is being taken up by 

landfills could alternatively be used for 

vegetation. 

 

f. Reduces the amount of waste needing to be 

incinerated 

According to the United States 

Environmental Protection Agency (USEPA) 

reports, six times more plastic is incinerated 

than recycled. Incineration can add harmful 

pollutants to the air while also requiring 

high capital and a constant fuel source. 

 

g. Provides a “marketable” benefit 

The general population will always be more 

attracted to a product that has a charitable 

cause. From a survey done by Cox Business, 

71% of respondents said they would spend 

more if a company supported a charitable or 

environmental cause. With EDITH, 

customers will show up to see it in action 

and know that the waste they produce will 

be properly recycled. 

 

h. Improves on current solutions 

Some existing problems of this solution 

include slow rates of user interactivity due 

to conveyor and identification speed, and 

the possibility of overflow as the machine 

may have a limit of trash it can consume. 

Materials used to build this invention may 

be hazardous and may be dangerous for 

children to operate. Most existing solutions 

identify the types of trash and ultimately 

have the user manually depositing items 

into bins, making for a complicated and 

involved process. Furthermore, the existing 

solutions usually focus on only one aspect of 

sorting, neglecting identification and proper
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waste management. Additionally, since 

most waste sorters are manually operated, 

there is room for error as if it is being 

operated by an individual who lacks 

expertise, waste disposal will be 

mismanaged. Many existing food waste 

machines rely on gravity or a conveyor to 

separate food items. This invention 

complements such techniques with the use 

of cameras, gyro sensors, and claws. The 

machine also uses a QR code system, which 

scans waste for an attached QR code. Then, 

based on the particular code, the claw uses 

the camera to search for certain items and 

waste.  

 

i. Increases public awareness 

Many people may go about their daily lives 

and never care about their environmental 

footprint. With such a machine in a common 

restaurant, customers are reminded of the 

ways they can participate in helping the 

environment. 

 

4. Conclusion 

 

E-DITH has the potential to have a positive 

impact on the recycling process by automating 

small-scale recycling at fast-food restaurants. An 

autonomous sorting device like E-DITH effectively 

addresses the problem of on-the-spot small-scale 

sorting, a significant bottleneck in the recycling 

cycle. By using QR Codes to help a camera identify 

objects, as well as clear panels to allow users to see 

the automated sorting process, E-DITH also piques 

interest in individual recycling. Additionally, its 

implementation at fast-food restaurants, which in 

aggregate could do much better when it comes to 

sorting and managing their waste, would likely lead 

to increased awareness on the importance of 

recycling and ultimately reduce the amount of waste 

that ends up in landfills. That being said, E-DITH is 

just one step in the complex recycling cycle and 

relies on the rest of the process to be efficient and in 

line with the same goals and objectives.  
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