
  
Overview—Poor recycling habits in general across the United 

States have prompted the demand for new methods to increase 
recycling through incentives and information feedback loops.  On 
the University of Arkansas Campus, there are currently recycling 
bins that are both mobile and stationary, but the existing recycling 
infrastructure has failed to drive student recycling behavior 
towards less waste production.  While recycling behavior has 
increased in the past decades, waste generation has increased at a 
faster rate. Using an Arduino microcontroller and various sensors, 
a system will be designed such that both recycled and waste 
materials can be quantified at a stationary recycling center on 
campus.  Once this information can be collected and updated 
regularly, user displays will be utilized to attempt to drive student 
behavior towards more sustainable recycling habits.  
 

I. INTRODUCTION 
ecycling and composting behavior across the United States 
has increased from 1960 to 2014 from 6.4% to 34.6%, a 

nearly 30% jump in recycling and composting habits, also 
known as the diversion rate.  However, municipal solid waste 
(MSW) generation over the same period has increased from 5.6 
million tons to 89.4 million tons [1]. Therefore, the amount of 
MSW that is not recycled has climbed at a faster rate than the 
rate of recycling and composting as a percent of total MSW. 
Similar trends have been observed on the campus of the 
University of Arkansas.  While increasing recycling rates 
nationwide are a positive trend with respect to sustainable 
initiatives, this progress is offset by continually increasing 
MSW production due to continued population growth and 
increasing standards of living.  Because humans are confined to 
a planet with finite resources of all types (arable land, fossil fuel 
reserves, clean water resources, etc.), it is imperative that we 
manage MSW responsibly to help maintain natural resource 
availability and to facilitate responsible resource management.  

While there are initiatives that could be undertaken at a 
national level to increase the diversion rate such as taxes to 
influence consumer behavior or fines to influence waste 
management practices, this project is concerned with increasing 
the diversion rate of the University of Arkansas student body.  
This project will also coincide with the University of Arkansas 
Zero Waste goal to increase diversion and reduce landfill 
placement by 50% by 2021 and by 80% by 2040 [2]. This 
project will attempt to increase the University of Arkansas’ 
diversion rate through information feedbacks to students 
regarding quantifiable data about student body recycling habits 
to reinforce recycling and discourage poor recycling behavior. 
 

 

 

II. CURRENT UNIVERSITY RECYCLING INFRASTRUCTURE 
 
At the present, the recycling infrastructure at the University 

of Arkansas is similar to its waste disposal infrastructure in the 
sense that it is nearly equally convenient to discard something 
to a landfill or recycle something assuming that the waste in 
question is recyclable at all.  There are mobile recycling bins 
spread across the University campus for materials like 
aluminum cans, glass, paper products, and others.  In some 
buildings on campus, there are stationary recycling stations 
with multiple receptacles for both waste and these recyclable 
materials, such as in the JBHT building. 

Before implementing any sort of design, a survey was sent to 
a group of 36 students (mostly undergraduate students with a 
few graduate students).  The survey used a Likert scale and was 
meant to gauge student knowledge about U of A recycling 
infrastructure, recyclable materials, and University of Arkansas 
sustainability initiatives.  Additionally, the survey measured the 
recycling behavior of survey participants and allowed feedback 
from participants as to how the student body diversion rate 
could be increased and how the University recycling 
infrastructure could be altered to increase the diversion rate.  
Survey responses were recorded and referenced for the design 
of the proposed recycling project. In addition to student 
responses, this project idea was discussed with Fischer Jones 
from the University of Arkansas Office for Sustainability who 
helps lead the U of A Zero Waste Initiative. 

A. Preliminary Survey Responses 
The initial survey was distributed to 36 students across 

varying academic majors and class standings, including 
graduate students, however, only 16 survey responses were 
collected. Not all survey responses will be discussed, as there 
were 30 statements that were assessed with a Likert Scale as the 
response medium.  Additionally, there was a final question to 
allow students to respond as to what improvements or 
suggestions they have for the recycling infrastructure and/or 
this project idea.  Only 9 responses were recorded for the final 
question. 

Based on these 16 Likert Sale response sets, student opinion 
and knowledge about the state of recycling on campus was 
generally identified.  Most students believe that the U of A is 
adequately working towards sustainability initiatives, and 
nearly all the students who responded hold the belief that 
students tend to recycle if the specific type of recycled material 
is supported by bins on campus.  Interestingly, despite this 
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strong student opinion that recycling tends to occur when it is 
supported, respondents feel that most of the recyclable material 
per student is not recycled.  This somewhat contradicting belief 
leads one to infer that student body diversion will improve with 
more distributed bins that cover more recyclable materials, but 
achieving nearly 100% diversion is not to be expected by solely 
expanding the recycling infrastructure.  Students are split as to 
whether recycling bins are accessible and easy to find, but most 
students maintain that there need to be more bins across campus 
regardless.   

Nearly all respondents stated that they recycle if it is 
convenient and that they usually try to recycle all potentially 
recyclable waste.  Surprisingly, most students also responded 
that they do not usually recycle.  This seems to be another 
contradiction in the initial survey.  Since approximately half of 
the students responded that recycling bins are easy to find and 
since most students responded that they try to recycle when it’s 
convenient, it is surprising to see that nearly all the students 
don’t recycle.  This remains a point of research:  how can these 
students be leveraged to recycle when these students also 
consider campus recycling a convenient process and consider 
themselves to be opportunistic recyclers?   

One important response to note is that students were split 
relatively evenly on knowledge about the University of 
Arkansas Zero Waste Goal.  More advertising about this 
objective is a potential leverage point to increase student body 
diversion.  Split approximately the same way was the response 
to the statement, “I try to avoid buying things that can’t be 
recycled.”  More advertising for what can and cannot be 
recycled in Club Red, for instance, could impact student 
diversion if those who try to purchase recyclable materials are 
informed in their consumer choices.  Students tend to be split 
evenly, as with recycling bin distribution, that recycling is a 
hassle.  There also seems to be this same response split in 
whether a student understands what happens to 
waste/recyclable material once it is discarded.   

Most student respondents understand that Americans don’t 
recycle more than other developed nations, and they also seem 
to understand that recycling is important with regards to climate 
change and conservation.  This leads one to infer that despite 
understanding the consequences of recycling habits, most 
students understand that Americans aren’t responding to these 
potential climate or environmental consequences.  Therefore, 
climate change consequences specific to the US seem to be 
potential leverage points for increasing student body diversion.  
Since sustainability at the U of A also is regarded as important 
to the school’s image by these survey respondents, this is also a 
potential way to curb student waste production.  Most students 
aren’t informed about the U of A’s standing with regards to 
becoming a “green” institution, so this information could cause 
students to either become more avid or more lackadaisical 
recyclers, depending on the University’s current sustainability 
rank.  Students seem to have an overall understanding of which 
materials are and are not recyclable.   

The final question of the survey did generate some ideas for 
improving the student body diversion rate.  Student suggestions 
largely regard knowledge dissemination about how recycling 
improves lives for students and individuals, how recycling bins 
are distributed across campus, which materials can or cannot be 
recycled (i.e. the numbering system for plastic types), and how 

increased diversion can affect the world around us.  The most 
unique suggestion provided in this final response was to include 
a required course upon admittance to the U of A, like the Haven 
sexual assault course, but for recycling in institutional, national, 
and global contexts.   

III. APPLICATION DESIGN 
The current iteration of the system utilizes an Arduino 

microcontroller, two Adafruit IR Breakbeam sensors, a green 
LED, and an LCD screen to create an interactive recycling 
experience with intended final use at the stationary waste and 
recycling station in the JBHT building. By attaching infrared 
sensors near the rim of receptacles, one can determine whether 
an object has been recycled or discarded.  This motion detection 
at each waste/recycling bin allows incrementation of recycled 
material or waste whenever an object is discarded.  The green 
LED serves as notification to the user that an object was 
successfully published to be added to a database of recycling 
data. Additionally, a proposed push button could manipulate the 
output of the LCD display to show these different values for 
students to draw comparisons between waste and diversion.  A 
mock up diagram of this interactive recycling station, including 
potential push button and red LED additions, is depicted in Fig. 
1. 
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 Fig. 1: Recycling Detection/Display System 
 
In order to incentivize student recycling behavior and 

increase the University’s diversion rate, the amount of recycled 
material could be displayed to the user via LCD screens.  There 
are a few different ways that this cumulative information could 
be presented.  One presentation idea is keeping a running total 
of recycled or waste material, similar to the water fountains that 



3 
 

count the number of plastic bottles saved by using the fountain.  
Perhaps students simply need to be more informed about 
student body recycling behavior in order to change individual 
student behavior.  As a potential extension after the base 
functionality of the recycling station is built, more LEDs could 
be used to “train” students to recycle more.  Say, for example, 
a green LED illuminates when something is recycled, and a red 
LED illuminates when something is sent to a landfill.  A 
pushbutton could be used to alternate between different 
methods of data presentation.  Perhaps the LCD screens display 
total recycled material to-date for each recycling bin, and with 
a push button, the LCD screens switch to display the amount of 
recycled material for each bin for that day.  There are a few 
options with regards to push button/LCD interaction. Currently, 
the LCD displays the amount of recycled material by type, and 
the display shows the most quantity of the most recent recycled 
type.    

As it stands, the software aspect of the project handles 
breakbeam events adequately.  Utilizing a single breakbeam 
sensor in conjunction with the Arduino and breadboard, I can 
quantify sensor breaks, which correspond to waste being 
recycled.  The program simply prints to the console whether or 
not the sensor is in Standby mode (unbroken beam), and it 
displays the amount of recycled material when the sensor beam 
is broken.  A simple MQTT communication protocol has been 
implemented in the existing Arduino project file.  Upon 
connecting to WIFI, the Arduino is subscribed to two topics 
unique to the course, the Arduino in question (MAC address of 
Arduino used for subscribing/publishing), and the type of 
recyclable material.  The two topics subscribed to for the 
current project iteration are “CSCE5013/MYMAC/aluminum” 
and “CSCE5013/MYMAC/ glass”. Where the loop function 
handles recycling incrementation, the value of the current 
recycling total for either aluminum or glass is also published to 
the appropriate MQTT topics. When this information is 
published, a callback function responds to these updates and 
writes to the LCD appropriately.  

A MySQL database stored on the University of Arkansas 
Turing server will store various recycling data, including the 
published recyclable amounts. The database itself already exists 
on my personal user account on the University of Arkansas 
Turing server, but the recycling table stored on the database 
does not yet receive updated totals from the Arduino or have UI 
through PHP files.  A PHP file will be used to handle reading 
from the database and visual displays for the user. Records in 
this database will be stored/updated according to type of 
material. Therefore, each beam break will write to the MySQL 
database. The database writing will be accomplished through a 
Python script that will be running on my Turing account as well. 
Using an MQTT communication protocol as the Arduino.ino 
file does, the Python script will respond to published recycling 
values and write records according to the topic that received 
new published data. Apart from the current records stored in the 
database (aluminum and glass quantities), there will be 
additional records that document various recycling data 
according to time, location, etc.  These potential database 
improvements will be discussed further in Future Work. The 

proposed pushbutton might provide human-computer 
interaction (HCI) to alternate the LCD display between amount 
of recycled material per day/week/month/year. An overview of 
the PHP/Python/MySQL interaction with the Arduino 
microcontroller is presented in Fig. 2. 
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Fig. 2: Backend Communication with Arduino, including 
proposed UI 
 
As a means to achieve accuracy in breakbeam activation, the 

Adafruit breakbeam sensors will be attached to a stable frame 
that would be attached on the underside of a receptacle lid once 
on campus deployment is realized.  The wires that connect the 
sensors to the Arduino microcontroller will also be attached to 
this frame.  These will be connected to the microcontroller, 
which will remain unattached to this frame. 

IV. RESULTS 
The final implementation of the proposed design is on next 

page in Fig. 3.  A green LED was implemented to convey 
successful publication of recycling data to the appropriate 
MQTT topic, where a Python script is listening for published 
data.  The MySQL database has been created with aluminum 
and glass records, and connectRecDB.php successfully 
connects to the database.  This PHP file would have handled a 
more elaborate user display than the LCD, had there been 
additional development time.  The Python-MySQL 
communication was not finalized, although the Python script 
successfully determines from which channel a publish 
occurred.  There are currently two breakbeam sensors for 
aluminum and glass, and the LCD displays the quantity and 
type of the recyclable material that corresponds to the most 
recently activated sensor. One issue that remains is dealing with 
objects that are too small, and therefore pass the breakbeam 
sensors too quickly, to be detected and published to the 
appropriate MQTT topic.  For example, an aluminum soda can 



4 
 

wasn’t detected, but slightly larger objects were detected 
(remote, shoe, etc.).  Initially, I believed there was an issue 
detecting transparent items as well, but it seems that if the object 
is large enough, it will be recorded regardless of opaqueness. 

 

LCD DisplayArduino

Recycling Bin

IR Motion 
Sensors

Green 
LED

Recycling Bin

 
Fig. 3: Final Recycling System 
 

V. FUTURE WORK 
Once the design described in section three has been fully 

implemented, the project will be evaluated after successive data 
collection via student surveys and recycling data to determine 
if the student body diversion rate shows improvement.  If it 
does, then this sensing and student feedback system could be 
implemented on all recycling and waste bins on campus with 
the help of the Office for Sustainability.   

However, there are issues that arise when addressing 
campus-wide implementation. For one, the wire extensions 
from the breakbeam sensors are not sufficient in length and 
would require more wires for microcontroller connection.  
Soldering would be preferred to ensure the integrity of the wire 
connections.  Since a single MKR1000 has limited connective 
capabilities for peripheral support, a microcontroller could 
likely only handle up to three or four breakbeam sensors at a 
time.  If the PHP file responsible for more robust user display 
is implemented, then the LCD and LED could be dropped from 
the microcontroller, allowing room for six or seven breakbeam 
sensors.   

With respect to the database side of the project, a single table, 
even with records differentiated by bin type and location, would 
not be able to handle the frequency of MySQL INSERT 
statements that would result from campus-wide Arduino use. 
Similarly, there would need to be an expansion of MQTT topics 
and scripts, as a single Python script can only handle so many 
MQTT callbacks and database insertions, even with a variety of 
tables in the database.  The MQTT publish/subscribe 
communication method is also hosted on servers that are not the 
University’s. This presents a data security issue, since anyone 
could conceivably subscribe to the same MQTT topics that 
would be used for Arduino/Python communication. While the 
information that will be stored in the database would not 
involve PII, the University would still likely want to control 

access to their recycling data and ensure reliable quality of 
service.  Since Dr. Nelson will be requesting University 
resources for his own MQTT-related work, his lab could 
provide a secure MQTT connection that would also ensure 
Quality of Service (QoS). 

With the MQTT topic being differentiable by sensor, 
recycling data could be quantified with respect to time and 
location to better organize bins across the campus. The U of A 
could also use the data from the breakbeam sensors in 
conjunction with student ID card readers to credit student 
accounts with campus credit, bookstore credit, etc. according to 
the extent which a student recycles, further incentivizing 
student body diversion. While this idea would definitely 
incentivize student recycling, it would be costly to add card 
readers at every recycling station, and a higher burden would 
be placed on the microcontrollers, decreasing the potential 
number of bins that could be supported. 

Utilizing individual Arduino MKR1000 units for each 
recycling bin is a feasible approach that would eliminate the 
need for longer wires and constrained Arduino peripheral 
support, but this would mean increased per bin expenses in a 
campus-wide approach.  On the other hand, this would ease the 
process of designing a universal attachment that would add this 
Arduino/sensor setup to existing bins on campus. 

As extensions to the work proposed above, another survey 
will be conducted, and robust website extension of the Office 
for Sustainability could also be a pathway for student body 
feedback on recycling behavior.  The website could be 
implemented via communication with the connectRecDB PHP 
file mentioned previously. The second survey will be created 
and sent out following the implementation of the most basic 
design to refine the design to more effectively influence student 
decision making. For example, it’s possible that there is a 
student preference for a specific time span in the display, and 
these preferences may be realized by surveying a wider base of 
the student population.  
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