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Abstract 

The exponential growth of the consumer electronic market in recent decades has, unsurprisingly, 

resulted in an unprecedented amount of electronic waste. Electronic waste can be particularly 

troublesome as it does not easily decompose and often contains hazardous materials. Given these 

circumstances, in 2011 the state of Indiana enacted a law which prohibits the discarding of most 

electronic devices by Indiana households. This law is rarely enforced however, and while the 

state of Indiana does offer a spreadsheet of locations where electronics can be recycled, it is not 

particularly user friendly or comprehensive. To assist Hoosiers in recycling their old electronics, 

I added nearly 150 additional locations to the Indiana database of electronic recycling facilities, 

appended relevant information to the locations already included in the database, mapped the 

locations on a digital map of Indiana, and included a query function which allows Hoosiers to 

find the right facility for their needs. While creating this map, I found that an alarming number of 

locations either do not recycle televisions or charge a fee to do so and that roughly 215,000 

Indiana households are further than 30 minutes away from an electronic recycling center. From 

my analysis, I recommend that the state of Indiana subsidize the recycling of televisions and 

batteries as well as encourage the development of more electronic recycling facilities in the rural 

parts of Indiana. 

 



 
 

 

Acknowledgments 

I would like to thank Dr. Jason (Jiansheng) Yang for advising me during this project. His 

guidance and patience were much appreciated, and I am honored to have been able to work 

under him. 

I would like to thank my family for always encouraging me and providing support. 

Finally, I would like to thank the Ball State Honors college for allowing me to pursue this 

project. 

 



 
 

Table of Contents 
PROCESS ANALYSIS STATEMENT ...................................................................................................................... 1 

VERIFYING INDIANA’S DATABASE OF REGISTERED E-CYCLE RECYCLERS ................................................................ 2 
BUILDING A MORE COMPREHENSIVE DATABASE ...................................................................................................... 3 
GEOCODING THE RECYCLING FACILITIES .................................................................................................................. 6 
ANALYSIS OF THE DISTRIBUTION OF FACILITIES ACROSS INDIANA ........................................................................... 7 
MAKING THE MAP USER FRIENDLY ........................................................................................................................... 8 
FINISHING TOUCHES IN ARCGIS ONLINE .................................................................................................................. 9 
CREATING THE QUERY APPLICATION ...................................................................................................................... 12 
CREATING THE STORY MAP AND REFLECTING ON THE PROJECT ............................................................................. 13 

CLOSING REMARKS ............................................................................................................................................. 13 

DOCUMENTATION OF SOURCES ...................................................................................................................... 14 

DIGITAL SUPPLEMENTS ..................................................................................................................................... 15 

 
 



1 
 

Process Analysis Statement 

The exponential increase in processing power which new electronics offer can be a very 

beneficial attribute, which results in increased productivity, convenience, and value. However, 

this rapid increase in power means that all electronic devices, especially computers and smart 

devices, are designed with planned obsolescence, and will likely not be adequate after a few 

years of usage. To complicate things more, electronics are not easy to dispose of. Sometimes, 

they contain important private information which must be destroyed (Frantz). Additionally, 

electronic components can be hazardous to the environment if they are not handled properly, and 

in fact it is illegal in the state of Indiana to throw away most electronics (IDEM). Given these 

factors, it is understandable why so many Hoosiers end up with old electronics stuffed in a 

drawer for years to come (Frank), or worse, they succumb to breaking the law and throw the 

device in the trash bin (EPA). The goal of this project is to make it easier for Hoosiers to recycle 

their electronics by making relevant information about electronic recycling centers in Indiana, 

such as their location and what they recycle, readily accessible. Additionally, from my 

experiences building this application, I hope to discover negative trends which the state of 

Indiana could easily remedy to decrease the amount of electronic waste produced in Indiana. 

To complete this project, I utilized a variety of skills I learned while pursuing a degree in Data 

Analytics at Ball State University. From web scraping and database management to geographical 

and statistical analysis, this project necessitated it all. While I encountered several unexpected 

challenges, this experience has been enlightening and I feel more confident in my abilities as a 

Data Analysis because of the issues I had to overcome. 
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Verifying Indiana’s Database of Registered E-Cycle Recyclers 

To begin the project, I went to the Indiana Department of Environmental Management to gather 

resources on electronic recycling facilities in Indiana. On their website, I found a list of Indiana 

registered E-Cycle Recyclers. To my shock, this list only contained about 20 recyclers, and 

nearly a quarter of them were not even located in Indiana! While the list provided ample detail 

about each recycler’s location, there was no information about what electronics each recycler 

accepted or their hours of operation, and some were missing important information such as the 

URL for their website. I also knew from an anecdotal experience when I recycled a motherboard 

from an old computer at Best Buy that the list was missing at least some electronic recyclers in 

Indiana. 

Soon after discovering this database, I realized that before I could even start geocoding the 

electronic recyclers in Indiana, I needed to verify this database and append it with more locations 

and comprehensive detail about each facility. I initially parsed through the locations not located 

in Indiana to see why they were listed in a database targeted for Indiana residents. I realized that 

most of the facilities located outside of Indiana offered mail-in recycling, where Indiana 

residents could ship their old electronics to the facility. This forced me to decide: should I keep 

facilities that just offer mail-in recycling to Indiana residents on my map? I ultimately decided to 

omit these facilities from my application, as my application was based on proximity to the user’s 

location, which meant that facilities outside of the state would never appear anyways.  

Having removed the out-of-state facilities, I was now left with a database of just 16 locations, 

three of which did not even have website URLs. I decided my next step should be finding the 

URLs of these locations, which was relatively easy, apart from one location which was 

ultimately dropped from the database as I could not find a way to verify whether it was still 
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operational. Having addressed the obvious shortcomings of the database, I decided to go through 

the remaining locations and verify that they were still operational. This was a quick process as, 

by this point, there were only 15 locations left. After verification, I was finally ready to start 

adding to the database of electronic recyclers in Indiana. 

Before adding additional locations to the database, I decided to determine what additional 

information I would need to add to the other facilities to make the database comprehensive. I 

decided that each location should have its hours of operation, as that is an attribute which is often 

displayed in navigational maps. Additionally, I concluded that each location needed to have 

information about whether it recycled some of the most common devices in the United States 

(Oberlo). Once I appended this information to the existing locations, I was able to start adding 

locations to the database, which as I would soon find out, was going to be quite a challenging 

task. 

Building a More Comprehensive Database 

To begin searching for additional electronic recycling facilities located in Indiana that were not 

in IDEM’s database, I decided to consult the Environmental Protection Agency’s website. On 

their website, I found a brief list of commercial retailers which will recycle electronics. Some of 

the companies on the list did not have locations in Indiana, or they did mail-in recycling. 

However, there were three companies on the list which I knew had a large presence in Indiana: 

T-Mobile, Best Buy, and Staples. 

I began by searching for the number of locations each company had in Indiana and discovered to 

my surprise that T-Mobile had over 120 locations! I knew right then that it would be infeasible 

for me to manually enter in all the information I wanted for each location. I began to brainstorm 
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how I could resolve this issue and thought that perhaps I would get lucky, and somebody would 

have already compiled all the locational data about T-Mobile online. When I googled for such 

data, I did find it, but with a $100 price tag. I was not ready to take such a financial burden and 

became determined to apply what I had learned in my Computer Science courses to scrape for 

the data myself. I find T-Mobile’s store locator on their website, and after a while of making 

searches and observing what web calls my browser was making, I found the URL which 

contained a JSON string of all the stores in the state of Indiana. Unfortunately, this JSON string 

did not contain much information about each location in Indiana, but each location did contain a 

URL which, if followed, contained the information I was looking for. So, I began to code a 

program in Java which would take this JSON string and build a CSV file containing all the 

relevant information about every T-Mobile in Indiana. It took a lot of trial and error, but I finally 

got the program working, and soon was able to append the information I had parsed to the IDEM 

dataset. 

 

Figure 1: Java code to parse T-Mobile locations 
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After successfully scraping for all the T-Mobile locations in Indiana, I decided to look at Best 

Buy’s and Staples’s store locators to see if I could scrape details about each store in Indiana from 

there as well. Unfortunately, I found that these locators were not retrieving the type of 

information I needed and began researching other ways I could gather the data I was looking for. 

I found out that Best Buy has an API for developers (Best Buy) and managed to get an API key 

for myself. By using their API, I was able to easily get a JSON string which contained 

information about the location and hours of every Best Buy in Indiana. I once again created a 

Java program which would parse this JSON string and create a CSV file containing the desired 

information for each Best Buy location in Indiana. 

 

Figure 2: Java code to parse Best Buy locations 

Having successfully automated the process in which I get locational data from Best Buy and T-

Mobile; I was determined to code a program which would fetch the details about the all the 

Staples locations in Indiana. Unfortunately, after quite a few hours of inspecting the Staples store 

locator, I could not find a straightforward way to get the data I wanted and realized that since 

there were only 18 locations in Indiana, I should just manually input them lest I fall victim to the 
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sunken cost fallacy. So, I swallowed up my pride and preceded to manually enter in all the 

Staples locations in Indiana. 

Having successfully added the retail recyclers listed on the EPA’s website, I finally felt that my 

dataset was comprehensive enough to be geocoded and plotted on a digital map. 

Geocoding the Recycling Facilities 

With the database of electronic recycling facilities in a satisfactory state, I imported the database 

into ArcGIS Pro and began to construct the map and application. Since the locations in my 

database had their street addresses, I needed to create a street address locator in ArcGIS Pro. To 

do this without spending money, I used a TIGER geodatabase which included the spatial data for 

every road in Indiana (Census). The tradeoff with using a database of roads is that locations get 

mapped onto the road rather than onto the building where the facility is, but since the goal of this 

project is to make Hoosiers aware of the nearest electronic recycling facilities, rather than 

provide them exact directions to the facilities, that is an acceptable shortcoming. 

Once I constructed my street address locator with the roads from the TIGER geodatabase, I was 

finally able to map the recycling facilities from my database. Thankfully, only 2 of the facilities 

did not have a match, and so I had to manually plot them on the map. I also had to resolve 5 ties, 

which occur when the locator is unsure of whether a location is in one spot or another. To be 

safe, I went through all the locations which had a match score that was lower than 70. I was glad 

I did because there were a few facilities which were mapped a couple of roads away from their 

actual location. 

Overall, geocoding the facilities went smoothly, which was a pleasant surprise after all the 

obstacles I had to overcome to build the database I was plotting. 
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Analysis of the Distribution of Facilities Across Indiana 

Once the facilities were plotted on the map, I noticed that there were large areas of Indiana which 

seemed to have no facility in proximity. I wanted to know just how far away the nearest facility 

was to these areas, more specifically, I wanted to know how long it would take a person in such 

an area to get to the nearest electronic recycling facility by vehicle. To determine how far away 

people were from recycling facilities, I ran a network analysis of driving time towards the 

facilities with break points being at 0 – 5, 5 – 15, 15 – 30, and 30 – 60 minutes. The output I 

received consisted of four polygons, each representing one of the categories defined above. My 

initial suspicions were confirmed correct, as a substantial portion of Indiana was in the worst 

category, 30 – 60 minutes away from the nearest facility. 

Just because a lot of land is in the 30 – 60-minute category, does not necessarily mean that a lot 

of people are in it as well though. My next step then, was to determine just how many 

households fell into each category of my network analysis. To determine this figure, I went back 

to the census TIGER database and downloaded a feature class of all the 2020 census blocks in 

Indiana. To my relief, it turns out that these census blocks already contain info about the number 

of households they have, which meant I did not have to worry about joining the feature class of 

blocks with a demographic table. Once I imported the census blocks into my map, I converted 

them into census block centroids and ran a spatial join between the centroids and the network 

analysis. This join revealed that roughly 215,000 households are further than 30 minutes away 

from the nearest electronic facility. 
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Figure 3: Number of households in each category of the network analysis 

 
Making the Map User Friendly 

By this point in the project, I was satisfied with the amount of data I had collected and felt that I 

had already made an interesting observation that could help influence Indiana’s policy regarding 

electronic waste. However, the central goal of my project was to make it easier for the common 

Hoosier to recycle their electronics, and by this point in my project my map was cluttered with 

data which was near incomprehensible. I began to adjust the symbology of the objects on my 

map to make it more presentable, and I configured the pop-ups which display when an object is 

clicked on to be more approachable. I started to remove feature layers which were no longer 

needed, such as the layer which contained every street in Indiana and the layer which contained 

every census block in Indiana. I also clipped feature layers which extended beyond the borders of 

Indiana. After a while of tweaking and considering feedback from family and friends, I finally 

felt that the map was ready to be moved out of ArcGIS Pro and into ArcGIS Online, where it 

could then be converted into a story map. 
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Finishing Touches in ArcGIS Online 

When I shared my map to ArcGIS Online, I had to make a few changes to accommodate the 

conversion as not all features in ArcGIS Pro carry over to ArcGIS Online. Thankfully, these 

changes were very minor, and the biggest change was that I had to change the symbols I used to 

represent the recycling facilities. 

One big advantage ArcGIS Online has over ArcGIS Pro is that it allows the user to conduct 

summary statistics quickly, which is what I decided to do next. When I was building the 

database, I had to manually input the type of electronics a facility would recycle as there was no 

straightforward way to parse for such data through web scraping. Since this was a part of the data 

I had manually inputted, I had already noticed that it seemed like some electronics, such as 

televisions and batteries, tended to be rejected by facilities or cost a fee to recycle. These 

suspicions were confirmed true when I counted the number of facilities which either accepted, 

rejected, or charged a fee to recycle an electronic. 

 

Figure 4: Facilities separated by whether they accept batteries 
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Figure 5: Facilities separated by whether they accept ink and toner 

 

Figure 6: Facilities separated by whether they accept mobile devices 
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Figure 7: Facilities separated by whether they accept PCs 

 

Figure 8: Facilities separated by whether they accept televisions 

 

It is evident that some electronics, such as televisions and batteries, are far harder to recycle than 

others such as mobile devices. This is troubling, as televisions are ubiquitous in the American 

household and if it was not for the fact that most centers will not accept them or will charge a fee 

to recycle them, it seems that most would be eager to recycle their old television as televisions do 

not store personal data and they take up a lot of space. Additionally, the fact that it is difficult to 
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find locations which accept standard batteries is also unfortunate, as AA and AAA batteries are 

extremely common and easy to discard of improperly. 

Creating the Query Application 

Having refined my database, cleaned up my map, and run my analysis I was finally ready to turn 

my map into an application which could be easily used by Hoosiers to find the nearest electronic 

recycling centers for their needs. ArcGIS offers an awesome tool called Instant Apps which 

allows a developer to quickly add functionality to any of their maps that have been shared to 

ArcGIS Online. One of the Instant App options is called nearby which can take an address and a 

map of objects and find the nearest objects to an address which is inputted. 

This functionality was almost exactly what I was looking for, but I also needed to ensure that 

users could filter by the electronic they are looking to recycle to make the application even more 

intuitive and easy to use. Since I built the database with this filter in mind, the locations already 

contained data pertaining to whether they accepted, rejected, charged a fee for, or handled on a 

case-by-case basis each of the five electronic types I documented. This filter ended up being 

seamlessly implemented thanks to the stellar tools offered by ArcGIS and the consistency of my 

database. 

I ultimately elected to set the default search radius to 5 miles, as I thought that was generally 

wide enough to capture at least one recycling center for most households. However, I decided to 

set the limit of the search radius to 100 miles just to be extra safe, even though there is no point 

in Indiana where a household is that far away from the nearest electronic recycling center. 
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Creating the Story Map and Reflecting on the Project 

The final portion of my creative project consisted of the creation of a story map which would 

summarize the results of my analysis from this experience. The story map was a nice way to 

concisely communicate information while offering a bit of interactivity to the user. For example, 

there are two buttons in the story map which the user can press to either plot the recycling 

locations or run a network analysis on the driving time it takes to reach each facility. I thought 

that these additions would help keep users engaged even if they are not particularly interested in 

the subject.  

As I reflect on my discoveries during this process, two distinct observations stand out. The first 

being that over 215,000 households in Indiana are over 30 minutes away from the nearest 

electronic recycling center. This is particularly concerning when you consider that a round trip 

would last at least an hour, at which point you must wonder how often people are willing to 

make such a trek instead of just shoving their old electronics in their drawer or worse, throwing 

them in the garbage can. The other major revelation I had during this project was that a vast 

majority of electronic recycling centers do not accept televisions or batteries, despite the 

widespread popularity of these objects. Based on these observations, I recommend that the state 

of Indiana subsidize the recycling of televisions and batteries as well as encourage the 

development of more electronic recycling facilities in the rural parts of Indiana. 

Closing Remarks 

Overall, I am extremely happy with how the final product turned out. This experience has 

presented me with challenges which forced me to apply what I have learned over the past 4 years 

and further fine tune my skills as a data analyst. I look forward to keeping this project and 

database up to date as more electronic recycling centers open in Indiana.  
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Digital Supplements 

Mapping Electronic Waste and Recycling in Indiana, USA (Story Map) 
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